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ABSTRACT 

Vaccines are important for the development of global population. For vaccines to be 

effective it is essential that they are stored and preserved under refrigeration. 

Pharmaceutical products require controlled storage conditions in order to ensure that their 

quality is not compromised. Proper environmental control (i.e.; proper temperature, light, 

and humidity, conditions of sanitation, ventilation and segregation) must be maintained 

wherever drugs and supplies are stored in the premises. One of the biggest problems faced 

by laboratories and clinics is improper and mismanaged vaccine refrigeration. Vaccines 

save three millionlives per year. According to the report of U.S. federal vaccines for children 

program, over $20 million worth of vaccines are wasted annually due to improper vaccine 

refrigeration. This article focuses on vaccine storage with minimal disposal of vaccines. 
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INTRODUCTION  

Drug storage is among the pharmacist’s 

most important responsibilities. Therefore, 

adequate methods to assure that these 

responsibilities are met must be developed 

and implemented. The pharmaceutical 

are to be stored under conditions that 

prevent contamination and, as far as 

possible, deterioration. The stability of 

product retain within the specified limit, 

throughout the period of storage and 

use.(1)Precautions that should be taken in 

relation to the effects of the atmosphere, 

moisture, heat and light are indicated. 

During storage of the pharmaceutical 

products is one of the fundamental 

concerns in patient care.(2) The conditions 

under which pharmaceutical products are 

manufactured and stored can have a 

major impact on their quality. High 

temperature and relative humidity (RH) are 

the most important factors involved in drug 

degradation.(3) Factors such as 

temperature, humidity, air quality, time 

and production process characteristics 

can all have a significant impact on the 

final quality of products. For many products 

requiring storage in cool conditions, 

refrigeration plant is widely used, which 

needs to be carefully monitored to ensure 

that the correct temperatures are 

maintained. Stock must be stored in 

appropriate and auditable environmental 

conditions.(4) 

A number of factors influence whether 

vaccines stored in a refrigerator remain 

within the prescribed temperature range. 

Vaccine storage trays can obstruct 

refrigerator air flow, creating areas pockets  

 

of colder or warmer air. Vaccines stored in 

certain locations, such as near the 

refrigerator cooling unit, may be kept 

significantly colder than if placed in the 

main body of the refrigerator. Some factors 

may vary drastically between different 

refrigerators (e.g. dorm style, freezer less or 

pharmaceutical grade). Parameters such 

as temperature control stability, air 

circulation, defrost cycles, and long-term 

drift of the temperature set point can play 

a major role in determining whether a 

refrigerator maintains suitable vaccine 

storage conditions. Because of this, simply 

setting a refrigerator to a temperature 

between 2 °C to 8 °C may not actually 

result in stored vaccines being kept within 

that temperature range.(5) 

Temperatures for refrigerated and frozen 

vaccines need to be maintained within a 

strict range, with refrigerated vaccines 

requiring between 2 and 8 °C and frozen 

vaccines between –50 and –15 °C. 

Vaccines such as H1N1 influenza rely on a 

tight temperature range (2–8 °C), with a 

desired average temperature of 40 °F (5 

°C) and must have temperatures 

measured twice daily. It is recommended 

to also use a secondary source 

of temperature monitoring for maximum 

product security and peace of mind, such 

as the Thermo Scientific Smart-

VueTMwireless monitoring system (Thermo 

FisherScientific, Milford, MA). Smart-Vue 

provides independent, secondary 

monitoring, and comes with the ability to 

text, e-mail, or call a staff member if the 
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temperature rises or falls outside of the 

desired range.  (6) 

 

 

 

Smart-Vue wireless monitoring system 

PROPER VACCINE STORAGE AND 

MANAGEMENT 

Vaccines should be stored in refrigerators 

that are large enough to accommodate 

the highest demand to avoid overloading 

the unit. Vaccines should not be stacked 

or positioned where they may fall out of 

the unit when the door is opened. One 

should allow for proper air circulation by 

storing vaccines away from the walls of the 

refrigerator or freezer.(7) 

During the flu season, poor weather 

conditions can lead to power failures. In 

events like these, it is important to have an 

emergency plan in place. The plan should 

include alternate sites for vaccine storage, 

a list of necessary packing materials, and a 

proper method of vaccine transportation. 

Each packing container should have a 

calibrated thermometer inside of it to 

monitor the vaccine during transport.(8) 

Appropriate vaccine management begins 

with knowledgeable staffs who understand 

how to use the correct equipment for 

storage and handling of vaccines. 

Vaccines should be stored at the correct 

temperature in refrigerators or freezers 

designated as “vaccine-only”. This means 

that food or drink should not be stored in 

the same unit as vaccines stored. All staff 

members need to be aware of the 

guidelines provided by the manufacturer. 

Staff handling vaccines should maintain a 

detailed inventory log, including 

information such as vaccine name, the 

date of the vaccine was created, the 

condition of the vaccine upon distribution, 

and the vaccine expiration date.(9) 

 Domestic refrigeration units cannot 

maintain the uniform temperatures 
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needed to avoid freezing or thawing of 

vaccines, given that the airflow in these 

units is neither consistent nor constant. The 

temperature of a commercial unit can 

fluctuate as much as 10° during normal 

use. Purpose-built laboratory refrigerators 

and freezers have forced air circulation 

that maintains an even temperature 

throughout the unit, ensuring that products 

will see little to no temperature fluctuation 

during use.(10) 

 

 

Thermo Fisher Scientific High-Performance Refrigerator 

 

SAFE VACCINE TRANSPORT  

The cold chain must be maintained during 

transport. Vaccines should be kept in an 

insulated cooler. Frozen ice packs or 

refrigerated packs should be used as 

needed to maintain the temperature 

between 2 and 8 °C. The temperature in 

the cooler should be monitored and 

logged immediately before and after 

transport. A layer of insulation should be 

tucked between the vaccine box and the 

ice packs to prevent direct contact, which 

could result in freezing temperatures in 

vaccine vials. The cooler should be kept in 

the passenger cabin of the vehicle; 

temperatures in a trunk or truck bed could 

get too hot in summer or too cold in winter.  
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CONCLUSION 

 Maintaining proper storage conditions at 

pharmacies is essential to reduce the 

problems caused by environmental 

factors. The pharmaceutical products 

were found to retain their potency when 

stored in pharmacies having good storage 

facilities. Hence it is important to highlight 

the importance of maintaining proper 

storage conditions in pharmacies by the 

authorities. All vaccines are sensitive 

biological substances which are 

susceptible to heat, light and/or freezing. 

Theywill lose their potency with time but this 

becomes more rapid if vaccines are not 

continuously stored at the temperature 

appropriate for them from the time they 

are manufactured till the time of use.  
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ABSTRACT 

Acute gastroenteritis, characterized by the sudden onset of diarrhoea with or without vomiting, is one of the most 

common infectious diseases of childhood. Dehydration is the major complication associated with gastroenteritis, appropriate 

fluid management (oral or intravenous) is an effective and safe strategy for rehydration. A child with minimal or no dehydration 

should be encouraged to continue his or her usual diet plus drink adequate fluids. New treatments such as antiemetic’s, 

antidiarrheal agents and chemotherapeutic agents are often proposed, but not yet universally recommended. Probiotics, also 

known as “food supplement,” seem to improve intestinal microbial balance, reducing the duration and the severity of acute 

infectious diarrhoea. This review article explains the new treatment methods for acute gastroenteritis in children. 

 

Key Words: Acute gastroenteritis, Oral rehydration solution, Probiotics. 

 

INTRODUCTION 

Acute gastroenteritis (AGE),a common childhood 

illness occurring worldwide. Among children in the United 

States, remains a major cause of morbidity and 

hospitalization, accounting for >1.5 million outpatient 

visits, 200,000 hospitalizations, and approximately 300 

deaths/year.  Worldwide diarrhoea remains one of the 

leading causes of mortality among children younger than 5 

years.  It results from an inflammation of the 

gastrointestinal tract commonly caused by viral pathogens 

and less frequently by bacterial or parasitic organisms. 

Viruses cause both seasonal acute gastroenteritis and 

occasional outbreaks associated with the consumption of 

contaminated food or water [1, 2]. 

AGE consists of mild to severe diarrhoea that may 

be accompanied by loss of appetite, nausea, vomiting, 

cramps, and discomfort in the abdomen. Although the 

burden of diarrhoeal diseases among children under the age 

of five is heavy, improved prevention is achievable. The 

most important complication of gastroenteritis and the 

leading cause of death is dehydration; the mainstay 

treatment for gastroenteritis is oral rehydration. Anti-

emetics are   another   treatment   option;   mechanism   of  
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vomiting is serotonin stimulation of 5HT-3 receptors in the 

stomach and small intestine as well as the vagus nerve. 

These receptors send afferent nerve impulses to the 

chemoreceptor trigger zone (CTZ) and the vomiting center 

(VC) in the brain stem which cause the diaphragm, 

abdominal muscles, and visceral smooth muscle to produce 

vomiting [3, 4]. 

AGE is diagnosed by checking the symptoms, if 

they are severe or last for more than 48 hours, also stool 

samples may be examined in a laboratory for white blood 

cells and bacteria, viruses, or parasites. If the symptoms 

persist beyond a few days, a doctor may need to examine 

the large intestine with a sigmoidoscope to determine 

whether the person has a disease such as ulcerative colitis. 

Personal and food hygiene, including the use of 

clean water sources, are key measures to prevent 

transmission of these diseases. Breastfeeding, especially 

under 6 months of age, also effectively protects 

infants.Rotavirus vaccination has been widely available for 

children since 2006 and is now recommended worldwide. 

Although gastroenteritis usually is not serious in a healthy 

adult, causing only discomfort and inconvenience, it can 

cause life-threatening dehydration and electrolyte 

imbalance in the very ill or weak, the very young, and the 

very old [5]. 
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PREVENTION 

Two rotavirus vaccines given by mouth are 

available and are safe and effective against most strains of 

rotavirus. Rotavirus vaccination is part of the 

recommended infant vaccination schedule. 

For infants, a simple and effective way to help 

prevent gastroenteritis is breastfeeding also hygiene 

maintained in day to day life. Children infected with E. 

coli that causes bloody diarrhoea or Shigella should also 

have two negative stool cultures before they are allowed to 

return to the center. Infants and other people with a 

weakened immune system should not be exposed to 

reptiles, birds, or amphibians, because these animals 

typically carry Salmonella bacteria, and infection is more 

severe in these groups of people. 

Because use of most antibiotics can increase the 

risk of diarrhoea caused by Clostridium difficile infection, 

antibiotics are used only when necessary and never in 

situations in which they will have no effect. 

There are seven basic principles guide optimal 

treatment of acute gastroenteritis. 

 

Treatment should include two phases: rehydration 

and maintenance. In the rehydration phase, the fluid deficit 

is replaced quickly (i.e., during 3–4 hours) and clinical 

hydration is attained. In the maintenance phase, 

maintenance calories and fluids are administered. Rapid 

realimentation should follow rapid rehydration, with a goal 

of quickly returning the patient to an age-appropriate 

unrestricted diet, including solids. Breastfeeding should be 

continued at all times, even during the initial rehydration 

phases. The diet should be increased as soon as tolerated to 

compensate for lost caloric intake during the acute illness. 

During both phases, fluid losses from vomiting and 

diarrhoea are replaced in an on-going manner. 

Antidiarrheal medications are not recommended for infants 

and children, and laboratory studies should be limited to 

those needed to guide clinical management [7]. 

 

ORAL REHYDRATION SOLUTION 

Among patients with cholera, demonstrated that 

although the secretory nature of diarrhoea in cholera results 

in substantial stool losses of water and electrolytes, intact 

Na-coupled solute co-transport mechanism allows efficient 

reabsorption of salt and water. In addition to V. cholerae01 

and 139, certain strains of Escherichia coli, shigella, 

salmonella, and other pathogenic bacteria produce toxins 

that bind to enterocyte receptors, causing chloride-

mediated secretion stimulated by second messengers (e.g., 

cAMP, cGMP, and calcium). Even those infectious agents 

typically classified as causing osmotic diarrhoea (i.e., fluid 

and electrolyte loss caused by malabsorbed intestinal 

contents) can increase enterocyte secretion. Rotavirus 

damages the villous brush border, causing osmotic 

diarrhoea, and also produces an enterotoxin that causes a 

Ca++-mediated secretory diarrhoea [8]. 

NONPHARMACOLOGICAL THERAPY  

It include the dietary management depend on age 

diet history of patient. Breastfed infants should continue on 

demand. Formula-fed infants should continue their usual 

formula immediately upon rehydration in amounts 

sufficient to satisfy energy and nutrient requirements. 

Lactose-free or lactose-reduced formulas usually are 

unnecessary. Foods high in simple sugars should be 

avoided because the osmotic load might worsen diarrhoea; 

therefore, substantial amount of carbonated soft drinks, 

juice, gelatin desserts, and other highly sugared liquids 

should be avoided. BRAT diet is unnecessarily restrictive 

and, similar to juice centered diets, can provide suboptimal 

nutrition for the patient’s nourishment and recovering gut. 

Recommended foods include age- appropriate unrestricted 

diets, including complex carbohydrates, meats, yogurt, 

fruits, and vegetables [9].
 

 

 PHARMACOLOGIC THERAPY 

Antimicrobial Agents & Non antimicrobial Drug 

Therapies 

Viruses (e.g., rotavirus, astrovirus, enteric 

adenovirus, norovirus, and sapovirus) are the predominant 

cause of acute diarrhoea. The routine use of antimicrobial 

agents such as cefixime, ofloxacin, for treating diarrhoea 

lead to increased antimicrobial resistance. Even when a 

bacterial cause is suspected in an outpatient setting, 

antimicrobial therapy is not usually indicated among 

children because the majority of cases of acute diarrhoea 

are self-limited and not shortened by antimicrobial agents. 

Nonspecific antidiarrheal agents (e.g., adsorbents such as 

kaolin-pectin), antimotility agents (e.g., loperamide), 

antisecretory drugs, and toxin binders (e.g., 

cholestyramine), are commonly used among older children 

Principles of Treating Children with Gastroenteritis and Dehydration 

 Rehydration should be administered orally with an over-the-counter oral rehydration solution. 

 Children should receive rapid oral rehydration (within three to four hours of symptom onset). 

 In infants who are breastfed, breastfeeding should continue. 

 In infants who are formula-fed, diluting the formula is not recommended, and special formulas usually are not     

              needed. 

 As soon as the dehydration is corrected, a regular diet should resume. 

 On-going diarrhoea losses should be replaced with additional doses of an oral rehydration solution. 

 Medications and unnecessary laboratory tests should be avoided [6]. 
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and adults, but data are limited regarding their efficacy. 

Side effects of these drugs are well-known, in particular 

among the antimotility agents, including opiate-induced 

ileus, drowsiness, and nausea caused by the atropine 

effects and binding of nutrients and other drugs. 

Antiemetics are usually unnecessary in acute diarrhoea 

management. Using phenothiazines might interfere with 

oral rehydration by causing sleepiness.  Ondansetron, a 

serotonin antagonist, either by the oral or IV route, can be 

effective in decreasing vomiting and hospital admission 

[10]. 

 

Supplemental Zinc Therapy & Functional Foods 

Diarrhoea may be lead to abnormal zinc status. 

Although severe zinc deficiency (e.g., acrodermatitis 

enteropathica) is associated with diarrhoea, milder 

deficiencies of zinc might play a role in childhood 

diarrhoea, and zinc supplementation might be of benefit 

either for improved outcomes in acute or chronic diarrhoea 

or as prophylaxis against diarrheal disease. It can be 

defined as foods that have an effect on physiologic 

processes separate from their established nutritional 

function. Probiotics have been defined as live 

microorganisms in fermented foods that promote optimal 

health by establishing an improved balance in intestinal 

micro flora. These products have included various species 

of lactobacilli or bifidobacteria or the non-pathogenic yeast 

Saccharomyces boulardii. The mechanism of action might 

include competition with pathogenic bacteria for receptor 

sites or intraluminal nutrients, production of antibiotic 

substances, and enhancement of host immune defenses. 

One meta analysis concludes that Lactobacillus species are 

both safe and effective as treatment for children with 

infectious diarrhoea [11].
 

 

CONCLUSION 

Acute gastroenteritis is most commonly seen in 

paediatrics. Treatment of acute diarrhoea is simple and 

effective therapy of oral rehydration. The combination of 

oral rehydration and early nutritional support promises to 

safely and effectively assist a patient through an episode of 

diarrhoea. Pharmacological and non-pharmacological 

methods are available for treatment. Diarrhoea treatment 

includes recognition for the role of zinc supplementation in 

reducing disease severity and occurrence, and development 

of an oral rehydration solution of lower osmolarity for 

global use.  
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An Assessment of Knowledge and Evaluation of Risk on Developing 
Type II Diabetes Mellitus- a Prospective Study

Background: As per WHO definition Diabetes is a chronic dis-
ease that occurs either when the pancreas does not produce 
enough insulin or when the body cannot effectively use the insu-
lin it produces. Recent study estimates that there were 171 mil-
lion people in the world with diabetes in the year 2000 and this is 
projected to increase to 366 million by 2030. WHO projects that 
diabetes will be the 7th leading cause of death in 2030. Aim: To 
identify and improve the level of knowledge in type II Diabetes 
and to evaluate risk of developing type II DM among non-diabet-
ics attending tertiary care hospital. Methods: A qualitative ob-
servational interview based method was conducted out in a 450 
bedded tertiary care hospital for a period of 6 months. Patient 
data was collected through structured form and evaluated using 
standard validated scales DKQ – 24 item questionnaire form and 
Type II Diabetes Risk Assessment form. All patients admitted 
with Type II DM with/ without co-morbidities in the age range of 
18-70years will be selected. The patients with increased risk of 
developing Type II DM will also be evaluated. The patients who 
are not interested to participate in study or due to serious illness 
or impairment are excluded. Results: 150 patients enrolled for 
study of both having diabetic and non-diabetics. They were also 
carried out the post survey for assessment diabetic knowledge 
after patient counseling. Patient counseling along with leaflets 
were provided to patients with poor knowledge. Patient improved 
from (SD +/-8.63) average pre-score of knowledge to post-score
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 (SD +/-2.505) with P<0.05. Risk was estimated 
and found to slightly elevated risk in majority of 
respondents.Conclusion: In conclusion this study 
revealed the need for pharmacist intervention 
in improving knowledge about Type II Diabetes 
Mellitus and risk assessment of developing dia-
betes mellitus. Also statistical significant differ-
ence was observed between pre and post sur-
vey.

Keywords: Diabetes Mellitus, World Health Or-
ganization, Diabetes Knowledge Questionnaire, 
Standard Deviation. 

INTRODUCTION

Definition     

Diabetes mellitus is a chronic disease caused by 
inherited and/or acquired deficiency in produc-
tion of insulin by the pancreas, or by the ineffec-
tiveness of the insulin produced. Such a deficien-
cy results in increased concentrations of glucose 
in the blood, which in turn damage many of the 
body’s systems, in particular the blood vessels 
and nerves.1   

Diabetes Mellitus are commonly classified into 
three groups:   

•	 Type I diabetes (referred to as insulin 
dependent diabetes mellitus IDDM) 

•	 Type II diabetes (referred to as non-insulin 
dependent diabetes mellitus or NIDDM) 

•	 Gestational Diabetes 

WHO estimation: 

•	 In 2014 the global prevalence of diabetes 
was estimated to be 9% among adults aged 18+ 
years  

•	 In 2012, an estimated 1.5 million deaths 
were directly caused by diabetes. 

•	 More than 80% of diabetes deaths occur 
in low- and middle-income countries.

•	 WHO projects that diabetes will be the 7th 
leading cause of death in 2030. 

Rising Prevalence of Diabetes in India: 

•	 During the period 1971–2000, studies 
from different parts of India reported a 10-fold 
increase in the incidence of diabetes in urban 
India. 

•	 In 2003–2005, a national survey was 
conducted, in which self-reported prevalence of 
diabetes was 7.3% in the urban areas and 3.2% 
in peri-urban slum areas. The prevalence in rural 
areas was significantly lower (3.1%).  

•	 In another 20 years nearly one-fifth of the 
world’s diabetic population will be in India.  

RISK FACTORS

 There are several risk factors that can be direct-
ly linked for developing type II DM and are: 

•	 Weight: Being overweight is a primary 
risk factor for type II diabetes. The more fatty 
tissue you have, the more resistant your cells 
become to insulin 

•	 Fat distribution: If your body stores fat 
primarily in your abdomen, your risk of type II 
diabetes is greater than if your body stores fat 
elsewhere, such as your hips and thighs. 

•	 Inactivity: The less active you are, the 
greater your risk of type II diabetes. Physical 
activity helps you control your weight, uses up 
glucose as energy and makes your cells more 
sensitive to insulin. 

•	 Family history: The risk of type II 
diabetes increases if your parent or sibling has 
type II diabetes. 

•	 Race: Although it’s unclear why, people 
of certain races — including blacks, Hispanics, 
American Indians and Asian-Americans — are 
more likely to develop type II diabetes than 
whites are. 

•	 Age: The risk of type II diabetes increases 
as you get older, especially after age 45. That’s 
probably because people tend to exercise less, 
lose muscle mass and gain weight as they 
age. But type II diabetes is also increasing 
dramatically among children, adolescents and 
younger adults. 

•	 Prediabetes:  Prediabetes is a condition 
in which your blood sugar level is higher than 
normal, but not high enough to be classified 
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as diabetes. Left untreated, Prediabetes often 
progresses to type II diabetes. 

•	 Gestational diabetes: If you developed 
gestational diabetes when you were pregnant, 
your risk of developing type II diabetes increases. 
If you gave birth to a baby weighing more than 9 
pounds (4 kilograms), you’re also at risk of type 
II diabetes. 

•	 Polycystic ovarian syndrome: For 
women, having polycystic ovarian syndrome - 
a common condition characterized by irregular 
menstrual periods, excess hair growth and 
obesity - increases the risk of diabetes.

COMPLICATIONS 

Type II diabetes can be easy to ignore, especial-
ly in the early stages when you’re feeling fine. 
But diabetes affects many major organs, includ-
ing your heart, blood vessels, nerves, eyes and 
kidneys. Controlling your blood sugar levels can 
help prevent these complications. 

Although long-term complications of diabetes 
develop gradually, they can eventually be dis-
abling or even life-threatening. Some of the po-
tential complications of diabetes include: 

Cardiovascular disease 

Diabetes dramatically increases the risk of var-
ious cardiovascular problems including: Cor-
onary artery disease with chest pain (angina), 
Heart attack, Stroke, narrowing of arteries (ath-
erosclerosis) & hypertension. 

Stroke 

A stroke happens when the blood supply to the 
part of the brain is suddenly interrupted. Then 
brain tissue is damaged. Most strokes happen 
because a blood clot blocks a blood vessel in the 
brain or neck. If you have diabetes, your chanc-
es of having a stroke are 1.5 times higher than in 
people who don’t have diabetes. 

Neuropathy 

Excess sugar can injure the walls of the tiny 
blood vessels (capillaries) that nourish your 
nerves, especially in the legs. This can cause 
tingling, numbness, burning or pain that usually 
begins at the tips of the toes or fingers and grad-
ually spreads upward. Damage to the nerves 

that control digestion can cause problems with 
nausea, vomiting, diarrhoea or constipation. For 
men, erectile dysfunction may be an issue. 

Kidney diseases 

The kidneys contain millions of tiny blood ves-
sel clusters that filter waste from your blood. 
Diabetes can damage this system. High levels 
of blood sugar make the kidneys filter too much 
blood. After many years, they start to leak and 
useful protein is lost in the urine. Having small 
amounts of protein in the urine is called micro-
albuminuria. Severe damage can lead to kidney 
failure or irreversible end-stage kidney disease, 
which often eventually requires dialysis or a kid-
ney transplant. 

Retinopathy 

Diabetes can damage the blood vessels of the 
retina (diabetic retinopathy), potentially leading 
to blindness. Diabetes also increases the risk 
of other serious vision conditions, such as cata-
racts and glaucoma. 

Glaucoma 

People with diabetes are 40% more likely to suf-
fer from glaucoma than people without diabetes. 
Glaucoma occurs when pressure builds up in the 
eye. In most cases, the pressure causes drain-
age of the aqueous humour to slow down so that 
it builds up in the anterior chamber. Vision is 
gradually lost because the retina and nerve are 
damaged.  

Cataracts 

Many people without diabetes get cataracts, but 
people with diabetes are 60% more likely to de-
velop this eye condition. People with diabetes 
also tend to get cataracts at a younger age and 
have them progress faster. With cataracts, the 
eye’s clear lens clouds, blocking light. For cata-
racts that interfere greatly with vision, the patient 
gets a new transplanted lens. 

Foot Complications 

People with diabetes can develop many different 
foot problems. Even ordinary problems can get 
worse and lead to serious complications. 

Foot problems most often happen when there 
is nerve damage, also called neuropathy. This 
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can cause tingling, pain (burning or stinging), or 
weakness in the foot. It can also cause loss of 
feeling in the foot, so you can injure it and not 
know it. Poor blood flow or changes in the shape 
of your feet or toes may also cause problems. 

Hearing impairment: Hearing problems are 
more common in people with diabetes. 

Skin Complications 

Diabetes can affect every part of the body, in-
cluding the skin. Luckily, most skin conditions 
can be prevented or easily treated if caught 
early. These include bacterial infections, fun-
gal infections, and itching. Other skin problems 
happen mostly or only to people with diabetes. 
These include diabetic dermopathy, necrobio-
sis lipoidica diabeticorum, diabetic blisters, and 
eruptive xanthomatosis.  

DKA (Ketoacidosis) & Ketones 

Diabetic ketoacidosis (DKA) is a serious condi-
tion that can lead to diabetic coma (passing out 
for a long time) or even death. When your cells 
don’t get the glucose they need for energy, your 
body begins to burn fat for energy, which produc-
es ketones. When ketones build up in the blood, 
they make it more acidic. High levels of ketones 
can poison the body. DKA may happen to any-
one with diabetes, though it is rare in people with 
type II DM.  

Peripheral Arterial Disease (PAD) 

Peripheral arterial disease, also called PAD, 
occurs when blood vessels in the legs are nar-
rowed or blocked by fatty deposits and blood 
flow to your feet and legs decreases. 

If you have PAD, you have an increased risk for 
heart attack and stroke. An estimated 1 out of 
every 3 people with diabetes over the age of 50 
have this condition. However, many of those with 
warning signs don’t realize that they have PAD 
and therefore don’t get treatment. 

Alzheimer’s disease 

 Type II diabetes may increase the risk of Alz-
heimer’s disease. The poorer your blood sugar 
control, the greater the risk appears to be. The 
exact connection between these two conditions 
still remains unclear. 

Fungal Infections 

The culprit in fungal infections of people with 
diabetes is often Candida albicans. This yeast-
like fungus can create itchy rashes of moist, red 
areas surrounded by tiny blisters and scales. 
These infections often occur in warm, moist folds 
of the skin. Problem areas are under the breasts, 
around the nails, between fingers and toes, in the 
corners of the mouth, under the foreskin (in un-
circumcised men), and in the armpits and groin. 

Gastroparesis

Gastroparesis is a disorder affecting people 
with both type 1 and type 2 diabetes in which 
the stomach takes too long to empty its contents 
(delayed gastric emptying). The vagus nerve 
controls the movement of food through the di-
gestive tract. If the vagus nerve is damaged or 
stops working, the muscles of the stomach and 
intestines do not work normally, and the move-
ment of food is slowed or stopped. 

KNOWLEDGE

The greatest weapon in the fight against diabetes 
mellitus is knowledge. Information can help peo-
ple assess their risk of diabetes, motivate them 
to seek proper treatment and care, and inspire 
them to take charge of their disease for their life-
time. Differences in knowledge level have been 
described depending on level of education, gen-
der and social classes. Assessment of the level 
of knowledge on diabetes among persons with 
diabetes can assist in targeting public health ef-
forts to reduce diabetes related complications.5

Factors affecting Knowledge

•	 Age: Knowledge of diabetes mellitus 
and hypoglycemic symptoms and adherence to 
medical advice declined with age and time since 
last education class attended. Elderly diabetic 
patients should receive a continuing programme 
of education. The older a person is, the greater 
their risk of diabetes.

•	 Sex: The risk for heart disease is six 
times higher for women with diabetes than those 
without than it is in men with the disease and this 
is due to lack of knowledge about the diseases. 
Gestational diabetes and PCOS both raise the 
risk that a woman will develop type II diabetes, 
as well as other health problems. 
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•	 Education: Individuals with diabetes who 
are well-educated about how to manage their 
condition are more likely to have a lower blood 
glucose level, which is associated with fewer long 
term complications. Diabetes self-management 
training can help improve the effectiveness of 
care and reduce morbidity.

 Measurement of knowledge:

Various methods mentioned in the literature are 
discussed below, yet there is no gold standard 
for measuring knowledge:

•	 Self-Report: It involves questionnaire or 
interviews directly to patient about disease, drug 
and life style habits. Merits of self-report are that 
it is cheaper, reliable and easier to perform.

•	 Feedback Method: Oral instructions 
are provided and reflective type questions are 
asked at the end to the participants. Feedback 
may be given either orally or in a written form. 
Merits of this method are that it helps assessing 
knowledge of patient in the instructions provided, 
identifying weaknesses which must be overcome 
through follow-up actions and not the fault-finding 
technique for criticism.

•	 Survey Method: It involves the process 
of systematically acquiring and recording 
information about the population under study. 
Merits of this method are that it helps assessing a 
big population and the need of follow-up actions 
to be proceeded.4

RISK 

Indians seem to be at higher risk for diabetes. 
Apart from the conventional risk factors pro-
pelled by urbanization, industrialization, global-
ization and aging, other factors may also contrib-
ute. It has been proposed that obesity, regional 
adiposity, higher percentage body fat, early life 
influences including fetal programming and ge-
netic factors contribute to increased risk. The 
variables independently associated with diabe-
tes in adults include age, BMI, WHR, income and 
family history of diabetes. Indians tend to have 
more body fat and a higher risk of diabetes for 
the same BMI as compared to Western popula-
tions. In view of this, the WHO recommends that 
for public health action, BMI of 23–27.5 kg/m2 
be considered at increased risk for type II diabe-
tes and cardiovascular disease; and 27.5 kg/m2 

or higher be considered as high risk. Changing 
diets and declining physical activity levels, espe-
cially in urban India, have also contributed to the 
rising prevalence of obesity and diabetes. While 
Indians share several high risk alleles for dia-
betes with Caucasians, a recent Genome Wide 
Association Study (GWAS), has reported a new 
susceptibility locus at 2q21. It is however clear 
that in a complex disorder such as diabetes, the 
known genetic loci contribute approximately 10% 
to the risk of disease development. 

Influences in early life, including the intra-uterine 
period, may also predispose to diabetes. In the 
New Delhi Birth Cohort, dysglycaemia in later life 
inversely related to BMI and weight at 1 year of 
age. After 2 years of age, increase in BMI was 
associated with increased risk of diabetes. The 
highest prevalence of diabetes and dysglycae-
mia was in subjects who were in the lowest third 
of the group with respect to BMI at 2 years and 
highest at age 12 years .Thus low birth weight 
and accelerated weight gain after 48 months are 
risk factors for adult glucose intolerance.2 

Study Estimations 

Patient’s risk about diabetes was suboptimal. 
31% of the patients had low risk, 33% had slight-
ly elevated and 20% had moderate risk and 16% 
had high risk. Risk in terms of gender was same 
for males and females. The risk about diabetes 
was high in patients those with positive fami-
ly history of diabetes, those with long length of 
co-morbid diseases like hypertension, dyslipi-
daemia etc. and those with have social history of 
alcoholic and smoker. 

Factors affecting risk 

Issues related to awareness: There is poor 
awareness about diabetes in the Indian popula-
tion. 25% of an urban population was unaware 
of a medical condition called DM, Similarly, 
only 22% of the general population and 41% of 
known diabetics felt that diabetes could be pre-
vented. Only 12% were aware of the risk factors 
for diabetes. Even among people with diabetes, 
only 40% were aware that it could result in organ 
damage. 

In the ICMR INDIAB study 43.2% subjects were 
aware of a condition called diabetes. Overall, 
urban residents had higher awareness rates 
(58.4%) compared to rural residents (36.8%). 
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56.3 % of the population knew that diabetes can 
be prevented and 51.5% understood that diabe-
tes can affect other organs. 

Measurement of risk 

In line with poor awareness, glycaemic control 
in Indian patients is also poor. In the ICMR IN-
DIAB study approximately 30 % subjects had 
glycosylated haemoglobin (HbA1C) levels below 
7%. Only 22.4% of urban and 15.4% of rural sub-
jects had reported having checked their HbA1c 
in the past year. Thus, there is a rapid increase 
in diabetes prevalence across the country, pre-
dominantly in urban areas, but with rural areas 
in some parts of India also reporting nearly 10% 
prevalence. There is a need to address issues of 
awareness, education; evidence based clinical 
care and policy in the country.   

A set of assessment methodologies, from the 
simple checking list to several risk score mod-
els, was developed in recent years, such as the 
Finnish Risk Score, Danish Diabetes Risk Score, 
ADA, Cambridge Risk Score, NHANESIII, DRC, 
Thailand Risk Score, Spanish Diabetes Risk 
Score and so on. All these tools are helpful in 
the assessment of high risk and of persons with 
diabetes all over the world but only a few are de-
veloped in China.6

Pharmacist role 

Patient counseling is a process that improves pa-
tients ‘ability to cope with their disease and make 
informed decisions regarding management and 
medication. It helps motivate patients to change 
any harmful dietary and lifestyle habits. Pharma-
cists are in a unique position to play a vital role in 
helping patients to cope with their disease.

Studies have shown that pharmacist interven-
tions positively influence health outcomes and 
patient satisfaction, which are crucial indicators 
for quality of health care and a key factor for 
medication adherence.8

•	 Support of self-blood glucose monitoring 
(SBGM)  

•	 Monitoring and promoting patient 
adherence with medication and other components 
of self-management  

•	 Identifying and resolving drug-related 
problems  

•	 Providing targeted education  

•	 Monitoring blood pressure, weight and 
lipids 

•	 Reminding patients of the importance 
of regular examinations for the presence of 
diabetic complications, for example, eye and feet 
examinations or drug therapy management.  

•	 Assist in the detection, education and 
referral of individuals at risk of diabetes. 

•	 Increased patients’ satisfaction with their 
care  

•	 Pharmacists’ role was mainly to specify 
all drug-related problems including poor drug 
compliance and side effects and communicating 
these to the physician.  

•	 Be able to contribute to promoting good 
diabetes control and avoiding unplanned 
hospitalizations. 

METHODOLOGY 

Study design 

Qualitative observational interview based meth-
od. 

Study site 

450 bedded tertiary care hospital 

Study duration 

For a period of 6 months 

Study approval 

The protocol of study submitted to Institu-
tional Human Ethics Committee of Hospital 
(IHEC). The protocol was approved by com-
mittee with the approval number SJPCEC/P25/
PP/2014/032 and the hospital approval number 
SJCP/DIR/A.18/2015-2016. 

Disease selection 

•	 Type II DM patient with / without co-mor-
bidities. 

•	 Patients with increased risk of develop-
ing type II DM. 

Inclusion criteria 

•	 Age: 18-70years 
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•	 Gender: both females and males. 

•	 Type II DM patient with / without co-mor-
bidities. 

•	 Patients with increased risk of develop-
ing type II DM. 

Exclusion criteria 

•	 Seriously ill patients. 

•	 Physical or cognitive impairment. 

•	 Not interested to participate in study. 

•	 Pregnant women 

Sample size 

150 diabetic patients and 150 non-diabetic pa-
tients. 

Study tool 

•	 DKQ – 24 item questionnaire form 

•	 Type II Diabetes Risk Assessment form 

Statistical analysis 

Statistical Package for Social Sciences (SPSS) 
version 17 for windows was used for analysis. 
Knowledge of Type II Diabetes Mellitus was 
assessed using DKQ-24 item questionnaire. 
The DKQ-24 item used, a mark of two (2) was 
awarded for Yes, and one (1) for No and a mark 
of zero (0) was awarded for no response. The 
knowledge items were aggregated to create the 
knowledge scale on a 48-point scale. Partici-
pants that scored (0) were considered neutral; 
1-24 need improvement; and 25-48 as good. 
T-test for finding significant difference between 
pre and post survey. Risk assessment was done 
using Finnish Type II Diabetes Risk Assessment 
form. The rating was as: Low risk, Slightly elevat-
ed risk, Moderate risk, High risk according to the 
scoring criteria.

RESULTS 

DEMOGRAPHIC CHARACTERISTICS 

AGE OF RESPONDENTS (n=150) 

Knowledge 

The respondents age were grouped into 5 cate-
gories for analysis. The majority of the respon-

dents 63(42%) fell in the category 61-70yrs. 
Followed by 45 (30%) in the category of 51-
60yrs, 28 (18.7%) in the category 41-50yrs and 
14 (9.3%) in the category 31-40yrs. Altogether 
about 90.7% of respondents were above 40yrs 
of age and only 9.3% were below 40yrs of age.

Risk 

The respondent’s age were grouped into 5 cat-
egories for analysis. The majority of the respon-
dents 42 (28%) fell in the category 41-60yrs. Fol-
lowed by 41 (29.3%) in the category of 61-70yrs, 
22 (14.7%) in the category 31-40yrs, Altogether 
about 85.3% of respondents were above 40yrs, 
while only 14.7% were below 40yrs of age.

GENDER OF RESPONDENTS (n=150) 

Knowledge 

The sample consisted of 54 (36%) females and 
96 (64%) males.The majority of the respondents 
were males.

Risk 

The sample consisted of 80 (53.3%) males and 
70 (46.7%) females.The majority of the respon-
dents were males.

MARITAL STATUS (n=150)

Knowledge  

The majority of respondents mainly 148 (98.7%) 
were married, 2 (1.3%) were single. Most of the 
respondents were in the research were married.

Risk 

The majority of respondents mainly 142 (94.7%) 
were married, 8 (5.3%) were single. Most of the 
respondents were in the research were married.

EDUCATIONAL STATUS (n=150) 

Knowledge 

The majority of respondents namely 94 (62.7%) 
had school level education, 33 (22%) were illiter-
ate and 23 (15.3%) were found to be university 
level.The results suggest that the majority of re-
spondents had their formal education.

Risk 

The majority of respondents namely 90 (60%) 
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had school level education, 44 (29.4%) were 
found to be university level and 16 (10.7%) were 
illiterate.The results suggest that the majority of 
respondents had their formal education.

EMPLOYMENT STATUS (n=150) 

Knowledge 

Majority of the respondents, namely 81 (54%) 
were employed, followed by 69 (46%) were un-
employed. These results shows that majority of 
the respondents were employed.

Risk 

Majority of the respondents, namely 83 (55.3%) 
were employed, followed by 65 (43.3%) were un-
employed. These results shows that majority of 
the respondents were employed.

FAMILY HISTORY OF DIABETES MELLITUS 
(n=150) 

Knowledge 

Out of 150respondents only 83 (55.3%) reported 
present, 67 (44.7%) reported absent.Thus it is 
clear that majority of the respondents were from 
the family history of Diabetes Mellitus.

Risk 

Out of 150 respondents only 76 (50.7%) report-
ed present, 72 (48%) reported absent.Thus it is 
clear that majority of the respondents were from 
the family history of Diabetes Mellitus.

HABITANTS (n=150) 

Knowledge 

Out of 150 respondents 136 (90.7%) reported 
as non-vegetarians and 14 (9.3%) reported as 
vegetarians. Thus it is clear that majority of the 
respondents were non- vegetarians.

Risk 

Out of 150 respondents 132 (88%) reported as 
non-vegetarians and 18 (12%) reported as veg-
etarians. Thus it is clear that majority of the re-
spondents were non- vegetarians.

CO-MORBIDITIES (n=150) 

Knowledge 

Out of 150 respondents only 10% reported no 

co-morbid disease state, 22% reported single 
co-morbid disease state and 68% reported mul-
tiple co-morbid disease condition. Commonly 
observed co-morbid disease conditions are obe-
sity, dyslipidaemia, hypertension, cardiovascular 
diseases, etc. 

Risk 

Out of 150 respondents only 32.7% reported no 
co-morbid disease state, 27.7% reported single 
co-morbid disease state and 72.2% reported 
multiple co-morbid disease condition. Commonly 
observed co-morbid disease conditions are obe-
sity, dyslipidaemia, hypertension, cardiovascular 
diseases, etc.

SMOKER (n=150) 

Knowledge 

Majority of the respondents, namely 119 (79.3%) 
were non-smokers, followed by 31 (20.7%) were 
smokers. These results shows that majority of 
the respondents were non-smokers.

Risk 

Majority of the respondents, namely 122 (81.3%) 
were non-smokers, followed by 28 (18.7%) were 
smokers. These results shows that majority of 
the respondents were non-smokers.

ALCOHOLIC (n=150) 

Knowledge 

Out of 150 respondents only 40 (26.7%) reported 
alcoholic and 110 (73.3%) were reported non-al-
coholic. Most of the respondents in the research 
were non-alcoholic.

Risk 

Out of 150 respondents only 49 (32.7%) reported 
alcoholic and 101 (67.3%) were reported non-al-
coholic. Most of the respondents in the research 
were non-alcoholic.

PHYSICAL ACTIVITY (n=150) 

Knowledge 

The majority of the respondents namely, 77 
(51%) had physical activity, 73 (49%) had no 
physical activity. The results suggest that the 
majority of the respondents had their physical 
activity.
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Risk 

The majority of the respondents namely, 110 
(73.3%) had physical activity, 40 (26.7%) had 
no physical activity. The results suggest that the 
majority of the respondents had their physical 
activity.

SOCIO-ECONOMIC STATUS (n=150) 

Knowledge 

The majority of the respondents namely, 107 
(71.35) fell under middle class, followed by 
35 (23.3%) under high economic status and 8 
(5.3%) under low class

Risk 

The majority of the respondents namely, 91 
(60.7%) fell under middle class, followed by 43 
(28.7%) under high economic status and 16 
(10.7%) under low class

PATIENT KNOWLEDGE LEVEL 

Baseline Intervention 

Knowledge Level (n= 150) 

Knowledge level in Type II diabetes mellitus 
assessed through DKQ-24 item questionnaire. 
The respondents were categorized as Good, 
Need Improvement and Neutral. Majority of the 
respondents 85 (57.23%) had good knowledge 
level, only 62 (41.77%) need improvement in 
knowledge and 2 (1%) in neutral position. Thus 
the need for educating patients about Type II Di-
abetes Mellitus is highly demanded.

Final Intervention 

Level of Knowledge (n=150) 

Baseline line information was carried out in 150 
patients. Out of which 139 (92.96%) were found 
to be good in knowledge level, followed by 11 
(7.04%) still need improvement and none (0%) 
found to be neutral. This shows improvement in 
level of knowledge after pharmacist intervention.

Level of Risk (n= 150) 

Baseline intervention was carried in 150 patients. 
Out of which 49 (33%) were slightly elevated, fol-
lowed by 46 (31%) low risk, 30 (20%) were hav-
ing moderate risk and 25 (16%) have high risk of 
developing Type II diabetes mellitus

ASSOCIATED DEMOGRAPHIC CHARACTER-
ISTICS 

Statistical Package for Social Sciences (SPSS) 
version 17.0 for windows was used for analy-
sis. The statistical analysis used for the purpose 
was: Pearson Chi-square test, p<0.05 for finding 
association between demographic variables with 
knowledge and risk. 

Knowledge 

Note: The value of asymptomatic significance 
(DKQ- 24 item) for Pearson Chi-Square should 
be less than 0.05 (p<0.05) so that there will be 
association between the variable. Thus Age, 
Education, Marital status, Smoking, Alcoholism, 
Physical Activity, Socio-economic status was 
found to be associated with knowledge.

RISK 

Note: The percentage of risk of developing Type 
II Diabetes Mellitus was assessed using the 
Finnish Type II Diabetes Risk Assessment form. 
Thus most of the respondents were found to be 
have slightly elevated risk. 

Interpretation between Pre and Post Survey 

Statistical Package for Social Sciences (SPSS) 
version 17.0 for windows was used for analy-
sis. The statistical analysis used for the purpose 
was: T-test, Significance and P<0.05 for finding 
significant difference between pre and post sur-
vey. It was that there is significant difference in 
knowledge of Type II Diabetes Mellitus between 
pre and post survey. 

Note: Significance (DKQ-24 item) should be less 
than 0.05 to be significant (i.e. p<0.05).

DISCUSSION 

A qualitative observational interview based 
method was carried out for a period of 6 months 
in a multi-speciality hospital to evaluate 2 main 
objectives: Knowledge and Risk in Type 2 Dia-
betes Mellitus population with/without co-morbid 
disease conditions. 

A total of 150 data were collected from respon-
dents. Structured and validated interview form 
(DKQ-24 form) consisting of 3 (A, B and C) sec-
tions was developed for interview purpose. Part 
A deals with Demographic characteristics, Part-B 
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Diabetes Knowledge Questionnaire in Type 2 
Diabetes patients, Part-C Post study. Structured 
and validated interview form (Finnish Diabetes 
Association Risk Assessment Form) consisting 
of 2 (A and B) sections was developed for in-
terview purpose. Part-A deals with Demographic 
characteristics, Part-B deals with Risk Assess-
ment Form. 

The study was purposed to assess knowledge 
and risk with Type 2 diabetes. Furthermore, 
possible relationships between knowledge with 
variables obtained from research were explored 
using statistical method. 

The statistical analysis used for the purpose was: 
Percentage calculation, Pearson Chi-square 
test, P<0.05 for finding association between de-
mographic variables with knowledge. Whereas 
T- test was used for finding the significant differ-
ence in patient knowledge between pre and post 
survey. 

Data analysis presented in result section is 
based on the interview schedule used for the 
study. Complementary information from the form 
was also included, were appropriate. In all cas-
es, clarity of data is invigorated with the use of 
charts and tables. The analysis of data was con-
ducted in 2 phases: Baseline intervention and 
Final intervention. In the first phase analysis of 
all variables in the interview schedule was per-
formed. In the second phase, variables associ-
ated with the final intervention and statistical as-
sociation between the variables was performed. 

Demographic Characteristics 

This section presents data pertaining to the re-
spondents’ demographical data such as age, 
gender, employment status, marital status, ed-
ucation status, social habits and socio-economic 
status.

A total of 150 patients were enrolled for study 
and their data were collected. Among the respon-
dents, 90.7% were above 40 years of age and 
9.3% were below 40yrs of age. This result was 
coincided with the study “Management of Type 2 
Diabetes Mellitus in Older Adults” by Kyung Soo 
Kim, Kyung Mi Sung29. The risk was assessed 
in a total of 150 patients and their data were col-
lected. Among the respondents, 85.3% above 40 
years of age and 14.7% below 40 years of age 
and this result was coincided with the study ‘Di-

agnosis of Type 2 Diabetes at an Older Age’ by 
Hwee H. Tan, Ritchie R. McAlpine.29

A total of 150 patients were enrolled for study 
and their data were collected. Among the re-
spondents, 64% was males and 34% was fe-
males. This result was coincided with the study 
“Diabetes and gender” by Gale 31. The risk was 
assessed in a total of 150 patients and their 
data were collected. Among the respondents, 80 
(53.3%) was males and 70 was (46.7%) females.
This result was coincided with the study “Gender 
aspects in Type 2 Diabetes mellitus and cardio 
metabolic risk” by Naveed Sattar.30

The results suggest that the majority of respon-
dents mainly 148 (98.7%) were married, 2 (1.3%) 
were single. This result was coincided with the 
study. “The Marital Relationship and Psychoso-
cial Adaptation and Glycemic Control of Individ-
uals with Diabetes” by Paula M. Trief, Christine 
L. Himes33. The risk assessment was conducted 
in a total of 150 patients and their data were col-
lected. Among them 142 (94.7%) were married, 
8 (5.3%) were single. This result was coincided 
with the study “Marital status and Risk of type 2 
Diabetes in the Health Professionals Follow-up 
Study” by Marilyn C Cornelis, Maria Glymour33

The results suggests that the majority of respon-
dents 94 (62.7%) had school level education, 33 
(22%) were illiterate and 23 (15.3%) were found 
to be university level. This result was coincided 
with the study “The influence of socioeconomic 
status on future risk for developing Type 2 dia-
betes in the Canadian population between 2011 
and 2022: differential associations by sex” by 
Laura A. Rivera, Michael Lebenbaum35. The 
risk assessment was made in a total of 150 pa-
tients. Among the respondents, 90 (60%) had 
school level education, 40 (26.7%) were found 
to be university level and 20 (13.4%) were illit-
erate. This result was coincided with the study 
“Assessment of Risk of Type 2 Diabetes Mellitus 
Among Rural Population in Tamilnadu by Using 
Indian Diabetic Risk Score” by Raja Subramani, 
Uma Devi.35

On considering the employment status, Majority 
of the respondents, namely 81 (54%) were em-
ployed, followed by 69 (46%) were unemployed.
This result was coincided with the study “The Im-
pact of Diabetes on Employment and Work Pro-
ductivity” by Kaan Tunceli, Cathy J. Bradley37. 
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. Upon the risk assessment, majority of the re-
spondents, namely 83 (55.3%) were employed, 
followed by 65 (43.3%) were unemployed. This 
result was coincided with the study ‘Prospective 
Study of Social and Other Risk Factors for In-
cidence of Type 2 Diabetes in the Whitehall II 
Study’ by Meena Kumari, Michael Marmot.37

Majority of the respondents, namely 119 (79.3%) 
were non-smokers, followed by 31 (20.7%) were 
smokers. These results shows that majority of 
the respondents were non-smokers. This result 
was coincided with the study “Does increased 
knowledge of risk and complication of smoking 
on diabetes affect quit rate? Findings from a ran-
domized controlled trial in kerala, India” by Mini, 
Nichter, Thankappan.39 and in risk assessment, 
majority of respondents, namely 122 (81.3%) 
were non-smokers, followed by 28 (18.7%) were 
smokers and this result was coincided with the 
study ‘Active Smoking and the Risk of Type 2 Di-
abetes, A Systematic Review and Meta-analysis’ 
by Carole Willi, Patrick Bodenmann39

Out of 150 respondents only 40 (26.7%) reported 
alcoholic and 110 (73.3%) were reported non-al-
coholic and result was coincided with the study. 
“Diabetes related health knowledge, attitude 
and practice among diabetic patients in Nepal” 
by Anju Gautam, Dharma Nand Bhatta41 and in 
risk assessment, Out of 150 respondents only 
49 (32.7%) reported alcoholic and 101 (67.3%) 
were reported non-alcoholic and the result was 
coincided with the study ‘Alcohol Consumption 
and the Incidence of Type 2 Diabetes’ by Sofia 
Carlsson, Niklas Hammar41

The majority of the respondents namely, 110 
(73.3%) had physical activity, 40 (26.7%) had no 
physical activity and the result was coincided with 
the study ‘Diabetes related health knowledge, 
attitude and practice among diabetic patients in 
Nepal’ by Anju Gautam, Dharma Nand Bhatta41 
and the risk was assessed and 110 (73.3%) had 
physical activity, 40 (26.7%) had no physical ac-
tivity and the result was coincided with the study 
‘Physical Activity of Moderate Intensity and Risk 
of Type 2 Diabetes’ by Christie Y. Jeon, BA1, R. 
Peter Lokken.42

The majority of the respondents namely, 107 
(71.35) fell under middle class, followed by 
35 (23.3%) under high economic status and 8 
(5.3%) under low class and the result was coin-

cided with the study “The influence of socioeco-
nomic status on future risk for developing Type 
2 diabetes in the Canadian population between 
2011 and 2022: differential associations by sex” 
by Laura A. Rivera, Michael Lebenbaum44 and 
the risk assessment was made in a majority of 
the respondents namely, 91 (60.7%) fell under 
middle class, followed by 43 (28.7%) under high 
economic status and 16 (10.7%) under low class 
and this result was coincided with the study ‘As-
sessment of Risk of Type 2 Diabetes Mellitus 
Among Rural Population in Tamilnadu by Using 
Indian Diabetic Risk Score’ by Raja Subramani, 
Uma Devi.35

Disease Characteristics 

This section presents data pertaining to the re-
spondents’ disease condition such as co-mor-
bidities and family history. 

Out of 150 respondents only 10% reported no 
co-morbid disease state, 22% reported single 
co-morbid disease state and 68% reported mul-
tiple co-morbid disease condition. This result 
was coincided with the study ‘Prevalence and 
co-prevalence of co-morbidities among patients 
with type 2 diabetes mellitus’ by Iglay , Hannachi 
and the risk was assessed and 32.7% reported 
no co-morbid disease state, 27.7% reported sin-
gle co-morbid disease state and 72.2% report-
ed multiple co-morbid disease condition and this 
result was coincided with the study ‘Prevalence 
and co-prevalence of co-morbidities among pa-
tients with type 2 diabetes mellitus’ by Iglay , 
Hannachi45

As family history was considered, Out of 150re-
spondents only 83 (55.3%) reported present, 67 
(44.7%) reported absent and the result was coin-
cided with the study ‘The link between family his-
tory and risk of type 2 diabetes is not explained 
by anthropometric, lifestyle or genetic risk fac-
tors: the EPIC- InterAct study’ by Scott RA, Lan-
genberg C50 and the risk was assessed among 
150 respondents only 76 (50.7%) reported pres-
ent, 72 (48%) reported absent and this result was 
coincided with the study ‘Family history of type 2 
diabetes and prevalence of metabolic syndrome 
in adult Asian Indians by Mithun Das, Susil Pal46

Knowledge Level in Respondents: 

Out of 150 respondents, Majority of the re-
spondents 51.23% have good knowledge, only 
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47.77% need improvement and 1% in neutral 
position. This result was coincided with study 
conducted by Yadav SB et al.53 The need for 
pharmacist intervention was clearly shown here. 

Risk in Respondents: 

Out of 150 respondents, majority of the respon-
dents were have slightly elevated risk 33%, 31% 
low risk, 20% moderate risk and 16% high risk. 
This result was coincided with the study “Risk 
Assessment Tools for Identifying Individuals at 
Risk of Developing Type 2 Diabetes” conducted 
by Brian Buijsse et al.26 The need for pharma-
cist intervention was clearly drawn from report of 
this research. 

Final Interventions: 

Knowledge Level in Respondents: 

Final intervention carried out in 150 patients. 
7.04% still in need of improvement in knowl-
edge. This was because of illiteracy, lack of con-
centration during counselling, and age. 92.96% 
were found to be good in knowledge and none in 
neutral. This shows improvement in knowledge 
of patients due to pharmacist intervention. This 
result was coincided with study “Diabetes Knowl-
edge in Predominantly Latino Patients and Fam-
ily Caregivers in an Urban Emergency Depart-
ment” conducted by Sanjay Arora et al.50

Associated Demographic Characteristics 

Knowledge 

Knowledge was found to be associated with Age, 
Education, Marital Status, Smoking, Alcoholism, 
Physical Activity and Socio- Economic Status. 
This might be due to following reasons: 

Age: 

There was association between age and knowl-
edge (Table: 1); this might be due to fewer num-
ber of people below 40 yrs. suffering from Type II 
Diabetes Mellitus when compared with the larger 
number of respondents above 40yrs. The study 
in “Management of Type 2 Diabetes Mellitus in 
Older Adults” conducted by Kyung Soo Kim et al 
supports these findings.28

Education: 

There is association between education and 
knowledge, on the basis of education level, a 

highly literate population is associated with bet-
ter understanding of Type II Diabetes Mellitus 
(Table: 1). This research population was mainly 
school level and capable of compromising with 
knowledge. This study conducted by Al-Qazaz 
HKh et al supports these findings.

Marital Status: 

There shows association between marital status 
and knowledge (Table: 1). Most married respon-
dents had good knowledge than the singles. Mar-
ital status might influence patients’ knowledge 
with disease positively. The study conducted by 
Paula M. Trief et al supports these findings. The 
help and support from a spouse in different as-
pects could be the reason why married patients 
had good knowledge than single patients.32

Smoking: 

There shows association between smoking 
and knowledge (Table: 1). A huge number of 
non- smokers had knowledge about the Type II 
Diabetes Mellitus than the smokers. The study 
conducted by Mark Nichter et al supports these 
findings.38

Alcoholism: 

There shows association between alcoholism 
and knowledge (Table: 1). There is significant 
difference between the knowledge within non- 
alcoholics than alcoholic respondents. The study 
conducted by Anju Gautam et al supports these 
findings.40

Physical Activity: 

There shows association between physical activ-
ity and knowledge (Table: 1). Most respondents 
had good knowledge who were having physical 
activity than other. The study conducted by Anju 
Gautam et al supports these findings.44 

Socio- Economic Status: 

There is association between socio-economic 
status and knowledge, on the basis of education 
level. Those who were coming under middle and 
high socio-economic status had better knowl-
edge than others. The studies conducted by 
Laura A. Rivera et al supports these findings.43

Significant Difference between Pre and Post 
Survey 
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Much significant difference is shown between 
pre and post survey analysis (Table: 3, 4).This 
shows that pharmacist intervention plays an ef-
fective role in improvement of patient knowledge. 
The study conducted by Titien Siwi Hartayu et al 
supports these findings.48

CONCLUSION 

As per Dr. Hans V. Hogerzeil, WHO Director of 
Medicines Policy and Standards, said, “Pharma-
cists have an important role to play in health care, 
which is much more than selling medicines.” 

This qualitative observational survey shows that 
– 

In Pre – survey the majority of individuals had a 
poor knowledge about type II Diabetes mellitus. 
The study also revealed that there is slightly ele-
vated risk in developing type II Diabetes mellitus 
among respondents. This is not surprising since 
the respondents have school level education 
and most of the patients need improvement in 
knowledge about type II DM. The respondents 
apparently failed to understand their condition 
and importance of risk that leads to type II DM. 

Proper management requires life style changes 
and adequate Diabetes Knowledge of which is 
considered a key component of diabetes man-
agement. Differences in knowledge level have 
been described depending on level of education, 
gender and social classes. 

Patient counseling was provided to all respon-
dents who were categorized under: Need im-
provement and Neutral in case of knowledge. 
A post – survey was conducted after short time 
span. A statistical significant difference was ob-
served between pre and post survey. 

Indians tend to have more body fat and a higher 
risk of diabetes for the same BMI as compared 
to Western populations. Changing diets and 
declining physical activity levels, especially in 
urban India, have also contributed to the rising 
prevalence of obesity and diabetes. Majority of 
the respondents have slightly elevated risk in the 
survey conducted for assessing the risk of Type 
II DM. 

Health education campaigns concerning Type II 
DM and life style modifications should be con-
ducted through hospitals where patients’ can 

come and share their experiences. Posters and 
pamphlets regarding disease, drug and life style 
modifications provided during campaign helps 
them for their future references. Pharmacist in-
tervention in risk check of patients is always nec-
essary as the level of risk cease to low degree 
when no interventions are made. 

In conclusion this study revealed the need for 
pharmacist intervention in improving knowledge 
about Type II Diabetes Mellitus and risk assess-
ment of developing diabetes mellitus.
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Table 1: Percentage distribution of samples according to their demographic characteristics.

S l 
No

Demographic vari-
ables Poor A v e r -

age Good χ2 value df T a b l e 
value 'p' value Inference

1. Age in years
31-40 5 9 0

14.924 8 15.507 0.049 
* 

Significant
41-50 4 17 7

       51-60 5 27 13
        61-70 4 36 20

71-80 0 3 0
2 Sex

Male 12 62 12
1.921 2 5.991 0.383 Not Signifi-

cantFemale 6 30 6
3. Marital status

Single 0 0 2
11.562 4 9.488 0.021* Significant

Married 18 92 38
4. Educational status

Illiterate 3 26 4
5.574 2 5.991 0.048 

* 
SignificantSchool level 11 58 25

University level 4 8 11
5. Occupation 

Employed 12 50 19
1.847 2 5.991 0.397 Not Signifi-

cantUnemployed 6 42 21
6. Family History of di-

abetes mellitus
Present 9 48 26

2.091 2 5.991 0.352 Not Signifi-
cantAbsent 9 44 14

7 Habitants 
Vegetarian 1 7 6 2.145 2 5.991 0.342 Not Signifi-

cantNon vegetarian 17 85 34
8 Co-morbid disease 

condition
Present 11 65 26 0.855 2 5.991 0.652 Not Signifi-

cant
9 Smoker 

Yes 1 25 5 6.510 2 5.991 0.039* Significant
No 17 67 35

10 Alcoholic 
Yes 8 29 3 11.532 2 5.991 0.003* Significant
No 10 63 37

11 Physical activity 
Yes 7 35 35 28.563 2 5.991 0.000* Significant
No 11 57 5

12 Socioeconomic sta-
tus
High 2 14 19 23.030 4 5.991 0.000* Significant 
Middle 16 74 17
Low 0 4 4

χ2
 at 0.05 level of significance
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Table 2: Percentage of risk of developing Type II Diabetes Mellitus

Frequency Percentage

Lower risk 46 31%

Slightly elevated 49 33%

Moderate 30 20%

High risk 25 16%

Table 2a: Mean Percentage 

N=150 
Parameter Obtained

Range
Mean Median Standard de-

viation
Mean percentage

Pre-test 14-48 27.47 26 8.63 57.23

Post-test 32-48 44.62 44.5 2.51 92.96

Table 3: T-test Value                
                                                                                                                                                                                       
N=150
Parameter Mean Standard de-

viation
Mean differ-
ence 

‘t’ value p value 

Pre-test 27.47 8.63

17.15 25.917* <0.001 
Post-test 44.62 2.51

t149=1.655,   p<0.05    *Significant
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ABSTRACT 

An antioxidant is a molecule that inhibits the oxidation of other molecules. Oxidation is a chemical reaction that can 

produce free radicals, leading to chain reactions that may damage cells. Antioxidants such as thiols or ascorbic acid (vitamin 

C) terminate these chain reactions. Most oxidations occur with the liberation of large amounts of energy. They are mainly 

derived from oxygen (reactive oxygen species/ROS) and nitrogen (reactive nitrogen species/RNS), and are generated in our 

body by various endogenous systems, exposure to different physicochemical conditions or patho-physiological states. Free 

radicals can adversely alter lipids, proteins and DNA (Deoxyribose nucleic acids) and have been implicated in aging and a 

number of human diseases including cancer. Antioxidants applications in this regard have become an interesting and 

introspective arena of research. Antioxidants can fight against these free radicals and protect the body from the various 

adversaries. The beneficial influence of many foodstuffs and beverages including fruits, vegetables, tea, coffee, and cocoa on 

human health has been recently recognized to originate from their antioxidant activity. Plant foods are known to protect against 

degenerative diseases and ageing due to their antioxidant activity (AOA) attributed to their high polyphenolic content 

(PC).This review article explains on antioxidants and methods used for determination of activity. 
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INTRODUCTION 

 An antioxidant is a molecule stable enough to 

donate an electron to a rampaging free radical and 

neutralize it, thus reducing its capacity to damage. These 

antioxidants delay or inhibit cellular damage mainly 

through their free radical scavenging property
 
[1]. These 

low-molecular-weight antioxidants can safely interact with 

free radicals and terminate the chain reaction before vital 

molecules are damaged. Some of such antioxidants, 

including glutathione, ubiquinol, and uric acid, are 

produced during normal metabolism in the body
 
[2]. Other 

lighter antioxidants are found in the diet. Although there 

are several enzymes system within the body that scavenge 

free radicals, the principle micronutrient (vitamins) 

antioxidants are vitamin E (α-tocopherol), vitamin C 

(ascorbic acid), and B-carotene The body cannot 

manufacture these micronutrients, so they must be 

supplied in the diet
 
[3]. 

 

History 

             The term antioxidant originally was used to refer 

specifically to a chemical that prevented the consumption 

of oxygen. In the late 19th and early 20th century, 

extensive study was devoted to the uses of antioxidants in 

important industrial processes, such as the   prevention   of  

metal corrosion, the vulcanization of rubber, and the 

polymerization of fuels in the fouling of internal 

combustion engines
 
[4]. Early research on the role of 

antioxidants in biology focused on their use in preventing 

the oxidation of unsaturated fats, which is the cause of 

rancidity [5]. Antioxidant activity could be measured 

simply by placing the fat in a closed container with oxygen 

and measuring the rate of oxygen consumption. However, 

it was the identification of vitamins A, C, and E as 

antioxidants that revolutionized the field and led to the 

realization of the importance of antioxidants in the 

biochemistry of living organisms. The possible 

mechanisms of action of antioxidants were first explored 

when it was recognized that a substance with antioxidative 

activity is likely to be one that is itself readily oxidized
 
[6]. 

Research into how vitamin E prevents the process of lipid 

peroxidation led to the identification of antioxidants as 

reducing agents that prevent oxidative reactions, often by 

scavenging ROS before they can damage cells
 
[7]. 

 

Antioxidant defense system 

Antioxidants act as radical scavenger, hydrogen 

donor, electron donor, peroxide decomposer, singlet 

oxygen quencher, enzyme inhibitor, synergist, and metal- 
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chelating agents. Both enzymatic and nonenzymatic 

antioxidants exist in the intracellular and extracellular 

environment to detoxify ROS [8]. 

 

Mechanism of action of antioxidants 

Two principle mechanisms of action have been 

proposed for antioxidants
 
[9]. The first is a chain- breaking 

mechanism by which the primary antioxidant donates an 

electron to the free radical present in the systems. The 

second mechanism involves removal of ROS/reactive 

nitrogen species initiators (secondary antioxidants) by 

quenching chain-initiating catalyst. Antioxidants may exert 

their effect on biological systems by different mechanisms 

including electron donation, metal ion chelation, co-

antioxidants, or by gene expression regulation
 
[10]. 

 

Levels of antioxidant action 

The antioxidants acting in the defense systems act 

at different levels such as preventive, radical scavenging, 

repair and de novo, and the fourth line of defense, i.e., the 

adaptation. 

The first line of defense is the preventive 

antioxidants, which suppress the formation of free radicals. 

Although the precise mechanism and site of radical 

formation in vivo are not well elucidated yet, the metal-

induced decompositions of hydroperoxides and hydrogen 

peroxide must be one of the important sources. To suppress 

such reactions, some antioxidants reduce hydroperoxides 

and hydrogen peroxide beforehand to alcohols and water, 

respectively, without generation of free radicals and some 

proteins sequester metal ions. 

Glutathione peroxidase, glutathione-s-transferase, 

phospholipid hydroperoxide glutathione peroxidase 

(PHGPX), and peroxidase are known to decompose lipid 

hydroperoxides to corresponding alcohols. PHGPX is 

unique in that it can reduce hydroperoxides of 

phospholipids integrated into biomembranes. Glutathione 

peroxidase and catalase reduce hydrogen peroxide to water. 

The second line of defense is the antioxidants that 

scavenge the active radicals to suppress chain initiation 

and/or break the chain propagation reactions. Various 

endogenous radical-scavenging antioxidants are known: 

some are hydrophilic and others are lipophilic. Vitamin C, 

uric acid, bilirubin, albumin, and thiols are hydrophilic, 

radical-scavenging antioxidants, while vitamin E and 

ubiquinol are lipophilic radical-scavenging antioxidants. 

Vitamin E is accepted as the most potent radical-

scavenging lipophilic antioxidant. 

The third line of defense is the repair and de 

novo antioxidants. The proteolytic enzymes, proteinases, 

proteases, and peptidases, present in the cytosol and in the 

mitochondria of mammalian cells, recognize, degrade, and 

remove oxidatively modified proteins and prevent the 

accumulation of oxidized proteins. The DNA repair 

systems also play an important role in the total defense 

system against oxidative damage. Various kinds of 

enzymes such as glycosylases and nucleases, which repair 

the damaged DNA, are known. There is another important 

function called adaptation where the signal for the 

production and reactions of free radicals induces formation 

and transport of the appropriate antioxidant to the right site
 

[11]. 

 

ENZYMATIC 

Types of antioxidants 

Cells are protected against oxidative stress by an 

interacting network of antioxidant enzymes. Here, the 

superoxide released by processes such as oxidative 

phosphorylation is first converted to hydrogen peroxide 

and then further reduced to give water. This detoxification 

pathway is the result of multiple enzymes, with superoxide 

dismutases catalyzing the first step and then catalases and 

various peroxidases removing hydrogen peroxide [12]. 

 

Superoxide dismutase 

Superoxide dismutases (SODs) are a class of 

closely related enzymes that catalyze the breakdown of the 

superoxide anion into oxygen and hydrogen peroxide. SOD 

enzymes are present in almost all aerobic cells and in 

extracellular fluids. There are three major families of 

superoxide dismutase, depending on the metal cofactor: 

Cu/Zn (which binds both copper and zinc), Fe and Mn 

types (which bind either iron or manganese), and finally 

the Ni type which binds nickel
 
[13]. 

 

Catalase 

Catalase is a common enzyme found in nearly all 

living organisms, which are exposed to oxygen, where it 

functions to catalyze the decomposition of hydrogen 

peroxide to water and oxygen.Hydrogen peroxide is a 

harmful by-product of many normal metabolic processes: 

to prevent damage, it must be quickly converted into other, 

less dangerous substances. To this end, catalase is 

frequently used by cells to rapidly catalyze the 

decomposition of hydrogen peroxide into less reactive 

gaseous oxygen and water molecules [14]. 

 

Glutathione systems 

The glutathione system includes glutathione, 

glutathione reductase, glutathione peroxidases, and 

glutathione S-transferases. This system is found in animals, 

plants, and microorganisms. Glutathione peroxidase is an 

enzyme containing four selenium-cofactors that catalyze 

the breakdown of hydrogen peroxide and organic 

hydroperoxides. There are at least four different 

glutathione peroxidase isozymes in animals. These 

enzymes are at particularly high levels in the liver and also 

serve in detoxification metabolism
 
[15]. 

 

NON ENZYMATIC 

Ascorbic acid 

Ascorbic acid or “vitamin C” is a monosaccharide 

antioxidant found in both animals and plants. As it cannot 

be synthesized in humans and must be obtained from the 

diet, it is a vitamin. Most other animals are able to produce 

this compound in their bodies and do not require it in their 

diets. In cells, it is maintained in its reduced form by 

reaction with glutathione, which can be catalyzed by 

protein disulfide isomerase and glutaredoxins. Ascorbic 

acid is a reducing agent and can reduce and thereby 
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neutralize ROS such as hydrogen peroxide. In addition to 

its direct antioxidant effects, ascorbic acid is also a 

substrate for the antioxidant enzyme ascorbate peroxidase, 

a function that is particularly important in stress resistance 

in plants [16]. 

 

Glutathione 

Glutathione is a cysteine-containing peptide found 

in mostforms of aerobic life. It is not required in the diet 

and is instead synthesized in cells from its constituent 

amino acids. Glutathione has antioxidant properties since 

the thiol group in its cysteine moiety is a reducing agent 

and can be reversibly oxidized and reduced [17]. Due to its 

high concentration and central role in maintaining the cell's 

redox state, glutathione is one of the most important 

cellular antioxidants. 

 

Melatonin 

Melatonin, also known chemically as N-acetyl-5-

methoxytryptamine, is a naturally occurring hormone 

found in animals and in some other living organisms, 

including algae. Melatonin is a powerful antioxidant that 

can easily cross cell membranes and the blood–brain 

barrier
 
[18]. Therefore, it has been referred to as a terminal 

(or suicidal) antioxidant [19]. 

 

Tocopherols and tocotrienols (Vitamin E) 

Vitamin E is the collective name for a set of eight 

related tocopherols and tocotrienols, which are fat-soluble 

vitamins with antioxidant properties. Of these, α-

tocopherol has been most studied as it has the highest 

bioavailability, with the body preferentially absorbing and 

metabolizing this form [20]. It has been claimed that the α-

tocopherol form is the most important lipid-soluble 

antioxidant, and that it protects membranes from oxidation 

by reacting with lipid radicals produced in the lipid 

peroxidation chain reaction [21]. 

 

Uric acid 

Uric acid accounts for roughly half the antioxidant 

ability of plasma. In fact, uric acid may have substituted 

for ascorbate in human evolution [22]. However, like 

ascorbate, uric acid can also mediate the production of 

active oxygen species. 

 

PLANTS AS A SOURCE OF ANTIOXIDANTS 

Synthetic and natural food antioxidants are used 

routinely in foods and medicine especially those containing 

oils and fats to protect the food against oxidation. There are 

a number of synthetic phenolic antioxidants, butylated 

hydroxytoluene (BHT) and butylated hydroxyanisole 

(BHA) being prominent examples. These compounds have 

been widely uses as antioxidants in food industry, 

cosmetics, and therapeutic industry. However, some 

physical properties of BHT and BHA such as their high 

volatility and instability at elevated temperature, strict 

legislation on the use of synthetic food additives, 

carcinogenic nature of some synthetic antioxidants, and 

consumer preferences have shifted the attention of 

manufacturers from synthetic to natural antioxidants. In 

view of increasing risk factors of human to various deadly 

diseases, there has been a global trend toward the use of 

natural substance present in medicinal plants and dietary 

plats as therapeutic antioxidants. It has been reported that 

there is an inverse relationship between the dietary intake 

of antioxidant-rich food and medicinal plants and incidence 

of human diseases. The use of natural antioxidants in food, 

cosmetic, and therapeutic industry would be promising 

alternative for synthetic antioxidants in respect of low cost, 

highly compatible with dietary intake and no harmful 

effects inside the human body. Many antioxidant 

compounds, naturally occurring in plant sources have been 

identified as free radical or active oxygen scavengers [23]. 

Attempts have been made to study the antioxidant potential 

of a wide variety of vegetables like potato, spinach, 

tomatoes, and legumes. There are several reports showing 

antioxidant potential of fruits. Strong antioxidants activities 

have been found in berries, cherries, citrus, prunes, and 

olives. Green and black teas have been extensively studied 

in the recent past for antioxidant properties since they 

contain up to 30% of the dry weight as phenolic 

compounds. 

 Apart from the dietary sources, Indian medicinal 

plants also provide antioxidants and these include (with 

common/ayurvedic names in brackets) Acacia 

catechu (kair), Aegle marmelos (Bengal quince, 

Bel), Allium cepa (Onion), A. sativum (Garlic, Lahasuna), 

Aleo vera (Indain aloe, Ghritkumari) are also useful for 

their antioxidant activity. 

 

ANTIOXIDANT POTENTIAL OF INDIAN 

FUNCTIONAL FOODS 

In the last decade, preventive medicine has 

undergone a great advance, especially in developed 

countries. Research has demonstrated that nutrition plays a 

crucial role in the prevention of chronic diseases, as most 

of them can be related to diet. Functional food enters the 

concept of considering food not only necessary for living 

but also as a source of mental and physical well-being, 

contributing to the prevention and reduction of risk factors 

for several diseases or enhancing certain physiological 

functions.A food can be regarded as functional if it is 

satisfactorily demonstrated to affect beneficially one or 

more target functions in the body, beyond adequate 

nutritional effects, in a way which is relevant to either the 

state of well being and health or reduction of the risk of a 

disease. The beneficial effects could be either maintenance 

or promotion of a state of well being or health and/or a 

reduction of risk of a pathologic process or a disease. 

Whole foods represent the simplest example of functional 

food. Broccoli, carrots, and tomatoes are considered 

functional foods because of their high contents of 

physiologically active components (sulforaphen, B-

carotene, and lycopene, respectively). Green vegetables 

and spices like mustard and turmeric, used extensively in 

Indian cuisine, also can fall under this category. 

“Nutraceutical” is a term coined in 1979 by Stephen 

DeFelice. It is defined “as a food or parts of food that 

provide medical or health benefits, including the 

prevention and treatment of disease.” Nutraceuticals may 
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range from isolated nutrients, dietary supplements, and 

diets to genetically engineered “designer” food, herbal 

products, and processed products such as cereals, soups, 

and beverages. A nutraceutical is any nontoxic food extract 

supplement that has scientifically proven health benefits 

for both the treatment and prevention of disease. The 

increasing interest in nutraceuticals reflects the fact that 

consumers hear about epidemiological studies indicating 

that a specific diet or component of the diet is associated 

with a lower risk for a certain disease. The major active 

nutraceutical ingredients in plants are flavonoids. As is 

typical for phenolic compounds, they can act as potent 

antioxidants and metal chelators. They also have long been 

recognized to possess anti-inflammatory, antiallergic, 

hepatoprotective, antithrombotic, antiviral, and 

anticarcinogenic activities [24]. 

 

Indian dietary and medicinal plants as functional foods 

Ingredients that make food functional are dietary 

fibers, vitamins, minerals, antioxidants, oligosaccharides, 

essential fatty acids (omega-3), lactic acid bacteria 

cultures, and lignins. Many of these are present in 

medicinal plants. Indian systems of medicine believe that 

complex diseases can be treated with complex combination 

of botanicals unlike in west, with single drugs. Whole 

foods are hence used in India as functional foods rather 

than supplements. Some medicinal plants and dietary 

constituents having functional attributes are spices such as 

onion, garlic, mustard, red chilies, turmeric, clove, 

cinnamon, saffron, curry leaf, fenugreek, and ginger. Some 

herbs as Bixa orellana and vegetables like amla, wheat 

grass, soyabean, and Gracinia cambogia have antitumor 

effects. Other medicinal plants with functional properties 

include A.marmelos, A. cepa, Aloe vera, A. paniculata, 

Azadirachta india, and Brassica juncea [25]. 

 

FREE RADICAL 

A free radical can be defined as any molecular 

species capable of independent existence that contains an 

unpaired electron in an atomic orbital. The presence of an 

unpaired electron results in certain common properties that 

are shared by most radicals. Many radicals are unstable and 

highly reactive. They can either donate an electron to or 

accept an electron from other molecules, therefore 

behaving as oxidants or reductants. The most important 

oxygen-containing free radicals in many disease states are 

hydroxyl radical, superoxide anion radical, hydrogen 

peroxide, oxygen singlet, hypochlorite, nitric oxide radical, 

and peroxynitrite radical. These are highly reactive species, 

capable in the nucleus, and in the membranes of cells of 

damaging biologically relevant molecules such as DNA, 

proteins, carbohydrates, and lipids. Free radicals attack 

important macromolecules leading to cell damage and 

homeostatic disruption. Targets of free radicals include all 

kinds of molecules in the body. Among them, lipids, 

nucleic acids, and proteins are the major targets
 
[26]. 

 

Production of free radicals in the human body 

Free radicals and other ROS are derived either 

from normal essential metabolic processes in the human 

body or from external sources such as exposure to X-rays, 

ozone, cigarette smoking, air pollutants, and industrial 

chemicals. Free radical formation occurs continuously in 

the cells as a consequence of both enzymatic and 

nonenzymatic reactions. Enzymatic reactions, which serve 

as source of free radicals, include those involved in the 

respiratory chain, in phagocytosis, in prostaglandin 

synthesis, and in the Cytochrome P450 system. Free 

radicals can also be formed in non-enzymatic reactions of 

oxygen with organic compounds as well as those initiated 

by ionizing reactions. Free radical reactions are expected to 

produce progressive adverse changes that accumulate with 

age throughout the body. Such “normal” changes with age 

are relatively common to all. However, superimposed on 

this common pattern are patterns influenced by genetics 

and environmental differences that modulate free radical 

damage. These are manifested as diseases at certain ages 

determined by genetic and environmental factors. Cancer 

and atherosclerosis, two major causes of death, are salient 

“free radical” diseases. Cancer initiation and promotion is 

associated with chromosomal defects and oncogene 

activation [27]. It is possible that endogenous free radical 

reactions, like those initiated by ionizing radiation, may 

result in tumor formation. The highly significant 

correlation between consumption of fats and oils and death 

rates from leukemia and malignant neoplasia of the breast, 

ovaries, and rectum among persons over 55 years may be a 

reflection of greater lipid peroxidation. Studies on 

atherosclerosis reveal the probability that the disease may 

be due to free radical reactions involving diet-derived 

lipids in the arterial wall and serum to yield peroxides and 

other substances. These compounds induce endothelial cell 

injury and produce changes in the arterial walls. 

 

Free radical and aging 

The human body is in constant battle to keep from 

aging. Research suggests that free radical damage to cells 

leads to the pathological changes associated with aging. An 

increasing number of diseases or disorders, as well as 

aging process itself, demonstrate link either directly or 

indirectly to these reactive and potentially destructive 

molecules. The major mechanism of aging attributes to 

DNA or the accumulation of cellular and functional 

damage [28]. Reduction of free radicals or decreasing their 

rate of production may delay aging. Some of the nutritional 

antioxidants will retard the aging process and prevent 

disease. Based on these studies, it appears that increased 

oxidative stress commonly occurs during the aging 

process, and antioxidant status may significantly influence 

the effects of oxidative damage associated with advancing 

age. Research suggests that free radicals have a significant 

influence on aging, that free radical damage can be 

controlled with adequate antioxidant defense, and that 

optimal intake of antioxidant nutrient may contribute to 

enhanced quality of life. Recent research indicates that 

antioxidant may even positively influence life span. 

 

CONCEPT OF OXIDATIVE STRESS 
              The term is used to describe the condition of 

oxidative damage resulting when the critical balance 
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between free radical generation and antioxidant defenses is 

unfavorable. Oxidative stress, arising as a result of an 

imbalance between free radical production and antioxidant 

defenses, is associated with damage to a wide range of 

molecular species including lipids, proteins, and nucleic 

acids. Short-term oxidative stress may occur in tissues 

injured by trauma, infection, heat injury, hypertoxia, 

toxins, and excessive exercise. These injured tissues 

produce increased radical generating enzymes (e.g., 

xanthine oxidase, lipogenase, cyclooxygenase) activation 

of phagocytes, release of free iron, copper ions, or a 

disruption of the electron transport chains of oxidative 

phosphorylation, producing excess ROS. The initiation, 

promotion, and progression of cancer, as well as the side-

effects of radiation and chemotherapy, have been linked to 

the imbalance between ROS and the antioxidant defense 

system. ROS have been implicated in the induction and 

complications of diabetes mellitus, age-related eye disease, 

and neurodegenerative diseases such as Parkinson's disease 

[29]. 

 

Oxidative stress and human diseases 

A role of oxidative stress has been postulated in 

many conditions, including anthersclerosis, inflammatory 

condition, certain cancers, and the process of aging. 

Oxidative stress is now thought to make a significant 

contribution to all inflammatory diseases (arthritis, 

vasculitis, glomerulonephritis, lupus erythematous, adult 

respiratory diseases syndrome), ischemic diseases (heart 

diseases, stroke, intestinal ischema), hemochromatosis, 

acquired immunodeficiency syndrome, emphysema, organ 

transplantation, gastric ulcers, hypertension and 

preeclampsia, neurological disorder (Alzheimer's disease, 

Parkinson's disease, muscular dystrophy), alcoholism, 

smoking-related diseases, and many others. An excess of 

oxidative stress can lead to the oxidation of lipids and 

proteins, which is associated with changes in their structure 

and functions. 

 

IN VITRO AND IN VIVO METHODS FOR 

EVALUATION OF ANTIOXIDANT ACTIVITY 

In Vitro Methods 

In vitro test procedures are carried out for 

evaluating antioxidant activities with the samples of 

interest. Generally in vitro antioxidant tests using free 

radical traps are relatively straightforward to perform. 

Among free radical scavenging methods, DPPH method is 

furthermore rapid, simple (i.e. not involved with many 

steps and reagents) and inexpensive. 

 

DPPH Scavenging Activity 

The molecule 1, 1-diphenyl-2-picrylhydrazyl (a,a-

diphenyl-bpicrylhydrazyl; DPPH) is characterized as a 

stable free radical by virtue of the delocalisation of the 

spare electron over the molecule as a whole, so that the 

molecule does not dimerize, as would be the case with 

most other free radicals. The delocalization of electron also 

gives rise to the deep violet color, characterized by an 

absorption band in ethanol solution centered at about 517 

nm. 

 

% inhibition of DPPH radical = (Abr _ Aar / Abr) *100 

 

Hydrogen Peroxide Scavenging (H2o2) Assay 

The ability of plant extracts to scavenge hydrogen 

peroxide can be estimated according to the method of Ruch 

et al. A solution of hydrogen peroxide (40 mM) is prepared 

in phosphate buffer (50 mM pH 7.4). The concentration of 

hydrogen peroxide is determined by absorption at 230 nm 

using a spectrophotometer. Extract (20–60 lg/mL) in 

distilled water is added to hydrogen peroxide and 

absorbance at 230 nm is determined after 10 min against a 

blank solution containing phosphate buffer without 

hydrogen peroxide. The percentage of hydrogen peroxide 

scavenging is calculated as follows: 

% scavenged [H2O2] = [Ai - At]/Ai* 100 

 

Superoxide Radical Scavenging Activity (SOD) 

Although superoxide anion is a weak oxidant, it 

ultimately produces powerful and dangerous hydroxyl 

radicals as well as singlet oxygen, both of which contribute 

to oxidative stress. The superoxide anion scavenging 

activity can be measured as described by Gryglewski. The 

superoxide anion radicals are generated in 3.0 mL of Tris–

HCl buffer (16 mM, pH 8.0), containing0.5 mL of 

nitroblue tetrazolium (NBT) (0.3 mM), 0.5 mLNADH 

(0.936 mM) solution, 1.0 mL extract and 0.5 mLTris–HCl 

buffer (16 mM, pH 8.0). The reaction is initiated by adding 

0.5 mL phenazine methosulfate (PMS) solution (0.12 mM) 

to the mixture, incubated at 25 _C for 5 min and then the 

absorbance is measured at 560 nm against a blank sample. 

Other methods include hydroxyl radical scavenging 

activity, trolox equivalent antioxidant activity (TEAC), 

ferric reducing antioxidant power activity etc. 

 

In Vivo Methods 

For all in vivo methods the samples that are to be 

tested are usually administered to the testing animals 

(mice, rats, etc.) at a definite dosage regimen as described 

by the respective method. After a specified period of time, 

the animals are usually sacrificed and blood or tissues are 

used for the assay. It include Glutathione reductase (GR) 

assay, c-Glutamyl transpeptidase activity (GGT) assay, 

LDL assay, Reduced glutathione (GSH) estimation, 

Superoxide dismutase (SOD) method etc [30]. 

 

CONCLUSION 

Free radicals damage contributes to the etiology 

of many chronic health problems such as cardiovascular 
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and inflammatory disease, cataract, and cancer. 

Antioxidants prevent free radical induced tissue damage by 

preventing the formation of radicals, scavenging them, or 

by promoting their decomposition. Synthetic antioxidants 

are recently reported to be dangerous to human health. 

Thus the search for effective, nontoxic natural compounds 

with antioxidative activity has been intensified in recent 

years. In addition to endogenous antioxidant defense 

systems, consumption of dietary and plant-derived 

antioxidants appears to be a suitable alternative. Dietary 

and other components of plants form a major source of 

antioxidants. The traditional Indian diet, spices, and 

medicinal plants are rich sources of natural antioxidants; 

higher intake of foods with functional attributes including  

high level of antioxidants in antioxidants in functional 

foods is one strategy that is gaining importance. Newer 

approaches utilizing collaborative research and modern 

technology in combination with established traditional 

health principles will yield dividends in near future in 

improving health, especially among people who do not 

have access to the use of costlier western systems of 

medicine. 
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ABSTRACT 

Nanosuspensions are colloidal dispersions and biphasic system consisting of drug particles dispersed in an aqueous vehicle in which 

the diameter of the suspended particle is less than 1μm in size. Many drugs including antibiotics are having poor solubility. 

Nanosuspensions have proven to be a better alternative over other approaches currently available for improving bioavailability of 

such drugs with low solubility. This review describes the methods of pharmaceutical nanosuspension of antibiotic formulations and 

pharmaceutical applications in drug delivery. 
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INTRODUCTION 

 Nanotechnology is likely to make a big change in our 

lives, in general, and health scenario, in particular. It is 

one of the most important research and development 

area in today’s era. Nanotechnology is an applicable 

aspect of a broader area of nanoscience which is one of 

the upcoming and highly challenging as well as 

rewarding key research area in the modern scientific set 

up 
1
. It is the science of small particle having unique 

properties, which change on altering the size of the 

particle 
2
. Nanosuspensions are colloidal dispersions and 

biphasic system consisting of drug particles dispersed in 

an aqueous vehicle in which the diameter of the 

suspended particle is less than 1μm in size. Reduction of 

drug particles to nanometer range leads to an enhanced 

dissolution rate due to increased surface area and 

saturation solubility
3
. A nanosuspension not only solves 

the problem of poor solubility and bioavailability but 

also alters the pharmacokinetics of drug and improves 

the drug safety and efficacy. Nanosuspension has been 

reported to enhance absorption and bioavailability. 

IMPORTANCE OF ANTIBIOTICS AS 

NANOSUSPENSION 

Antibiotics also called anti-bacterial are a type of 

antimicrobial
 
drug used in the treatment and prevention 

of bacterial infections. They may either kill or inhibit the 

growth of bacteria. Many antibiotics such as 

Ciprofloxacin, Sulfadiazine, belong to BCS class II/IV, 

having poor solubility and dissolution rate. Nanosizing 

of such drugs leads to a drastic increase in their oral 

absorption and consequently bioavailability. The 

increase in bioavailability is due to increased surface 

area of the particles, increased saturation solubility and 

increase in dissolution velocity. The drug dose reduction 

is possible with enhancement in bioavailability making 

therapy cost effective and in preventing toxicity
4
. 

Formation of nanoparticles could provide some benefits 

such as increased saturation solubility and drug 

dissolution rate, improved bioavailability and dose 

proportionality, and inter-subject variability in 

comparison with the coarse or micronized drug powder.
5
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METHODS OF PREPARATION
6-13

 

Preparation of nanosuspension is reported to be simpler 

and cost effective.  It is particularly for poorly soluble 

drugs and to yield a physically more stable product. For 

manufacturing nanosuspensions, there are two methods, 

“Top-down process technology” and “Bottom-up 

process technology”.  

The top -down process includes:- 

 High pressure homogenization  

 Media milling (Nanocrystals).  

Bottom-up process includes:-  

 Solvent- Antisolvent method  

 Super critical fluid process  

 Emulsification Solvent evaporation technique  

 Lipid emulsion/Micro-emulsion template.  

The principle techniques used in recent years for 

preparing nanosuspensions are: 

1. High pressure homogenization:  

It is most widely used method for preparing 

nanosuspensions of many poorly aqueous soluble drugs . 

It involves three steps. First,the drug powders are 

dispersed in stabilizer solution to form pre-suspension, 

and then the pre-suspension is homogenized in high 

pressure homogenizer at a low pressure for pre-milling, 

and finally homogenized at high pressure for 10 to 25 

cycles until the nanosuspensions of desired size are 

formed.  

2. Milling techniques: 

a) Media Milling:  

This method was first developed and reported by 

Liversidge (1992). The nanosuspensions by this method 

are prepared by high shear media mill. The milling 

chamber is charged with the milling media, water, drug 

and stabilizer and rotated at a very high shear rate under 

controlled temperature for atleast 2-7 days. The milling 

medium is composed of glass, Zirconium oxide or 

highly cross linked polystyrene resin. The high energy 

shear forces are formed as a result of impaction of 

milling media with the drug which results in breaking of 

drug microparticles to nanosized particles.   

b) Dry-Co-grinding:  

Recently many nanosuspensions are prepared by dry 

milling technique. Dry- co-grinding can be carried out 

easily and economically and can be conducted without 

organic solvents. Physicochemical properties and 

dissolution of poorly water soluble drugs are improved 

by Co-grinding because of the improvement in the 

surface polarity and transformation from a crystalline to 

an amorphous drug. 

3. Emulsification-solvent evaporation technique  

This technique involves preparing a solution of drug 

followed by its emulsification in another liquid that is a 

nonsolvent for the drug. Evaporation of the solvent leads 

to precipitation of the drug. Crystal growth and particle 

aggregation can be controlled by creating high shear 

forces using a high-speed stirrer.  

4. Precipitation method 

Within the last decade, precipitation has been applied to 

prepare submicron particles, especially for the poorly 

soluble drugs. The drug is first dissolved in a solvent, 

then this solution is mixed with a miscible anti-solvent 

in the presence of surfactants. Rapid addition of a drug 

solution to the anti-solvent leads to sudden super 

saturation of drug and formation of ultrafine crystalline 

or amorphous drug solids.  

5. Supercritical fluid process  

The particle size reduction was achieved more by the 

solubilisation and nanosizing technologies through the 

super critical fluid process. Super critical fluids (SCF) 

are non-condensable dense fluids whose temperature and 

pressure are greater than its critical temperature (Tc) and 

critical pressure (Tp). This process allows the 

micronization of drug particles to a submicron level. 

Recent advances in SCF process are to create 

nanoparticulate suspension of particle size of 5 to 

2000nm in diameter.   

6. Melt emulsification method  

In this method drug is dispersed in the aqueous solution 

of stabilizer and heated above the melting point of the 

drug and homogenized to give an emulsion. During this 

process, the sample holder will be enwrapped with a 

heating tape fitted with temperature controller and the 

temperature of emulsion will be maintained above the 

melting point of the drug. The emulsion is then cooled 

down either slowly to room temperature or in an 

ice‐bath.  

7. Lipid emulsion/microemulsion template:  

This method is mostly applicable for drugs that are 

soluble in either volatile organic solvents or partially 

water miscible solvents. In this method, the drug is 

dissolved in suitable organic solvent and then emulsified 

in an aqueous phase using suitable surfactants. Then the 

organic solvent is slowly evaporated under reduced 

pressure to form drug particles precipitating in the 

aqueous phase forming the aqueous suspension of the 

drug in the required particle size. Then the suspension 

formed can be suitably diluted to get nanosuspensions. 

Moreover, microemulsions as templates can produce 

nanosuspensions. Microemulsions are thermodynamic-

cally stable and isotropically clear dispersions of two 

immiscible liquids such as oil and water stabilized by an 

interfacial film of surfactant and co-surfactant. The drug 

can be either loaded into the internal phase or the pre-

formed microemulsion can be saturated with the drug by 

intimate mixing. Suitable dilution of the microemulsion 

yields the drug nanosuspension.  

8. Solvent evaporation:  

In the solvent evaporation method, the solutions of 

polymer are prepared in volatile solvents and emulsions. 

The emulsion is converted into a nanoparticle 

suspension on evaporation of the solvent for the 

polymer, which is allowed to diffuse through the 

continuous phase of the emulsion. In the conventional 

methods, two main strategies are being used for the 

formation of emulsions, the preparation of single-
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emulsions, e.g., oil-in-water (o/w) or double-emulsions, 

e.g., (water-in-oil)-in-water, (w/o)/w. These methods 

require high-speed homogenization or ultrasonication, 

followed by evaporation of the solvent, either by 

continuous magnetic stirring at room temperature or 

under reduced pressure. By ultracentrifugation the 

solidified nanoparticles are collected which is washed 

with distilled water to remove the additives like 

surfactants, and then it is lyophilized. The particle size is 

influenced by the concentration of polymer, stabilizer 

and the speed of homogenizer. 

 

Table 1: Summary of the nanosuspension formation technologies [14,15] 

Technology Advantages Disadvantages Drugs 

 

 Precipitation 
 Equipment cost is low 

 Ease of scale up 

 Drug has to be soluble in atleast one 

solvent 

Carbamazepine
16

 

Cyclosporine
17

 

 

 

 

 High Pressure 

 Homogenisation 

  Applicable to most drugs 

 Simple technique with aseptic 

production possible 

  Risk of product 

Contamination is low 

 Prerequisite for drug to be in micronized 

state and suspension formation  before 

homogenization 

 

 

Amphotericin B 
18

 

Azithromycin 
19

 

Budesonide 
20

 

Clofazamine 
21

 

Fenofibrate 
22

 

Ibuprofen 
23

 

Itraconazole 
24

 

 Emulsion / 

Microemulsion 
 High drug solubilisation 

Long shelf life 

 Use of hazardous solvent and  high 

amount of surfactant and stabilizers 

Mutotane
25

 

Griseofulvin 
26

 

 Media Milling  Ease of scale up 

 Batch to batch variation is little 

 High flexibility in handling of  large 

quantities of drugs 

 Generation of residue of milling media 

 It requires milling process from hrs to 

days. 

Cilostazol 
27

 

Danazol 
28

 

Naproxen 
29

 

 

 Dry  Co-Grinding 
 Easy process 

 No organic solvent is needed 

 It requires short grinding time 

 There is generation of residue of milling 

media 

Clarithromycin 
30

 

Glibenclamide 
31

 

 

 

APPLICATIONS 
32-34

 

 Oral administration 

Nanosizing of drugs leads to an increased oral absorption 

and subsequent bioavailability. Improved bioavailability is 

due to the adhesiveness of drug nanoparticles to the mucosa 

and  the increased saturation solubility leading to an 

increased concentration gradient between gastrointestinal 

tract lumen and blood. Aqueous nanosuspensions can be 

used directly in a liquid dosage form and a dry dosage form 

such as tablet or hard gelatin capsule with pellets.  

Granulates can also be produced by spray drying of 

nanosuspensions. 

 Ophthalmic drug delivery 

Nanosuspensions have been providing to be vital for drugs 

that exhibit poor solubility in lachrymal fluids. Suspensions 

offer advantages such as prolonged residence time , which 

is desirable for most ocular diseases for effective treatment 

and avoidance of high tonicity created by water soluble 

drugs. Their actual performance depends on the intrinsic 

solubility of the drug in lachrymal fluids. Thus the intrinsic 

dissolution rate of the drug in lachrymal fluids governs its 

release and ocular bioavailability.  

 Intravenous administration 

Parenteral route of administration provides a quick onset of 

action, rapid targeting and reduced dosage of the drug. It is 

the preferred route for drugs undergoing first-pass 

metabolism and those that are not absorbed in the GIT or 

that get degraded in the GIT. One of the important 

applications of nanosuspension technology is the 

formulation of intravenously administered products. IV 

administration results in several advantages, such as 

administration of poorly soluble drugs without using a 

higher concentration of toxic cosolvents, improving the 

therapeutic effect of the drug available as conventional oral 

formulations and targeting the drug to macrophages and the 

pathogenic microorganisms residing in the macrophages. 

 Targeted drug delivery 

Nanosuspensions can also be used for targeted delivery as 

their surface properties and in vivo behaviour can easily be 

altered by changing either the stabilizer or the milieu. Their 

versatility, ease of scale up and commercial product has 

helped in developing commercial viable nanosuspensions 

for targeted delivery.  

 Pulmonary administration 

Aqueous nanosuspensions can be nebulized using 

mechanical or ultrasonic nebulizers for delivery of the drug 

into lungs. Because of their small size, it is likely that in 

each aerosol droplet at least one drug particle is contained, 

leading to a more uniform distribution of the drug in lungs. 

They also increase adhesiveness and thus cause a 

prolonged residence time. Budenoside drug nanoparticles 

were successfully nebulized using an ultrasonic nebulizer.  

 Mucoadhesion of the nanoparticles 

Nanoparticles orally administered in the form of a 

suspension diffuse into the liquid media and rapidly 

encounter the mucosal surface. The particles are 

immobilized at the intestinal surface by an adhesion 

mechanism referred to as "bioadhesion". Then , the 

concentrated suspension acts as a reservoir of particles and 

an adsorption process takes place rapidly. The direct 

contact of the particles with the intestinal cells through a 

bioadhesive phase is the first step before particle 

absorption. The adhesiveness of the nanosuspensions not 
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only helps to improve bioavailability but also improves 

targeting of the parasites persisting in the GIT. 

CONCLUSION 

The nanosuspension technology have been successfully 

proved to be  useful  for overcoming problem associated 

with poorly soluble drugs or lipophilic drugs insoluble in 

both organic and aqueous media. Large scale production of 

nanosuspension can be employed by media milling and 

high pressure homogenization technique. The recent 

advancement in the work being done related to 

nanosuspension shows that many formulations are being 

developed on a laboratory scale which have a potentially 

important clinical significant to treat diseases. Thus, 

nanosuspension technology is able enough to bring 

enormous immediate benefits and will revolutionize the 

research and practice of medicine in the field of pharmacy. 
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ABSTRACT 

The synthesis of bio inspired nanoparticles is an important branch in nanotechnology. Nanoparticles are fundamental 

building blocks of nanotechnology. Different biological methods are used for the production of silver nanoparticles (SNP) due 

to their several applications, such as, antibacterial effect, biological sensors, drug delivery, textile, and filters. In recent years, 

biological synthesized silver nanoparticles have been great interest in the formulation of new pharmaceutical products. In this 

research article, a simple and eco-friendly biosynthesis of AgNPs was prepared using microbes and various plant extract as 

reducing agent. This review reports the potential of plants i.e. “green chemistry” to synthesis nanoparticles not only in the 

laboratory scale but also in their natural environment. Nanoparticles can be synthesized by physical, chemical and biological 

methods. 

 

Keywords: Nanoparticles, Fundamental building, Matrix. 

 

INTRODUCTION 

Nano technology has immense application in 

almost all the field of science and human life. 

Nanoparticles can be defined as the colloidal particles 

having the size ranges from 1 to 100 nm [1]. Nanoparticles 

are used as drug carriers into which drug  is dissolved 

,entrapped, encapsulated or attached to a nanoparticle 

matrix. These particles have been shown to enhance the 

delivery of certain drugs across a number of natural and 

artificial membrane [2]. Nanoparticle can be prepared from 

a variety of materials such as proteins, polysaccharides, 

and synthetic polymers .The selection of matrix material 

depends upon many factors such as size of nanoparticles, 

inherent properties of drug like aqueous solubility and 

stability, surface characteristics such as charge and 

permeability, degree of biodegradability, biocompatibility 

and toxicity, drug release profile desired and antigenicity 

of product  . Depending upon the method of preparation 

nanoparticles, nanocapsules or nanospheres can be 

obtained. Nanocapsules are the system, in which the drug 

is confined to a cavity surrounded by a unique polymeric 

membrane, while nanospheres are matrix systems in which 

the drug is physically and uniformly dispersed [3, 4]. The  

 

primary goals of research in nano-biotechnology in drug 

delivery include:  

o More specific drug targeting and delivery 

o Reduction in toxicity while maintaining therapeutic 

effects 

o Greater safety and biocompatibility 

o Faster development of newer safe medicines  

Various applications of nanotechnology in the field of 

biopharmaceuticals may include [5-8] 

 Drug delivery in to brain 

 Antimicrobial technique 

 Gene delivery      

 Tumor targeting  

 Vaccine delivery 

 

Silver nanoparticles 

             Silver nanoparticles are the basic essential 

elements in the wall of nanotechnology. Silver 

nanoparticles exhibit new or improved properties 

depending upon their size, morphology, and distribution
 

[9]. Silver nanoparticles (Ag NPs) have rapidly increased 

due to their unusual optical, chemical, electronic, photo- 
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electrochemical, catalytic, magnetic, antibacterial, and 

biological labeling properties. Silver nanoparticles were 

used in broad range of applications like biomedical , drug 

delivery food industries , agriculture , textile industries, 

water treatment  as an antioxidant, antimicrobial, anti-

cancer, cosmetics, ointments and larvicides [10]. The most 

important application of silver and their nanoparticles in 

medical industry is as topical ointment to prevent infection 

in burns and open wounds [11].
 
Silver nanoparticles can be 

synthesized using various approaches including chemical, 

physical and biological methods. In chemical method 

various chemicals used for nanoparticle synthesis and 

stabilization are often toxic and can lead to non eco 

friendly by products [12]. Biological methods of 

nanoparticles synthesis using microorganism like algae, 

bacteria, fungi and plant or plant extract have been 

suggested as possible eco-friendly alternatives to chemical 

and physical methods. Thus there is an increasing demand 

for green nano technology. Today green synthesis is cost 

effective, environment friendly, easily scaled up for bulk 

synthesis and in this method there is no need to use high 

pressure, energy, temperature or toxic chemicals. Plants 

provide a better platform for nanoparticles synthesis as 

they free from toxic chemicals as well as provide natural 

capping agents. More over use of plant extracts also 

reduces the cost of micro organism isolation and culture 

media [13].  

 

Synthesis of silver nanoparticles by physical approach 

Most important physical processes for synthesis 

of silver nanoparticles include evaporation condensation 

and laser ablation. The metal nanoparticles such as Ag, 

gold, PbS, Cds and fullerene have been produced using the 

evaporation/condensation techniques. In 2014 

monodisperse silver nanoparticles with diameters up to 100 

nm produced with a spark discharge generator. Silver 

Evaporation–condensation, which might be carried out 

using a tube furnace at atmospheric pressure. The absence 

of solvent contamination in the prepared thin films and the 

uniformity of nanoparticle distribution are the advantages 

of physical approach in comparison to chemical processes. 

Disadvantage of this methods are furnace occupies large 

space, consumes greater amount of energy while raising 

the environmental temperature around source material and 

require more time to achieve thermal stability [14]. 

 

Synthesis of silver nanoparticle by chemical approach 

The most common approach for the synthesis of 

silver nanoparticles is chemical reduction by organic or 

inorganic reducing agents.  Sodium citrate, Ascorbic acid, 

Sodium borohydride, Tollens reagent, N-N dimethyl 

formamide   are the most commonly used reducing agents 

.Shenava Aashritha in 2013 studied synthesis of silver 

nanopartice by using sodium citrate as reducing agent. This 

study used to evaluate antifungal activity of silver 

nanoprticle.The antimicrobial efficacy of the silver 

nanoparticle colloidal suspension and of Ag nano 

composites against Candida albicans was evaluated by 

zone of growth inhibition and number of C.albicans 

colonies in agar plates. Finally this study shows that 

nanoparticle as excellent antibacterial activity against 

Candida albicans. M. H. El-Rafie, Hanan B. Ahmed and. 

K. Zahran 2014, Synthesize Silver nano particles using 

Alkali Treated Maize Starch. Alkali treated maize starch 

which plays a dual role as reducer for AgNO3 and 

stabilizer for the produced Silver nanoparticles. The redox 

reaction which takes a place between AgNO3 and alkali 

treated starch was followed up and controlled in order to 

obtain spherical shaped silver nanoparticles with mean size 

4–6 nm.  The samples have been characterized by 

transmission electron microscopy (TEM), which reveals 

the nanonature of the particles [15]. 

 

Synthesis of silver nanoparticles by biological methods 

The utilization of such microorganisms like 

bacteria, fungi, herbal extracts and yeasts in the synthesis 

of nanoparticles is a relatively recent activity. It is known 

that certain bacteria, yeasts and now fungi play an 

important role in remediation of toxic metals through 

reduction of the metal ions so long as they are not toxic in 

other ways. For example, environmentally-friendly 

microorganisms could minimize the toxicity in the process 

of metallic nanoparticle production by reduction of the 

metal ions or by formation of insoluble complexes with 

metal ions (e.g. metal sulfides) in the form of colloidal 

particles. Accordingly, these environmentally-friendly 

biological systems may be considered as benign 

nanofactories. It must be pointed out that many such 

microorganisms are biologically poisonous to humans, 

animals and plants, and care must be taken in their choice 

for production of nanoparticles [16]. 

 

FUNGI 

Fungus are easy to culture on large scale by solid 

substrate fermentation and thus can be large biomass is 

formed for the formation of silver nanoparticles. Fungi 

have tendency to form product intracellular as well as 

extracellular though, it has high wall binding capacity and 

metal intake capacity. Extracellular production of silver 

nanoparticles was reported using silver tolerant yeast strain 

MKY3, which synthesized hexagonal silver nanoparticles 

(2-5nm) in log phase of growth [17]. 

  A recent study found that a silver nanoparticles-

coated reverse osmosis membrane, which is used in water 

purification systems, exhibited good antifungal activities 

against fungal strains such as Candida tropicalis, Candida 

krusei, Candida glabrata, and Candida albicans. Silver 

nanoparticles synthesized using endophytic fungi, P. 

nodositatum isolated from R. dumetorium for reduction of 

Ag+ ions to Ag0 nanoparticles from silver nitrate solution 

at room temperature. It was also shown that the average 

size of silver nanoparticles can be controlled by varying 

the volume of leaf extract. Further, biosynthesized silver 

nanoparticles are found to be effective against bacteria 
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[18]. Additionally, Pulit et al. reported that Silver 

nanoparticle suspensions created from aqueous raspberry 

extract acted as effective growth inhibition factors against 

two resistant fungal strains Cladosporium, cladosporioides 

and Aspergillus niger. Furthermore, silver nanoparticles as 

a broad-spectrum antifungal agent [19]. 

  Fungi of Penicillium genus seem to be extremely 

good candidates for the synthesis of silver 

nanoparticles.Probin Phanjom, Giasuddin Ahmed in 2015 

synthesied protein stabilized silver nanoparticles by 

Aspergillus oryzae without the use of any surfactants, 

protecting agents or linking agents under aqueous and 

ambient conditions. . An extracellular enzyme-nitrate 

reductase appears to be involved in the synthesis of silver 

nanoparticles by Aspergillus oryzae, the silver 

nanoparticles synthesized is spherical with sizes ranging 

from 6 nm to 26nm [20]. Recent study reports that 

extracellular synthesis of silvernanoparticles, using fungi 

isolated from the soil Of the eight fungi, Aspergillusterrus, 

A.flavus,A.niger,A.clavatus,Acremonium .sp, Rhizopus. 

spp, A.rutilum,Trichoderma .sp. screened, R. 

stoloniferproduced silver nanoparticles efficiently. 

Extracellular enzyme from fungal filtrate and the aqueous 

solution of AgNO3were used for the production of 

silvernanoparticles. The use of specific enzyme ssuch as 

reductases secreted by fungi opensup  exciting possibilities 

of designing arational biosynthetic strategy for metal 

nanoparticle of different chemicalcomposition [21]. 

Several strains of Fusarium viz Fusarium oxysporum, 

Aspergillus fumigatus and Aspergillus flavus were used for 

successful production of metal nanoparticles [22]. 

Fusarium semitectum synthesized silver nanoparticles 

found strong antibacterial activity against K. pneumonia 

and P. Aeruginosa [23].  Recently white rot fungus 

Coriolus versicolor has also been used for the synthesis of 

stable silver nanoparticles. Silver nanoparticles by fungus 

Verticillium were also reported [24]. Trichoderma Reesei 

produces Silver nanoparticles with the diameters in the 

range of 5-50 nm. Trichoderma Reesei is an 

environmentally friendly fungus [25].  

 

BACTERIA 

The use of bacterial strain for bio manufacturing 

of silver nanoparticles have advantages over the other 

biological sources because it is easy to handle and short 

period of cultivation. Bacterial strain generates well 

defined shapes such as pyramidal and hexagonal silver 

nanoparticles of up to 200 nm sizes. The produced 

nanoparticles were quantified by TEM, XRD to identify 

their different shaped crystals [26]. P.Arun, 

V.Shanmugaraju, J.Renga Ramanujam, S. Senthil Prabhu 

and E.Kumaran synthesize silver Nanoparticles from 

Corynebacterium sp.The synthesized silver nanoparticles 

showed more activity in ethanol dilutions of 

Staphylococcus aureus, Escherichia coli, Bacillus sp. and 

Corynebacterium diphtheria [27].
 
It have been reported that 

the magnetotactic bacterial strains were good candidate for 

nanoparticles synthesis. Microbial synthesis of 

nanoparticles in both intracellular and extracellular form is 

observed efficiently from variety of bacterial strains like 

E.coli bacteria, S.nematodiphila, Bascillus spe.  Green 

synthesis of silver nanoparticles using latex of Jatropha 

curcas, monodisperse gold nanoparticles by a novel 

extremophilic actinomycete and Thermomonospora sp. 

Marine bacterium Pseudomonas aeruginosa also used for 

the synthesis of silver nanoparticles [28].  

 

ALGAE 

More recently, there are few, reported that algae 

being used as a biofactory for synthesis of metallic 

nanoparticles. . Marine alga is also used as a source for 

synthesis in Silver nanoparticle formation. Marine brown 

seaweed Turbinaria conoides is the one of the medicinally 

valued macro algae and having numerous medicinal 

properties. These brown algae were coming under the 

order of Fucales in the family of Sargassaceae. The healing 

properties of the Turbinaria conoides are antioxidants, 

antiproliferative, antiinvasive, antiangiogenic, 

antihistaminic and antiviral (human embryonic lung, 

human epithelial (HeLa) cells and Vero cells). Apart from 

this it had the good antimicrobial effect against 

Staphylococcus aureus, Staphylococcus epidermidis, 

Escherichia coli, Pseudomonas aeruginosa, Aspergillus 

Niger, and Candida albicans. In this study we used very 

low cost and medicinally significant green material marine 

brown seaweed Turbinaria conoides for the biosynthesis of 

silver nanoparticles. The synthesized silver nanoparticles 

were characterized using UV-visible spectrophotometer, 

SEM, XRD and FT-IR [29].
 
Antibacterial activities of the 

medicinally valid algal mediated nanoparticles were also 

examined against B. subtilis and K. planticola. Some are 

Gracilaria crassa as beginning material which effectively 

condensed the silver ions to silver nanoparticles with less 

price tag and no risk [30]. 

 

Synthesis of silver nanoparticle from medicinal plants  

  Many research papers reported the synthesis of 

nanoparticles using plant extracts such as Eichhornia 

crassipes leaves,Ananus comosus fruit, Arbutus unedo 

leaves,Cleoma viscose leaves,Cynodon dactylon 

leaves,Euphorbia hirta leaves,Fenu greek seed, Artemisia 

annua leaves(),Tecomastans leaves, Coleus forskohlii [31, 

32]. Synthesizing of silver nanoparticles using Securinega 

leucopyrus (wild) ,strychnos potatorum seed and bark 

extract have shows antibacterial activity against pathogens 

[33].   

 

CONCLUSION  

Nanoparticles can be synthesized by physical, 

chemical and biological methods. Plant mediated synthesis 

of silver nanoparticles have greater applications in the field 

of Biomedical, Food Packaging and Wound Healing. 

However, there is still need for economic commercially 

viable as well as environmentally clean synthesis route to 
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synthesize the silver nanoparticles. Plants provide a better 

platform for nanoparticles synthesis as they are free from 

toxic chemicals as well as provide natural capping agents. 

Moreover, use of plant extracts also reduces the cost of 

microorganism isolation and culture media enhancing the 

cost competitive feasibility over nanoparticles synthesis by  

microorganisms. 
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1. Introduction

   Diabetes mellitus (DM) overtime becomes one of the most 
expensive diseases because of the tremendous financial burden it 
places in the patients as well as healthcare system[1]. The worldwide 
prevalence of DM has risen over the last 20 years, from an estimated 
30 million cases in 1985 to 177 million in 2000[2]. The total number 
of people with diabetes is expected to rise from 177 million in 
2000 to 366 million in 2030. By 2030 India, China and USA will 

become the countries with the largest number of diabetic people 
in decreasing order[3,4]. Once diabetes is diagnosed, the therapy 
becomes essential. In order for the therapy to be fully effective, 
patient education also plays a role[5]. Best diabetes care can only 
be provided by a team of expert health professionals, working in 
collaboration with the patient and family[6]. 
   Quality of life is a term which refers to an overall sense of 
wellbeing. Health related quality of life purely measures the health 
and functional status of the individual[7]. Health related quality of 
life takes into account physical, psychological and social aspects 
of the life of diabetic patients and hence has gained considerable 
importance as patient reported outcome in healthcare system during 
the past twenty years[8]. The audit on diabetes-dependent quality 
of life is an individualized tool used to measure the individual’s 
feelings about the impact of diabetes. It includes life domains that 
may be affected by diabetes[9,10].

ARTICLE INFO                              ABSTRACT

Objective: To assess the role of pharmaceutical care in improving quality of life in type II 
diabetes mellitus patients in a tertiary care hospital. 
Methods: A prospective observational survey study was carried out for a period of 9 months 
in the General Medicine Department of the hospital. A total of 106 patients were enrolled and 
were randomly allocated to the control and intervention groups with 53 patients in each group. 
Version-19 of audit on diabetes-dependent quality of life questionnaire were provided to the 
patients, at the time of admission and during review. At the time of admission the intervention 
group was provided with counseling for diabetes and with patient information leaflets on the 
disease. A data entry format comprising the socio-demographic details of the patients, their 
medical and medication history, laboratory results, etc. were used to note down the patient 
details. The prescribing patterns of different oral hypoglycemic agents were noted. 
Results: A total of 106 patients were recruited, 51% being male. Age ranged from 32 to 80 
years with a mean age of 60.210 ± 10.045. The duration since diagnosis was 5–10 years for 
most of the participants (67%), 10–20 years for 29% and > 20 years for the remaining. At 
the time of study, 17.9% of participants were received insulin treatment, and 82.1% on oral 
hypoglycemic agent. The average weighted impact of intervention group which improved from 
-1.752 6 ± 0.563 0 to -1.668 800 ± 0.048 013 was found to be statistically significant. Thus the 
study showed that pharmaceutical care has a positive impact on the quality of life of diabetes 
patients. 
Conclusions: Quality of life is worsened in diabetes mellitus patients, particularly for the 
'freedom to eat' domain, indicating that an intervention to improve dietary freedom might be a 
good way of improving quality of life. The study also showed that patient counseling played an 
important role in improving quality of life of diabetes patients. 
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   As the prevalence of diabetes is increasing day by day it is no 
longer satisfactory to provide diabetic patients with brief instructions 
and a few pamphlets and expecting them to manage their disease 
adequately[11]. Proper active education should be given to the 
patients by the healthcare team involving the physician, nutritionist, 
diabetes educator, and other health professionals[12]. Diabetes 
education cannot be accomplished in 1 or 2 encounters and must 
be a lifetime exercise. Pharmaceutical care provides the direct and 
responsible medication-related care aimed at achieving definite 
outcomes to improve the patient’s quality of life[13]. Chronic 
complications of diabetes affect the quality of life of diabetic 
patients. Different factors like patients’ perception about their 
disease, socioeconomic factors, diet regulation, self monitoring 
of blood glucose, etc. are known to improve the quality of life of 
these patients[14,15]. Thus pharmaceutical care can help improve the 
quality of life of patients with DM through bedside care[16].

2. Materials and methods

   A prospective observational survey study was carried out for a 
period of 9 months (November 2013–August 2014) in the General 
Medicine Department of a tertiary care hospital. Adult (> 18 years 
old) men and women with type II DM with at least five years of 
duration since diagnosis. Patients who give consent to participate 
in this study were included in the study. Patients with type I 

DM, gestational DM, and unwilling or unable to give consent to 
participate in this study, and patients with significant cognitive 
impairment were excluded from the study. 
   A total of 125 patients were interviewed during the study period. 
Out of which 106 patients met the inclusion criteria were included in 
this study. The participants were randomly divided into control and 
intervention groups. The study used version-19 of audit on diabetes-
dependent quality of life questionnaire to assess the quality of life of 
type II DM patients. Audit on diabetes-dependent quality of life-19 
questionnaire were provided to the patients, at the time of admission 
and during review. At the time of admission the intervention group 
was provided with pharmaceutical care through diabetes education, 
medication counseling, suggestions on lifestyle that needed 
modifications (necessary for suitable drug function) and dietary 
guidance with respect to their prescribed drugs and they were given 
patient information leaflets on the disease, whereas the control group 
patients were deprived of any pharmaceutical care till the end of the 
study. 
   The copyright of the questionnaire is owned by Prof. Clare Bradley 
and the license to use the questionnaire was granted by Health 
Psychology Research Ltd., University of London on 17th January 
2014. Approval for this study was given by the Institutional Ethics 
Committee of the hospital. 
   All statistical analyses were performed with SPSS for Windows, 
version 19.0 and Microsoft Excel 2010. For descriptive statistics, 
mean ± SD and frequencies were calculated. The t-test was used for 
the comparison of mean score values between groups. P < 0.01 were 
considered statistically significant.

3. Results

   A total of 106 patients were selected, 51% being male. The control 

group comprised of 26 males and 27 females and the intervention 
group comprised of 25 males and 28 females. Age ranged from 32 
to 80 years with a mean age of 60.21 ± 10.045 and a median age of 
61 years. The respondents were divided into 5 groups based on their 
age. Majority of the respondents were within the age group 61–70 
years (n = 37), followed by 51–60 years (n = 31), 71–80 years (n 
= 19), 41–50 years (n = 17). Only 2 respondents were under the 
age group of 40 years. Twenty-two and fifteen patients respectively 
from the intervention and control group lied within 61–70 years of 
age. The duration since diagnosis was 5–23 years for control group 
with an average duration of (10.19 ± 4.59) years. The duration since 
diagnosis was 5–21 years for intervention group with an average 
duration of (9.94 ± 4.01) years. The duration since diagnosis was 
5–10 years for most of the participants (n = 71), 10–20 years for 31 
participants and > 20 years for the remaining (n = 4). 

3.1. Baseline interview results

   During the baseline interview the quality of life of the patients 
was assessed using audit on diabetes-dependent quality of life 
questionnaire prior to any counseling. The unweighted impacts of 
diabetes on individual domains before providing pharmaceutical 
care were calculated. The highest unweighted negative impact of 
diabetes was found to be on the domain “freedom to eat” (C = -2.40, 
I = -2.42), followed by “freedom to drink” (C = -2.09, I = -2.15) 
and “physical activity” (C = -1.62, I = -2.06). The least impact of 
diabetes was on “peoples’ reaction” (C = -0.02, I = -0.01).
   The weighted impacts of diabetes on different domains of life 
were calculated. The domain “freedom to eat” (C = -4.28, I = 
-4.83) showed the highest negative weighted impact. The domains 
“employment” (C = 2.72, I = 2.74), “family life” (C = 2.64, I = 2.70) 
and “personal relationships” (C = 2.47, I = 2.30) were reported as 
the most important items and “physical appearance”(C = 0.74, I = 
0.53) as the least important item. 

3.2. Final interview results

   The unweighted impacts of diabetes on different domains of life 
after pharmaceutical care provided were calculated. Thus during the 
final interview the highest unweighted negative impact of diabetes 
was found to be on the domain “freedom to eat” (C = -2.32, I = 
-2.26), followed by “freedom to drink” (C = -2.04, I = -1.94) and 
“physical activity”(C = -2.62, I = -1.92). The least impact of diabetes 
was on “peoples’ reaction” (C = -0.02, I = -0.01). 
   The weighted impacts of diabetes on different domains of life after 
pharmaceutical care provided were calculated. The domain “freedom 
to eat” (C = -4.28, I = -4.83) showed the highest negative weighted 
impact. It showed that obesity was an important contributing 
factor to the development of DM. The domains “employment”(C 
= 2.70, I = 2.74), “family life” (C = 2.64, I = 2.70) and “personal 
relationships” (C = 2.47, I = 2.30) were reported as the most 
important items and “physical appearance”(C = 0.74, I = 0.53) as the 
least important item.  
   The mean impact of diabetes on quality of life of the patients was 
found to be -1.530 ± 0.749 for the control group and -1.600 ± 0.689 
for the intervention group. The average weighted impact (AWI) score 
during baseline interview was found to be -1.745 3 ± 0.553 0 and 



Ruksana Faizal et al./Journal of Coastal Life Medicine 2016; 4(8): 649-651 651

-1.752 6 ± 0.563 0 for the control and intervention group respectively. 
During the final interview the AWI scores were found to be 1.719 10 
± 0.516 17 and -1.668 800 ± 0.048 013 respectively for the control 
and intervention groups. During final interview a variation in AWI 
scores for two groups was observed.

4. Discussion

   The highest unweighted negative impact of diabetes was found to 
be on the domain “freedom to eat” followed by “freedom to drink” 
(C = -2.09, I = -2.15) and “physical activity”. The least impact of 
diabetes was on “peoples’ reaction”. It was encouraging that subjects 
with DM did not think that they would be very affected by ‘people’s 
reaction’, as a high level of self-esteem is associated with better 
adherence to therapy and better treatment outcomes. The domain 
“freedom to eat” showed the highest negative weighted impact, 
showing that it was not dramatically enhanced by the importance 
rating. Given that obesity is an important contributing factor to the 
development of DM, it was not surprising that the domain “freedom 
to eat” had the maximum negative unweighted impact score as well 
as the maximum weighted impact score. The domains “employment”, 
“family life” and “personal relationships” were reported as the most 
important items and “physical appearance” as the least important 
item.
   All domains had a negative mean value indicating that diabetes had 
a negative impact on all the different domains of life. The domains 
“working life”, “sex life”, and “holidays” showed some missing 
responses. No change was observed in the ranking of impact and 
importance rating of different domains before and after providing 
pharmaceutical care. But after the pharmaceutical care was provided 
a variation in AWI scores for two groups were observed during the 
final interview. Paired t-test was carried out to assess the significance 
of the difference between means. Calculated t value was greater 
than the table value for t at 0.01 level of significance. Hence the null 
hypothesis was rejected and the research hypothesis was accepted. 
Thus the research hypothesised that pharmaceutical care has a 
significant impact on improving the quality of life among type II 
diabetic patients was accepted.
   The study showed that diabetes has a negative impact on ‘the 
freedom to eat’ domain resulting in impairment of the quality of life 
of the patients. This can be improved by focusing on providing them 
with dietary freedom. The study also showed that patient counseling 
played an important role in improving the quality of life of patients 
with DM. Future research on diabetes should include measures of 
quality of life since assessing patients’ quality of life has numerous 
benefits. It is highly beneficial to assess patients quality of life as it 
helps to evaluate the factors that have maximum impact on patients’ 
quality of life. The impact of altered quality of life in patients with 
DM may affect the patients and healthcare providers in aspects such 
as compliance and decision making respectively. Therefore it is 
beneficial to understand the quality of life of patients with DM so 
as to provide future patients with clear picture about the impact of 
treatment on their quality of life.
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INTRODUCTION 

Poly pharmacy is the condition resulting from 

using five or more drugs, some of them may be clinically 

inappropriate. Poly pharmacy is a commonly seen in 

elderly patients due to increasing number of chronic 

diseases, treatment by multiple prescribing physicians, 

high cost of prescription medications, re-use of old 

medications, availability of OTC medications, use of 

herbal and vitamin formulations, inadequate patient 

knowledge of medications and medical conditions etc. 

Poly pharmacy increases the incidence of adverse drug 

reactions, drug interactions, non- adherence which again 

leads to increase in length of hospitalizations that again 

increases the health care cost [1]. There are different 

factors that contribute to Poly pharmacy in the Geriatric 

patients. Some doctors may prescribe more drugs for 

geriatrics than they have in the past only because of that 

there is diverse availability of the drugs. Although the 

new drug discoveries of a wide group of pharmaceutical 

products for a wide variety of conditions has saved many 

patients, it has also led to both overuse and inappropriate 

use of prescription medications that made many people 

unfortunate. And many of the medicines which were once 

available for the patients with prescription only are now  

available as OTC medicines. Herbal and other dietary 

formulations are also increasing in their use day by day, 

especially among the geriatric patients [2]. 

There is a situation existing that a patient of age 

over 60 is more likely to have many serious disorders and 

each need at least one drug. Those with more than one 

disease condition may receive treatment from different 

doctors, whom may prescribe a different medication to 

treat the same symptoms. In addition to this, patients may 

buy the drugs from more than one pharmacy, and each 

pharmacist only checks for potential effects of only those 

medications that the pharmacist-in-charge knows the 

patient is supposed to be, taking. Another factor called the 

prescribing cascade occurs when an elderly patient 

develops side effects from a medication he's taking; 

however, his healthcare provider interprets the symptoms 

not as side effects of the drug but as symptoms of another 

medical condition. Thus he then prescribes another drug, 

creating the potential for even more side effects [3]. 
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ADVERSE DRUG REACTIONS 

Adverse drug reactions are the harmful reactions 

that happen following the initial use of a drug or chemical 

substance that predict the hazard in the future re-

administration. In the case of the geriatric patients, the 

effects of medications are not studied well, even though 

more than one-half of all prescription medications are 

dispensed to persons older than 60 years. According to a 

meta-analysis of observational study on Hospitalizations 

caused by ADR, ‘one in six of the hospital admissions of 

geriatrics is because of an adverse drug event. For persons 

older than 75 years, hospital admissions because of an 

adverse drug event increase to one in three [4]. 

According to studies conducted, 321 Adverse 

drug reactions were reported in the year 2005 & 673 in 

the year 2006. The patients affected with ADR with age 

above 58 was18.9% (60) of the total number of patients in 

2005 and 6.5% (44) of the total number of patients in 

2006, whereas in the group of patients aged above 65, 

11.8% (38) of the patients in 2005 and 3.5% (24) in 2006. 

The major drug classes causing Adverse drug reactions 

across all age groups in both 2005 & 2006 were Central 

nervous system drugs, followed by antitubercular drugs 

and antimicrobial agents. In elderly above 58 years, it was 

observed that almost one fourth of the adverse drug 

reactions in both the years were caused by antidiabetic 

drugs. The second and third major drug classes were 

cardiovascular drugs (mainly anti-hypertensives, diuretics 

and digoxin) and anticoagulants (warfarin), respectively 

[5].
 

 

DRUG INTERACTIONS 

Drug interaction is the condition where activity 

of a drug is affected by the presence of another 

drug/disease/food. Prescribed medicines, OTC medicines, 

and herbal formulations are widely used by geriatrics. A 

survey in the United States of 3000 geriatrics aged 57 to 

85 years between 2005 and 2006 [6]. At least one 

prescription medication was used by 81 percent. Five or 

more prescription medications were used by 29 percent of 

the overall survey population and by 36 percent of people 

aged 75 to 85 years. Forty-six percent of prescription 

users also took at least one over-the- counter 

medication. Use of herbal or dietary supplements like 

ginseng, ginkgo bilobaextract,etc. by geriatrics has been 

increasing, from 14 percent in older women in year 1998 

to 49 percent in year 2006. It is a known fact that most of 

the doctors don’t question patients about herbal 

formulations they use and patients do not open up about 

that herbal drug use before the clinicians. When a drug 

causes some sorts of exacerbation in a disease condition, 

it is called drug-disease interaction. It is also common 

among elderly patients, because of the prevalence of 

disease in this population. For example, Anticholinergics 

can exacerbate glaucoma, Alzheimer's disease, and benign  

prostatic hyperplasia [7]. 

 

NON ADHERENCE 

The extent to which the patient is unable to 

follow the instructions in the recommended prescription is 

known as Non-adherence. Average adherence decreases 

from approximately 80% in patients taking medication 

once daily to 50% in those taking medications 4 times a 

day. The doctors often fail to determine the non-

adherence cases in geriatrics. All these lead to the non 

adherences which result in decreased efficacy in the 

treatment. Patient’s worry about the side effects of drug, 

complexity of the treatment regimen, lack of 

understanding about the drug administration, cost of the 

treatment etc. lead to non adherence in elderly. Non-

adherence is of different types. One of the main types is 

the patient’s hesitance to go to a doctor or start a 

prescribed treatment.  Some of them may skip the doses 

by forgetting to take them in time. And most of them, as 

they don’t understand the way of taking the medicine; 

they may have the tendency to discontinue the treatment. 

Many of the geriatric patients also do the self adjustment 

by decreasing the drug dose to save money or to avoid the 

side effects. In the situations like family functions, when 

they wish to take sweets, they may take more anti-diabetic 

medications after or before taking the sweet. Sometimes 

double the dose they take, in a misunderstanding that 

medications will make the elevated blood glucose level by 

sweet consumption, back to normal. This is called over-

adherence. The patient may sometimes ignore the 

specified guidelines and other instructions in the 

prescription and they may misuse them by giving to 

others [8, 9].
 

 

 INCREASED LENGTH OF HOSPITAL STAY 

 A study shows that the number of drugs used at 

hospital admission depends on the number of drug-related 

problems while in hospital. Drug-related problems 

increase with each of the additional drug that is given in 

hospital. 

 

INCREASED COST OF THE DRUGS 

Polypharmacy contributes to increased health 

care costs to both the patient and the healthcare system. A 

study found that polypharmacy was associated with an 

increased risk of outpatient visits which may be caused by 

inappropriate drug indications that would lead to 

hospitalization with an approximate 30% increase in 

medical costs[10].  

 

HOW TO OVERCOME THE NEGETIVE 

OUTCOMES 

The prescribers should take care to use single 

daily dose regimen as much as possible. They should limit 

the use of medicines prescribed as, ‘whenever necessary’. 
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Discontinuing the inappropriate medicines will 

help minimize poly pharmacy a lot. The Beers criteria for 

potentially Inappropriate Medication Use in Older Adults, 

is a guideline improve the safety of prescribing 

medications for older adults. It is the most commonly 

used criteria to assist clinicians in preventing adverse drug 

events in older adults [11]. The STOPP criteria consist of 

65 clinically significant criteria for potentially 

inappropriate prescribing in geriatric patients. It explains 

the ways of prescribing that is potentially inappropriate. It 

reveals the more common instances of inappropriate 

prescribing in geriatrics. Periodic review of the 

prescription and supply of medication organization 

equipments will improve the patient adherence and 

minimize poly pharmacy [12]. Prescribing the single drug 

for treating one existing condition should be promoted. 

For example, the ACE inhibitors used for the treatment of 

Hypertension, Congestive heart failure, renal protection in 

Diabetes etc.  

 

Table 1. Few ADRs Caused by drugs
 

Few ADRs Caused  Drugs Behind ADRs 

GI Bleeding NSAIDs, Oral Anticoagulants
 

Urinary Incontinence Alpha Blockers, Anti Depressants, Sedatives
 

Constipation Tricyclic Antidepressants, Calcium Channel Blockers 
 

Cognitive Impairment Anticholinergics, Antihistamines, Tricyclic Antidepressants
 

Diarrhea SSRIs, PPIs, Antibiotics, Angiotensin II Receptor Blockers
 

Falls Sedatives & Hypnotics, Anti Depressants, Anti Hypertensives, 
 

Delirium Antidepressants, Antiepileptics
 

 

Table 2. Common Drug Combinations Causing Interaction In The Geriatrics 

ACE Inhibitors & Potassium Sparing Diuretics Hyperkalemia 

Calcium Channel Blockers & Macrolide Antibiotics Hypotension/Shock 

Warfarin & NSAIDs GI Bleeding 

Anticonvulsants & Folic Acid Impaired Levels Of Anticonvulsants 

GingoBiloba& Warfarin Risk Of Serious Bleeding
8 

 

CONCLUSION 

Poly pharmacy produces many of the outcomes 

that are seriously affected in the individuals. When the 

drugs are used to cure the disease conditions, poly 

pharmacy cause the increase in the diseases and 

discomforts for the patient. Economic and physical 

difficulties accompany with the increased length of 

treatment. So for each of the patient who takes the drugs 

with the expectation that their symptoms would be 

relieved after taking drugs, become disappointed by the 

co morbidities and other negative outcomes caused by the  

 

intake of numerous drugs. So it is necessary that the 

health care professionals including the pharmacists should 

take necessary care while dealing with the drugs for the 

geriatrics. 
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INTRODUCTION 

A drug is a chemical substance used in the 

treatment, diagnose, cure, or prevent disease. A small 

number of medicines may be especially harmful if taken by 

someone other than the person for whom the medicine was 

prescribed. Patients may not use all the medications 

dispensed to them due to side effect intolerance, dosage 

changes, discontinuation of the medication, or medications 

reaching the expiration date. Therefore, it is not uncommon 

for patients to be in possession of unused or expired 

medications. When this happens, patients need clear 

guidance on how to dispose of these medications. Consumer 

education materials are available with recommendations for 

disposing unwanted medications. The extent to which the 

public is aware of and adherent to these guidelines has not 

been well studied [1].
 

Many of these potentially harm -full medicines 

have specific disposal instructions on their labelling or 

patient information to immediately flush them down the 

sink or toilet when they are no longer needed. We can all 

now agree that flushing unused prescription and over-the-

counter drugs that may be sitting around your home is not 

the right way to get rid of them.  But people may hear some 

confusing advice lately about what they should   do   with  

 

leftover medicines.   Some say drugs should be thrown in 

the trash, mixed with kitty litter or coffee grounds. The most  

popular methods for medication disposal were in the 

garbage, toilet or sink. Liquid medications were more likely 

to be rinsed down the sink, as opposed to solid tablets and 

capsules which were more likely deposited in the rubbish 

bin. Furthermore, some pharmacies around the world 

refused to accept unused medications or discouraged the 

practice. Patients with knowledge about the impact of 

pharmaceuticals in the environment were more likely to 

return medications for proper disposal and destruction. It is 

concluded that it is of paramount importance that a 

formalized protocol for patient disposal and destruction of 

pharmaceuticals be implemented around the world. 

Medications improperly disposed of can make their way 

into groundwater, surface water, and even drinking water. 

Incineration is the best disposal option currently available 

for waste medications. Although a few pharmacies will 

facilitate proper disposal of unused and expired 

medications, the majority will not [2]. The bulk of human 

pharmaceuticals found in waterways most likely got there 

by way of sewage. Taking unused pharmaceuticals out of 

landfills may make   only   a   small   difference   in   the  
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they can prevent leftover prescription drugs from falling into the wrong hands or polluting the environment. This review 

article explains the drug disposal methods.  

 

KEY WORDS: Pharmaceutical waste, Improper disposal methods. 
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concentrations of active pharmaceutical ingredients found in 

water, say critics and supporters alike of such programs. But 

take-back programs may help prevent leftover 

pharmaceuticals from being misused. For that reason and 

others, utilities and local governments are moving forward 

with a variety of pharmaceutical take-back efforts in the 

absence of regulations—or data indicating such programs 

actually work [3].
 

 

AEROSOL INHALERS & CONTAINERS 

Empty aerosol inhalers can be either disposed as a 

solid waste or recycled. Most propellants in aerosol inhalers 

are ignitable, making the inhaler a hazardous waste if still 

pressurized.  Alternative to Air Fresher Sprays – Use non-

aerosol products, such as pump sprays – Set baking soda, 

white vinegar, or herbal mixtures in an open dish or boil 

herbs New York State. Department of Environmental 

Conservation. Managing and Disposing of Household 

Hazardous Waste.  Aerosol Containers may explode under 

heat or pressure – Spreads the hazardous contents and metal 

throughout the area – The tiny particle size makes 

hazardous components easier to inhale [4].
 

 

DRUG DISPOSAL GUIDELINES AND LOCATIONS 

The following guidelines were developed to 

encourage the proper disposal of medicines and help reduce 

harm from accidental exposure or intentional misuse after 

they are no longer needed: 

 Follow any specific disposal instructions on the 

prescription drug labelling or patient information that 

accompanies the medicine. Do not flush medicines down 

the sink or toilet unless this information specifically 

instructs you to do so. 

 Take advantage of programs that allow the public to 

take unused drugs to a central location for proper disposal. 

Call your local law enforcement agencies to see if they 

sponsor medicine take-back programs in your community. 

Contact your city’s or county government’s household trash 

and recycling service to learn about medication disposal 

options and guidelines for your area. 

 Transfer unused medicines to collectors registered with 

the Drug Enforcement Administration (DEA). Authorized 

sites may be retail, hospital or clinic pharmacies, and law 

enforcement locations. Some offer mail-back programs or 

collection receptacles (―drop-boxes‖). If no disposal 

instructions are given on the prescription drug labelling and 

no take-back program is available in your area, throw the 

drugs in the household trash following these steps: 

1. Remove them from their original containers and mix 

them with an undesirable substance, such as used coffee 

grounds, dirt or kitty litter (this makes the drug less 

appealing to children and pets, and unrecognizable to people 

who may intentionally go through the trash seeking drugs). 

 

2. Place the mixture in a sealable bag, empty can or other 

container to prevent the drug from leaking or breaking out 

of a garbage bag. 

FDA’s offers a few more tips: 

 Scratch out all identifying information on the 

prescription label to make it unreadable. This will help 

protect your identity and the privacy of your personal health 

information. 

 Do not give your medicine to friends. Doctors prescribe 

medicines based on your specific symptoms and medical 

history. Something that works for you could be dangerous 

for someone else. 

 When in doubt about proper disposal, ask your 

pharmacist. 

FDA’s says the same disposal methods for prescription 

drugs could apply to over-the-counter drugs as well [5, 6]. 

 

CONCLUSION 

  Pharmaceuticals have been detected throughout the 

environment where at least in some cases, they have been 

shown to have an unwanted effect. More studies shows that 

improper disposal of unused pharmaceuticals through 

environment and unfriendly routes, such as the sink, toilet 

or rubbish bin. Patients with knowledge about the impact of 

pharmaceuticals in the environment were more likely to 

return medications for proper disposal and destruction. It is 

concluded that it is of paramount importance that a 

formalized protocol for patient disposal and destruction of 

pharmaceuticals be implemented around the world. The 

pharmacist have important role in this field. Pharmacist 

should counsel the patient about proper drug disposal 

methods or returning to pharmacy. So that the unwanted 

effects of pharmaceutical waste or drug can be reduced 
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INTRODUCTION  

Diabetic nephropathy is the leading cause of 

chronic renal disease and a major cause of cardiovascular 

mortality. Diabetic nephropathy has been categorized into 

stages: micro-albuminuria and macroalbuminuria [1]. 

Diabetic nephropathy screening is made by measuring 

albumin in spot urine. If abnormal, it should be confirmed 

in two out three samples collected in a three to six-months 

interval. Additionally, it is recommended that glomerular 

filtration rate be routinely estimated for appropriate 

screening of nephropathy, because some patients present a 

decreased glomerular filtration rate when urine albumin 

values are in the normal range. The two main risk factors 

for diabetic nephropathy are hyperglycemia and arterial 

hypertension, but the genetic susceptibility in both type 1 

and type 2 diabetes is of great importance. Other risk 

factors are smoking, dyslipidemia, proteinuria, glomerular 

hyper-filtration and dietary factors. 

 

PATHOPHYSIOLOGY 

Three major histologic changes occur in the 

glomeruli of persons with diabetic nephropathy. First, 

mesangial expansion is directly induced by hyperglycemia, 

perhaps via increased matrix production or glycation of 

matrix proteins. Second, thickening of the glomerular 

basement membrane   (GBM)   occurs.    Third, glomerular  

sclerosis is caused by intraglomerular hypertension 

(induced by dilatation of the afferent renal artery or from 

ischemic injury induced by hyaline narrowing of the vessels 

supplying the glomeruli). These different histologic 

patterns appear to have similar prognostic significance [2]. 

The key change in diabetic glomerulopathy is augmentation 

of extracellular matrix. The earliest morphologic 

abnormality in diabetic nephropathy is the thickening of the 

GBM and expansion of the mesangium due to accumulation 

of extracellular matrix. The image below is a simple 

schema for the pathogenesis of diabetic nephropathy [3].  

 

STAGES 

 DN has been categorized into stages. 

Patients progress to this stage, and some may 

regress to normoalbuminuria.80% of type 1diabetic patients 

with microalbuminuria would progress to proteinuria over a 

period of 6 to 14years .Recent studies suggest that only 30 

to 45% of microalbuminuric patients will progress to 

proteinuria over 10 years of follow-up. 

 

SCREENING AND DIAGNOSIS 

The first step in screening for DN is to measure 

albumin in an isolated urine sample. The results of 

albuminuria in an isolated sample can be expressed as 
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 Kidney disease or kidney damage that occurs in people with diabetes is called diabetic nephropathy. This condition is 

a complication of diabetes.  Kidney is made of hundreds of thousands of small units called nephrons. These nephrons filter the 

blood, help remove waste from the body and control fluid balance. In people with diabetes, the nephrons slowly thicken and 

become scarred over time. The kidneys start to leak and protein (albumin) passes into the urine. This review article mainly 

focuses on the management of diabetic nephropathy which includes those approaches through drugs. 
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albumin concentration (mg/l) oras albumin/creatinine ratio. 

Every abnormal albuminuria test should be confirmed in 

two of three samples collected at a three to six-months 

interval. The quantitative methods most commonly used to 

measure albuminuria are immune turbidimetry, immune 

nephelometry and radioimmunoassay [4]. 

 

RISK FACTORS 

The two main risk factors of DN are 

hyperglycemia and arterial hypertension. However, 

DNdevelops in only about 40% of patients, even in the 

presence of hyperglycemia and elevated BPfor long periods 

of time. This observation raised the concept that DN will 

develop only in a susceptible subset of patients 

Hyperglycemia: Hyperglycemia is a significant risk factor 

for the development of microalbuminuria both intype1and 

in type 2 DM [5]. 

 

ARTERIAL HYPERTENSION 

Arterial hypertension is a main risk factor for the 

development of DN and probably the best known relevant 

factor related to its progression. Analysis of UKPDS 

showed that every 10 mmHg reduction in systolic BP is 

associated with a 13% reduction in the risk of 

microvascular complications, with the smallest risk among 

those patients with systolic blood pressure<120 mmHg [6]. 

 

TREATMENT 

Several issues are key in the medical care of 

patients with diabetic nephropathy. These include glycemic 

control, management of hypertension, and reducing dietary 

salt intake and phosphorus and potassium restriction in 

advanced cases [7]. 

 

MANAGEMENT OF HYPERTENSION 

In normo or microalbuminuric subjects, the aim of 

treatment is to intervene at arterial hypertension, 

hyperglycemia, smoking habit and probably dyslipidemia. 

Treatment of hypertension leads to an important risk 

reduction in cardiovascular and microvascular events. In 

the presence of microalbuminuria the treatment of 

hypertension, irrespective of the agent used, produced a 

beneficial effect on albuminuria .ACE inhibitors could be 

used in normo- tensive subjects to prevent or postpone the 

development of microalbuminuria. The aim of ACE 

inhibitors and ARBs use is not only to diminish the risk for 

the development of micro and macro albuminuria, but also 

to decrease the occurrence of cardiovascular events. 

Normoalbuminuric, normotensive patients with type 1 DM 

failed to show any improvement in biopsy parameters with 

losartan (100 mg daily) or enalapril (20 mg daily) 

compared to placebo [8].
 

 

.Renin-Angiotensin System (RAS) Blockade 

ACE inhibitors could be used in normotensive 

subjects to prevent or postpone the development of 

microalbuminuria
.
  The aim of ACE inhibitors and ARBs 

use is not only to diminish the risk for the development of 

micro and macroalbuminuria but also to decrease the 

occurrence of cardiovascular events [9]. 

 

Newer agents in diabetic patients with kidney disease 

Dipeptidyl peptidase inhibitors 

The dipeptidyl peptidase (DPP)–4 inhibitors (ie, 

gliptins) are a new class of antidiabetic agents that can be 

used in type 2diabetes. These agents include sitagliptin, 

saxagliptin, linagliptin, and alogliptin, and they decrease 

the breakdown of the incretin hormones such as glucagon 

like peptide 1 (GLP-1). GLP-1 is secreted by the GI tract in 

response to food intake and leads to insulin secretion in a 

glucose-dependent manner, while also decreasing glucagon 

release. GLP-1 also slows gastric emptying [10]. Sitagliptin 

was the first available DPP-4 inhibitor. Approximately 80% 

of sitagliptin is cleared by the kidney; therefore, the 

standard dose of 100 mg daily should be reduced in patients 

with reduced glomerular filtration rates (GFRs). With an 

estimated GFR (eGFR) of 30 or greater toless than 50 

mL/min/1.73 m
2
, the recommended dose is 50 mg once 

daily, and with an Egfr less than 30 mL/min/1.73 m
2
, a dose 

of 25 mg once daily is advised. The starting dose for 

saxagliptin is 2.5-5 mg daily in patients with an eGFR 

greater than 50 mL/min, but dose adjustment is 

recommended in patients with an eGFR of 50 mL/min/1.73 

m
2
or less to 2.5 mg daily. 

 

Alpha-glucosidase inhibitors 

Alpha-glucosidase inhibitors (acarbose, miglitol) 

decrease the breakdown of oligosaccharides and 

disaccharides in the small intestine, slowing the absorption 

of glucose after a meal. The major adverse effects are 

bloating, flatulence, and abdominal cramping. Acarbose is 

minimally absorbed, with less than 2% of the drug and 

active metabolites present in the urine. However, in patients 

with reduced renal function, serum levels of acarbose and 

metabolites are significantly higher. Miglitol has greater 

systemic absorption with greater than95% renal excretion. 

It is recommended that miglitol be avoided if the GFR is 

less than 25mL/min/1.73 m
2
.These drugs have not been 

studied in patients with advanced kidney disease and their 

use should be avoided in this population [11]. 

 

Renal Replacement Therapy 

Diabetic patients with ESRD can be offered renal 

replacement therapy. In chronically ill patients with 

diabetes, this tends to be much more important than in 

those renal patients who do not have diabetes. In patients 

with diabetic nephropathy, starting at a creatinine clearance 

or estimated GFR of 10-15 mL/min is wise. In diabetic 

patients, starting earlier is useful when hypervolemia 

renders blood pressure uncontrollable, when the patient 

experiences anorexia and cachexia or other uremic 

symptoms,    and    when   severe vomiting is the combined  
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result of uremia and gastroparesis [12].
 

 

Diabetic patients who require renal replacement 

therapy have the following options 

 Refusal of further treatment for uremia, leading to a 

progressive decline in general health and ultimately leading 

to death. 

 Peritoneal dialysis (eg, machine-assisted intermittent 

peritoneal dialysis, continuous ambulatory peritoneal 

dialysis, continuous cyclic peritoneal dialysis). 

 Hemodialysis (eg, facility hemodialysis, home 

hemodialysis)  

Measures for Prevention of Diabetic Nephropathy 
 

Efforts should be made to modify and/or treat 

associated risk factors such as hyperlipidemia smoking, and 

hypertension. Specific goals for prevention include the 

following: 

 Optimal blood glucose control (hemoglobin A 1c [HbA 

1c] < 7%) 

 Control of hypertension (BP < 120/70 Hg)  

 Avoidance of potentially nephrotoxic substances such 

as nonsteroidal anti-inflammatory 

 medications and aminoglycosides  

Early detection and optimal management of 

diabetes, especially in the setting of family history of 

diabetes. 

Table 1. Values used to characterize these stages are described as 

Stage 
Urine with marked time 

(μg/min)* 

24-hour urine 

(mg/24 h)* 

Random urine sample 

Albumin concentration 

(mg/l)** 

Albumin/creatinine ratio 

(mg/g)* 

Normoalbuminuria < 20 < 30 < 17 < 30 

Microalbuminuria 20 -- 199 30 -- 299 17 a 173 30 -- 299 

Macroalbuminuria ≥ 200 ≥ 300 ≥ 174 ≥ 300 

* Values according to the American Diabetes Association. 

 

Fig 1.  DN Pathophysiology schematic representation 

 
 

CONCLUSION 
Diabetic nephropathy is a chronic complication of 

DM with a growing incidence. Besides, its direct 

association with cardiovascular complications makes it 

imperative to perform intensive, early management of the 

risk factors. The study of DN has evolved a lot as regards 

its pathophysiology, stages of renal involvement and, 

especially, the therapeutic instruments available. Early 

detection of DN, the multifactorial approach targeting the 

main risk factors (hyperglycemia, hypertension, 

dyslipidemia and smoking), and the use of renoprotective 

agents such as the drugs that act on the renin-angiotensin-

aldosterone system, may delay progression of kidney 

disease in DM, besides reducing cardiovascular mortality. 
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ABSTRACT 

Topical drug delivery has been used for centuries for the treatment of local skin disorders. Drugs applied 

to the skin for their local action include antiseptics, antifungal agents, skin emollients, and protectants. 

On the other hand, topical delivery system increases the contact time and mean resident time of drug. 

Many advantages of gels a major limitation is in the delivery of hydrophobic drugs. So to overcome this 

limitation an emulsion based approach is being used. When gels and emulsions are used in combines 

form the dosage form is referred as emulgel. Emulgels have emerged as one of the most interesting 

topical delivery system as it has dual release control system i.e. gel and emulsion. When gel and 

emulsion are used in combined form the dosage form are referred as emulgel. The major objective 

behind this formulation is enhancing the topical delivery of hydrophobic drugs. This review article 

focused on formulation and characterization of emulgel for topical application. 

KEYWORDS 

Emulgel, Topical drug delivery system 

INTRODUCTION 

Emulgel, as the name suggest they are the 

combination of gel and emulsion. Both oil-in-

water and water-in-oil type of emulsion used as 

vehicle to deliver various drugs to the skin. They 

also have a high ability to penetrate the skin. The 

presence of gelling agent in water phase converts 

a classical emulsion into an emulgel. Emulgel for 

dermatological use have several favorable 

properties such as being thixotropic, greaseless, 

easily spreadable, easily removable, emollient, 

non-staining, water soluble, longer shelf life, bio 

friendly, transparent and pleasing appearance. 

Number of medicated product is applied to the 

skin or mucous membrane that either enhances or 

restores a fundamental function of  

 

 

 

 

 

skin or pharmacologically alters an action in the 

underlined tissues.  

Such products are referred as topical or 

dermatological products. Many widely used 

topical agents like ointments, Creams lotions 

have many disadvantages. They are sticky in 

nature causing uneasiness to the patient when 

applied, have lesser spreading coefficient so 

applied by rubbing and they also exhibit the 

problem of stability. Due to all these factors 

within the major group of semisolid preparations, 

the use of transparent gels has expanded both in 

cosmetics and in pharmaceutical preparations. In 

spite of many advantages of gels a major 

limitation is in the delivery of hydrophobic 

drugs. So to overcome this limitation an 

emulsion based approach is being used so that 

even a hydrophobic therapeutic moiety can be 

successfully incorporated and delivered through 

gels1. 

*Address for Correspondence: 

Dineshkumar B.,  

Department of Pharmaceutics,  

St James College of Pharmaceutical Sciences,  

Chalakudy, India. 

E-Mail Id: stjamespharmacyproject@gmail.com 

 

mailto:stjamespharmacyproject@gmail.com


Emulgel Formulation: Novel Approach for Topical Drug Delivery System 

 

© Copyright reserved by IJPRS                          228 

 

Formulation of Emulgel 

Different formulations were prepared using 

varying amount of gelling agent and penetration 

enhancer. The method only differs in the process 

of making gel in different formulations. The 

preparation of emulsion was same in all 

formulations. The gel base was prepared by 

dissolving carbopol 940 in purified water with 

constant stirring at a moderate speed then the pH 

are adjusted to 6 to 6.5 using Tri ethanol amine 

(TEA). The oil phase of the emulsion were 

prepared by dissolving Span 20 in light liquid 

paraffin while the aqueous phase was prepared 

by dissolving Tween 20 in purified water. Methyl 

and Propyl paraben was dissolved in propylene 

glycol whereas drug was dissolved in ethanol and 

both solutions were mixed with the aqueous 

phase. Both the oily and aqueous phases were 

separately heated to 70° to 80°C; then the oily 

phase were added to the aqueous phase with 

continuous stirring until cooled to room 

temperature. And add Glutaraldehyde in during 

of mixing of gel and emulsion in ratio 1:1 to 

obtain the emulgel2. 

 

Figure 1: Formulation of Emulgel 

Characterization of Emulgel 

Physical Appearance  

The prepared Emulsion formulations were 

inspected visually for their color, homogeneity, 

consistency, grittiness and phase separation3. 

Measurement of PH 

The pH of Emulgel formulations was determined 

by using digital pH meter. One gram of gel was 

dissolved in 100 ml of distilled water and placed 

for two hours. The measurement of pH of each 

formulation was done in triplicate and average 

values were calculated. The pH of the Emulgel 

formulations was in range of 5.5 ±0.54 to 6.4 ± 

0.43, which lies in the normal pH range of the 

skin and would not produce any skin irritation4. 

Spreadability 

Spreadability is determined by apparatus 

suggested by Mutimer et al (1956) which is 

suitably modified in the laboratory and used for 

the study. It consists of a wooden block, which is 

provided by a pulley at one end. By this method, 

spreadability is measured on the basis of ‘Slip’ 

and ‘Drag’ characteristics of emulgels. A ground 

glass slide is fixed on this block. An excess of 

emulgel (about 2 gm.) under study is placed on 

this ground slide. The emulgel is then 

sandwiched between this slide and another glass 

slide having the dimension of fixed ground slide 

and provided with the hook. A 1 Kg weight is 

placed on the top of the two slides for 5 minutes 

to expel air and to provide a uniform film of the 

emulgel between the slides. The measured 

quantity of weight was placed in the pan attached 

to pulley with the help of hook. The time in 

(seconds) required by the top slide to separate 

from ground slide was noted. A shorter interval 

indicates better spreading coefficient. It is 

calculated by using the formula5. 

S=M.L/T 

Where, S = spreadability,  

M = Weight tied to upper slide,  

L = Length of glass slides  

T = Time taken to separate the slides completely 

from each other  

Extrudability 

It is a usual empirical test to measure the force 

required to extrude the material from tube. The 

method applied for determination of applied 

shear in the region of the rheogram 
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corresponding to a shear rate exceeding the yield 

value and exhibiting consequent plug flow. In the 

present study, the method adopted for evaluating 

emulgel formulation for extrudability is based 

upon the quantity in percentage of emulgel and 

emulgel extruded from lacquered aluminium 

collapsible tube on application of weight in 

grams required to extrude at least 0.5 cm ribbon 

of emulgel in 10 seconds. More quantity 

extruded better is extrudability. The 

measurement of extrudability of each formulation 

is in triplicate and the average values are 

presented. The extrudability is than calculated by 

using the following formula: Extrudability = 

Applied weight to extrude emulgel from tube (in 

gm.) / Area (in cm2)6. 

Viscosity 

Viscosity was determined using Brookfield 

viscometer at temperature 37 c.gel sample was 

filled in sample holder and particular spindle 

immersed in sample. Then it is allowed to rotate 

at particular speed. Viscosity measured after 2 

minutes7. 

Drug Content Uniformity 

Drug concentration in jellified Emulsion was 

measured by spectrophotometer. Drug content in 

Jellified Emulsion was measured by dissolving 

known quantity of Jellified Emulsion in solvent 

(chloroform) by Sonication. Absorbance was 

measured after suitable dilution in UV/VIS 

spectrophotometer (UV ‐1700 CE, Shimadzu 

Corporation, Japan)8. 

In Vitro Drug Diffusion Studies 

Franz diffusion cell (with effective diffusion area 

3.14 cm 2 and 15.5 ml cell volume) was used for 

the drug release studies. Jellified Emulsion (200 

mg) was applied onto the surface of egg 

membrane evenly. The egg membrane was 

clamped between the donor and the receptor 

chamber of diffusion cell. The receptor chamber 

was filled with freshly prepared PBS (pH 5.5) 

solution to solubilize the drug. The receptor 

chamber was stirred by magnetic stirrer. The 

samples (1.0 ml aliquots) were collected at 

suitable time interval. Samples were analyzed for 

drug content by UV visible spectrophotometer 

after appropriate dilutions. Cumulative 

corrections were made to obtain the total amount 

of drug release at each time interval .The 

cumulative amount of drug released across the 

egg membrane was determined as a function of 

time9. 

Marketed Formulations of Emulgel 

1. Voltaren Gel 

 

Contents 

Diclofenac - a nonsteroidal anti-inflammatory 

drug (NSAID). Diclofenac works by reducing 

substances in the body that cause pain and 

inflammation. 

Uses 

Voltaren Gel is used to treat joint pain caused 

by Osteoarthritis in the hands, wrists, elbows, 

knees, ankles, or feet. Voltaren Gel may not be 

effective in treating arthritis pain elsewhere in the 

body10. 

2. Miconaz-H 

 

Contents 

It consists of Xanthan Gum, Hydroxyl Propyl 

methyl cellulose, Sorbitan monolaurate, 

Polysorbate 20, Mineral Oil, Methyl Paraben, 

Propyl Paraben, Di Sodium Edetate, Citric acid, 

Disodium phosphate and Purified water. 

 

http://www.drugs.com/mcd/osteoarthritis
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Uses 

It has anifungal, antibacterial and anti-

inflammatory property. Miconaz H emulgel is 

particularly indicated for the initial stages of 

treatment. Once the inflammatory symptoms 

have disappeared treatment may be continued 

with Miconaz cream, if preferred. In view of 

Miconaz H`s antibacterial effect on gram-

positive bacteria, the product may also be used 

for mycotic affections with bacterial 

superinfection11. 
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Abstract
Collagen is the most abundant protein of

the animal kingdom. It has varied application in
different fields such as pharmaceutical,
biomedical, cosmeceutical, etc. Among the
twenty nine  different types of collagen identified
till date, type I is the most prominent one. Most
of the marketed collagen is obtained mainly from
the animal source which includes bovine and
porcine skin and bones, chicken waste, etc. But
due to its high cost and the onset of diseases
such as FMD(Foot-and-Mouth Disease), BSE
(Bovine spongiform encephalopathy) and TSE,
cheaper and safer sources of collagen have been
probed for. Thus the role of marine source  came
in which has been acknowledged as a promising
alternative collagen source owing to the
advantages such as absence of zoonosis risks,
lack of dietary constraint, easy availability and
higher yields.

Fish processing waste is a major
environmental hazard. It includes both the solid
and liquid waste. The solid waste, which includes
the remains of fish such as its head, skin, scales,
fins, etc, discarded after the step of processing
poses the foremost threat to the environment.
Presently these offals are made use of as a
source of value added products such as proteins,
minerals, gelatin, bioactive peptides, fish oils,
enzymes, biogas/biodiesel, amino acids,
collagen, etc.  Use of this waste for collagen

production would not only save our environment,
but also be the cheapest source of raw material.
It is a potential source of collagen which has been
proved from the research work carried out
utilising the same. Thus, this review article
summarises the work carried out to obtain  type
I collagen  from the wastage of different fishes.

Keywords: Type-I Collagen, Fish waste, ASC,
PSC, Marine source.

Introduction
Collagen is a structural fibrous protein found

abundantly in animals accounting for nearly 30%
of the total protein present in their body. It is
mainly present in extracellular matrix of various
connective tissues such as the skin, cartilage,
blood vessel, bone, teeth, ligament, tendon, etc.
(1). It plays a crucial role in maintaining the
structure of different tissues and also helps in
tissue remodeling, adhesion, etc.  Collagen is
mainly obtained from porcine and bovine source.
But due to its high cost, onset of diseases (such
as FMD, BSE and TSE) and religious hindrances,
cheaper and safer sources of collagen have been
probed for. Thus the role of marine organisms
came in which has been acknowledged as a
promising  alternative collagen source owing to
their advantages which includes absence of
zoonosis risks and religion based dietary
constraint, easy availability and higher yields, etc.
They are abundantly present in the vertebrates
as well as invertebrates. In case of vertebrates,
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collagen forms the structural element of skin,
bone, cartilage, etc; whereas in the invertebrates,
they are present in their body walls, cuticles, etc.

Collagen is a naturally occuring protein. The
collagen molecule is made up of three
polypeptide chains (á chains). These chains may
be identical or two or three of them may be
different.Each chain exhibits a left handed helix
conformation. The three chains are twisted to
form a triple helix which is stabilised by the
presence of hydrogen bond. The molecule
exhibits a distinct tertiary structure due to its
characteristic repetitive sequence of triplet Gly-
X-Y with each  chain being more than  1000
residues long. Collagen types differ based on the
different X and Y ie the amino acids linked to
glycine. Mostly, X and Y are the imino acids
proline and hydroxyproline.

Presently there are 29 different collagen
types available. Fibril forming collagen represents
almost 90% of the collagen present in our body.
It includes collagen type I,II,III,V, XI,  XXIV, AND
XXVII (2,3). Among these type I collagen is the
most abundant one. Its abundance is an outcome
of its  extensive occurrence in almost all
connective tissues present in the body except
hyaline cartilage (4,5).  It comprises nearly 90%
of the organic bone mass. It is prominently found
in the skin, tendons, ligament, cornea, ligature,
etc. (6).  The  triple helix of type I collagen is a
heterotrimer with two identical á 1(I)-chains and
one á 2(I)-chain. á 2 chain which is hydrophobic
in nature, stabilises the collagen (7).

Collagen has diverse application in various
fields. It is used mainly in the biomedical,
pharmaceutical and medical industry. Its
applicability as a biomaterial in drug delivery
systems and in tissue engineering is based on
the unique characteristics such as high
biodegradability, biocompatibility, cell attachment
capability, high tensile strength, weak
antigenecity, abundance, easily purifiable, etc. (8-
13).   It is also used in the food, cosmeceutical,
film and leather industries etc.  (14-16).

 Currently type-I collagen is considered as
the gold standard in the field of tissue engineering
(17) collagen based biomaterials have prominent
application especially the collagen scaffold. It is
utilised for the study of cell behaviour, as nervous
system models, testing of anti-cancer drugs to
cultivate ex-vivo organs, as 3-D model for bone
diseases, etc. (18-29).  Type-I collagen is
obtained industrially from bovine achilles tendon.
Due to its soaring cost, cheaper sources of
collagen are on the look out. Thus came in the
role of fish processing waste as a source of
collagen.   Collagen obtained from the wastage
of fishes have been utilized in diverse fields. A
few examples of the same obtained from the
processing waste are given below:

• The collagen from the swim bladder of
marine cat fish (Tachysurus maculatus) has
been used in the medical field as a wound
healing matrix in the form of collagen-
chitosan sheet.

• Lates calcarifer scales have been used as
dressing material for wounds in the form of
collagen sheet.

• Collagen type I from the outer skin of marine
eel fish (Evenchelys macrura) is used as
drug delivery system.

• Collagen from swim bladder of Bester
sturgeon fish in the form of hydrogel has
potential to be used as biomaterial in the field
of tissue engineering.

• Collagen based biomaterial using swim
bladder matrix of  Rohu (Labeo rohita).

Fish processing waste
In the current scenario, fish processing

waste poses a major threat to our environment
by causing pollution. The wastes are both in solid
and liquid form (30). The solid waste consists of
tail, head, skin, scales, fin , gut, etc. It accounts
for nearly 75% of the total weight of fish, (even
after filleting) out of which the skin and bones
makes up 30%. These offals can be made use
of as a source of value added products such as
proteins, minerals, gelatin, bioactive peptides,
fish oils, enzymes, biogas/biodiesel, amino acids,
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collagen,etc (31). The usage of FPW increases
the economic value of the fish also and helps to
increase the income. In this review we have
focused on summarising about type I collagen
extracted from these discards, which has not
been done so far.

Skin : Fish skin accounts for nearly  6% of the
live weight of fish especially in carps. It forms a
major portion of the processing waste and is
easily obtainable and abundant. It is considered
a significant source of highly soluble collagen
(32). The main component of skin is type I
collagen. Due to the above reasons,  majority of
the extraction of type I collagen  has been carried
out using fish skin. Usually fish skin is used as
soil fertilizer or animal food supplement. If  it is
used to obtain collagen, it will definitely increase
the demand of the waste.

Collagen type-I has also been extracted
from the skin of Striped catfish (Pangasianodon
hypophthalmus), rock fish (Sebastes schlegeli),
marine eel fish (Evenchelys macrura), silver-line
grunt, albacore tuna,  brown backed toadfish,
baltic cod, nile perch (young and adult), cat fish
(Tachysurus maculatus),Catla catla, longtailtuna
Thunnustonggol, Cirrhinus mrigala ,Alaska
pollack, etc. (33-38).   Nileperch, Leather jacket
and Japanese sea-bass skin have yielded the
highest amount of collagen compared to the other
fish skins. When comparing the denaturation
temperature Marine eel fish and Niletilapia have
values close to mammalian range.  Collagen type
I obtained from the skin of different fishes have
been included in table 1.

Bones : Bones are separated after the muscle
proteins are removed from the fish frames. It
contains nearly 30% of the collagen in all. The
minerals present in them are calcium,
phosphorous, hydroxyapatite, etc (31). Type I
collagen can also be obtained from the bones of
Leather jacket (Odonus niger), etc. Ayu has the
highest yield of collagen compared to the other
fish bone extracts.  Collagen type I obtained from
the bones of different fishes have been included
in table 2.

Scales : Collagen type-I was also obtained from
black drum, sheep’s head sea bream, red tilapia,
skipjack tuna, ayu, yellow sea bream and horse
mackerel, pagrus major, Catla catla, Cirrhinus
mrigala, lates calcarifer, Pacific saury (Cololabis
saira), lizard fish (Saurida spp.) and horse
mackerel (Trachurus japonicus) from Japan and
Vietnam and grey mullet (Mugil cephalis), flying
fish (Cypselurus melanurus) and yellowback
seabream (Dentex tumifrons) from Japan,
threadfin bream (Nemipterus japonicas), etc. (55-
59).  Sardine scales yielded the highest amount
of collagen. Denaturation temperature (Td) of
Grass carp was closest to mammalian value.

Collagen type I obtained from the scales of
different fishes have been included in table 3.

Fins : Collagen type-I is extracted from the fins
of different fishes such as Catla catla, Cirrhinus
mrigala, Japanese seabass,  longtailtuna
Thunnustonggol, Tilapia,  threadfin bream
(Nemipterus japonicas) ,etc (63,64). The caudal
fin of Japanese seabass was used to extract
collagen which yielded higher acid insoluble
collagen(36.4% dwb) when compared to
ASC(5.2% dwb). The denaturation temperature
was in the range 28.0–29.1°C (65,66).

Muscle : Type-I collagen is obtained from the
muscle of fishes such as the Atlantic
salmon,Amur sturgeon, catfish, carp, etc. (67).
Atlantic salmon yielded 23.7%  ASC, 70.5% PSC
and 5.8% in-soluble collagen (ISC) (68). Amur
sturgeon gave ASC 31.56%, PSC 58.49% and
SSC(salt-solubilized collagen) 3.02% with a Td
of 33°C (70).  ASC 97.523 mg/g dwb  and PSC
368.360 mg/g  dwb was obtained from the
Cultured Clarias species (hybrid of Clarias
gariepinus×C. macrocephalus), a freshwater
catfish (70).  The other fishes used were eel,
saury, mackerel , chum salmon, carp, etc. The
Td of collagen from muscle was comparitively
higher than that of skin (71).

Swim bladder : Collagen type-I obtained from
the swim bladder of Marine cat fish (Tachysurus
maculatus) yielded 35% of collagen in its
lyophilised dry weight basis when PSC method
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Table 1.  Type I collagen obtained from the skin of various fishes.

  Fish Yield & type of Denaturation Ref
collagen temperature

Japanese sea-bass 51.4% 25.0–26.5°C (39)
Chub mackerel 49.8% 25-28°C “
Bullhead shark 50.1% “ “
Nile tilapia 38.84(N) and 20.70% 34.43 (O)and 4.29°C (40)
(Oreochromis niloticus) (O) dwb(ASC) 48.21 (N) 3(N) (ASC) 34.61 (O)

 and 38.27%(O) dwb (PSC) and 34.32°C (N) (PSC)
Malaysian catfish (hybrid ASC,PSC :18.11±0.32 31.5 and 31.0°C (41)
Clarias sp.gariepinus) and 26.69±0.54% (wwb)
Unicorn leatherjacket 3.39 and 28.33%dwb 30.03°C (42)
(Aluterus monoceros)   (ASC  & PSC)

Ocellate puffer fish 10.7% dwb (ASC) - “
44.7% dwb (PSC)

Grass carp 46.6% (PSC) 28.4°C (43)
Blackcarp (Mylopharyngdon piceus) 45.7% dwb(PSC) 25.6°C (44)
Nileperch (Lates niloticus) Young fish: 63.1% Adult 36 °C (45)

fish: 58.7% dwb(ASC)
Leather jacket 46–50% ( ASC ) Skin collagen - (46)
(Odonus niger)  49–58% (ASC and 27 to 28 °C bone

PSC) 64–71% ( PSC) collagen -31 to 32 °C
Brown stripe red snapper 9%wwb(ASC)
(Lutjanus vitta) 4.7%wwb(PSC) (47)
Blackpomfret 13.6% dwb(ASC) - (48)
(Parastromateusniger)
Siganus sutor 12-14 % - (14)
Narroe barred 14-17% - “
Carcharhinus leucas 14-15% - “
Indopacificking  mackerel 10-12% - “
Bigeye snapper 6.4% & 1.1% wwb
(Priacanthus macracanthus) (ASC & PSC ) - (49)
Rainbow trout 9.448% and 1.122%
(Onchorhynchus mykiss)  wwb (ASC) - (50)
Surf smelt (Hypomesus 24% dwb (ASC) 32.5°C (51)
pretiosus japonicus brevoort)
Barramundi (Lates calcarifer) Pepsin (PSC) and - (52)

papain (pASC) aided
extraction 43.6% and

 43.9%, ASC- 8.1% (dwb)
Double-spotted queenfish ASC, pdc 7.82, 3.92 - (53)
(Scomberoides lysan)
Malabar grouper (Epinephelus ASC, pdc 12.5
malabaricus)  and 6.49% - “
Marine eel fish 38.5°C
(Evenchelys macrura) ASC-80%,PSC-7.1%dwb  (ASC)35°C (PSC) (32)

Where, ASC: Acid Soluble Collagen,PSC:Pepsin Soluble Collagen, N- Noitup method, O: Ogawa method,
PDC: Pepsin Digestible Collagen, dwb:dry weight basis, wwb: wet weight basis.
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was used. Other fish swim bladder from which
collagen is obtained includes Bester sturgeon
fish,Rohu (Labeo rohita), Arius parkeri (Gurijuba),
yellowfin tuna (Thunnus albacares),bighead carp
(Hypophthalmichthys nobilis), Cynoscion acoupa
(Pescada Amarela), Cynoscion leiarchus
(Pescada Branca), Alaska pollack, etc. (72-76).
Yellow fin tuna yielded 1.07% ASC and 12.10%
PSC. The  biological properties of the collagen
obtained from the swim bladder of fishes are to
be validated for their application as a polymeric
material which is biocompatible in nature and has
potential to be used for dressing wounds (in
controlled drug delivery systems),as injectables
in case of  coating cardiovascular prostheses and

as a support for cell growth.

Conclusion
Fish processing waste which is

discarded after the step of processing poses a
threat to the environment. It not only causes water
pollution, but also air pollution due to the foul
smell they emanate. FPW is presently used for
various purposes such as production of gelatin,
collagen, enzymes, etc. From the above review,
we can conclude that fish waste (particularly its
processing waste) is an excellent source of
collagen especially type-I. And the use of this
economic and abundant waste as a starting
material for collagen production would also

Table 2. Type-I collagen extracted from the bones of different fishes.

Fish Yield & type of Denaturation Reference
collagen temperature

Skipjack tuna 42.3% 29.5–30.0°C (46)
Japanese sea-bass 40.7% - ‘’
Ayu 53.6% - ‘’
Yellow sea bream 40.1% ‘’ ‘’
Horse mackerel 43.5% - ‘’
Black drum and sheepshead
seabream PSC - (54)
Rainbow trout (Onchorhynchus 9.448% and
mykiss) 1.122%(ASC) - (50)

Table 3.  Type-I collagen obtained from the scales of various fishes.

Fish Yield & type of Denaturation Reference
collagen temperature

Sardine 50.9% dwb (PSC) - (60)
Red sea bream 37.5% dwb (PSC) - “
Japanese sea bass 41%dwb (PSC) - “
Carp fish (Cyprinus carpio) ASC, PSC ASC: 32.9°c

PSC :29.0°c “
Grass carp(Ctenopharyngodon 25.64%
idellus) dwb(PSC) 35-40°c (61)
Spotted golden goatfish 0.46% & 1.2%
(Parupeneus heptacanthus) dwb(ASC & PSC) - (62)
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contribute for the protection of our environment.
The collagen type I has already been used in
various fields such as medical (as dressing
material for wound healing), pharmaceutical (as
drug delivery systems), biomedical (as
biomaterial for tissue engineering purposes), etc.
to name a few. Many more such applications of
type-I collagen are yet to be identified and utilized
for the welfare of mankind. Apart from the type-I,
other types of collagen have also been obtained
from their wastes. Extensive studies have been
carried out till date for extracting collagen from
fishes and other marine source as well (including
vertebrates and invertebrates). If the research
on collagen isolation is intensified further, it may
reveal even better and more reliable sources of
collagen type I with promising yields.
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ABSTRACT 

Tuberculosis (TB) is a disease that has affected mankind from very ancient times.The Anti-Tuberculosis (Anti-TB) 

drugs are less effective because of emergence of Multi-Drug Resistance (MDR) and extensively Drug Resistant (XDR) strains 

of M. Tuberculosis. The use of Anti- TB allopathic medications results into side effects like hepatitis, hypersensitivity 

reactions, nausea, vomiting. The use of herbal medicine becoming popular due to toxicity and side effects of allopathic 

medicines. This review is to highlight some newly studied plants for anti-tubercular activity. 

 

Keywords: Multi Drug Resistance (MDR), Extensively Drug Resistance (XDR). 

 
INTRODUCTION 

 Herbal medicine, also called botanical medicine 

or phytomedicine, refers to using a plant's seeds, berries, 

roots, leaves, bark, or flowers for medicinal purposes. 

Herbalism has a long tradition of use unlike conventional 

medicine. It is becoming more mainstream as 

improvements in analysis and quality control, along with 

advances in clinical research, show the value of herbal 

medicine in treating and preventing disease [1]. In the early 

19th century, when chemical analysis first became 

available, scientists began to extract and modify the active 

ingredients from plants. Later, chemists began making 

their own version of plant compounds. Almost one fourth 

of pharmaceutical drugs are derived from botanicals [2]. 

Recently, the World Health Organization estimated that 

80% of people worldwide rely on herbal medicines for 

some part of their primary health care. In Germany, about 

600 to 700 plant based medicines are available and are 

prescribed by some 70% of German physicians. In the past 

20 years in the United States, public dissatisfaction with 

the cost of prescription medications, combined with an 

interest in returning to natural or organic remedies, has led 

to an increase in herbal medicine use [3, 4]. 

 Treatment of illness and maintenance of health 

using herbal medicines is the oldest and most popular form 

of Healthcare practice known to humanity that has been 

practised by all cultures in all ages throughout the history 

of civilization. Herbal medicines have long earned 

reputation as "the people's medicines" because of their easy 

accessibility, safety, and the ease with which they can be 

prepared. This method is now gradually scorning a more 

mainstream method of treatment in many countries of the 

world, because improvements the methods of analysis and 

quality control of herbs and herbal drugs along with 

advances in clinical research their efficacy and safety are 

continuously bringing light to the value of herbal 

medicines in the prevention and treatment of diseases. In 

some Asian and African countries, 80 per cent of the 

population depends on traditional herbal medicines for 

primary Healthcare. In many developed countries, 70 to 80 

per cent of the population have used some form of 

complementary or alternative medicines [CAM) composed 

primarily of herbal medicines. Use of herbal medicines for 

therapeutic purpose is now well-established and widely 

acknowledged to be safe and effective. Many drugs 

commonly used today in the developing countries are of 

herbal origin and about of all modern prescription drugs 

contain at least one active ingredient derived from plant 

material, either obtained from plant extracts or synthesized 

to mimic natural plant compound. Many of the 

pharmaceuticals currently available to Physicians have a 

long his-history of use as herbal remedies. According to 

the World Health Organization (WHO), approximately25  
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per cent of modern drugs used in the United States have 

been derived from plants. More than 120 active 

compounds isolated from higher plants are widely used in 

modern allopathic medicine today and 80 per cent of them 

show a positive co-relation between their modern 

therapeutic use and the traditional use of the plants from 

which they are derived. At least 7,000 medicinal 

compounds derived from plants, the ingredients of herbal 

medicine, are included in the modern pharmacopoeia of 

drugs.Because of this current trend of increasing use of 

herbal medicines and their growing popularity all over the 

world, the search for drugs and dietary supplements 

derived from plants have accelerated in recent years. 

Pharmacologists, Pharmacognosists, Microbiologists, 

Botanists and natural-products chemists are combing the 

earth for phytochemicals and leads from herbs and plants 

that could be developed for treatment of various 

diseases[5]. 

 

Tuberculosis 

  Tuberculosis (TB) is an infectious disease of 

worldwide occurrence.Tuberculosis caused the most 

widespread public concern in the 19th and early 20th 

centuries as an endemic disease of the urban poor[6]. 

According to World Health Organisation (WHO), 

Tuberculosis is an infectious bacterial disease caused by 

Mycobacterium tuberculosis, which most commonly 

affects the lungs but can affect other sites as well (extra 

pulmonary TB). It is transmitted from person to person via 

droplets from the throat and lungs of people with the 

activerespiratory disease. Each year approximately 2 

million persons world-wide die of tuberculosis and 9 

million become infected. However, the probability of 

developing TB is much higher among people infected with 

HIV
6, 7. 

The most common method for diagnosing TB 

worldwide remains sputum smear microscopy (developed 

more than 100 years ago), in which bacteria are observed 

in sputum samples examined under a microscope. 

However, developments in TB diagnostics in the last few 

years mean that the use of rapid molecular tests to diagnose 

TB and drug-resistant TB is increasing, and some countries 

are phasing out use of smear microscopy for diagnostic (as 

opposed to treatment monitoring) purposes[7]. In countries 

with more developed laboratory capacity, cases of TB are 

also diagnosed via culture methods (the current reference 

standard). Effective drug treatments were first developed in 

the 1940s. The most effective first-line anti-TB drug, 

rifampicin, became available in the 1960s. The currently 

recommended treatment for new cases of drug-susceptible 

TB is a six-month regimen of four first-line drugs: 

isoniazid, rifampicin, ethambutol and pyrazinamide. 

Treatment success rates of 85% or more for new cases are 

regularly reported to WHO by its Member States. 

Treatment for multidrug-resistant TB (MDR-TB), defined 

as resistance to isoniazid and rifampicin (the two most 

powerful anti-TB drugs) is longer, and requires more 

expensive and more toxic drugs. For most patients with 

MDR-TB, the current regimens recommended by WHO 

last 20 months, and treatment success rates are much 

lower[8]. 

 

Mycobacterium Tuberculosis 

Tuberculosis is an infection caused by the rod-

shaped non-spore-forming, aerobic bacterium 

Mycobacterium tuberculosis and is 0.5µm to 3µm long, are 

classified as acid -fast bacilli and have a unique cell wall 

structure crucial to their survival. The composition and 

quantity of the cell wall components affect the bacteria’s 

virulence and growth rate. The peptidoglycan polymer 

confers cell wall rigidity and is just external to the bacterial 

cellmembrane, another contributor to the permeability 

barrier of mycobacteria. Another important component of 

the cell wall is lipoarabinomannan, a carbohydrate 

structural antigen on the outside of the organism that is 

immunogenic and facilitates the survival of mycobacteria 

within macrophage[9, 10]. 

 

Global Epidemiology of TB 

               According to the World Health Organization 

(WHO), about 8.6 million cases (8.3–9.0 million) were 

estimated to have occurred in 2012, approximately 2.9 of 

whom were women. Most cases are estimated to be in Asia 

and Africa (58% and 27% respectively), with the highest 

incidence in India (range 2.0–2.4 million) and China (0.9 

−1.1 million), together accounting for 38% of the total 

number of cases. The global TB incidence rate slowly 

declined from 1997 to 2001, with an increase in 2001 (due 

to the rising number of cases among HIV-infected patients 

in Africa). Subsequently, a 1.3% per year average 

reduction rate has been observed since 2002, reaching 

2.2% between 2010 and 2011. The absolute number of 

cases is also currently decreasing, though this declining 

trend only began in 2006 [11-16]. Based on these findings, 

the Millennium Development Goal 6 Target for 

tuberculosis (i.e. “to halt and begin to reverse the 

incidence”) has already been achieved[17]. 

           Twelve million (11–13 million) prevalent cases of 

TB were estimated in 2012, corresponding to about 169 

cases per 100 000 population. TB prevalence is declining 

globally since the early 1990s (before incidence started to 

decline). This decline is largely attributed to the 

progressive introduction of the DOTS strategy which, by 

emphasizing bacteriological diagnosis and standard short-

course chemotherapy with direct observation of treatment, 

may have significantly contributed to the reduction of 

chronic and untreated cases, as well as to the duration of 

illness [18].Nevertheless, the Stop TB Partnership target of 

halving the 1990 prevalence rate by 2015 will probably be 

missed (a reduction of 37% was registered in 2012, 169 / 

100 000 compared to 263 / 100 000 in 1990), because of 

the delays in the African and the European WHO regions. 
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            TB mortality was estimated at 1.3 million deaths 

(1.0–1.6 million) in 2012, including 320 000 (300 000 – 

340 000) HIV-associated cases. A 45% drop in TB 

mortality rate has been observed globally since 1990.The 

traditional case detection rate (CDR), defined as the 

proportion of notified cases among the estimated number 

of new and relapse TB cases, thought to have occurred in a 

given year, is a problematic indicator in TB epidemiology, 

though it could potentially provide very useful information 

on the “diagnostic capacity” of a TB control program [19, 

20]. The denominator consists of an estimate: significant 

efforts are currently ongoing to obtain reliable estimates 

through the performance of costly prevalence surveys but 

coverage is still limited. In 2012, 6.1 million TB cases 

were notified by the National TB Programs (NTPs). 5.4 

million were new cases, and 0.3 million were relapses 

(with India and China showing the highest notification 

rates: 39% overall); 0.4 million cases of retreatment 

(excluding relapses) were also reported. Most newly 

diagnosed patients had pulmonary TB, and more than half 

of them were sputum smear positive. CDR reached 66% 

(64–69%) in 2012 with several regional differences. In 

other words, one-third of cases, corresponding to an 

estimated 3 million cases, were missed that year. This 

implies that a significant proportion of TB patients remain 

either unrecognized and untreated or not notified. The 

former actively contribute to further transmission of the 

disease. The latter may be detected outside of national 

programs and managed inappropriately, also contributing 

to further transmission and creation of drug resistance. 

Further improvements in diagnostic capacity and 

surveillance system are needed in some Regions such as 

South-East Asia, Africa, and Eastern Mediterranean [21]. 

          Treatment outcome represents a useful process 

indicator to be closely monitored, being a measure of 

progress in expanding access to quality-assured care. 

Approximately 22 million lives are estimated to have been 

saved since 1995, when the DOTS strategy was introduced. 

The proportion of successfully treated patients, currently 

reaching 87% at global level, is significantly lower than the 

average, in some WHO regions, like the European one 

(probably due to the high failure rate associated to MDR-

TB) and in the African one (due to the high rate of deaths 

or defaulting linked to HIV co-infection) [22].
 

 

Transmission 
          M. tuberculosis is carried in airborne particles, called 

droplet nuclei, of 1– 5 microns in diameter. Infectious 

droplet nuclei are generated when persons who have 

pulmonary or laryngeal TB disease cough, sneeze, shout, 

or sing. Depending on the environment, these tiny particles 

can remain suspended in the air for several hours. M. 

tuberculosis is transmitted through the air, not by surface 

contact. Transmission occurs when a person inhales droplet 

nuclei containing M. tuberculosis, and the droplet nuclei 

traverse the mouth or nasal passages, upper respiratory  

tract, and bronchi to reach the alveoli of the lungs[23]. 

 

Pathophysiology 
            Infection occurs when a person inhales droplet 

nuclei containing tubercle bacilli that reach the alveoli of 

the lungs. These tubercle bacilli are ingested by alveolar 

macrophages; the majority of these bacilli are destroyed or 

inhibited. A small number may multiply intracellularly and 

are released when the macrophages die. If alive, these 

bacilli may spread by way of lymphatic channels or 

through the bloodstream to more distant tissues and organs 

(including areas of the body in which TB disease is most 

likely to develop: regional lymph nodes, apex of the lung, 

kidneys, brain, and bone). This process of dissemination 

primes the immune system for a systemic response. After 

transmission into immune system, mycobacteria interfere 

with different immunological mediators [24]. The 

interaction of T cells with infected macrophages is central 

to protective activity against M.tuberculosis and depends 

on the interplay of cytokines produced by each cell. TNF-

α, IL-12 and IFN-γ, which activates alveolar macrophages 

to produce a variety of substances involved in growth 

inhibition and killing of mycobacteria. Macrophages also 

secrete IL-2, amplifying this pathway in a positive 

feedback loop[25]. TNF-α is believed to play multiple 

roles in the immune and pathological responses in 

tuberculosis. M.tuberculosis induces TNF-α secretion by 

macrophages dendritic cells and T-cells. The production of 

anti-inflammatory cytokines such as IL-4,IL-10 and TGF-β  

in response to M.tuberculosis may down –regulate the 

immune response and limit tissue injuiry, but excessive 

production of these cytokines may result in failure to 

control the infection[26]. Macrophages are the part of the 

innate immune system and provide an opportunity for the 

body to destroy the invading mycobacteria and prevent 

infection. The complement system also plays a role in the 

phagocytosis of the bacteria. The complement protein C3 

binds to the cell wall and enhances recognition of the 

mycobacteria by macrophages[27]. The subsequent 

phagocytosis by macrophages initiates a cascade of events 

that results in either successful control of infection, 

followed by latent tuberculosis, or progression to active 

disease called primary progressive tuberculosis[28]. After 

being ingested by macrophages, the mycobacteria continue 

to multiply slowly, with bacterial cell division occurring 

every 25-32hrs. Initial development of TB involves 

production of proteolytic enzymes and cytokines by 

macrophages in an attempt to degrade the bacteria. 

Released cytokines attract T- lymphocytes to the site, the 

cells that constitute cell-mediated immunity. In fact, M. 

Tuberculosis organisms can change their phenotypic 

expression, such as protein regulation, to enhance survival. 

Leisons in persons with less effective immune systems 

progress to primary progressive tuberculosis. In patients 

infected with M. tuberculosis, droplets can be coughed up 

from the bronchus and infect other persons. Bacilli can also 
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drain into the lymphatic system and collect in the trachea-

bronchial lymph nodes of the affected lung, where the 

organisms can form new caseous granulomas [29-31]. 

 

Tuberculosis Types 

Tuberculosis (TB) is divided into two 

categories: pulmonary and extra pulmonary 

Pulmonary Tuberculosis Types: 

 Primary Tuberculosis Pneumonia 

 Tuberculosis Pleurisy 

 Cavitary Tuberculosis 

 Miliary TB 

 Laryngeal Tuberculosis [32] 

 

Primary Tuberculosis Pneumonia 

       This uncommon type of TB presents as pneumonia 

and is very infectious. Patients have a high fever and 

productive cough. It occurs most often in extremely young 

children and the elderly. It is also seen in patients with 

immunosuppression, such as people with HIV/AIDS, and 

in patients on long term corticosteroid therapy[33]. 

 

Tuberculosis Pleurisy 

      This usually develops soon after initial infection. A 

granuloma located at the edge of the lung ruptures into the 

pleural space, the space between the lungs and the chest 

wall. Usually, a couple of tablespoons of fluid can be 

found in the pleural space. 

       Once the bacterium invade the space, the amount of 

fluid increases dramatically and compresses the lung, 

causing shortness of breath (dyspnea) and sharp chest 

pain that worsens with a deep breath (pleurisy). A chest x-

ray shows significant amounts of fluid. Mild- or low-grade 

fever commonly is present. Tuberculosis pleurisy generally 

resolves without treatment; however, two-thirds of patients 

with tuberculosis pleurisy develop active pulmonary TB 

within 5 years[34]. 
 

Cavitary TB 

          Cavitary TB involves the upper lobes of the lung. 

The bacteria cause progressive lung destruction by forming 

cavities, or enlarged air spaces. This type of TB occurs in 

reactivation disease. The upper lobes of the lung are 

affected because they are highly oxygenated (an 

environment in which M. tuberculosis thrives). Cavitary 

TB can, rarely, occur soon after primary infection. 

        Symptoms include productive cough, night sweats, 

fever, weight loss, and weakness. There may be 

hemoptysis (coughing up blood). Patients with cavitary TB 

are highly contagious. Occasionally, disease spreads into 

the pleural space and causes TB empyema (pus in the 

pleural fluid)[35]. 
 

Miliary TB 

         Miliary TB is disseminated TB. "Miliary" describes 

the appearance on chest x-ray of very small nodules 

throughout the lungs that look like millet seeds. Miliary TB 

can occur shortly after primary infection. The patient 

becomes acutely ill with high fever and is in danger of 

dying. The disease also may lead to chronic illness and 

slow decline. 

Symptoms may include fever, night sweats, and weight 

loss. It can be difficult to diagnose because the initial chest 

x-ray may be normal. Patients who are immunosuppressed 

and children who have been exposed to the bacteria are at 

high risk for developing miliary TB[36]. 
 

Laryngeal TB 

TB can infect the larynx, or the vocal cord area. It is 

extremely infectious[37]. 
 

Extra pulmonary Tuberculosis
 

This type of tuberculosis occurs primarily 

in immunocompromised patients. 

 Lymph Node Disease 

 Tuberculosis Peritonitis 

 Tuberculosis Pericarditis 

 Osteal Tuberculosis 

 Renal Tuberculosis 

 Adrenal Tuberculosis 

 Tuberculosis Meningitis [38] 

 

Lymph Node Disease 

         Lymph nodes contain macrophages that capture the 

bacteria. Any lymph node can harbor uncontrolled 

replication of bacteria, causing the lymph node to become 

enlarged. The infection can develop a fistula (passageway) 

from the lymph node to the skin. 

 

Tuberculosis Peritonitis 

        M. tuberculosis can involve the outer linings of the 

intestines and the linings inside the abdominal wall, 

producing increased fluid, as in tuberculosis pleuritis. 

Increased fluid leads to abdominal distention and pain. 

Patients are moderately ill and have fever. 
 

Tuberculosis Pericarditis 

         The membrane surrounding the heart (the 

pericardium) is affected in this condition. This causes the 

space between the pericardium and the heart to fill with 

fluid, impeding the heart's ability to fill with blood and 

beat efficiently. 
 

Osteal Tuberculosis 

         Infection of any bone can occur, but one of the most 

common sites is the spine. Spinal infection can lead to 

compression fractures and deformity of the back. 
 

Renal Tuberculosis 

         This can cause asymptomatic pyuria (white blood 

cells in the urine) and can spread to the reproductive 

organs and affect reproduction. In men, epididymitis 

(inflammation of the epididymis) may occur. 

 

http://www.healthcommunities.com/tuberculosis/types.shtml#pulm
http://www.healthcommunities.com/tuberculosis/types.shtml#extra
http://www.healthcommunities.com/tuberculosis/types.shtml#prim
http://www.healthcommunities.com/tuberculosis/types.shtml#pleur
http://www.healthcommunities.com/tuberculosis/types.shtml#cav
http://www.healthcommunities.com/tuberculosis/types.shtml#mili
http://www.healthcommunities.com/tuberculosis/types.shtml#lary
http://www.healthcommunities.com/tuberculosis/types.shtml#lym
http://www.healthcommunities.com/tuberculosis/types.shtml#perito
http://www.healthcommunities.com/tuberculosis/types.shtml#per
http://www.healthcommunities.com/tuberculosis/types.shtml#ost
http://www.healthcommunities.com/tuberculosis/types.shtml#ren
http://www.healthcommunities.com/tuberculosis/types.shtml#adr
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http://www.healthcommunities.com/epididymitis-orchitis/overview-of-epididymitis-and-orchitis.shtml
http://www.healthcommunities.com/epididymitis-orchitis/overview-of-epididymitis-and-orchitis.shtml


77 
Linju P Thomas et al. / Vol 6 / Issue 2/ 2016 / 73-80. 

 

Adrenal Tuberculosis 

 TB of the adrenal glands can lead to adrenal 

insufficiency. Adrenal insufficiency is the inability to 

increase steroid production in times of stress, causing 

weakness and collapse. 

 

TB Meningitis 

 M. tuberculosis can infect the meninges (the 

main membrane surrounding the brain and spinal cord). 

This can be devastating, leading to permanent impairment 

and death. TB can be difficult to discern from a brain 

tumor because it may present as a focal mass in the brain 

with focal neurological signs.Headache, sleepiness, and 

coma are typical symptoms. The patient may appear to 

have had a stroke. 

 

 

HERBAL DRUGS: NEED OF THE DAY 
 The current therapy for TB include antibiotics 

such as rifampicin, ethambutol, isoniazid and 

pyrazinamide, but the emergence of problem of multiple 

drug resistant (MDR) and (XDR) strains of mycobacterium 

is very common with anti TB drugs. The adverse effects of 

anti-TB drugs are given in table 1. The presences of “cross 

resistance” cause no single drug or combination therapy 

was able to control TB fully and such drug resistance is 

developed only against purified chemical compounds. Any 

single purified compound will produce resistance in 

pathogens. The Mycobacteria are self-equipped to digest 

the drug by modifying their receptor structure according 

the chemical structure of the drug. Thus the Mycobacteria 

slowly adapt and develop resistance against modern drugs. 

Herbal drug whether extract or decoction used against any 

pathogen will not cause the problem of drug resistance. 

Hence an effective and appropriate drug therapy as an anti-

tuberculosis drug need to be discovered which will solve 

the problem of cross resistance as well as drug resistance. 

List of natural products as Anti-TB agents are given in 

table 2 [39]. 

 

Table 1. Adverse Effects of Anti-TB Drugs 

Drug Adverse effects 

Isoniazid Hepatitis 

Rifampicin Pain, hepatitis, thrombocytopenia, nausea, vomiting 

Pyrazinamide Arthralgia, hepatitis. 

Streptomycin Vestibular and auditory nerve damage, renal damage 

Ethambutol Ocular side effects, retro bulbar neuritis 

Thioacetazone Skin rash, exfoliate dermatitis 

Para-amino salicyclic acid Anorexia, hypersensitivity, nausea, vomiting 

Kanamycin Vertigo, nephrotoxicity, auditory nerve damage 

Pethionamide Diarrhoea, hepatotoxicity, abdominal pain [40-44] 

 

Table 2. Common Anti-Tubercular Plants 

Sl.n

o 
Botanical/family 

name 

Part used  Chemical  Constituent  Activity 

1 Acalypha indica, 

Euphorbiacaeae 

Leaves Kaempferol, 

Acalyphamide, 

Quinine, Sterols 

Cyanogenic  glycosides 

Anti bacterial, 

Bronchitis, 

Asthma 

2 Aloe vera, Liliaceae Leaves, 

gel from 

leaves 

Anthraquinone glycosides(aloin) 

 

Purgative, anthelminthic, 

Emmenagogue 

3 Allium cepa, Liliaceae Bulbs Volatile oil, Sulphur containing 

compounds -allicin, alliin 

Antibacterial, pneumonopathy, 

asthma 

, bronchitis. 

4 Allium sativum, 

Liliaceae 

Bulb Sulphur containing compounds –alliin, Antibacterial, antifungal, 

Bronchitis, asthma, 

Pulmonary and laryngeal  

Tuberculosis. 

 

5 Ocimum tenuiflorum, 

Lamiaceae 

Whole plant Ursolicacid, Apigenin 

Orientin,Apigenin-7-Oglucuronide, 

Luteolin-7-O-glucuronide 

Febrifuge, Useful in asthma, 

Bronchitis 

Skin diseases 

6 Morinda citrifolia, Leaves, Ursolic acid, Asperuloside, Anti-inflammatory, Gout, 
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Rubiaceae roots, 

fruits 

Carproic acid Wounds 

Febrifuge, Boils 

7 Vitex trifolia, 

Verbenaceae 

Root,fruits,le

aves 

Flavonoids-Artemetin 

Luteolin 

Orientin, vitricin 

Febrifuge,Cytotoxic 

Anti bacterial, 

Anthelminthic, Tuberculosis, 

Painful inflammation, 

Bronchitis. 

8 Mallotus philippensis, 

Euphorbiaceae 

Glandular 

hairs of fruit 

Phloroglucinol 

Isorottlerin, Isoallorottlerin 

Purgative, Styptic 

Anthelminthic 

9 Coscinium 

fenestratum, 

Menispermaceae 

Stem Flavonoids Anti-inflammatory, Antiseptic, 

Skin diseases, Jaundice, 

Diabetes. 

10 Hydnocarpuslaurifoli

a, Flacourtiaceae 

Roots, bark, 

Seeds 

Chaulmoogric fatty acids Anti-leprotic and Anti –TB 

11 Mimosa pudica, 

Mimosaceae 

Roots ,leaves Mimosine 

Turgorin 

Astringent,Antispasmodic,Infl

ammations, Smallpox, 

Haemorrhoids. 

12 Kalanchoe pinnata, 

Crassulaceae 

Leaves Triterpenoids-friedelin, 

Taraxerol, Glutinol 

Anti-inflammatory, 

Disinfectant, Tonic, 

Used in burns boils 

13 Flacourtia ramontchi, 

Flacourtiaceae 

Bark, fruits 

Roots, 

Leaves 

Phenolic glucoside, Ramontoside, 

Flacourtin, β-sitosterol&its β- D-

glucopyranoside 

Anticholerin, Useful in 

poisonous bites,  

Skin diseases. 

14 Myristica fragrans , 

Myristicaceae 

Seed,aril Tannins, Flavanoids, kampherol, 

Volatileoil, Geraniol, Quercetin, 

glycosides  

Anti-inflammatory, 

Anthelmintic, Febrifuge, 

Useful in asthma, cough, skin 

diseases, impotency. 

15 Canscora deccusata, 

Gentainaceae 

Roots Friedelin, Genianine, Xanthones Anti-inflammatory, 

Anticonvulsant, 

CNS depressants, 

Anthelminthic, Leprosy, 

Tuberculosis, Skin diseases. 

16 Piper betle, 

Piperaceae 

Whole plant Lignans, Piperine, Sesamin, Asarinine, 

Isobutyl amides, Pluviatilol, 

Aristolactums 

Anthelmintic, Febrifuge, 

Asthma, Bronchitis, Leprosy, 

Fever. 

17 Vitex negundo, 

verbenaceae 

Leaves, seeds Iridoidglycosides, Isomeric flavones, 

flavanoids. 

Anti- inflammatory, 

Analgesic,Anthelmintic, 

arthritis, leprosy. 

18  Prunus cerasoides, 

Rosaceae 

Heartwood Salicylic acid, Tannins, 

Ferulicacid,Potassium salts diferulic acid 

Useful in wounds, ulcers, 

leprosy, asthma, sprains. 

19 Trichosanthes 

lobata,Cucurbitaceaee 

Whole plant Free amino acids, Nicotinic acid, 

Riboflavin, 

Thiamine, Vitamin C,  

Anthelmintic, Anti-

inflammatory, Antipyretic, 

Useful in leprosy, Leucoderma 

20 

 

 

 

Tinospora cordifolia, 

Menispermacea 

 

Stem 

 

 

Alkaloids, Columbin, Palmarin, 

Tinosporon, Tinosporol, Berberine 

 

Anthelmintic, Anti-spasmodic, 

Anti-inflammatory, Useful in 

chronic fevers, gout, skin 

diseases, leprosy. 

21 Caesalpinia bonduc,  

Caesalpiniaceae 

Leaves, 

seeds, root 

bark 

 

 

 Flavanoids, Myricitroside 

Febrifuge, Anthelmintic, Anti-

inflammatory, Useful in 

asthma, leprosy, skin diseases, 

intestinal worms, diabetes [45-

53]. 
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Fig 1. Mycobacterium tuberculosis 

 
 

CONCLUSION  

There has been an increase in demand for the 

herbal medicine all over the world .The side effects 

associated with allopathic drugs are remarkably necessities 

the need of herbal drugs. This review makes an attempt to 

compile some of the anti-tubercular plants. Various 

phytoconstituents   like alkaloids, glycosides, Flavanoids, 

tannins, quinones present in plants are responsible for its 

anti-TB activity. 
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INTRODUCTION: 

Over the decade, Controlled drug delivery and site 

specific delivery have made rapid advances in drug 

development. The interest of using natural and 

chemically modified polysaccharides as a part of 

drug development has increased in past two 

decades and great attention has been focused on 

biopolymer based hydrogel as potential carriers in 

controlled drug delivery [1]. The number of 

references published under the research topic of 

“hydrogel” has increased exponentially during the 

last decade. According to SciFinder®, the first 

reference on hydrogel appeared in 1894. Although 

the hydrogels described during that time period was 

a colloidal gel of inorganic salts, which are not 

exactly the same type of hydrogels we are dealing 

with nowadays [2]. The hydrogel can be defined as 

a 3-dimensional cross linked polymeric network 

obtained from synthetic or natural polymers which 

has the capacity to hold water within its porous 

structure. The water holding capacity of the 

hydrogels arise mainly due to the presence of 

hydrophilic groups, viz. amino, carboxyl and 

hydroxyl groups, in the polymer chains [3]. These 

polymeric materials do not dissolve in water at 

physiological temperature and pH but swell 

considerably in an aqueous medium. Hydrogels 

have been widely used as a drug carrier due to its 

ease in manufacturing and self-application in 

clinical and fundamental applications. Various 

combinations of polymers are made into hydrogel 

formulations to investigate their potentiality. The 

combination of natural and synthetic polymers may 

provide mechanical stability and biological 

acceptability, acquiring from synergistic properties 

of both materials. Then the hydrogels were found 

stable and resilient [4]. Additionally, there are 

numerous applications, particularly in the medical 

and pharmaceutical sectors. Because Hydrogels 

resemble natural living tissue more than any other 

class of synthetic biomaterials. This is due to their 

high water contents and soft consistency which is 

similar to natural tissue. Furthermore, the high 

water content of the materials contributes to their 

biocompatibility. Thus, hydrogels can be used as 

contact lenses, membranes for biosensors, linings 

for artificial hearts, materials for artificial skin, and 

drug delivery devices [5]. 

 

BENEFITS 
 Bio-compatible. 

 Can be injected. 

 Easy to modify. 

 Timed release of growth factors and other 

nutrients to ensure proper tissue growth. 

 Low toxicity. 

 Natural hydrogel materials are being 

investigated for tissue engineering, which 

includes agarose, methylcellulose, 

hylaronan, and other naturally derived 

polymers. 

 

LIMITATIONS 

 

 High cost. 

 Low mechanical strength 

 Difficult to load 

 Difficult to sterilize 

 Non-adherent 

 In contact lenses - lens deposition, 

hypoxia, dehydration and red eye 

reactions. 

 

 

CLASSIFICATION 

 

1. On the basis of the nature of the cross 

linked junctions 

 

a. Permanent / Chemical Gels: Chemically/ 

covalently cross linked networks having permanent 

junctions. 

b. Reversible / Physical gels:  Physical networks 

are held by molecular entanglements or physical 

interactions viz. ionic interactions, hydrogen bonds 

or hydrophobic interactions. 

 

2. On the basis of orgin: 

 

 

 

               Class    Advantages  Disadvantages           Examples 

 

Natural Polymers    

 

-Biocompatible 

-Biodegradable 

-Supports Cellular 

Activities 

 

-Does not possess 

sufficient mechanical 

properties 

-May contain pathogen 

-Evoke immune and 

Inflammatory responses 

-Proteins like collagen and gelatin 

-Polysaccharides like alginate and 

agarose. 

 

 

Synthetic polymers 

 

 Inherent bioactive 

properties absent 

 

 

 

Acrylic acid 

-Hydroxyethylmethacrylate 

(HEMA) 

-Vinyl acetate 

-Methacrylic acid(MAA)  
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.  

 

Fig 1: Gel Formation Due to Aggregation of Helix upon Cooling a Hot Solution of Carrageenan. 

 

METHOD OF PREPARATION:  

Cross-linked networks of Synthetic polymers such 

as Polyethylene oxide (PEO), Polyvinyl 

pyrollidone (PVP) , Polylactic acid (PLA) , 

Polyacrylic acid (PAA), Polymethacrylate (PMA), 

Polyethylene glycol (PEG) ,or Natural biopolymers 

such as Alginate, Chitosan, Carrageenan, 

Hyaluronan, and Carboxy methyl cellulose (CMC) 

have been reported. The various preparation 

techniques adopted are physical cross-linking, 

chemical cross-linking, grafting polymerisation, 

and radiation cross-linking such modifications can 

improve the mechanical properties and visco-

elasticity for applications in biomedical and 

pharmaceutical fields [6]. The general methods to 

produce physical and chemical gels are described 

below. 

 

Physical Cross-Linking 

There has been an increased interest in physical or 

reversible gels due to relative ease of production 

and the advantage of not using cross-linking agents. 

These agents affect the integrity of substances to be 

entrapped (e.g. cell, proteins, etc.) as well as the 

need for their removal before application. The 

various methods reported in literature to obtain 

physically cross-linked hydrogels are: 

 

Heating/Cooling a Polymer Solution 

The gel formation is due to helix-formation, 

association of the helices, and forming junction 

zones . Carrageenan in hot solution above the 

melting transition temperature is present as random 

coil conformation. Upon cooling it transforms to 

rigid helical rods. In presence of salt (K+, Na+, 

etc.), due to screening of repulsion of sulphonic 

group (SO–3), double helices further aggregate to 

form stable gelsSome of the examples are 

polyethylene oxide-polypropylene oxide, 

polyethylene glycol-polylactic acid hydrogel [7]. 

 

Complex Coacervation 

Complex coacervate gels can be formed by mixing 

of a polyanion with a polycation. The underlying 

principle of this method is that polymers with 

opposite charges stick together and form soluble 

and insoluble complexes depending on the 

concentration and pH of the respective solutions. 

One such example is coacervating polyanionic 

xanthan with polycationic chitosan. Proteins below 

its isoelectric point are positively charged and 

likely to associate with anionic hydrocolloids and 

form polyion complex hydrogel [8]. 

 

Chemical Cross-Linking 

Chemical cross-linking involves grafting of 

monomers on the backbone of the polymers or the 

use of a cross-linking agent to link two polymer 

chains. The cross-linking of natural and synthetic 

polymers can be achieved through the reaction of 

their functional groups (such as OH, COOH, and 

NH2) with cross-linkers such as aldehyde (e.g. 

glutaraldehyde, adipic acid dihydrazide). Cross-

linkers such as glutaraldehyde, epichlorohydrin etc 

have been widely used to obtain the cross-linked 

hydrogel. One such example is hydrogel prepared 

by cross-linking of corn-starch and polyvinyl 

alcohol using glutaraldehyde as a cross-linker. 

Hydrogels can also be synthesized from cellulose 

in NaOH/urea aqueous solutions by using 

epichlorohydrin as cross-linker and by heating and 

freezing methods [9]. 
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Figure 2: Schematic diagram of hydrogel preparation by Bulk polymerisation 

 

 

Grafting Cross Linking 

Generally, hydrogels prepared by bulk 

polymerization have inherent weak structure. To 

improve the mechanical properties of a hydrogel, it 

can be grafted on surface coated onto a stronger 

support. This technique that involves the generation 

of free radicals onto a stronger support surface and 

then polymerizing monomers directly onto it as a 

result a chain of monomers are covalently bonded 

to the support. A variety of polymeric supports 

have been used for the synthesis of hydrogel by 

grafting techniques. Starch grafted with acrylic acid 

by using N-vinyl-2-pyrrolidone is an example of 

this kind of process [10]. 

 

 Radiation Cross-Linking 

Radiation cross-linking is widely used technique 

since it does not involve the use of chemical 

additives and therefore retaining the 

biocompatibility of the biopolymer. Also, the 

modification and sterilisation can be achieved in 

single step and hence it is a cost effective process 

to modify biopolymers having their end-use 

specifically in biomedical application. The 

technique mainly relies on producing free radicals 

in the polymer following the exposure to the high 

energy source such as gamma ray, x-ray or electron 

beam. The action of radiation (direct or indirect) 

will depend on the polymer environment (i.e. dilute 

solution, concentrated solution, solid state) [11]. 

 

APPLICATIONS OF HYDROGEL IN DRUG 

DELIVERY: 

A number of strategies have been proposed to 

achieve drug delivery systems for efficient therapy. 

Among them, hydrogels have attracted 

considerable attention as excellent candidates for 

controlled release devices, bioadhesive devices, or 

targetable devices of therapeutic agents. Hydrogel-

based delivery devices can be used for oral, rectal, 

ocular, epidermal and subcutaneous application. 

 

Drug Delivery in the Oral Cavity 

Drug delivery to the oral cavity has versatile 

applications in local treatment of diseases of the 

mouth, such as periodontal disease, stomatitis, 

fungal and viral infections, and oral cavity cancers.  

For example, a bioadhesive tablet developed which 

is commercially available under the brand name 

Aftachw. This product is composed of a double 

layer, with a bioadhesive layer made of 

hydroxypropyl cellulose and poly(acrylic acid) and 

a lactose non-adhesive backing layer. It is a local 

delivery system of triamcinolone acetonide for the 

treatment of ulcers [12]. 

  

Drug delivery in the GI Tract 

The GI tract is unquestionably the most popular 

route of drug delivery because of the facility of 

administration of drugs for compliant therapy, and 

its large surface area for systemic absorption. It is, 

however, the most complex route, so that versatile 

approaches are needed to deliver drugs for effective 

therapy. Like buccal delivery, hydrogel-based 

devices can be designed to deliver drugs locally to 

the specific sites in the GI tract. For example, 

stomach-specific antibiotic drug delivery systems 

for the treatment of Helicobacter pylori infection in 

peptic ulcer disease. For localized antibiotic 

delivery in the acidic environment of the stomach, 

they developed cationic hydrogels with pH-

sensitive swelling and drug release properties [13]. 

Recently, oral insulin delivery using pH-responsive 

complexation hydrogels was reported. The 

hydrogels used to protect the insulin in the harsh, 

acidic environment of the stomach before releasing 

the drug in the small intestine were cross-linked by 

copolymers of PMAA with graft chains of 

polyethylene glycol [14]. 

Rectal Delivery 

The rectal route has been used to deliver many 

types of drugs for local treatment of diseases 
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associated with rectum, such as haemorrhoids. This 

route is more convenient, prevent the first pass 

metabolism and that drugs absorbed from the lower 

part of the rectum drain into the systemic 

circulation directly.  Conventional suppositories are 

adapted as dosage forms for rectal administration 

are solids at room temperature, and melt or soften 

at body temperature. A problem associated with 

conventional suppositories is that drugs diffusing 

out of the suppositories in an uncontrolled manner 

are unable to be sufficiently retained at a specific 

position in the rectum, and sometimes migrate 

upwards to the colon. This often leads to a variation 

of the bioavailability of certain drugs. In this 

context, hydrogels may offer a valuable way to 

overcome the problem in conventional 

suppositories, provided that they are designed to 

exhibit a sufficient bioadhesive property following 

their rectal administration. For example, among the 

muco-adhesive polymeric compounds tested, 

polycarbophil and sodium alginate provided the 

largest muco-adhesive force and the smallest intra-

rectal migration to the suppositories, resulting in 

the largest bioavailability of propranolol [15].  

 

Ocular Delivery 

The conventional ophthalmic preparations like eye 

drops they tend to be eliminated rapidly from the 

eye, and the drugs administered exhibit limited 

absorption, leading to poor ophthalmic 

bioavailability. Additionally, their short-term 

retention often results in a frequent dosing regimen 

to achieve the therapeutic efficacy for a sufficiently 

long duration. These challenges have motivated 

researchers to develop drug delivery systems that 

provide a prolonged ocular residence time of drugs. 

Certain dosage forms, such as suspensions and 

ointments, can be retained in the eye, although 

these sometimes give patients an unpleasant feeling 

because of the characteristics of solids and semi 

solids. Due to their elastic properties, hydrogels can 

also represent an ocular drainage-resistant device, 

they may offer better feeling, with less of a gritty 

sensation to patients. In particular, in-situ-forming 

hydrogels are attractive as an ocular drug delivery 

system because of their facility in dosing as a 

liquid, and their long-term retention property as a 

gel after dosing. For example an in-situ-gelling 

system of alginate with high guluronic acid 

contents for the ophthalmic delivery of pilocarpine. 

This system significantly extended the duration of 

the pressure reducing effect of pilocarpine to 10 h, 

compared to 3 h when pilocarpine nitrate was 

dosed as a solution [16]. 

 

 FUTURE PROSPECTS:  

The specific requirements of advanced drug 

delivery could easily be met by hydrogels. Wide 

array of methods for the synthesis of these novel 

biomaterials has extended its application from drug 

delivery system to tissue engineering scaffolds, 

wound dressing material, bioseparators, gene 

delivery device and biosensors etc. Further delivery 

into the fundamentals of multi-polymer based 

hydrogel and their properties, may give raise a 

novel approach for implementing the biomaterials 

in the biomedical field in a better way [17]. 

 

CONCLUSION: 

Controlled drug delivery and site specific delivery 

have made rapid advances in drug development.  

Especially the delivery of large molecular weight 

protein and peptide-based drugs due to the recent 

advances in the field of molecular biology has 

given us new ways to treat a number of diseases.  

So these synthetic hydrogels offer a possibly 

effective and convenient way to administer these 

compounds.  The Hydrogels are hydrophilic, three-

dimensional networks, which are able to imbibe 

large amounts of water or biological fluids, and 

thus resemble with natural living tissue more than 

any other class of synthetic biomaterials. This is 

due to their high water contents and soft 

consistency which is similar to natural tissue. 

Furthermore, the high water content of the 

materials contributes to their biocompatibility.  . 

These materials can be synthesized to respond to a 

number of physiological stimuli present in the 

body, such as pH, ionic strength and temperature. 

There are various method of preparation techniques 

adopted for hydrogels which includes physical 

cross-linking, chemical cross-linking, grafting 

polymerisation, and radiation cross-linking such 

modifications can improve the mechanical 

properties and visco-elasticity for applications in 

biomedical and pharmaceutical fields. Radiation 

cross-linking is widely used technique since it does 

not involve the use of chemical additives and 

therefore retaining the biocompatibility of the 

biopolymer. Also, the modification and sterilisation 

can be achieved in single step and hence it is a cost 

effective process to modify biopolymers having 

their end-use specifically in biomedical application.  

Now a days, Due to their high water absorption 

capacity and biocompatibility they have been used 

in wound dressing, drug delivery, agriculture, 

sanitary pads as well as trans-dermal systems, 

dental materials, implants, injectable polymeric 

systems, ophthalmic applications, hybrid-type 

organs (encapsulated living cells). And these have 

several interesting applications of such systems in 

the treatment of diabetes, osteoporosis, cancer or 

thrombosis have been discussed. Other hydrogels 

with great promise as drug delivery vehicles 

include neutral gels of PEO or PVA, and gels of 

star molecules and other complex structures.  
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INTRODUCTION 

Local application of therapeutic compounds either 

to the skin, or into the systemic circulation after passage 

through the skin, offers many advantages over oral and 

injectable drug delivery. These potential advantages include 

avoidance of hepatic first-pass metabolism, improved 

patient compliance and ease of application to the skin [1]. 

Topical preparations are used for the localized effects at the 

site of their application by virtue of drug penetration into 

the underlying layers of skin or mucous membranes. The 

main advantage of topical delivery system is that it has 

ability to deliver drugs more selectively to a specific site 

(local action). It provides utilization of drugs with short 

biological half-life, narrow therapeutic window to increase 

the duration of action [2]. approximately 40% of new 

chemical entities exhibit poor aqueous solubility and 

presents major challenge to modern drug delivery systems 

which leads to poor absorption, poor bioavailability, and 

lack of dose proportionality. However, in many instances, 

oral administration is unsuitable when the drug undergoes 

significant degradation in the gastrointestinal tract or is 

metabolized to a high degree via the first pass effect in the 

liver. Formulation of poorly water  

 

soluble molecules is a challenging task as they often exhibit 

low solubility in most topical vehicles. Topical formulation 

such as ointments, which can solubilize high concentrations 

of hydrophobic actives, are oily and gritty thus making the 

formulation less acceptable for patients. A sufficient 

concentration of a topically applied therapeutic agent must 

be loaded into the vehicle to ensure an adequate 

concentration gradient between the formulation and the 

skin, in order to attain adequate release of the drug into the 

skin [3,4]. Topical patches do not possess the capability to 

release the entire amount of the drug incorporated into the 

skin, and huge quantities of drug are wasted once the patch 

is peeled off from the skin. Hence what is desired is a 

combination of aesthetically and cosmetically appealing gel 

and patch or a film capable of delivering required quantity 

of drug into the skin without having the disadvantages of a 

conventional patch. Hence a formulation was attempted 

which would have the capability of forming a film on 

topical administration, on the skin. The film-forming 

polymer may be such as to form a transparent film after the 

evaporation of a portion of the solvent. The formulation on 

contact with the skin will form a semi occlusive film over  
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ABSTRACT 

Delivery of drug through topical route represents a most convenient and novel approach. The major difficulty 

arises while delivering a drug through skin is its action as a natural barrier nature which makes it difficult for most drugs to 

penetrate into and permeate through it. Conventional topical formulations have not proved to be effective in dermal delivery 

of drug. Novel drug delivery systems bear great potential for topical delivery. Among them polymeric gels such as 

hydrogels have been suggested to overcome the problems associated with conventional delivery devices. Hydrogels, the 

swellable polymeric materials, have been widely investigated as the carrier for drug delivery systems. These biomaterials 

have gained attention owing to their peculiar characteristics like swelling in aqueous medium, pH and temperature 

sensitivity or sensitivity towards other stimuli and biocompatability . This review disclose the convenience of hydrogel as a 

topical drug delivery system anywhere in the body by the route of ophthalmic, rectal, vaginal and skin.  
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the skin, thereby concentrating the active ingredient of the 

formulation in a matrix of the polymer [5]. At present 

polymeric gels and hydogels are widely used in drug 

delivery systems due to their important physical and 

chemical properties such as controllable and prolonged 

release of drugs in organisms; as this takes place, high local 

concentration of medical preparations is maintained in the  

affected tissues over a long period [6].  

 

ANATOMY OF HUMAN SKIN 

The natural barrier for topical delivery is skin, The 

human skin comprises of three tissue layers (Figure 1): the 

uppermost being the stratified, avascular, cellular epidermis 

which is the outermost and non- viable layer of the skin, it 

acts as a protective barrier for the body and is highly 

difficult to transverse. The Stratum corneum mainly consists 

of intercellular lipids which are made up of ceramides, 

cholesterols, cholesterol esters, and free fatty acids. The 

organisation and unique chemical composition of these 

lipids render a high degree of water impermeability to the 

skin. The barrier function of the stratum corneum is 

provided by patterned lipid lamel laelocalized to the 

extracellular spaces between corneocytes which makes it 

difficult for transversing the membrane for both water and 

other permeates. The next layer which is the dermis consists 

of connective tissue, nerves and blood vessles and the 

lowermost layer is the subcutaneous fat layer which lies 

beneath the dermis. For therapeutic quantities of drug to 

permeate through the skin, the barrier properties of the 

Stratum corneum must be overcome. Because of the 

selective nature of the skin barrier, a select section of drugs 

can be delivered to the skin for local action at therapeutic 

levels. A lipophilic drug, can cross the Stratum corneum, 

but once it enters the more aqueous lower regions of the 

epidermis the rate of diffusion decreases. Thus, as the 

diffusion of a very hydrophobic permeate proceeds into 

deeper layers of the skin, diffusion slows, and the 

concentration gradient (from Stratum corneum down to the 

viable tissue falls) [7]. 

 

HYDROGELS 

Hydrogels are polymeric material that exhibits the 

ability to swell and retain a significant fraction of water 

within its structure, but will not dissolve in water. 

Hydrogels have received considerable attention in the past 

50 years, due to their exceptional promise in wide range of 

applications. The ability of hydrogels to absorb water arises 

from hydrophilic functional groups attached to the 

polymeric backbone, while their resistance to dissolution 

arises from cross-links between network chains [8]. 

 

ADVANTAGES 

 Hydrogel is more elastic and stronger than available 

hydrogels of similar softness. Poly (methyl acrylate-

cohydroxyethylacrylate) hydrogel implant material of 

strength and softness. 

 Hydrogel-based micro valves have a number of 

advantages over conventional micro-valves, including 

relatively simple. 

 Fabrication, no external power requirement, no 

integrated electronics, large displacement (185μm), and 

large force generation (22 mn). 

 Environmentally sensitive hydrogels. These hydrogels 

have the ability to sense changes of pH, temperature, or the 

concentration of metabolite and release their load as result 

of such a changes. 

 Natural hydrogel materials are being investigated for 

tissue engineering. These materials include agarose, 

methylcellulose, and other naturally derived polymers [9, 

10]. 

 

Desired physicochemical properties of drug which 

required for formulation of topical hydrogels are 

I) Drug should have a molecular weight of less than 500 

Daltons. 

ii) Drug must have adequate hydrophilicity. 

iii) A saturated aqueous solution of the drug should have a 

pH value between 5 and 9. 

iv) Drug highly acidic or alkaline in solution is not suitable 

for topical delivery [11]
 

 

STRUCTURE OF HYDROGEL IN DRUG DELIVERY    

Hydrogels are three-dimensional, cross-linked 

networks of water-soluble polymers. Their highly porous 

structure can easily be tuned by controlling the density of 

cross-links in the gel matrix and the affinity of the 

hydrogels for the aqueous environment in which they are 

swollen. Their porosity also permits loading of drugs into 

the gel matrix and subsequent drug release at a rate 

dependent on the diffusion coefficient of the small molecule 

or macromolecule through the skin [11].
 

 

Film forming hydrogels 

The film-forming hydrogel (FFH) is a hydrogel 

dosage form which transform from the hydrogel to film type 

by solvent evaporation after application to the wound site. 

This formulation has the advantages of both hydrogel and 

film types. Compared with wound dressing forms, it offers 

easier use and application, and simpler manufacture. 

Furthermore, the FFH system can be freely applied to any 

wound site, even though the wound is curved and shaped 

[13]. 

 

DRUG RELEASE MECHANISMS FROM 

HYDROGEL DEVICES 

Hydrogels imbibe more water than 90% of their 

weight due to hydrophilicity, thus differing in their release 

mechanisms from hydrophobic polymers. Various models 

have been developed to predict the release of an active 

agent from a hydrogel device as a function of time. These 

models are based on the rate limiting step for controlled 

release and are divided into three categories viz [13] 
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 Diffusion controlled 

 Swelling controlled 

 Chemically controlled 

 

Diffusion controlled 

It is most widely applicable mechanism relating to 

drug release. Fick’s law of diffusion is commonly used in 

modeling this release 

 

Drug Diffusion Coefficients 

Types of diffusion - controlled hydrogel delivery systems 

are as follows 

 Reservoir system 

 Matrix system 

For reservoir system, drug depot is surrounded by a 

polymeric hydrogel membrane. Fick’s first law describes 

drug release through the membrane.  

For matrix system (drug uniformly dispersed throughout the 

matrix), unsteady state drug diffusion in a one dimensional 

slap- shaped matrix may be described using Fick’s second 

law of diffusion [14]. 

 

Swelling controlled 

It occurs when diffusion of drug is faster than 

hydrogel swelling. In this condition the modeling of drug 

involves moving boundary, where molecules are released at 

the interface of the rubbery and glassy phases of swollen 

hydrogels. Transition occurs from a glassy state where 

entrapped molecules remain immobile to a rubbery state 

where molecules rapidly diffuse. Release of small molecule 

drugs from HPMC hydrogel tablets are based on this 

mechanism. For example, Methocel matrices (a 

combination of methylcellulose and HPMC). 

 

Chemically controlled 

It characterizes molecule release based on reactions 

occurring within a delivery matrix. Most commonly 

occuring reactions are- 

 Cleavage of polymer chains via hydrolytic or enzymatic 

degradation. 

 Reversible or irreversible reactions occurring between 

the polymer network and releasable drug.  

It can be categorized on the basis of reactions 

occurring during drug release [15].
 

1. Purely–kinetic – controlled release Polymer degradation 

(bond cleavage) is the rate determining step while diffusion 

contributes almost negligible to the drug release. 

It is of two types viz. 

 Pendant chain(prodrugs) 

 Surface eroding systems 

In pendent chain systems, drugs are covalently 

linked to the hydrogel network device through cleavable 

spacers and drug release is controlled by the rate with which 

spacer bond cleavage occurs. In specific applications where 

a more targeted delivery approach is desired, it is 

advantageous to design enzymatically cleavable spacer 

bonds [16]. 

 In surface eroding systems, drug release is 

mediated by the rate of surface erosion of the polymer 

matrix. In hydrophobic polymer networks, surface erosion 

occurs when the rate of water transport into the polymer is 

much slower than the rate of bond hydrolysis. Nevertheless 

due to the inherently high water content of hydrogels, 

surface erosion occurs slowly in enzymatic degradation 

systems where the transport of enzyme into the gel is slower 

than the rate of enzymatic degradation. Models focusing on 

the release mechanisms are based on hydrolytic degrading 

polymers [17]. 

2. Reaction – diffusion-controlled release Reaction 

(polymer degradation, protein – drug interaction) and 

diffusion both contribute to the drug release. Action is the 

production of relatively pure and initiator-free hydrogels 

[18]. 

 

APPLICATIONS OF HYDROGELS 

Perfume delivery 

The role of hydrogels in the process revolves 

around, once again, their swelling properties that can be 

exploited inmaterials “wherein release of a perfume smell is 

triggered by dynamic swelling force of the polymer when 

the polymer is wetted”. These devices release volatile 

particles thanks to osmotic diffusion of the specie from the 

swollen hydrogel to new water in the environment. 

 

Cosmetics  

For a product to be approved in cosmetics, the 

most important parameter to be assessed is Primary 

Irritation Index (PII). This index is simple to obtained and 

exist both for skin and eyes, indeed for each level of PII 

corresponds a determinate  effect. Considering that the 

majority of hydrogels used in this field are suitable for cells 

culture and for other biomedical applications, is not 

surprising that their Irritation Index is among the lowest. 

Thus, with a relatively small investment, companies are able 

to launch on the market new cosmetic products based on 

hydrogels, such as so called “beauty masks”. Usually made 

with engineered collagen (Masqueology TM by SEPHORA 

USA Inc., Bio Collagen Cosmeceuticals by 

NOVOSTRATA UK Ltd.), hyaluronic acid (SEPHORA 

USA Inc.), or polyvinyl pyrrolidone (Pecogel®), these 

masks claim to hydrate the skin, restore its elasticity and 

promote anti-aging actions. Pecogel by Phoenix Chemicals 

Inc., is a wide selection of hydrogels, based on polyvinyl 

pyrrolidone, with differences in composition and/or 

crosslinking method. Pecogels are suitable for cosmetic 

purposes, such as sunscreen cream or mascara .Furthermore, 

in some of the commercially available compounds such as 

Hydro Gel Face Masks by Fruit & Passion Boutiques Inc;. 

The moisturizing action of these organic polymeric gels is 

coupled with more complex drug-delivery systems 
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developed to release of biomolecules like vitamin C or B3 

[19]. 

 

Dental applications 

Pulp regeneration therapy is important to overcome 

the limitations of conventional therapy to induce reparative 

dentinogenesis. Fibroblast growth factor-2 (FGF-2), which 

is normally stored in the extracellular matrix and released 

by enzymatic degradation of extracellular matrix molecules, 

plays a role in physiologic conditions such as enamel and 

dentin formation of the tooth germ , as well as pathologic 

conditions . It was previously demonstrated that a gradual 

and continual release of biologically active FGF-2 was 

achieved by in-vivo biodegradation of gelatin hydrogels that 

incorporated FGF-2. Furthermore, a controlled release of 

FGF-2 from gelatin hydrogels induced neovascularization 

and regeneration of several tissues, including bone, 

periodontal tissues [19]. 

  

Wound healing applications 

Wound healing is the promise of a new way to heal 

damaged skin tissue with high biocompatible and bioactive 

materials. Skin burned, diabetic ulcer, are problems that at 

the state of the art are very expensive to treat. Prosthetic-

tissue engineered skin are been made, unfortunately they are 

not ready-to-use; they are expensive and have many needs 

that are not always matched by patients. Theoretically, in 

wound healing applications a crucial parameter to assess is 

the wound contraction that can be evaluated in this way, 

remembering that A0 is the original burn wound area, and 

At is the burn wound area at the time of biopsy: 

Wound Contraction % A0- At / A0 *100 

Many systems has been studied, with or without 

chemicals to aid the skin regeneration. Hyaluronic-acid and 

gelatin are both two promising materials for the aim because 

of their natural presence inside human ECM of the skin 

tissues. Moreover, in literature can be found healing 

systems made from cellulose, alginate chitosan copolymers, 

chitosan-gelatin-honey copolymers and new biphasic 

gelatin-silk . Most of the products already on the market use 

a combination of selected materials and proper seeding of 

cells from various origins (allogenic or autogenic), for 

instance we cite to applications of HYAFFTM esterified 

hyaluronic acid  both produced by FIDIA Ltd.:Laserskin 

Autograft®, made of a HA-membrane with keratinocytes, 

and Hyalo-graft 3D®, made with HA, but with fibroblasts 

added [20]. 
 

 

Hydrogel Implants 

Histrelin acetate (Supprelin LA®, Vantas) 

subcutaneous implant is a long term delivery platform for 

the nonapeptide histrelin acetate. The drug is used to treat 

the symptoms of advanced prostate cancer and is released 

from this synthetic nonbiodegradable platform over a 12-

month period. The hydrogel platform is composed of 2-

hydroxyethyl methacrylate,2-hydroxypropyl methacrylate, 

trimethylolpropane trimethacrylate, and other nonpolymeric 

additives. 

 

Hydrogel Inserts 

The vaginal insert Cervidil® is composed of a 

cross-linked polyethylene oxide/urethane polymer 

(rectangle shape, 29 mm _ 9.5 mm _ 0.8 mm) and has been 

designed to release dinoprostone at about 0.3 mg/h in vivo. 

Once placed in a moist environment, the platform swells 

and releases the drug. 

 

Contact Lenses 

A contact lens material should have a combination 

of properties such as ease of manufacturing, FDA 

acceptability, wet ability, and permeability. There are 

generally three types of contact lenses, i.e., hard, soft, and 

gas permeable. Hard lenses are originally based on poly 

(methyl methacrylate) and their service temperature is 

below the polymer glass transition temperature. To make 

the lens material, methyl methacrylate monomer is 

polymerized in bulk in the presence of crosslinker and 

initiator via a radiation technique (ultraviolet or infrared). 

Hard lenses prepared in this way are then cut with a 

precision lathe. Hard lenses are now obsolete and have been 

replaced by soft and gas permeable lenses. Soft contact 

lenses are typically formed via a simultaneous 

polymerization and castmolding or spin casting. These are 

generally based on 2-hydroxyethyl methacrylate with either 

N-vinyl pyrrolidone or methacrylic acid monomer, 

crosslinked with ethylene glycol dimethacrylate. 

Alternatively, soft lenses are manufactured based on 

polydimethyl siloxane, so calledsiloxane lenses. Focus 

Night and Day® (Ciba Vision), Acuvue Oasys® 

(Vistakon)and Pure Vision® (Bausch and Lomb) are silicon 

based hydrogel lenses. Some recently approved gas 

permeable contact lenses are Pahrifocon A® (a crosslinked 

copolymer of acrylate, silicone acrylate, and fluorosilicone 

acrylate monomers, dimers and oligomers), Hexafocon A®, 

Enflufocon B®, and EnflufoconA® (aliphatic 

fluoroitaconate siloxanyl methacrylate copolymer available 

with or without UV blocker) [21]. 

  

Rectal delivery 

It is well known that drugs absorbed from the 

lower part of the rectum drain into the systemic circulation 

directly. Thus, the rectal route is a useful administration 

route for drugs suffering heavy first-pass metabolism. 

Conventional suppositories hitherto adapted as dosage 

forms for rectal administration are solids at room 

temperature, and melt or soften at body temperature. A 

problem associated with rectal administration using 

conventional suppositories is that drugs diffusing out of the 

suppositories in an uncontrolled manner are unable to be 

sufficiently retained at a specific position in the rectum, and 

sometimes migrate upwards to the colon. This often leads to 

a variation of the bioavailability of certain drugs, in 
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particular, for drugs that undergo extensive first-pass 

elimination. In this context, hydrogels may offer a valuable 

way to overcome the problem in conventional suppositories, 

provided that they are designed to exhibit a sufficient bio-

adhesive property following their rectal administration. It 

offers better bioavailability without the occurrence of any 

irritation. 

 

Ocular delivery 

In ocular drug delivery, many physiological 

constraints prevent a successful drug delivery to the eye due 

to its protective mechanisms, such as effective tear 

drainage, blinking and low permeability of the cornea. Thus, 

conventional eye drops containing a drug solution tend to be 

eliminated rapidly from the eye, and the drugs administered 

exhibit limited absorption, leading to poor ophthalmic 

bioavailability. Additionally, their short-term retention often 

results in a frequent dosing regimen to achieve the 

therapeutic efficacy for a sufficiently long duration. These 

challenges have motivated researchers to develop drug 

delivery systems that provide a prolonged ocular residence 

time of drugs. Certain dosage forms, such as suspensions 

and ointments, can be retained in the eye, although these 

sometimes give patients an unpleasant feeling because of 

the characteristics of solids and semi-solids. Due to their 

elastic properties, hydrogels can also represent an ocular 

drainage-resistant device. In addition, they may offer better 

feeling, with less of a gritty sensation to patients. In 

particular, in-situ-forming hydrogels are attractive as an 

ocular drug delivery system because of their facility in 

dosing as a liquid, and their long-term retention property as 

a gel after dosing. 

  

Transdermal delivery 

Drug delivery to the skin has been traditionally 

conducted for topical use of dermatological drugs to treat 

skin diseases, or for disinfection of the skin itself. In recent 

years, a transdermal route has been considered as a possible 

site for the systemic delivery of drugs. The possible benefits 

of transdermal drug delivery include that drugs can be 

delivered for a long duration at a constant rate, that drug 

delivery can be easily interrupted on demand by simply 

removing the devices, and that drugs can bypass hepatic 

first-pass metabolism. Furthermore, because of their high 

water content, swollen hydrogels can provide a better 

feeling for the skin in comparison to conventional ointments 

and patches. Recent research trends in transdermal 

applications are focusing on electrically-assisted delivery, 

using iontophoresis and electroporation. Several hydrogel-

based formulations are being investigated as vehicles for 

transdermal iontophoresis to obtain the enhanced 

permeation of luteinizing hormone releasing hormone, 

sodium nonivamide acetate, nicotine and enoxacin. On the 

other hand, a methyl cellulose-based hydrogel was used as a 

viscous ultrasonic coupling medium for transdermals 

ionophoresis assisted with an AC current, resulting in an 

enhanced permeation of insulin and vasopressin across 

human skin in vitro. 

 

Subcutaneous delivery 

Subcutaneously inserted exogenous materials may 

more or less evoke potentially undesirable body responses, 

such as inflammation, carcinogenicity and immunogenicity. 

Therefore, biocompatibility is a prerequisite that makes 

materials implantable. Due to their high water content, 

hydrogels are generally considered as biocompatible 

materials. They also provide several promising properties:  

1. Minimal mechanical irritation upon in-vivo 

implantation, due to their soft, elastic properties. 

2. Prevention of protein adsorption and cell adhesion 

arising from the low interfacial tension between water and 

hydrogels. 

3. Broad acceptability for individual drugs with different 

hydrophilicities and molecular sizes.  

4. Unique possibilities (crosslinking density and swelling) 

to manipulate the release of incorporated drugs. 

5. Some of these may offer an advantage for the delivery 

of certain delicate drugs, such as peptides and proteins. 

Giammona et al., developed new hydrogels originating from 

the chemical reticulation of a,b-polyasparthydrazide 

(PAHy) by glutaraldehyde. PAHy is a new water soluble 

macromolecule, synthesized from a polysuccinimide by 

reaction with hydrazine. Histological analysis revealed that 

this hydrogel was inert when implanted subcutaneously in 

to rats. Several hydrogel formulations for the subcutaneous 

delivery of anticancer drugs have been also proposed. For 

example, cross linked PHEMA with good biocompatibility 

was applied to cystabine (Ara-C) and methotrexate. Current 

studies on implantable hydrogels have been directed 

towards the development of biodegradable systems 

requiring no follow-up surgical removal once the drug 

supply is depleted. A bioerodible hydrogel based on a semi-

IPN structure composed of a poly(1-caprolactone)and PEG 

macromer terminated with acrylate groups was devised by 

Cho et al. Long-term constant release over 45 days of 

clonazepam entrapped in the semi-IPN was achieved in vivo 

[22]. 

 

Table 1. Porous Structure of Hydrogel 

Structure Range Release Mechanism 

Macro porous 0.1-10μm Depend on drug diffusion Coefficient 

Micro porous 100-1000μm Molecular diffusion and convection 

Non-porous 10-100μm Diffusion 



92 
Silna EA. et al. / Vol 6 / Issue 2/ 2016 / 87-93. 

 

 

 

Table 2. Diffusion control parameters 

Hydrogels Drug Diffusion Coefficients 

Porous Hydrogels- pore 

size >>> molecular 

dimensions of drug. 

Related to porosity 

Non- porous Hydrogels 

Porous gels with pore 

sizes comparable to the 

drug molecular size34,35 

Decreases due to stearic 

hindrance from polymer 

chains with in cross linked 

networks. 

 

Fig 1. Anatomy of Human Skin 

 

Fig 2. Structure of hydrogel 

 
 

CONCLUSION 

Hydrogels are polymeric matrixes that swell but 

don’t dissolve in water. It resemble natural living tissue 

more than any other class of synthetic biomaterials. This is 

due to their high water content and soft consistency which is 

similar to natural tissue. Furthermore, the high water 

content of the materials contributes to their 

biocompatibility. Drug release mechanism of hydrogel is 

entirely different from conventional delivery devices 

because of its film forming nature and porous structure. 

Instead of conventional creams, the hydrogels have been 

formulated for better patient compliance. These hydrogels 

have moisturizing properties therefore scaling and dryness 

is not expected with this drug delivery system. 
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ABSTRACT  
Gels are semisolid systems in which a liquid phase is constrained with in a three dimensional polymeric matrix 

consisting of natural or synthetic gums and can be used in drug delivery system. This review article is focused on 

classification, preparation and pharmaceutical application of hydrogel. 
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INTRODUCTION 

Gels are semisolid systems, consisting of 

dispersion made up of either small inorganic particle or 

large organic molecule enclosing and interpenetrated by 

liquid. The inorganic particles form a three dimensional 

“house of cards” structure. Gels consist of two-phase 

system in which inorganic particles are not dissolved but 

merely dispersed throughout the continuous phase and 

large organic particles are dissolved in the continuous 

phase, randomly coiled in the flexible chains. When the 

solvent used as a continuous phase is water, the gel 

formed is called a hydrogel [1].
 
Active substances are 

usually solublized or sometimes suspended in the 

continuous phase. 

 

Hydrogels 

Hydrogels are swollen three-dimensional 

networks of hydrophilic polymers, held together by 

association bonds or cohesive forces and are suitable 

carriers for drug delivery. Proteins, peptides and other 

drugs can be made safely available in the colon using 

hydrogel as vehicle. They have high water content and 

rubbery nature similar to natural tissues, which make 

them desirable for biomedical applications. The 

polymeric biomaterials are employed in hydrogel 

formulations to delay the dissolution of drug depending 

upon the exposure of drug molecules to aqueous 

environment surrounding the drug delivery system. Their 

usage is advantageous in safety, ease of manufacture, cost 

effectiveness, biocompatibility and biodegradability. They 

have been used for various biomedical, agricultural 

applications, for their absorbent properties, 

biodegradability and biocompatibility [2,3]. 

 

Preparation of hydrogels 

In general, hydrogels can be prepared from either 

synthetic polymers or natural polymers. The synthetic 

polymers are hydrophobic in nature and chemically 

stronger compared to natural polymers. Their mechanical 

strength results in slow degradation rate, but on the other 

hand, mechanical strength provides the durability as well. 

These two opposite properties should be balanced through 

an optimal design. Also, it can be applied to the 

preparation of hydrogels based on natural polymers 

provided that these polymers have suitable functional 

groups or have been functionalized with radically 

polymerizable groups. In the most succinct sense, a 

hydrogel is simply a hydrophilic polymeric network 

cross-linked in some fashion to produce an elastic 

structure. Thus, any technique which can be used to create 

a cross-linked polymer can be used to produce a hydrogel. 

Copolymerization/cross-linking free-radical poly-

merizations are commonly used to produce hydrogels by 

reacting hydrophilic monomers with multifunctional 

cross-linkers [4]. 

Water-soluble linear polymers of both natural 

and synthetic origin are cross-linked to form hydrogels in 
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a number of ways: 

1. Linking polymer chains via chemical reaction. 

2. Using ionizing radiation to generate main-chain free 

radicals which can recombine as cross-link junctions. 

3. Physical interactions such as entanglements, 

electrostatics and crystallite formation. 

Any of these various polymerization techniques can 

be used to form gels, including bulk, solution, and 

suspension polymerization. Hydrogels have been 

attractive to the pharmaceutical industry for several 

reasons including the controlled release of an active 

pharmaceutical ingredient, disintegration of dosage forms, 

protecting a drug substance and to increase the product 

life cycle [5]. 

 

Classification of Hydrogel 
Hydrogels can be classified into two groups 

based on their natural or synthetic origins. Classification 

according to polymeric composition, the method of 

preparation leads to formations of some important classes 

of hydrogels: 

(a) Homopolymeric hydrogels are referred to polymer 

networks derived from a single species of monomer, 

which is a basic structural unit comprising of any polymer 

network. Homopolymers may have cross-linked skeletal 

structure depending on the nature of the monomer and 

polymerization technique. 

(b) Copolymeric hydrogels are comprised of two or more 

different monomer species with at least one hydrophilic 

component, arranged in a random, block or alternating 

configuration along the chain of the polymer network. 

(c) Multipolymer interpenetrating polymeric hydrogel 

(IPN), an important class of hydrogels, is made of two 

independent cross-linked synthetic and/or natural 

polymercomponent, contained in a network form. In 

semi-IPN hydrogel, one component is a cross-linked 

polymer and other component is a non-cross-linked 

polymer [6]. 

 

Fig 1. Classification of Hydrogels 

 
 

Recent trends in hydrogels 

Recently, oral insulin delivery using ph-

responsive complexation hydrogels was reported by 

lowman et al. The hydrogels used to protect the insulin in 

the harsh, acidic environment of the stomach before 

releasing the drug in the small intestine were cross linked 

copolymers of PMAA with graft chains of polyethylene 

glycol (P(MAA-G-EG)). The insulin-containing P(MAA-

G-EG) microparticles demonstrated strong dose-

dependent hypoglycemic effects in in-vivo oral 

administration studies using both healthy and diabetic rats 

[7]. For buccal delivery, hydrogel-based devices can be 

designed to deliver drugs locally to the specific sites in 

the GI tract. Curcumin containing in situ gelling system 

for buccal application was developed by Anoop et al in 

treatment of oral candidiasis. These gels showed 

promising in vitro gelling with anti fungal efficacy [8]. 

Patel and Amiji proposed stomach-specific antibiotic drug 

delivery systems for the treatment of helicobacter pylori 

infection in peptic ulcer disease [9]. Hydrogels have a 

higher aqueous component that permits greater 

dissolution of drugs, and also facilitates migration of the 

drug through a vehicle (that is essentially a liquid) when 

compared to an ointment or a cream base.  Gels offer 

improved potential as a vehicle for topical administration 

of drugs in comparison to ointment, because they are non-

sticky, require low energy during formulation, are stable 

and have greater aesthetic value. The major advantage of 

hydrogels is that they are used for simple encapsulation of 

cells or drugs in homogenous material.Buchananian 

lanzan (bl) is a useful tree plant(family anacardiaceae) 

that has been used effectively in skin diseases, as a cardio 

tonic as well as for the management of glandular swelling. 

In addition the plant extract was also found to display 

wound healing (topical) properties, and also displayed 

anti biofilm properties. A number of biofilm producing 

microorganisms have been found to delay wound healing 

and the biofilms have been directly implicated in the 

resistance to commonly used topical antibiotics [10]. 

Curcumin-loaded hydrogel nanoparticles developed in 

2010 for studying anti-malarial activity. First synthetic 

hydrogels of HEMA with EDEMA as cross-linker were 

prepared for biological use and later used for production 

of contact lenses. Polyvinyl alcohol (PVA) based 

hydrogels have advantageous characteristics of good 

mechanical strength and high water retaining ability along 

with properties of biocompatibility, flexibility and can 

also be used as artificial soft tissue [11]. Magnetic 

hydrogels was developed and studied their influence in 

several areas, particularly in biomedical science where 

these innovative materials show interesting applications 

for controlled drug delivery [12].
 

Muhammad Usman 

Minhas et al. formulated chemically cross-linked 

polyvinylalcohol-co-poly(methacrylic acid) hydrogel 

(PVA-maa hydrogel) for the oral delivery of 5 fluro 

uracil. Chitosan PVA hydrogel is found to be a good 

candidate for the design of anti microbial formulations. 

Polysaccharide magnetic hybrid hydrogel, developed was 
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capable of serving as a system to release a model of drug 

by means of the application of magnetic field [13]. 

 

CONCLUSION 

Several studies indicated the usefulness of gels 

especially hydrogels in modern drug therapy. They are 

efficient drug delivery systems in several routes including 

topical, Parenteral, oral, vaginal, ophthalmic etc. hydrogel 

systems are able to deliver not only aqueous soluble drugs 

but also poorly soluble drugs as a suspension. The 

retardation of drug release depends on several factors like 

the type of gel polymer, its concentration, swellability, 

drug solubility, gel strength etc. Altogether hydrogels 

offer a highly biocompatible, effective and patient 

friendly solution for controlled drug delivery. 

 

ACKNOWLEDGEMENT 

None 

 

CONFLICT OF INTEREST  
The authors declare that they have no conflicts of 

interest. 

 

 

REFERENCES 

1. Kirt k, Sara UVS, Monikasachdeva S. Formulation and evaluation of topical hydrogel of mometasone furoate using 

different polymers. International Journal of Pharmaceutical and Chemical Sciences, 2(1), 2013, 89-100. 

2. Nazar M, Asadullah M, Abdullah A, Nuzhat T, Saeed A, Hassan A. Preparation and characterization of isosorbide 

mononitrate hydrogels obtained by free-radical polymerization for site-specific delivery. Tropical Journal of 

Pharmaceutical Research, 13(12), 2014, 1979-1985. 

3. Nnamani PO, Kenechukwu FC, Anugwolu CL, Attama AA. Evaluation of hydrogels based on poloxamer 407 and 

polyacrylic acids for enhanced topical activity of gentamicin against susceptible infections. Tropical Journal of 

Pharmaceutical Research, 13(9), 2014, 1385-1391.  

4. Muhammad U, Mahmood A, Liaqat A, Muhammad S. Synthesis of chemically cross-linked polyvinyl alcohol-co-poly 

(methacrylic acid) hydrogels by copolymerization; a potential graft-polymeric carrier for oral delivery of 5-fluorouracil. 

Daru journal of pharmaceutical sciences, 21, 2012, 41-44. 

5. Santosh K, Harekrushna S, Subash C. Synthesis and characterization of PVA/PVOH based super porous hydrogel. 

American chemical science journal, 10(3), 2016, 1-7.  

6. Peppasa NA, Buresa P, Leobandunga W, Ichikawa H. Hydrogels in pharmaceutical formulations. European Journal of 

Pharmaceutics and Biopharmaceutics, 28(50), 2008, 27-46. 

7. Lowman AM, Morishita M, Kajita M, Nagai T, Peppas NA. Oral delivery of insulin using pH-responsive complexation 

gels. Journal of Pharmaceutical Sciences, 88(9), 1999, 932-935. 

8. Anoop VN, Rao BP. Buccal in situ gel containing curcumin for the treatment of oral thrush. World Journal of Pharmacy 

and Pharmaceutical Sciences, 3(11), 2014, 633-45. 

9. Radi H, Mansoor A. Stomach-specific anti-h. Pylori therapy. I: Preparation and characterization of tetracyline-loaded 

chitosan microspheres. International Journal of Pharmaceutics, 235, 2002, 87-94. 

10. Patsnaik AK, Kodati D, Pareta SK, Patra KC, Harwansh RK. Analgesic and anti-inflammatory activities of buchanania 

lanzan spreg. Roots. Research Journal of Pharmaceutical, Biological and Chemical Sciences, 2(1), 201, 419-422. 

11. Prajakta P, Ratnesh J, Sushant P, Rohit D, Dinesh T, Shobhona S, Geeta V, Vandana P. Curcumin-loaded hydrogel 

nanoparticles: application in anti-malarial therapy and toxicological evaluation. Journal of Pharmaceutical Sciences, 

99(12), 2010, 4992-5010. 

12. Gabriele G, Serena F, Rolando B. Hybrid magnetic hydrogel: a potential system for controlled drug delivery by means 

of alternating magnetic fields. Polymers, 4, 2012, 1157-1169. 

13. Nadia A, Mona M. Synthesis and antimicrobial activity of some novel cross-linked chitosan hydrogels. International 

Journal of Molecular Sciences, 2(13), 2002, 11194-11209. 



55 
Gloria George. et al. / International Journal of Preclinical & Pharmaceutical Research. 2016; 7(2): 55-56. 

 

 

e-ISSN 2249-7552 

Print ISSN 2229-7502 

 

International Journal of  

Preclinical & Pharmaceutical Research 
 

 

Journal homepage: www.preclinicaljournal.com 

HYPERTENSION IN PREGNANCY: CURRENT PHARMACOLOGIC 

TREATMENT- A REVIEW 
 

Gloria George, L.Panayappan, K. Krishnakumar, K.Jayaprakash
* 

 

Department of Pharmacy Practice, St. James College of Pharmaceutical Sciences, Chalakudy, Thrissur, Kerala, India. 

St James Hospital Trust Pharmaceutical Research Centre (DSIR Certified), Chalakudy, Thrissur, Kerala, India. 

 

ABSTRACT 

Hypertension in pregnancy is a syndrome of hypertension with or without proteinuria and oedema with the clinical 

manifestation usually occurs in late pregnancy. It is a major pregnancy complication, causing premature delivery, foetus growth 

retardation, foetal death and maternal morbidity and mortality. The use of antihypertensive drugs in pregnancy and the 

prevention and the treatment of the preeclampsia, eclampsia with intravenous MgSO4 is also highlighted in this article. 
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INTRODUCTION 

Hypertension complicates approximately one out 

of ten pregnancies and its a leading cause of maternal and 

foetal morbidity, particularly when the elevated blood 

pressure is due to preeclampsia either alone or 

superimposed on chronic vascular diseases [1,2]. The 

complications of uncontrolled high blood pressure during 

pregnancy affect multiple organ systems and can be 

detrimental to both mother and foetus [3]. Maternal 

complications of preeclampsia include seizures activity, 

placental abruption, stroke, HELLP syndrome 

(Haemolysis, Elevated liver enzymes and low platelets), 

liver haemorrhage, pulmonary oedema, acute renal failure 

and disseminated intravascular coagulation (DIC) [4]. The 

complications of hypertension in pregnancy can be caused 

to foetal and neonatal complications include intrauterine 

growth retardation, preterm birth, low birth weight, 

neonatal respiratory distress syndrome, increased 

admission to neonatal intensive care unit and foetal death.
 

 

Hypertension in Pregnancy:
 

Hypertension is defined as the systolic blood 

pressure is greater than 140mmHg or the diastolic blood 

pressure is greater  than    90mmHg.    The   measurements  
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should be confirmed by repeated over several hours. It is a 

multi system disorder characterised by hypertension and 

the involvement of one or more often organ systems and 

/or the fetes.  Proteinuria is also common but should not be 

considered mandatory to make the clinical diagnosis. The 

patients that are coming under high risk of hypertension in 

pregnancy include multiple pregnancies such as twins or 

triplets. And also there are some other factors that can be 

cause hypertension and its following complications 

including pre existing chronic conditions increases the risk 

such as diabetes mellitus, gestational diabetes, obesity, 

chronic kidney disease and vascular or connective tissue 

disorder [5]. Women over the age of 30 years are 

considered more at the risk for developing preeclampsia.
 

 

TREATMENT OF HYPERTENSIVE PREGNANCY 

DISORDERS 

Non Pharmacological Approach 

The lifestyle modifications such as weight loss 

and a reduction in salt intake are the proven benefit in non 

pregnant hypertensive patients. Currently there is no clear 

evidence for the physical activity (eg: walking) during 

pregnancy is effective in preventing preeclampsia and 

other complications in pregnancy. 

 

Pharmacological Approach 

The objective of treating hypertension in 

pregnancy is to protect the women from dangerously high 



56 
Gloria George. et al. / International Journal of Preclinical & Pharmaceutical Research. 2016; 7(2): 55-56. 

 

 

blood pressure and to permit continuation of the 

pregnancy, foetal growth and maturation. 

 

Mild to Moderate Hypertension 

Some women with treated chronic hypertension 

are able to stop their medication in the first half of 

pregnancy; because of the physiological fall in blood 

pressure during this period. 

 

FIRST LINE AGENT 

Methyldopa 

The most commonly prescribed drug for 

hypertension in pregnancy. It is a centrally acting agent 

and remains the drug of first choice for treating 

hypertension in pregnancy. It has longest safety track 

record in randomised trials. This drug has a side effect of 

sedative action and the pregnant lady should be warned of 

the side effect of this drug. And the women should take 

proper care. Methyldopa will result in an elevation of 

enzyme the Liver Transaminases (up to 5%). The drug 

should be avoided in women with a prior history of 

depression because of the increased risk of postnatal 

depression.
 

 

SECOND LINE AGENTS 

Nifedipine 

This drug is widely used and safe at any trimester. 

Hypotension is the one of main adverse effect of this drug 

when we used as sublingual, so the use of this drug as 

sublingual should be avoided. Headache is common side 

effect. 

Hydralazine 

Hydralazine is safe throughout the gestation 

period. The adverse effect such as occurrence of maternal 

and neonatal lupus like syndrome is reported. Hydralazine 

is used as an infusion for the treatment of acute severe 

hypertension in pregnancy [6].
 

 

THIRD LINE AGENTS 

Alpha and beta Blockers 

β-blockers are still avoided in the first half of the 

pregnancy because of the intra uterine growth retardation. 

And hence viewed as third line agents for the treatment of 

hypertension in pregnancy. Labetolol and Oxeprenolol are 

the ᵦ- blockers safely used throughout pregnancy. Labetolol 

has side effects of bradycardia, bronchospasm and 

headache. 

 

Thiazide Diuretics 

Thiazide diuretics are used in frequently in 

pregnancy. These drugs do not appear to be teratogenic and 

although such drugs abbreviate the plasma volume 

expansion associated with normal pregnancy, this has not 

been proven to impair foetal growth [7].
 

 

CONCLUSION 

Pregnancy Induced Hypertension and 

preeclampsia present a unique challenge for practioners 

who care for these patients. Numerous studies have 

validated the efficacy of Hydralazine, Labetalol, 

Methyldopa, Nicardipine and Nifedipine in managing the 

blood pressure of women with hypertensive disorders 

during pregnancy, but none are without risk, these 

medications can reduce progression of disease for the 

mother and improve foetal and neonatal outcomes. In 

conclusion, treatment threshold recommend initiation of 

pharmacologic therapy at similar elevated blood pressure 

values. Various antihypertensive medications exist; 

however the severity of blood pressure elevation decides 

the choice of the agent. In treating hypertension in 

pregnancy, methyldopa is a choice of drug. In instance, 

should ACE inhibitors, ARBs or diuretics be used in 

pregnancy due to their teratogenic or volume depleting 

properties. 

 

ACKNOWLEDGEMENT 

None 
 

CONFLICT OF INTEREST  
The authors declare that they have no conflicts of interest. 

 

REFERENCES 

1. Marshell DL, Sandra J Taler, FGary C. Hypertension in Pregnancy. Journal of American Society of Hypertension, 2(6), 

2008, 484-494. 

2. Coy S and Baldwin K.  Pharmacotherapeutic Options for the treatment of Preeclampsia. Am J Health Health Systa 

Pharma, 66(4), 2009, 337-344. 

3. Ghulmiyyah L and Sibai B. Maternal Mortality from Preeclampsia/Eclampsia. Semin Perinatol, 36(1), 2012, 56-59. 

4. Andrea G and Vesna D. The Management of Hypertension in Pregnancy. Adv.Chronic Kidney Diseases, 20(3), 2013, 229-

239. 

5. Vest AR, Cho LS. Hypertension in Pregnancy. Cardiol Clin, 30(3), 2012, 407-423. 

6. Report of National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy. Am J 

Obstet Gynecol, 183(1), 2000, S1-S22. 

7. RachelJames P, Catherine N. Management of Hypertension Before, During and After Pregnancy.  Heart, 90(12), 2014, 

1499-1504. 



Aneena George M. et al. / IJPDT / 6(2), 2016, 80-83. 

80 | P a g e  
 

 

International Journal of Pharmaceutical 

Development & Technology 
                                                                                                                                                         e ISSN - 2248 - 910X 

 www.ijpdt.com                                                                                                         Print ISSN - 2248 - 9096 

LIQUISOLID SYSTEM: A REVIEW 
 

Aneena George M
1
, K. Krishnakumar

1
, Kavitha MP

2
* 

 
1
Department of Pharmaceutical Analysis, St James College of Pharmaceutical Sciences, Chalakudy, Kerala, India. 

2
St James Hospital Trust Pharmaceutical research Centre (DSIR Certified), Chalakudy, Kerala, India. 

 

ABSTRACT 

The limited solubility of drugs is a challenging issue for industry, during the development of the ideal solid dosage form 

unit.  Liquisolid technique is a novel and promising approach to overcome this consequence. According to the new formulation 

method of liquisolid compacts, liquid medications such as solutions or suspensions of water insoluble drugs in suitable non-

volatile liquid vehicles can be converted into acceptably flowing and compressible powders by blending with selected powder 

excipients. Water-miscible organic solvent systems with high boiling point like propylene glycol, polyethylene glycols, or 

glycerine are the suitable liquid vehicles. Liquisolid system is characterized by flow behavior, wettability, powder bed 

hydrophilicity, saturation solubility, drug content, differential scanning calorimetry, Fourier transform infra-red spectroscopy, 

powder X-ray diffraction, scanning electron microscopy, in-vitro release and in-vivo evaluation. By using this technique, 

solubility and dissolution rate can be improved, sustained drug delivery systems be developed for the water soluble drugs. This 

review article explains the preparation, classification and application of liquisolid system. 

 

Keywords: Liquisolid technique, Carriers, Coating materials.  

 

INTRODUCTION 

When a drug is administered perorally in a solid 

dosage form such as tablet, capsule or suspension it must be 

released from the dosage form and dissolved in the 

gastrointestinal fluids before it can be absorbed. The 

bioavailability of many poorly water-soluble drugs is 

limited by their dissolution [1]. Liquisolid technique is a 

new and promising method that can change the dissolution 

rate of drugs. It has been used to enhance dissolution rate of 

poorly water-soluble drugs [2]. Liquisolid technology may 

be used to transform a liquid into a free flowing, easily 

compressible and apparently dry powder by simple physical 

mixing with selected excipients named the carrier and 

coating material. The liquid portion can be a liquid drug, a 

drug suspension or a drug solution in suitable non-volatile 

liquid vehicles [3]. Liquisolid system refers to formulations 

formed by conversion of drugs into liquid forms, as 

suspensions or solution in non-volatile solvents into dry, 

free flowing, non-adherent, and compressible powder 

mixtures by combining the suspension or solution with 

selected carriers and coating material [4]. Due to 

significantly increased wetting properties and surface area 

of drug available for dissolution, liquisolid compacts of 

water-insoluble substances expected to display enhanced 

drug release characteristics and, consequently improved oral 

bioavailability [5]. 

CLASSIFICATION 

Based on the type of liquid medication contained 

therein, liquisolid systems may be classified into three 

Subgroups: 

1. Powdered drug solutions 

2. Powdered drug suspensions 

3. Powdered liquid drugs 

The first two may be produced from the conversion of drug 

solutions or drug suspensions and the latter from the 

formulation of liquid drug into liquisolid systems. Since 

non-volatile solvents are used to prepare the drug solution or 

suspension, the liquid vehicle does not evaporate and thus, 

the drug is carried within the liquid system which in turn is 

dispersed throughout the finalproduct [6]. 

Based on the formulation technique used, liquisolid 

systems may be classified into two categories: 

1. Liquisolid compacts 

2. Liquisolid Microsystems  

Liquisolid compacts: - refers to immediate sustained-

release tablets or capsules that are described under 

“liquisolid systems”. 

Liquisolid Microsystems: - refers to capsules prepared by 

“liquisolid systems” plus the inclusion of an additive 

resulting in a unit size that may be as much as five times 

less than that of a liquisolid compact [7]. 
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PREPARATION OF LIQUISOLID COMPACT 

Before designing the liquisolid, the Preformulation 

studies should be performed first, these include 

1. Determination of drug in different non-volatile Solvents 

2. Determination of angle of slide 

3. Determination of flowable liquid retention potential (Ø 

value) 

4. Calculation of liquid load factor (L) 

5. Liquid solid compressibility test (LSC) 

The flow ability and compressibility of liquisolid 

compacts are addressed concurrently in the new formulation 

mathematical model of liquisolid systems, which was used 

to calculate the appropriate quantities of the carrier and 

coating materials required to produce acceptably flowing 

and compressible powders based on new fundamental 

powder properties called the flowable liquid retention 

potential (F value) and compressible liquid retention 

potential (Ψnumber) of the constituent powders [8]. 

 

Determination of drug in different non-volatile solvents 

These are carried by preparing saturated solutions 

of drug in non-volatile solvents, and analyzing them 

spectophotometrically [9]. Saturated solutions are prepared 

by adding excess of drug to vehicles and shaking them on 

shaker for specific time period under steady vibration. After 

this, the solutions are filtered and analyzed 

spectrophotometrically. 

 

Determination of angle of slide 

The required amount of carrier is weighed and 

placed at one of a metal plate with a polished surface and it 

is gradually raised till the plate becomes angular to the 

horizontal at which  powder is about to slide [10]. It was 

used to measure the flow properties of powders. The angle 

of 33° is optimum for flow of powders. 

 

Determination of liquid flowable liquid retention 

potential (F) 
It is defined as the maximum weight of liquid that 

can be retained per unit powder material in order to produce 

and acceptably flowing  liquid/powder admixture. This F –

value of powders may be determined using a new 

procedure, the liquisolid flow ability (LSF) test. The Ø 

value was used to calculate excipients quantities. Equation 

for this is as follows: 

L= Ø + Ø (1 / R) 

Where 

Ø and Ø are the constant Ø values of carrier and coating 

materials, respectively. By calculating Lf and W, we can 

calculate the amount of Q and q required for liquisolid 

systems. 

 

Calculation of liquid load factor (Lf) 
It is defined as the ratio of weight of liquid 

medication (w) to weight of carrier material (Q). Different 

concentrations of nonvolatile solvents are taken and the 

drug is dissolved and the carrier coating material  is added   

and blended [11]. 

Lf=W/Q 

            W=ratio of weight of liquid medication 

             Q= weight of carrier material 

The liquid load factor that ensures acceptable flow ability 

(Lf), and can be measured byLf(1/R) 

 

Liquisolid compressibility test (LSC) 
It was developed to determine Ψ values and 

involves steps such as preparing carrier coating material 

admixture systems, preparing several uniform liquid/powder 

admixtures to tablets, determining average hardness, 

measuring of average liquid content of crushed tablets, as 

well as determining  plasticity, sponge index and Ψ value  

and Lf  [12]. 

Calculated quantities of drug are added to the non-

volatile solvent and then it is heated to dissolve the drug. 

This liquid drug solution is added to the carrier and coating 

materials and then it is mixed properly [13]. The mixing 

process is carried out in three steps  

• The system is blended at a rate of one rotation per second 

for approximately one minute in order to distribute the drug 

evenly in liquid.  

• This admixture is evenly spread over the motor surface 

and left standing for 5min.to absorbs the drug into the 

powder particle.  

• Then powder is scraped off and then blended with other 

excipients for another 30sec. similar to first step. This gives 

the final formulation of liquisolid compact [14]. 

 

COMPONENTS OF LIQUISOLID COMPACT 

FORMULATION 

Liquisolid compact mainly includes  

1. Non-volatile solvent 

2. Disintegrant 

3. Carrier material 

4. Coating material  

 

1. Non-volatile Solvent 

Non-volatile Solvent should be Inert, high boiling 

point, preferably water-miscible and not highly viscous 

organic solvent systems and compatible with having ability 

to solubilise the drug. The non-volatile solvent acts as a 

binding agent in the liquisolid formulation .Various non-

volatile solvents for the formulation of liquisolid systems 

includes Polyethylene glycol 200 and 400, glycerine, 

polysorbate 80 and propylene glycol. 

 

2. Disintegrant Super disintigrants increases the rate of 

drug release, water solubility and wettability of liquisolid 

granules. Mostly super disintigrants like sodium starch 

glycolate and cross povidone. 

 

3. Carrier Materials Carrier material should be porous 

material possessing sufficient absorption properties which 

contributes in liquid absorption. The carrier and coating 
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materials can retain only certain amounts of liquid and at the 

same time maintain acceptable flow and compression 

properties hence, increasing moisture content of carrier‟s 

results in decreased powder flow ability These include 

grades of microcrystalline cellulose such as avicel PH 102 

and avicel PH 200,20. 

 

4. Coating Materials Coating material should be a material 

possessing fine and highly adsorptive particles which 

contributes in covering the wet carrier particles and 

displaying a dry looking powder by adsorbing any excess 

liquid. Coating material is required to cover the surface and 

maintain the powder flowability34.Coating material 

includes silica (Cab-O-Sil) M520, 35, Aerosil 20030, 

Syloid, 244FP 20,35 etc [15]. 

 

ADVANTAGES OF LIQUISOLID SYSTEM 

1. A great number of slightly and very slightly water-soluble 

and practically water-insoluble liquid and solid drugs can be 

formulated into liquisolid systems using the new 

formulation-mathematical mode.  

2. This technique is successfully applied for low dose water 

insoluble drug.  

3. The absolute bioavailability of the drug from the 

liquisolid tablet is 15%higher than that commercial one 

[16]. 

4. Their production cost is lower than that of soft gelatine 

capsules because the production of liquisolid systems is 

similar to that of conventional tablets.  

5. Drug dissolution from liquisolid compact is independent 

to the volume of dissolution   media.  

6. Most of liquid or solid „water insoluble drug‟ may be 

formulated into immediate release or sustained release 

„Liquisolid compact‟ or „Liquisolid microsystem [17]. 

 

LIMITATIONS  

 Not suitable for formulation of high dose water 

insoluble drugs.  

 If more amounts of carrier is added it increase the flow 

properties of powder, it may increases the tablet weight too, 

hence it is difficult to swallow.  

  It does not require chemical modification of drugs. 

  Acceptable compression may not be achieved because 

the  

 Liquid drug may be squeezed out during compression 

resulting in unsatisfactory tablet weight [18]. 

 

APPLICATIONS 

1. It gives rapid release and sustained releases of drugs are 

obtained in liquisolid formulations.  

2. Sustained release of drugs which are water soluble drugs 

such as propranolol hydrochloride has been obtained by the 

use of this technique. 

3. Solubility and dissolution enhancement. 

4. Designing of controlled release tablets. 

5. Application in probiotics [19] 

 

EVALUATION OF LIQUISOLID SYSTEMS  

 In order to ensure the suitability of selected 

excipients Differential Scanning Calorimetry (DSC), X-ray 

diffraction (XRD)& Scanning Electron Microscopy (SEM) 

studies are performed. In addition flowablity studies are also 

carried out to select the optimal formulae for compression 

prior to compression of the formulation to tablets. 

 

Flow behaviour  

 Flow properties are the important concern in the 

formulation and industrial production of tablet dosage form. 

Angle of repose is characteristic to the flow rate of powder. 

In general, values of angle of repose ≥ 40o indicate powders 

with poor flow ability. 

 

Differential Scanning Calorimetry (DSC)  

 It is necessary to determine any possible interaction 

between excipients used in the formulation.  This will also 

indicate success of stability studies. If the characteristic 

peak for the drug is absent in the DSC thermogram, there is 

an indication that the drug is in the form of solution in 

liquisolid formulation and hence it is molecularly dispersed 

within the system. 

 

X-ray diffraction (XRD) 

Generally, disappearance of characteristic peaks of 

drug in the liquisolid formulation and retaining peaks of 

carrier material is observed. This indicates that drug gets 

converted to amorphous form or in solubilized form in the 

liquisolid formulation. 

 

Scanning Electron Microscopy (SEM)   

After SEM study, complete disappearance of 

crystals of drug which confirms that drug is totally 

solubilized in liquisolid system and this ensures the 

complete solubility. After complete formulation, Tablets are 

evaluated by carrying out tests for weight variation, 

uniformity of tablet thickness and diameter, humidity 

content using Karl fisher method, friability, hardness, 

disintegration, dissolution, and content uniformity. All these 

tests are carried out in triplicate and according to the 

compendial specifications. For content uniformity test 

tablets should contain not less than 95% and not more than 

105% of the labelled potency. The disintegration test was 

carried out on six tablets in distilled water at 37 ± 2 ºC using 

the SP disintegration apparatus [20]. 

 

CONCLUSION 

In conclusion, liquisolid compact refers to 

formulations formed by conversion of solid state to liquid 

state, drug suspensions or drug solution in non-volatile 

solvents into dry, nonadherent, free-flowing and 

compressible powder mixtures by blending the suspension 

or solution with selected carriers and coating agents. The 

formed liquisolid tablets dosage form showed significantly 

greater extent of absorption due to their solubility and 

dissolution improvement. The technique is also used to 
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design sustained release systems by using hydrophobic 

carriers instead of hydrophilic carries in liquisolid systems. 

Therefore, this formulation of the drug has the potential to 

be considered for human study in order to be manufactured 

on a large scale.  
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ABSTRACT 

The technique of liquisolid compacts is a promising method towards enhancing the dissolution of poorly water soluble 

drugs. In the liquisolid formulation, avicel PH 102 was used as carrier and aerosil was used as coat material, respectively, and 

polyethylene glycol 600 was used as a nonvolatile liquid to prepare liquid medication. This review article is focused on 

formulation of liquisolid systems, classification of liquid solid systems and its applications in the field of pharmaceutical 

sciences. 

 

Key words: Liquisolid, Liquid medication, Formulation. 

 

INTRODUCTION 

Poorly water soluble drugs involve many 

difficulties in the development of pharmaceutical dosage 

forms for oral delivery systems due to their low 

bioavailability. In recent years, the number of poorly 

soluble drug candidates has increased tremendously. 

Solubility is the most important critical parameter of drug 

for its oral bioavailability. Development of solid dosage 

forms for water insoluble drugs has been a major challenge 

for pharmaceutical scientists for decades [1]. The oral 

route remains the preferred route of drug administration 

due to its convenience, good patient compliance and low 

medicine production costs. In order for a drug to be 

absorbed into the systemic circulation following oral 

administration, the drug must be dissolved in the gastric 

fluids [2]. For hydrophobic drugs, the dissolution process 

acts as the rate-controlling step and, which determines the 

rate and degree of absorption. Consequently, many 

hydrophobic drugs show erratic and incomplete absorption 

from the gastrointestinal tract. Thus, bioavailability of 

poorly water-soluble drugs is limited by their solubility and 

dissolution rate [3]. 

Over the years, various solid dosage formulation 

techniques, to enhance the dissolution of poorly soluble 

substances, have been introduced with different degrees of 

success. Different techniques are employed to enhance the 

dissolution of poorly soluble  drugs   like    use   of   water- 

 

 

soluble salts and polymorphic forms, solid dispersions, 

reducing particle size to  increase  the   surface    area,   pH  

adjustments, co-precipitation, polymeric modification, 

lyophilization, microencapsulation, inclusion of drug 

solutions or liquid drugs into soft gelatin capsules, 

solubilization in a surfactant system, Liquisolid compacts 

and manipulation of solid state of drug [4]. Among various 

techniques to achieve the better dissolution rates Liquisolid 

technology is one of the novel and most promising 

techniques for promoting drug dissolution. Advantages of 

this technique are its low cost, simplicity of formulation, 

and applicability to industrial production. Drug solution is 

prepared by dissolving the drug in non-volatile vehicle. 

Even though the drug is in a tablet, it is held in solution 

form. Based on the dissolution step, a pre-requisite for 

drug absorption may be bypassed and higher 

bioavailability of poorly soluble drugs obtained [5]. 

Among various techniques to overcome solubility problem, 

several researchers reported that formulation of a liquisolid 

tablet was one of the most promising techniques for 

improving drug dissolution. Employing this liquisolid 

technique, a liquid medication may be converted into a 

dry-looking, non-adherent, free flowing and readily 

compressible powder by simple blending with selected 

powder excipients referred to as carrier and coating  

materials [6]. 
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Liquisolid tablets advantages over the conventional 

tablets 

1) Liquisolid systems are low cost formulations than soft 

gelatin capsules. 

2) Production of them is similar to that of conventional 

tablets. 

3) Drug release can be modified using suitable formulation 

ingredients. 

4) Drug can be molecularly dispersed in the formulation. 

5) Capability of industrial production is also possible. 

6) Enhanced bioavailability can be obtained as compared 

to conventional tablets. 

7) Omit the process approaches like nanonisation, 

micronization techniques. 

8) Differentiate the dosage form by admixture of colour 

into liquid vehicle. 

9) To minimize excipients in formulation compare with 

other formulations like solid dispersions [7]. 

 

APPLICATIONS OF LIQUISOLID SYSTEMS 

 Solubility and dissolution enhancement. 

  Used efficiently for water insoluble solid drugs or 

liquid lipophilic drugs 

 Rapid release rates.  

 Designed for controlled release tablets. 

In the liquisolid systems, even though the drug 

might be in a solid dosage form, it is held within the 

powder substrate in solution or in a solubilized, almost 

molecularly dispersed state. Therefore, due to their 

significantly increased wetting properties and surface area 

of drug available for dissolution, liquisolid compacts of 

water-insoluble substances may be expected to display 

enhanced drug release characteristics and consequently 

improved oral bioavailability [8]. 

 

Classification of liquid solid systems 

The liquid solid systems are classified into two categories: 

(a) based on the type of liquid medication contained 

 (i) powdered drug solutions 

(ii) powdered drug suspensions 

(iii) powdered liquid drugs 

(b) Based on the formulation technique used, the liquisolid 

systems may be classified into two categories: 

 (i) liquisolid micro systems 

 (ii) liquisolid compacts 

Based on the type of liquid medication contained 

therein, liquisolid systems may be classified into three 

subgroups 

 

Powdered drug solution 
Regarding "powdered drug solutions," it must be 

emphasized that their preparation is not a solvent 

deposition technique since it does not involve drying or 

evaporation. Since nonvolatile solvents are used to prepare 

the drug solution or suspension, the liquid vehicle does not 

evaporate and thus, the drug is carried within the liquid 

system which in turn, is dispersed throughout the final 

product depending on the consistency of the powder 

substrate, the quantity of solid drug dispersed in the liquid 

medication and the physiochemical properties of the liquid 

vehicle used the acceptable liquid-to-powder percent ratio 

will range from 2% to 52%, the most preferable range 

being 10% to 35% [9]. 

 

Powdered liquid drugs 

The first two may be produced from the 

conversion of drug solutions or (e.g. prednisolone solution 

in propylene glycol) or drug suspensions (e.g. gemfibrozil 

suspension in Polysorbate 80), and the latter from the 

formulation of liquid drugs (e.g. clofibrate, valproic acid, 

liquid vitamins, etc.), into liquisolid systems [10].
 

 

Liquisolid Microsystems 
The term liquisolid Microsystems refer to the 

capsules prepared by combining the drug with a coating 

material ad with a carrier together with the inclusion of an 

additive example: PVP in the liquid medication wherein 

the resulting size may be as much as 5 times that of liquid 

solid  

 

Liquisolid compact systems 
 The powder can retain only limited amount of 

liquid while maintaining acceptable flow and compression 

properties. Liquisolid compacts are prepared using the 

previously outlined method to produce tablets or capsules, 

whereasthe liquisolid micro systems are based on a new 

concept which to produce an acceptably flowing 

admixture for encapsulations [11]. 

 

LIQUID LOAD FACTOR 

In liquisolid system, the carrier and coating 

materials can retain only certain amounts of liquid while 

maintaining acceptable flow and compression properties 

depending on the excipients ratio used. The excipients 

ratio R (R = Q/q) of powder is defined as the ratio between 

the weights of carrier (Q) and coating (q) materials present 

in the formulation. Preparation of a liquisolid system with 

an acceptable flowability and compressibility is possible if 

a maximum liquid on the carrier material is not exceeded. 

This characteristic amount of liquid is termed the liquid 

load factor (Lf). The Lf is defined as the weight ratio of 

the liquid medication (w) and carrier powder (Q) in the 

system (i.e., Lf = W/Q) [12]. 

 

Requirements for Preparation of Liquisolid Systems 

Drug candidates 

Examples of drug candidates include digoxin, 

digitoxin, prednisolone, hydrocortisone, spironolactone, 

hydrochlorothiazide, polythiazide, and other liquid 

medications such as chlorpheniramine, water insoluble 

vitamins, fish oil, etc 
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Non-volatile Solvents 

Various non-volatile solvents used for the 

formulation of liquisolid systems include Polyethylene 

glycol 200 and 400, glycerin, polysorbate 80 and 

propylene glycol 

 

Carrier Materials 

These include grades of microcrystalline 

cellulose such as Avicel PH 102, Lactose11, Eudragit RL 

and RS12  

 Coating Material 

Coating material include silica (Cab-O-Sil M5 8, 9, 

Aerosil 20013, Syloid, 244FP8,  

 Disintegrants 

Most commonly used disintegrant is sodium starch 

glycolate (explotab13, pumogel [13]. 

 

Recent studies on liquisolid compact technique 

Swamy et al., 2013 studied on formulation and 

evaluation of telmisartan liquisolid tablets.Improved 

release telmisartan liquisolid tablets were formulated using 

Avicel Ph 102 and Aerosil 200 as the carrier and coating 

material respectively .The drug undergoes dissolution in 

the non volatile liquid(Polyethylene glycol 400) which 

leads to a molecular dispersion of the drug in the 

formulation that could result in faster dissolution of the 

drug from the formulation [14]. Debnath et al., 

2015worked onformulation, development and in-

vitrorelease kineticsof telmisartan tablet prepared by 

liquisolid technique. In-vitrodrug release of Telmisartan 

compacts showed increase in dissolution rate of 

Telmisartan. So PEG 400, PG, Tween 80 could be 

economic substitute as dissolution enhancing agent [15]. 

Ashokbhai et al., 2015 studied theformulation, 

optimization and evaluation of liquisolid tablets containing 

tadalafil.In-vitro drug release of liquisolid tablets were 

higher compared to control and marketed tablets due to its 

less contact angle and more wettability. Significantly 

improved dissolution profile was observed for all 

liquisolid formulation as compared to that of marketed 

formulation as indicated from in-vitro dissolution study 

(108.33%) which was due to presence of polyethylene 

glycol which increase fluid penetration in to formulations. 

Moreover the desirability value of various dependent 

variables was found to be nearer to one [16].   Jain    et al.,  

2014 studied on comparison of liquisolid and inclusion 

complexation technique for dissolution rate enhancement 

of valsartan. The drug undergoes dissolution in the non 

volatile liquid which leads to a molecular dispersion of the 

drug in the formulation that could result in faster 

dissolution of the drug from the formulation. The 

increased dissolution rate may be due to increased wetting 

and increased surface area of the particles [17]. Javaheri et 

al., 2014 studied on wet granulation to overcome 

liquisolid technique issues of poor flowability and 

compatibility: a study to enhance glibenclamide 

dissolution.The aim of this study is to apply wet 

granulation on liquisolid powders to overcome issues of 

poor powder flowability and compressibility especially 

with using high viscosity liquid vehicles. This new 

technique is the wet granulation process to be applied with 

liquisolid powders just before the compaction stage of the 

powders into tablets. Consequently, it was found that by 

application of wet granulation to liquisolid powder 

admixture, the large-scale production of liquisolid 

compacts is feasible and can be easily applied by 

pharmaceutical industry [18]. 

 

CONCLUSION 

Liquisolid formulations are designed to contain 

liquid medications in powdered form, and hence possess 

drug delivery mechanisms similar to that of soft gelatin 

capsule preparations containing liquids. This novel 

technique is found to be efficient method for formulation 

of water insoluble solid drugs and liquid lipophilic drugs. 

Rapid disintegration rates are observed compared to 

conventional tablets and therefore, they show improved 

release rates and hence greater bioavailability. The use of 

nonvolatile solvent in the formulation causesincreased 

wettability of water insoluble drugs and ensures molecular 

dispersion of drug in the formulation. Modification of 

formulation by use of certain agents cause sustained 

release of drugs from the liquisolid tablets.  
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ABSTRACT 

Urinary tract infection is the infection in any region of your urinary system. It is more common in women. Diabetes 

mellitus is the one of the predisposing factor in the urinary tract infection. In that infection is commonly seen in type2 diabetes. 

In case of diabetes urinary tract infection most commonly affect the upper urinary tract. Poor metabolic control, impairment in 

immune system because of autonomic neuropathy may all increase the risk of urinary tract infection in these patients. These 

may also increase the complications in urinary tract infections it include renal perirenal abscess, xanthogranulomatus 

pyelonephritis, emphysematous pyelonephritis emphysematous pyelitis and renal papillary necrosis. This review explains the 

management of urinary tract infection in diabetes. 

 

Key Words: Urinary tract infection, Diabetes mellitus. 

 

INTRODUCTION 

Type 2 diabetes is a heterogeneous group of 

disorders characterized by variable degrees of insulin 

resistance, impaired insulin secretion and increase glucose 

production (Ornanitzan M et al., 2015). Urinary tract 

infection is the most common disease in the world and 

prevalence was estimated to be around 150 million persons 

per year (MaySweify et al., 2016) presence of diabetes will 

increase risk of urinary tract infection. Some time cause 

death. Presence of high glucose level cause loss of sense of 

bladder to detect the presence of urine. And also high 

glucose level in urine act as medium for growth of 

organism. Poor blood circulation in diabetes reduce the 

ability of infection –fighting white blood cells to get their 

target site, even they do get there, they are less able to 

ingest the offending bacteria and kill them than normal 

WBC (Sibi G et al., 2011). In this review we will focus on  
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complications, pathogenesis diagnosis management of 

urinary tract infection in diabetes. 

 

Complications 

Urinary tract infections are common complication 

in patients with diabetes mellitus. Renal/perinephric 

abscess, recurrent vaginitis, emphysematous 

complications, cystitis, ascending infection leading to 

pyelonephritis, impaired leukocyte function are occur in 

this group of patients especially in case of poor glyceamic 

control. Emphysematous pyelonephritis (EPN):EPN is a 

rare but potentially life-threatening necrotizing renal 

parenchymal infection characterized by production of 

intra-parenchymal gas. Emphysematous cystitis: It is the 

condition in which the gas pockets are present in and 

around the bladder wall due to bacterial fermentation. 

Emphysematous pyelitis (EP): In this gasis present in renal 

collecting system. Renal/perirenal abscess: It is the 

purulent material collection around the kidney with an 

insidious presentation (Fathima R et al., 2013). 
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Pathogenesis 

Increased frequency of urinary tract infection in 

diabetic patients is likely due to several mechanisms 

including the presence of glycosuria, neutrophil 

dysfunction and increase adherence of the bacteria to 

uroepithelial cells. Age, metabolic control, diabetic 

neuropathy, autonomic neuropathy, vascular complications 

are the risk factors that increase urinary tract infection in 

diabetes. Emphysematous complications in the kidney or 

the bladder are due to the presence of organisms that 

suddenly ferment glucose and produce carbondioxide. In 

case of xanthogranulomatous pyelonephritis tissue is 

destroyed and tissue is replaced by yellow hard 

xanthogranulomatous material. It is mainly due to change 

in lipid metabolism lymphatic obstruction and renal 

ischemia. Renal abscess is not is common infection. It 

occurs due to ascending infection from the bladder and 

hematogenous spread. Sloughing of papillae due to change 

in vascular supply cause papillary necrosis (Mouna F et al., 

2013) 

 

Pathogen 

E.coli is the most commonly isolated organism in 

both diabetic and non-diabetic patients. Bacteria detected 

from urine sample in case of diabetes other enterobacterias 

such as protease, enterococci, enterobacter and klebsella 

are also present. Patients with diabetes have resistant 

pathogen against urinary tract infection. Including 

fluoroquinolone resistant uropathogen, extended spectrum 

B-lactamase –positive enetrobacteriaceae etc. This is due 

to several factors like multiple course of antibiotic therapy 

and increased hospital acquired infections (Hamdan Z et 

al., 2015) 

 

Diagnosis 

Detection of urinary tract infection in diabetes is 

similar to all other cases, main tests are: 

 Analysing the urine sample: it is done to look for 

white blood cells, bacteria, red blood cells, and also 

chemicals such as nitrites in the urine. It includes esterase 

and nitrite, test and urine microscopy. 

 Urine culture: Urine culture is a gold standard for 

confirming the diagnosis of urinary tract infections. 

Patients with infection usually have greater than 10
5 

bacteria/ml of urine. 

 Other methods: erythrocyte sedimentation tests, 

complete blood count test. 

For detection of complication 

 In case EPN requires radiological diagnosis. 

 For EC and XGP, CT scanning is used. 

 For renal abscess CT or US is used (Pontin AR and 

Barnes RD, 2009). 

 

Management 
Management of urinary tract infection in patient 

with diabetes is same as in patients without diabetes. 

Before getting the laboratory results of urine culture 

antibiotics are usually given empirically. Culture 

sensitivity test should do before giving antibiotics. 

Antibiotics like cephalosporins, fluoroquinolones, 

aminoglycosides, nitro-furan derivatives, and 

semisynthetic penicillin are the main classes given for the 

infection. Pain killers are also given to reduce the pain. 

Treatment of patients with emphysematous pyelonephritis 

comprises resuscitation, correction of any electrolyte and 

glucose problems and administration antibiotics targeting 

Gram-negative bacteria. Sometimes nephrectomy and 

percutaneous drainage is used. Broad spectrum 

antimicrobial therapy, hyperglycaemic control and 

adequate urinary drainage are used in case of 

Emphysematous pyelitis and Emphysematous cystitis.In 

xanthogranulomatous pyelonephritis nephrectomy and 

renal papillary necrosis antibiotic therapy is used (Raz R et 

al., 2004) 

 

Prevention 

 Keep glucose level in target level. 

  Drinking plenty of water: it will dilute urine and it 

will cause frequent urination through that bacteria will 

flushed out. 

  Drinking low-sugar cranberry juice or taking 

cranberry supplements. Cranberries contain 2 compounds 

with antiadherence properties that prevent fimbriated 

Escherichia Coli from adhering to uroepithelial cells 
 Eat yogurt contain probiotics: There are two main 

scientific concepts associated with probiotics. Live 

microorganisms are administered orally or applied to the 

genital area overgrow pathogenic flora renders patients 

prone to severe infections (competitive theory).
 

 Keep personal hygiene (Borchert D et al., 2008) 

 

CONCLUSION 

Presence diabetes will make more complicated 

urinary tract infection. So early detection, anticipation of 

potential complication are important to reduce the adverse 

out comes. 
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ABSTRACT 

Herbal medicines are an important part of healthcare throughout the world. Herbal medicines have been widely 

utilized as effective remedies for the treatment and prevention of multiple health conditions. Cardiovascular disease is a 

major cause of death worldwide. According to WHO, coronary heart disease is ranked as the primary contributor of 

morbidity. Therefore there arises a need to identify plants that have potent cardioprotectant and cardiotonic activity, as well as the 

phytochemicals responsible for these activities.This review highlights some of the important plants that posess potent 

cardioprotective activity. 

 

Key words: Cardiovascular disease, Cardioprotectant, Cardiotonic. 

 

INTRODUCTION 

Cardiovascular disease (CVD) is the number one 

cause of death globally and are the leading cause of death 

in India also. Cardiovascular disease is an established 

chronic disease for the population of developed and 

developing countries. Chronic diseases are illnesses that 

are prolonged, do not resolve spontaneously and are 

rarely cured completely (Thanmay N and Arnab G, 2013; 

Shankar Murthy K and Kiran BR, 2012). Cardiovascular 

disease includes a number of conditions affecting the 

structure and function of heart. They can include: 

Coronary artery disease (narrowing of the arteries), 

myocardial infarction, arrhythmias, heart failure, heart 

valve diseasecongenital heart disease, cardiomyopathy 

and pericardial disease Coronary heart disease: 

Coronary heart disease (CHD): occurs when the flow of 

oxygen-rich blood to your heart is blocked or reduced by 

a build-up of fatty material. 

 

Myocardial infarction: The term  Myocardial   Infarction  
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should be used when there is evidence of myocardial 

necrosis in a clinical setting consistent with myocardial 

ischemia
 
(Gary T, 2016). 

 

Arrhythmia: The heart beat provides the mechanical 

force  for  the  pumping  of   oxygenated   blood   to,   and  

deoxygenated blood away from, the peripheral tissues. 

This depends critically on the orderly activation recovery 

of electrical excitation through the myocardium. 

Disruptions of this can lead to arrhythmias (Coronel R 

and Groot JJ, 2001).   

 

Heart Failure: A clinical syndrome caused by the heart 

to supply blood to the tissues commensurate to the 

metabolic needs of that tissue (Jeffrey SB and Abhishek 

S, 2015). 

 

Heart Valve Disease: Heart valve disease is one of the 

most prevalent causes of heart failure and sudden cardiac 

death. It mainly involves intrinsic abnormalities of valve 

or functional dysfunction
 
(Julien IH and Samuel K, 2002). 

Congenital heart disease: Congenital heart disease, is 

defined as a gross structural abnormality of the heart or 

intra-thoracic great vessels that is actually or potentially 

of functional significance (Charles MC et al., 2012). 

 IJP 

http://www.webmd.com/heart-disease/default.htm
http://www.webmd.com/heart-disease/default.htm
http://www.webmd.com/heart/picture-of-the-heart
http://www.webmd.com/content/pages/9/1675_57851.htm
http://www.webmd.com/heart/picture-of-the-arteries
http://www.webmd.com/content/pages/9/1675_57832.htm
http://www.webmd.com/content/pages/9/1675_57819.htm
http://www.webmd.com/content/pages/9/1675_57850.htm
http://www.webmd.com/content/pages/9/1675_57850.htm
http://www.webmd.com/content/pages/9/1675_57849.htm
http://www.webmd.com/heart-disease/guide/muscle-cardiomyopathy
http://www.webmd.com/content/pages/9/1675_57861.htm


179 
Priya K Davison. et al. / International Journal of Phytopharmacology. 7(4), 2016, 178-183. 

Cardiomyopathy: Cardiomyopathy is broad spectrum 

diseases that affect the muscle or myocardium of the 

heart. This results in a failure of the heart to provide 

adequate oxygenated blood to the body and remove 

carbon dioxide and other waste products (Abdulhannan P 

et al., 2012). Peripheral heart disease (PAD): It is a 

common vascular condition that affects both quality of 

life and life expectancy with an increased risk of 

cardiovascular events. PAD is a term used to describe the 

impairment of blood flow to the extremities usually as a 

result of atherosclerotic occlusive disease (Nick HM et 

al., 1998). 

 

MEDICINAL PLANTS USED IN CARDIAC 

DISEASES 

Digitalis purpurea or lanata 

A number of herbs contain potent cardioactive 

glycosides, which have positive inotropic actions on the 

heart. The drugs digitoxin, derived from either D 

purpurea (foxglove) or Digitalis lanata, and digoxin, 

derived from D lanata alone, have been used in the 

treatment of congestive heart failure for many decades. 

Cardiac glycosides have a low therapeutic index, and the 

dose must be adjusted to the needs of each patient. The 

only way to control dosage is to use standardized 

powdered digitalis, digitoxin, or digoxin. When 12 

different strains of D lanata plants were cultured and 

examined, their total cardenolide yield ranged from 30 to 

almost 1000 nmol/1g (Stuhlemmer   U et al., 1993). 

 

Cynara scolymus 

Medicinal artichoke products consist of the drie

d radical leaves of Cynara scolymus L.(Asteraceae).The 

plant and its preparations are commonly used to treat 

atherosclerosis.Two randomized controlled clinical trials a

ssessed the effects ofan artichoke extractoncholesterol lev

els in 187 patients (Gail BM, 1998). 

 

Allium sativum 

Garlic (Allium sativum, Liliaceae), also known 

as “the spice of life”, was one oftheearliest documented 

examples of a food plant also used for the prevention  and 

treatment  of diseases. Garlic is known to lower blood 

pressure, boost immune system, fight infections, and 

prevent cancer. Garlic contains a number of disulphide and 

trisulphide organo sulfur compounds that appear 

to be the activeconstituents.Clinical trials reveal that 

garlic (bulb) has antihypercholestremic, antihypertensive. 

Garlic is known to lower blood pressure, boost immune 

system, fight infections, and prevent cancer. Garlic lowers 

the overall cholesterol counts and helps to combat 

bacterial infection, ulcer, and cancer (Singh RH, 2006). 

 

Commiphora mukul 

Is a lipophilic extract prepared from the resi

n of trunk and branches ofCommiphora mukul (Jacq.) 

Engler (Burseraceae), commonly referred to as the muku

lmyrrh tree. The medicinal use of guggul dates back to 6

00 BC, when it was employedfor the treatment of obes

ity, atherosclerosis, and various inflammatory conditio

ns.Preparations of resin have also been use in traditiona

l medicine as mouthwashes, adentifrice, for treatment of 

ulcers of mouth and pharynx, for foul and indolent ulcers, f

or wound healing in veterinary  practice (Sandhya S et al., 

2000). 

 

Gingko biloba 

(Ginkgoaceae family) is an important herb used 

in traditional Chinese medicine and is the only surviving 

species of Ginkgo, the oldest living tree species (Vandana 

S et al., 2009; Huh H and Staba EJ, 1992) Extracts of 

Ginkgo biloba leaves have been found to possess 

cardioprotective, antiasthmatic, antidiabetic, 

hepatoprotective, and potent central nervous system 

activities (Naik SR et al., 2006; Panda VS and Naik SR, 

2008). Chemically, the active constituents of G. biloba 

leaf are glycosides of the flavonoids kaempferol, 

quercetin, and isorhamnetin; diterpene lactones namely 

ginkgolides A, B, C, M, J, and bilobalide; and the 

bioflavones gink get in, isoginkgetin, and bilobetin 

(Kleijnen J et al., 1992). The constituents of G. bilobaare 

scavengers of free radicals.
 
By scavenging free radicals, 

G. biloba inhibits lipidperoxidation and augments levels 

of endogenous antioxidants (Gupta SK et al., 1997). 

 

Ocimum sanctum (tulasi) 

Is an Indian medicinal plant is used  against wide 

variety of conditions (Treas and Evans, 1997). It 

alsoposess hypoglycemic, hypolipidemic, immune 

modulatory  and cardioprotective activity (Mediratta PK 

et al., 1997). Ocimum sanctum posess good 

cardioprotective activity due its antioxidant activity (Arya 

DS et al., 2006). Its constituents  areorientin and vicenin 

(flavonoids), phenolic compounds(eugenol, cirsilineol, 

apigenin)and anthocyanins are known to augment reduced 

glutathione (GSH) and antioxidant enzyme levels and 

scavenge lipid peroxides (Bharani A et al., 2002). 

 

Terminalia arjuna 

Bark possesses cardio-protective activity. 

Clinical randomized trials reveal that Terminalia arjuna  

is associated with improvement in signs and symptoms of  

heart failure (AmritPal  S, 1998). Arjuna is a cardiac tonic 

used in Ayurveda for a variety of heart conditions
 

(Sumitra M et al., 2001). Often it is combined 

with ashwagandha, brahmi and guggul in heart 

formulas. Arjuna is a coronary vasodilator, protects the 

heart, strengthens circulation, and helps to maintain the 
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tone and health of the heart muscle (Picrorhizha K, 

20016). 

 

Picrorhiza kuroa  

Is one of the oldest medicinal plants found in the 

Himalayas. Since time immemorial, this perennial herb 

has been used in Ayurveda due to its antibacterial, anti-

cholestatic, anti-allergic effect. The roots and rhizomes of 

picrorhiza possess medicinal properties. Clinical trials 

performed in 14 congestive heart failure patients revealed 

that it can be used in ischemic heart disease, and 

cardiomyopathy (Pintu KD et al., 2014). 

 

Magnifera indica 

Also known as mango, aam, it has been an 

important herb in the Ayurvedic and indigenous medical 

systems for over 4000 years. Mangoes belong to 

genus Mangifera which consists of about 30 species of 

tropical fruiting trees in the flowering plant family 

Anacardiaceae. Mango is one of the most popular of all 

tropical fruits. Mangiferin, being a polyphenolic 

antioxidant and a glucosyl xanthone, it has strong 

antioxidant, anti-lipid peroxidation, immunomodulation, 

cardiotonic (Awari D et al., 2009). 

 

Punica granatum 
Is a fruit-bearing deciduous shrub. Various parts 

of this plant is used in the treatment of dyspepsia, 

bronchitis, hypotensive, throat inflammation, worm etc. 

Pomegranate juice consumption inhibits serum 

angiotensin converting enzyme activity and reduces 

systolic blood pressure. Studies using fresh fuitjuiceon 

hypodynamic frog heart reveals that Punica granatum has 

rapid onset of   action   compared  to  

Digoxin (Shigematsu N et al., 2001). 

 

Gymnema sylvestre 

Obesity plays a central role in the insulin 

resistance syndrome, which is associated with 

hyperinsulinemia, hypertension, hyperlipidemia, type 2 

diabetes mellitus, and an increased risk of atherosclerotic 

cardiovascular disease. An extract of leaves given to rats 

for three weeks influenced lipid metabolism, improving 

serum cholesterol and triglyceride levels.
37

The present 

study was done to assess the effect of Gymnema 

sylvestre extract (GSE) in the high fat diet (HFD)-induced 

cellular obesity and cardiac damage in Wistar rats. Adult 

male Wistar rats (150–200 g body weight) were used in 

this study. HFD was used to induce obesity. Furthermore, 

treatment with standardized ethanolic GSE (200 

m/kg/p.o.) for a period of 28 days resulted in significant 

decrease in total cholesterol, triglycerides, LDL, 

apoprotein–b, blood pressure. This reveals that Gymnema 

sylvestre has potent cardioprotective activities (Kumar V 

et al., 2012). 

 

Garcina pedunculata 

 Studies reveal that fruits of Garcina pedunculata 

have cardioprotective activity. The study was done on 

wistar albino rats. The aqueous fruit extract pre-treated 

group significantly reduced the activity of serum 

biomarkers such as CK-MB, SGPT and ALP and caused 

mild to moderate reduction of SGOT
 
(Kannan R et al., 

2012). 
 

Fig 1. Flowers of Digitlislanata 

 

Fig 2. Leaves and flower of Cyanara Scolymus 

 
Fig 3.  Bulb of garlic 

 

Fig 4. Branches of Commiphora mukul 

 
Fig 5. Leaves of gingko biloba 

 

Fig 6.  Leaves of Tulsi 

 



181 
Priya K Davison. et al. / International Journal of Phytopharmacology. 7(4), 2016, 178-183. 

Fig 7. Bark of Terminalia arjuna 

 

Fig 8. Bark of picrorhiza kuroa 

 

Fig 9. Leaves and fruits of Mangiferaindica tree 

 

Fig 10. Fruit of  Punicagranatum 

 
Fig 11. Leaves of Gymnema Sylvestre 

 

Fig 12. Fruits of  Garcina pedunculata 

 
 

Table 1. Other Medicinal Plants Used In Cardiac Diseases 

S. no Botanical name 

1 Gmelinaasiatica 10 Adonis vernalis 

2 Carissa carandas, 11 Apocyanum cannabinum 

3 Garcina indica 12 Asclepius friticosa 

4. Ziziphus jujuba 13 Plumeria rubra 

5. Citrus medica Linn. 14 Cerebra manghas 

6 Cryptostegia grandiflora 15 Calotropis piscera 

7 Urgenia maritime 16 Mucuna prutia 

8 Withania somnifera 17 Cinnamum zeylanicum 

9 
Centella asiatica 

 
18 

Azadiracta indica 

(Kaksha JP et al., 2015; Nur KA et al., 2015; Ipseeta 

M et al., 2004; Emmanuel B. T et al., 1978; Kamela 

M S et al., 2001; Shakir J S et al., 2007) 

 

CONCLUSION 

 Diet and lifestyle play an important role in 

preventing and reversing heart disease. From this article it 

is clear that certain herbs and supplements can help lower 

the risk of heart disease and treat heart conditions. This 

review reveals the importance of few medicinal plants 

that have potent cardio-protective activity. 
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Abstract: Nanotechnology is the science that deals with the process that occurs at molecular level and of nano length 

scale size. Nano refers to the particle size range of 1-1000 nm. Nanosuspensions are coming under nanotechnology. A 

pharmaceutical Nanosuspension is defined as very finely colloid, biphasic, dispersed solid drug particles in an aqueous 

vehicle, size below 1 μm stabilized by surfactants and polymers prepared by suitable methods for drug delivery 

applications. It provides efficient delivery of hydrophobic drugs and increases the bioavailability. Nanosuspension is an 

attractive and promising technology to improve poor solubility and bioavailability of the drugs. This review article 

describes the methods of preparation, and applications of nanosuspensions in the field of pharmaceutical sciences.  

Keywords: Nanotechnology, Nanosuspensions, polymers, drugs. 

  

NANOSUSPENSION 

Nanotechnology is an emerging field in all 

areas of science, engineering and technology. It is a 

novel interdisciplinary area of comprehensive research 

that combines medicine and other life sciences. It offers 

a potential for unique and novel approaches with broad 

spectrum of application in cancer treatment including 

areas such as diagnostics, therapeutics and prognosis 

[1]. The main advantage of particles in the nano-metric 

range is its improved physical and chemical properties. 

The major parameters in drug delivery include particle 

size, surface area, hydrophobicity, crystallinity and 

surface charge [2]. More than 40% of new chemical 

entities being generated through drug discovery 

programmes are poorly water soluble. The formulation 

of poorly water soluble drugs has always been a 

challenging problems faced by pharmaceutical 

scientists [3]. There are many conventional methods 

such as micronization, solubilisation using co-solvents, 

surfactant dispersions and precipitation technique has 

been developed for improving solubility of poorly water 

soluble drugs
 
[4]. But these techniques show limitations 

to the drugs which are not soluble in both aqueous and 

organic solvents. Nanosuspension technology can be 

used to solve the problems associated with various 

approaches described earlier. Nanosuspension is 

colloidal dispersion of nano-sized drug particles 

stabilized by surfactants. They can also define as a 

biphasic system consisting of pure drug particles 

dispersed in an aqueous vehicle. The diameter of 

suspended particle is less than 1µm in size [5].  

 

 

NEED OF NANOSUSPENSION 

FORBIOAVAILABILITY ENHANCEMENT: 
Nevertheless, pharmacokinetic studies of BCS 

class-II drugs showed that they have a low oral 

bioavailability, which may be due to poor water 

solubility of drug. There are many classical 

pharmaceutical ways to improve drug dissolution rate 

such as dissolution in aqueous mixtures with an organic 

solvent, formation of ß-cyclodextrin complexes, solid 

dispersions and drug salt form. During last 20 years a 

new technology, reducing drug particle size, has been 

developed to increase drug dissolution rate [6]. 

According to Noyes–Whitney equation, drugs with 

smaller particle size have enlarged surface areas which 

lead to increase dissolution velocity. Higher the 

dissolution rate together with the resulting higher 

concentration gradient between gastrointestinal lumen 

and systemic circulation could further increase oral 

bioavailability of drugs. A nanosuspension is a 

submicron colloidal dispersion of drug particles which 

are stabilized by surfactants [7]. A pharmaceutical 

nanosuspension is defined as very finely dispersed solid 

drug particles in an aqueous vehicle for oral, topical, 

parenteral or pulmonary administration. The particle 

size distribution of the solid particles in 

nanosuspensions is usually less than one micron with an 

average particle size ranging between 200 and 600 nm. 

In nanosuspension technology, the drug is maintained in 

the required crystalline state with reduced particle size, 

leading to an increased dissolution rate and therefore 

improved bioavailability [8]. 
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CRITERIA FOR SELECTION OF DRUG FOR 

NANOSUSPENSIONS: 

Nanosuspension can be prepared for the API 

that is having either of the following characteristics: 

 Water insoluble but which are soluble in oil 

(high logP) or API are insoluble in both water 

and oils 

 Drugs with reduced tendency of the crystal to 

dissolve, regardless of the solvent 

 API with very large dose [9]. 

 

ADVANTAGES OF NANOSUSPENSION DRUG 

DELIVERY SYSTEM 

1. It can be applied for poorly water soluble 

drugs. 

2. Physically more stable than liposomes. 

3. Most cost effective. 

4. Reduction in tissue irritation. 

5. Improved dose proportionality [10] 

 

FORMULATION OF NANOSUSPENSION [11] 

 Stabilizers: Wet the drug particles thoroughly; 

prevent Ostwald’s ripening and agglomeration of 

nanosuspensions, providing steric or ionic barriers. 

eg: Lecithins, Poloxamers, Polysorbate, 

Cellulosics, Povidones. 

 Cosurfactants: Influence phase behavior when 

micro emulsions are used to formulate 

nanosuspensions. eg: Bile salts, 

DipotassiumGlycerrhizinate, Transcutol, 

Glycofurol, Ethanol, Isopropanol. 

 Organicsolvent: Pharmaceutically acceptable less 

hazardous solvent for preparation of 

formulation.eg: Methanol, Ethanol, Chloroform, 

Isopropanol, Ethyl acetate, Ethyl formate, Butyl 

lactate, Triacetin, Propylene carbonate, Benzyl 

alcohol. 

 Other additives: According to the requirement of 

the route of administration or the properties of the 

drug moiety. eg: Buffers, Salts, Polyols, Osmogens, 

Cryoprotectan. 

 

TECHNIQUES OF PREPARATION OF 

NANOSUSPENSION 

Mainly there are two methods of preparation 

of nanosuspension. The conventional method of 

precipitation is called ‘Bottom-up technology [12]. In 

bottom-up technology the drug is dissolved in a solvent, 

which is then added to a nonsolvent to precipitate the 

crystals. This technique is that during the precipitation 

procedure the growing of the drug crystals need to be 

controlled by addition of surfactant to avoid formation 

of microparticles. The ‘Top- down’ technologies are the 

disintegration methods and are preferred over the 

precipitation methods [13]. The top-down technologies 

include media milling, high pressure homogenization in 

water, high pressure homogenization in non- aqueous 

media and combination of precipitation and high 

pressure homogenization [14]. 

 

MEDIA MILLING [15] 

Nanosuspensions are formulated by high shear 

media mills or pearl mills. It consists of milling 

chamber, recirculation chamber and milling shaft. 

Milling media consists of balls or pearls which are 

made up of ceramic sintered aluminium oxide or 

zirconium oxide. Milling chamber charged with milling 

media, water, drug, and stabilizer. Balls rotated at high 

shear rate under control temperature the balls have an 

impact on the sample. Due to the both forces of friction 

and impact particle size reduction occurs and nanosized 

particles will obtained.  

 

HOMOGENIZATION  

High pressure homogenization (dissocubes) 
In this technique suspension is forced by a 

pressure plunger pump through a narrow valve under 

high pressure [16]. When the suspension is allowed to 

pass through the orifice the static pressure will be 

reduced below the boiling pressure of water which 

results in the boiling of water and formation of gas 

bubbles. When it leaves the orifice pressure will be 

normal and bubbles will implode. So surrounding 

particles will rush into the surface which causes the size 

reduction. This principle is employed in apvgaulin 

micron lab 40 homoginizer.  

 

Homogenization in non-aqueous media (nano-pure) 
It is homogenised in water free media or water 

mixture. Temperature will be 0 degree or even at 

freezing point. So it is known as deep freeze 

homoginisation. It is the best method for the 

thermolabile substances [17].
 

 

Nanoedge 

This technique will be similar to 

homogenisation method or precipitation method. It is 

considered as the combination of these two methods 

which leads to the better stability and bioavailability. 

The suspension obtained by this method will be again 

homogenised to reduce the particle size and prevent 

crystal growth. In precipitation method there will be 

chances of crystal growth and long term stability 

problems. Nanotechnology will solve such problems. 

An evaporation technique is also included in the nano 

edge technology for the better production of 

nanosuspension which will result in the solvent free 

modified starting material. 

 

PRECIPITATION TECHNIQUE (SOLVENT-

ANTISOLVENT METHOD):  

Precipitation method has been used for long 

years for the preparation of submicron particles. It is 

mainly used for the poorly soluble drugs. First drug is 

dissolved in a suitable solvent. This solution is then 

mixed with a miscible anti-solvent system in the 

presence of surfactants. Rapid addition of drug solution 

in to the anti-solvent leads to the sudden super-

saturation of drug in the mixed solution forms ultrafine 

drug solids. Precipitation method involves two phases - 
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nuclei formation & crystal growth. When preparing a 

stable suspension with the minimum particle size, a 

high nucleation rate and but low growth rate is 

necessary. Both rates are depending on temperature. In 

this technique the drug needs to be soluble in at least 

one solvent which is miscible with non-solvent [18]. 

 

APPLICATIONS OF NANOSUSPENSION: 

Oral Drug Delivery 

Because of the numerous advantages oral route 

is the most preferable route for many of the drugs 

especially in the case of orally administering antibiotics 

such as atovaquone and bupravaquone. By making it in 

nanosize, its solubility and bioavailability will increase. 

The oral administration of naproxen nanoparticles leads 

to an area under the curve (AUC) (0-24 h) of 97.5 mg-

h/l compared with naproxen nanosuspension and 

naproxen tablets. In the case of danazole 

(gonadotrophin inhibitor) nanosuspension has absolute 

bioavailability of 82.3 and the conventional dispersion 

only 5.2 % [19]. 

 

Parentral Drug Delivery 

The drug clofazimine is given as iv, the 

concentration in the liver, spleen and lungs reached a 

high level i.e.; greater than minimum inhibitory 

concentration, for most of the mycobacterium avium 

strains. Tarazepide is formulated as nanosuspension in 

order to overcome the use of surfactants and 

cyclodextrins to improve the bioavailability [20]. 

 

Pulmonary Drug Delivery 

Here we are using nano-preperations for the 

drugs which have poor solubility in pulmonary 

secretions. For the lung delivery it is nebulised by 

mechanical or ultrasonic nebulizer. E. g: budenoside 

[21].
 

 

Occular Drug Delivery 

These mainly applied for hydrophobic drugs. It 

increases the residence time include sac. The best 

example of nanosuspension is ibuprofen. The anti-

inflammatory activity of ibuprofen increased compared 

with the aqueous preparation [22]. 

 

CONCLUSION 

Nanosuspension formulation have been largely 

solved the solubility as well as dissolution problems to 

improve drug absorption. It has therapeutic advantages, 

such as simple method of preparation, less requirement 

of excipients, increased saturation solubility and 

dissolution velocity of drug. Numbers of drug 

candidates are identified in drug discovery programs, 

but most of them are fairly poorly soluble. This 

challenges in pharma research to develop novel 

approaches to achieve a high solubility, stability and 

bioavailability of the drugs. Nanosuspension is 

commercially possible approach to solve the poor 

solubility as well as poor bioavailability problems of the 

drugs. For large-scale production of nanosuspension 

formulation, high-pressure homogenization technology 

has been widely used. A nanosuspension formulation 

solves the poor solubility problems, but also improves 

drug efficacy. 
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ABSTRACT 
With the modern technologies, a large number of drugs have been discovered which have better efficiency but their 

clinical applications are restricted due to poor solubility. Nearly 40% of the drugs have poor solubility. Poor water solubility 

has become a leading challenge for formulation of these compounds. Poor solubility is generally associated with poor 

bioavailability. Nanosuspension has the potential to overcome this issue. This review article outlines various techniques 

involved for preparation of nanosuspension and the enhancement of biological activities of drug when formulated into 

nanosuspension. 

 

Key words: Nanosuspension, Solubility of drug, Dissolution rate. 

 

INTRODUCTION 

More than 40% of new chemical entities  are 

lipophilic compounds Lipophilic compounds have poor 

aqueous solubility and imperfect dissolution profile which 

causes their low bioavailability. Therefore, formulating 

new poorly water soluble molecules to obtain an adequate 

bioavailability has become a serious and challenging 

scientific, industrial, and medical issue. To overcome these 

problems Nanotechnology can be used. Nanotechnology is 

defined as the science and engineering carried out in the 

nanoscale that is 10
–9

 m [1]. Nanosuspension is a 

submicron colloidal dispersion of drug particles which are 

stabilized by surfactants. A pharmaceutical 

nanosuspension is defined as very finely dispersed solid 

drug particles in an aqueous vehicle for either oral or 

topical use or for parenteral and pulmonary administration. 

The particle size distribution of the solid particles in 

nanosuspensions is usually less than one micron with an 

average particle size ranging between 200 to 600 nm [2]. 

 

Advantages 

a. Most cost effective.  

b. Useful for poorly soluble drugs.  

c. Physically more stable than liposomes.  

d. Provide ease of manufacture and scale up for large scale 

production.  

e. Rapid dissolution and tissue targeting.  

 

f. Reduction in tissue irritation.  

g. Higher bioavailability in ocular and inhalational drug 

delivery [3]. 

 

PREPARATION TECHNIQUES 

Techniques of preparation are classified into 2 types 

 Top  Down process 

 Media Milling 

 High pressure homoginisation 

 Bottom up process 

 spray freezing  

 evaporative precipitation  

 liquid solvent change process 

 

MEDIA MILLINGTECHNIQUE 

The media milling technique was developed by 

Liversidge et al. In this method high-shear media mills or 

pearl mills are used to produce nanosuspension. The media 

mill consists of a milling chamber, a milling shaft, and a 

recirculation chamber. The milling media or balls are 

framed in ceramic-sintered aluminium oxide or highly 

cross-linked polystyrene resin. The milling chamber is fed 

with an aqueous suspension of the drug, stabilizer, and the 

milling media or pearls rotate at a very high shear rate. 

This procedure can be carried out under controlled 
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temperature. The friction and collisions among drug 

particles and pearls generate nanosuspension [4]. 

 

HIGH PRESSURE HOMOGINISATION 

TECHNIQUE 

In this technique suspension is forced by a 

pressure plunger pump through a narrow valve under high 

pressure. When the suspension is allowed to as through the 

orifice the static pressure will be reduced below the boiling 

pressure of water which results in the boiling of water and 

formation of gas bubbles. When it leaves the orifice 

pressure will be normal and bubbles will implode. So 

surrounding particles will rush into the surface which 

causes the size reduction. This principle is employed in 

apvgaulin micron lab 40 homogenizer [5]. 

 

BIOLOGICAL ACTIVITIES OF NANO 

SUSPENSIONS 

Antifungal agents such as Miconazole, 

Fluconazole, Ketoconazole, Posaconazole clinical efficacy 

is well established, the potency is decreased by thousand 

fold when reaches the target site, and also large dose 

and/or prolonged administration is often necessary to 

maintain an effective drug concentration. The long-term 

use of systemic antifungal drugs is associated with 

potential adverse effects and patient non-compliance and 

also less drug availability at the site of infection, limits its 

use. So when they were formulated as nanosuspension it 

will reduce the dose and increase the concentration of drug 

in the targeted organ with low systemic concentration is 

highly desirable [6-8] 

Ciprofloxacin is a broad spectrum second 

generation fluoroquinolone antibiotic which is effective 

against gram positive and gram negative bacteria. It kills 

bacteria by interfering with topoisomerase which stops 

synthesis of DNA and of protein. It is practically insoluble 

in water and sensitive to sunlight losing its antibacterial 

activity. Ciprofloxacin solubility enhancement is achieved 

by using a classical cyclodextrin inclusion complex and a 

current nanotechnology approach. Inclusion complexes 

were prepared with beta-cyclodextrin using kneading 

method. Nanosuspension of ciprofloxacin was prepared by 

anti solvent precipitation method. Pure ciprofloxacin 

suspension and equivalent amount of nano-suspension and 

inclusion complexes were tested and compared for 

antibacterial activity using agar diffusion method against 

gram positive bacteria such as MRSA ATCC # 33591, B. 

subtilis ATCC # 10400, E. coli ATCC # 13706, K. 

pneumoniae ATCC # 13368, P. aeruginosa ATCC # 

27853. Observed zone of inhibition by all treatment were 

statistically analyzed by measuring zone of inhibition..And 

thus better Antibacterial activities were found for 

Ciprofloxacin beta cyclodextrin complexes and its 

nanosuspension than pure ciprofloxacin nanosuspension
 

[9]. 

Curcumin is a natural product found in the 

rhizome of Curcuma longa. It has been shown to exhibit 

antioxidant, anti-inflammatory, antiviral, antibacterial, 

antifungal, anticancer activities and has a potential against 

various malignant diseases, diabetes, allergies, arthritis, 

alzheimer’s disease etc. Nanosuspension  of Curcumin was 

prepared by bottom up method using acetone and water as 

solvent system. Curcumin is a poorly soluble drug. In 

order to increase its solubility, bioavailability, stability 

Curcumin was formulated as Nanosuspension [10]. 

Cyclosporine A, a neutral hydrophobic cyclic 

peptide composed of 11 amino acid residues, is a 3rd 

generation immunosuppressant, used in organ 

transplantation. The aqueous solubility of CsA is very low 

and it displays a considerable inter and intra patient 

variability presumably due to its poor and highly bile 

dependent absorption as well as intestinal metabolism. 

Hence therapy requires careful monitoring of blood levels 

.Exceeding the therapeutic window adverse effects like 

nephrotoxicity and hepatotoxicity are reported. 

Furthermore it has been reported that at sub therapeutic 

drug levels, organ transplantation rejection occurs after 

systemic drug administration in case of lung, heart, lung or 

corneal transplantation. A stable nanosuspension of 

cyclosporine A using Zirconium oxide beads was prepared 

by Media milling technique. Nanosuspension formulation 

containing Cyclosporine A can be an alternative dosage 

form of intravenous microemulsion formulation by 

avoiding a hypersensitivity reaction caused by 

Cremophore EL. All Pharmacokinetic parameters show 

favorable results. It can modulate the disposition of drug in 

the body and potentially improve the safety & efficacy 

profile of drug. It is a simple, cost effective and scalable 

method as compared to other methods [11]. 

Felodipine is, a dihydropyridine calcium 

antagonist, widely used as a potent antihypertensive drug. 

It is poorly soluble and oral bioavailability is only 15%. Its 

dissolution profile is the limiting factor of its 

bioavailability. In order to increase its dissolution rate 

several attempts were carried out. Out of these 

Nanosuspensions by the virtue of their large surface area 

to volume ratio provide an alternative method to formulate 

poorly soluble compounds. Felodipine nanosuspension 

were prepared by precipitation–ultra sonnication technique 

using ethanol as solvent and aqueous medium containing 

stabiliser as anti solvent. Poly Vinyl alcohol or Hydroxy 

propyl methyl cellulose was used as stabiliser. 

Nanosuspension showed enhanced drug release which may 

lead to enhanced oral bioavailability of felodipine. Since 

the limited oral bioavailability of felodipine is due to its 

poor dissolution, hence, the increase solubility and thereby 

the dissolution of felodipine in the form of nanosuspension 

may enhance the oral bioavailability of felodipine [12]. 

Nebivolol hydrochloride is a poorly water soluble 

drug falls under class II biopharmaceutical classification 

system, which is β1 receptor antagonist that leads to 

vasodilatation, decreased peripheral vascular resistance, 

lowers blood pressure and heart rate. The rate of its oral 

absorption is often controlled by dissolution rate in the 

gastro intestinal tract. Nanosuspension tablets changes the 

properties of poorly soluble drugs like nebivolol 

hydrochloride and increases the wetting property and 

surface area of the drug particle and indirectly increases 

the dissolution and oral bioavailability of drugs. The 

nanosuspension tablets shown higher dissolution rate 
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compare to the innovator product and pure drug. 

Nanosuspension tablets are promising alteranative 

technique for improving dissolution rate and 

bioavailability of drugs [13]. 

Nisoldipine is an antihypertensive drug with poor 

water solubility, high permeability and it belongs to Class 

II of Bio pharmaceutical classification system (BCS). The 

formulation of nano‐sized particles can be implemented to 

all drug compounds belonging to biopharmaceutical 

classification system (BCS) class II and IV to increase 

their solubility. Nanosuspension of Nisoldipine was 

prepared by Nanoprecipitation method. Nanosuspension 

OF Nisoldipine  represent a promising alterative to current 

drug delivery systems aiming to improve the 

biopharmaceutical performance such as solubility and 

bioavailability [14]. 

Azithromycin is a drug which is classified as a 

BCS class ll substance, since it has low aqueous solubility 

and high permeability. Low solubility contributes to high 

variability in absorption after oral administration. Once the 

solubility problem is overcome azithromycin will be 

absorbed immediately showing comparatively good oral 

bioavailability. Therefore to overcome this problem the 

solubility of the drug has to be enhanced because the faster 

the drug dissolved, faster will it absorb and hence the 

pharmacological action be attained. Hence to overcome 

this problem nanosuspension technology is used [15]. 

In ocular drug delivery system, ocular infections 

are treated by various topical drug applications in the form 

of solutions, suspensions and ointment. These 

conventional dosage forms suffer from the problems of 

poor ocular bioavailability due to minimum ocular 

residence time, because of various anatomical and 

pathophysiological barriers prevailing in the eye. To 

overcome these problems its formulated as 

Nanosuspension. Nanosuspension not only improves the 

saturation solubility of drug in media but it is also ideal 

approach for ophthalmic delivery of hydrophobic drugs in 

eye. Nanosuspensions can also used to achieve sustained 

release of the drug by incorporating or formulating with 

suitable hydrogel or mucoadhesive base or in ocular 

inserts [16]. 

Simvastatin is a lipid lowering agent and is an 

inhibitor of 3-hydroxy -3- methyl   glutaryl   co - enzyme  

A(HMG Co A) Reductase. Simvastatin is white, 

crystalline and insoluble in water. To overcome the 

problems of low solubility Simvastatin were formulated as 

nanosuspension. Nanosuspension was prepared by 

Emulsification solvent diffusion method [17]. 

Candesartan, (±)1-

{[(cyclohexyloxy)carbonyl]oxy}ethyl 2-ethoxy-1-{[2'-(1H 

tetrazol-5-yl)- biphenyl-4-yl]methyl}-1H-benzimidazole-

7-carboxylate, a non-peptide, is a selective AT1 subtype 

angiotensin II receptor antagonist indicated for the 

treatment of hypertension alone or in combination with 

other antihypertensive agents . Candesartan cilexetil is a 

pro-drug that is hydrolyzed to candesartan during 

absorption from the gastrointestinal tract. The aqueous 

solubility of Candesartan cilexetil is less than 5x10−5 g/L 

which may be the reason for very low bioavailability. The 

results of the pharmacodynamic study showed significant 

reduction in blood pressure for nanosuspension as compare 

to plain drug suspension. Thus, the results of the in vitro 

and pharmacodynamic studies conclusively demonstrated 

significant enhancement in antihypertensive activity of 

candesartan when formulated as nanosuspension. NS was 

prepared by media milling technique using zirconium 

oxide beads as milling media [18]. 

Valsartan is an AngiotensinII antagonist that is 

selective for type I(AT1) angiotensin receptor. Valsartan is 

mainly used for the treatment of high blood pressure, 

congestive heart failure.  High pressure homogenization 

method was developed to prepare Valsartan 

nanosuspension using poloxamer and soyalecithin as 

stabilizers. From the results of this study it may be 

concluded that nanosuspensions of poorly soluble drugs 

such as Valsartan are easy to prepare and represent a 

promising new drug formulation for oral controlled drug 

delivery for treatment of Hypertension [19]. 

Nateglinide is one of the most effective drug in 

the treatment of diabetics. It is BCS class II drug with low 

solubility. Nateglinide is non-sulfonyl urea drug which 

blocks KATP potassium channel to perform overall 

glycemic control in type2 diabetics. It is selective blocker 

of pancreatic beta cells. Nateglinide nanosuspension was 

formulated by nanoprecipitation method. The formulated 

nanosuspension shows good solubility and bioavailability 

and thus can be therapeutically superior to all conventional 

formulations [20]. 

 

Table 1. Advantages and Disadvantages Of Different Methods  

Technology Advantage Disadvantage 

Precipitation [6] 

 Finely dispersed drug 

 Good control of desired 

size 

 Needs to be stabilized 

 Organic solvent residues 

 Not universally applicable 

Milling
 
[6] 

 Low energy technique 

 Proven by FDA 

 Residue from milling process 

 Needs to be stabilized 

 Can be a slow process 

Homogenization
 
[7] 

 Universally applicable 

 No problem with large 

batches 

 Fast method 

 High energy technique 

 Great experience needed 
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CONCLUSION 

Numbers of drug candidates are identified in drug 

discovery programs, but most of them are poorly soluble. 

Therefore nanoformulation can improve the solubility as 

well as dissolution rate and also enhances its biological 

activities. 
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ABSTRACT 

Obesity one of the chronic metabolic disorder, has become a major global health challenge, due to its high prevalence 

and provides a pathway for many of the chronic diseases including breast cancer. It is emerged as an epidemic in the 

developed and developing countries. Here we review the obesity its risk factors, complications and its pathogenic relation with 

breast cancer susceptibility and thus it provides multiple opportunities for its prevention and treatment. Poor food choices, 

sedentary lifestyle, physical inactivity, lack of sleep leads to obesity. So proper dieting and physical activity is needed for the 

weight loss and thus to improve patient compliance and there by quality of life. Recent reports showing that the obesity is a 

trigger factor for cancer, especially breast cancer. The main mechanisms that have been proposed as the potential producers of 

breast cancer in obesity are insulin, insulin like growth factor (IGF-1), sex hormones and adipokines. Along with diet and 

physical activity mechanisms like chronic inflammation, cross talk between normal and tumor cells, oxidative stress, 

migrating adipose stromal cells, obesity induced hypoxia, immunity problems are discussed. In this review article we stress on 

how obesity be a trigger factor for breast malignancies and also about the effect of dieting and physical activity in obesity. 

 

Key Words:- Obesity, Adipokines, Breast Cancer, Physical Activity, Insulin Resistance. 

 

INTRODUCTION 

Obesity the silent killer is a global burden, which 

heightens the risk of several chronic diseases, including 

cancer,  independent of sex, ages and socio economic 

groups. From various epidemiological studies it has been 

found that 20% of all malignancies are influenced by diet, 

body fat distribution and excessive weight. An increased 

BMI is associated with increased incidence of post -

menopausal breast cancer. Recent researches showed that 

as BMI increases by 5 kg/m
2
 then cancer mortality 

increases by 10%.Scientists have estimated that 7-15% of 

breast cancer seen in developed countries are due to 

obesity. Being a   complex   condition,  
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the prevalence of obesity has doubled globally over the 

past few years. Urbanization and globalization results in 

dramatic change in the lifestyle and behavior of people 

which further leads to the emergence and progression of 

overweight and obesity. 
[1]

Energy balance depends on 

food intake, storage and energy expenditure. If any 

alterations occurred in the energy balance which was 

regulated by hormones leads to cancer development. If 

overweight people are able to reduce their BMI by 1% 

equivalent to weight loss of 1 kg, leads to avoidance of 

many new malignancy cases (Karen B and Maria C, 

2011). 

 

Global Trends of Obesity and Breast Cancer Risk 

Obesity prevalence rates have increased 

worldwide in the last three decades and Globally, India 

holds 3rd position and in India, Kerala stood 2nd position 
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in number of obese people. In India, morbid obesity in the 

21
st
 century has reached 5% of the country’s population. 

India is just behind US and China in this global hazard list 

of top 10 countries with highest number of obese people 

(11 % of adolescents, and 20 % of all adults. Moreover, if 

recent trends continue, by 2030 up to 57.8% of the world's 

adult population could be either overweight or obese. 

Breast cancer is the 2
nd

 leading cause of death in women 

exceeded only by lung cancer and is the commonest 

malignancy in women comprising 18% of all female 

cancers. About 3% death in women is due to breast cancer 

.Obesity is a controllable life style disorder, with regular 

exercise and healthy eating being the best ways to regulate 

body fat and to maintain a healthy body weight (K 

Mcpherson et al., 2000; Cancer Prevention, 2015; NDA 

India, 2015) 

 

Introduction of Breast Cancer Risk 
As in menopause, the sex hormones level will 

came to decrease and thus leading to the production of 

these hormones from the fatty depositions .Age, the 

change in the location of fat deposits, the size and total 

amount of adipose tissue may explain the change in the 

shape of women after menopause, either gynecoid or 

visceral. During menopause, estrogen level diminishes, 

leading to fat migration from the hips, arms and thighs, 

and responsible for the higher susceptibility of post-

menopausal women breast cancer. As years passes the 

number of obese patients are rising. As of 2010, the WHO 

estimated that at about 300-400 million adults were obese, 

while 1 billion were overweight. If nothing is done to 

reverse the epidemic, more than 1 billion adults are 

projected to be obese by 2030.There are several risk 

factors that are leading to breast cancer like age, 

geographical variations, hormone replacement therapy, 

oral contraceptives, family history, obesity…here we will 

look upon how obesity be a cause of breast cancer 

(Michael L, 2013). 

 

Biological Mechanisms Linking Breast Cancer 

Susceptibility 

Obesity had a great influence in the risk of breast 

cancer in postmenopausal obese women than normal 

weight women. There are several mechanisms that have 

been suggested to explain the causal link between the 

obesity and breast cancer risk, particularly the effects of 

metabolic syndrome and insulin resistance, peripheral 

estrogen aromatization in adipose tissue, effect of 

adipokines and so on. Obesity may also promote more 

rapid growth of cancer because of impaired cellular 

immunity. Several meta- analysis, systematic reviews, and 

large cohort  studies    have   shown that   obesity   

worsens breast cancer mortality. 

 

DIET 

The breast cancer is highly related to dietary 

intake. If excess caloric intake leads to altering the energy 

balance and will promote cancer cell proliferation .iIt is a 

main contributing factor for breast cancer. At the same 

time, limited long-term calorie intake has led to a decrease 

in cancer incidence and improves the quality of life. The 

low-fatty diets will decrease the risk and recurrence of 

breast cancer. According to the International Agency for 

Research on Cancer, there is sufficient scientific evidence 

that alcoholic beverages triggers breast cancer due to the 

increased estrogen levels. Consumption of high levels of 

monounsaturated fatty acids( MUFAS) also leads to post- 

menopausal breast cancer. Vitamin D is related to reduce 

risk of breast cancer and disease prognosis (Alcohol and 

cancer, 2012). In the Nurse's Health Study, a high dietary 

intake of calcium showed 33% lower risk of breast cancer, 

as calcium reduces cell proliferation and reduce the risk of 

benign proliferative epithelial disorders which are thought 

to be  the precursors of breast cancer. Dietary fibers, fruits 

and vegetables may exert a protective effect in the 

development of several cancers through prevention of 

insulin-resistance, decrease in IGF-1 activity, decrease 

circulating hormones level and antioxidant, anti-

proliferative activities, modulation of  xenobiotic and 

hormonal metabolism and immunity (Paule L et al., 2016). 

 

Physical Activity 

The women who exercise regularly equivalent of 

walking 3 to 5 hours per week after being diagnosed with 

breast cancer can improve their chances of surviving the 

disease, reduces the mortality and improve the quality of 

life. The physical activity decrease obesity by limiting fat 

content and promote body lean mass. The mechanisms for 

its beneficial effect is by decreasing the circulating levels 

of various hormones and growth factors, including 

decreased plasma levels of estrogens, insulin and IGF-1 

.The level will  increase with increased BMI and promote 

cancer development. Physical activity may also lower 

cancer risk by improving insulin sensitivity, stimulate 

immunity and by decreasing adipokine levels, oxidative 

stress and inflammatory markers (Paule L et al., 2016). 

 

Insulin Resistance 
The hypothesis explaining the association 

between obesity and breast cancer is that of lower insulin 

sensitivity, as it leads to tumerigenesis by the abundant 

production of mitogenic insulin growth factor IGF1 

critical to breast cancer. It also exerts proangiogenic 
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effects and induce tumor related lymphangiogenesis. 

Circulating C-peptide(cleavage product of pro insulin) 

levels and postmenopausal breast cancers are also 

correlated .Both insulin and IGF1 are believed to exert 

tumor enhancing effects by cell proliferation directly via  

binding to the insulin receptor(IR) and hybrid IR/ IGF-

1receptor(IGF-1 R) on neo plastic cells. Due to  increased 

tumour invasion, ligand-induced activation of the IGF-IR 

kinase results in the loss of epithelial integrity .IGF 1 

mediates the metastasis and this mitogenic anti apoptopic 

environment caused by increased serum level of insulin 

and IGF 1 accelerates the  genetic mutation and in 

metabolic syndrome, tissues are not able to absorb, store, 

and metabolize glucose efficiently. Therefore, to prevent 

elevated concentrations of glucose in the blood, the 

pancreas will secrete increasing amounts of insulin leads 

to hyperinsulinemia. Insulin signals through its receptors 

will activate tyrosine kinase signaling and a cascade of 

intracellular responses. Interestingly, type-2 DM  in 

postmenopausal women is correlated with a slight increase 

in breast cancer risk. Reducing hyperinsulinemia and 

blocking IR/IGF-IR activation with a specific tyrosine 

kinase inhibitor ,decreases tumor burden (Hursting SD et 

al., 2012; Darren LR et al., 2010; Key TJ et al., 200) 

 

Sex Hormones 

The postmenopausal risk of breast cancer 

increases in women with heightened levels of circulating 

sex steroids and low levels of sex hormone binding 

globulin. Endogenous sex hormones are active in tumor 

cell growth and directly mediate the effect of obesity on 

tumors of the breast. Mitogenic estrogens will, regulate the 

expression of insulin receptor substrate-1 (IRS-1) in the 

breast, and induce free radical-mediated DNA damage and 

genetic mutations in cells. Biological cause of the 

association between obesity and post menopausal breast 

cancer is the elevated circulating estrogens from 

peripheral aromatization of androgens in adipose tissue in 

obese postmenopausal women. It is also associated with 

metabolic syndrome results in circulating insulin and 

insulin like growth factor (IGF), and action is mediated by 

estrogen receptor pathway in breast cells. Together, IGF-I 

and estradiol increase the transcriptional activation of ER 

.Inhibition of MAPK(mitogen activated protein kinase) or 

PI 3-kinase pathways with specific inhibitor sabrogates the 

mitogenic effects of both IGF-I and estrogen in human 

breast cancer cells. SHBG ,an anti proliferative factor may 

bind to its specific site on MCF-7 breast cancer cells 

induces the second messenger cAMP and causes a 

complete inhibition of estradiol –induced MCF-7 cell 

proliferation, and the loss of which in obese women could 

contribute to tumerigenesis (Lorincz AM et al.,  2006) 

 ADIPOKINES 

When the adipose tissue expands, adipocytes 

enlarges and produces chemotactic factors like monocyte 

chemoattractant protein (MCP 1). It will attract the 

macrophages .Along with adipose tissue dysfunction, 

production of adipokines, inflammatory cytokines and 

decreased production of adiponectin leads to the 

accumulation of fatty acids. Adipocytes produce certain 

hormones called adipokines that they stimulate or inhibit 

cell growth. Leptin is abundant  in obese and promote cell 

proliferation whereas adiponectin the  abundant adipokine 

have anti-proliferative effects. It also has direct and 

indirect effects on other tumor growth regulators, 

including mammalian target of rapamycin (mTOR) and 

AMP activated protein kinase. Adiponectin increases 

insulin sensitivity directly by stimulating tyrosine 

phosphorylation of insulin and also protects from insulin 

resistance by activating 5”AMP activated protein kinase 

(AMPK) (Rob CM et al., 2013). In obesity, there is over 

secretion of deleterious proinflammatory molecules like 

interleukin-6 (IL-6), tumour necrosis factor- (TNF-), 

leptin, resistin, retinol binding protein-4, plasminogen 

activator inhibitor-1 (PAI-1), hepatic growth factor (HGF), 

and hyposecretion of beneficial adipokines such as 

adiponectin and visfatin. Human adipose tissue 

macrophages resemble human tumor-associated 

macrophages and play an important  role in cancer cell 

survival by increasing the expression of FAS in cancer 

cells.The mitogenic, proinflammatory, anti-apoptotic, and 

proangiogenic factor leptin foster cancer development, as 

it upregulates oestrogen signaling and intensifies the 

expression of aromatase, oestrogen production . However, 

breast tumour cells proliferate after leptin stimulation. 

Blocking cancer-stromal cell communication may well be 

a strategy to target breast cancer therapy, and, 

interestingly, it has been shown that leptin drives tumor 

progression by a bidirectional crosstalk between breast 

cancer cells and cancer-associated fibroblasts. Breast 

cancer risk was much lower in postmenopausal women 

with elevated adiponectin level. Obesity is correlated to 

chronic inflammatory response, with abnormally high 

cytokine production and the activation of pro 

inflammatory signaling pathways. The chronic 

inflammatory state in obesity might be important in the 

initiation and promotion of cancer cells (Giovanni D et al., 

2013). 

 

Cross Talk between Tumor Cells and Surrounding 

Adipocytes and Migrating Adipose Stromal Cells 

Tumor metastasis results from the crosstalk 

between tumor cells and the “normal” cells which 

surround them. In breast cancer, mature adipocytes are 
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part of the breast cancer tissue and thus contribute to 

cancer progression and modify breast cancer cell 

behaviour. It has been proposed that evolving bidirectional 

crosstalk is functional between breast cancer cells and 

tumor-surrounding adipocytes, and that the tumor-

modified adipocytes are actively involved in tumor 

progression (Giovanni D et al., 2013). 

 

Fig 1. Relationship between obesity and breast cancer 

 

Fig 2. Relationship between obesity and breast cancer. 

Principal mechanisms through which the obesity 

condition may promote breast cancer development and 

progression. 

 
Fig 3. Crosstalk between components of obesity and MDSC and M2 induction. Different aspects of obesity, namely 

elevated estrogen, increased insulin resistance, increased inflammation secondary to recruited adipose tissue 

macrophages and adiposity employ a variety of mechanisms, all of which coalesce on M2 macrophage and MDSC 

induction to facilitate cancer development. 

 
  

CONCLUSION 

The prevalence of overweight and obesity is 

increasing at an alarming rate throughout the world. Life 

style factors are also a leading cause of cancer like high 

fatty food, rich carbohydrate foods, less intake of fruits, 

vegetables, fibers, lack of exercise, sedentary life style, as 

these  all leads to obesity. There is a relation between 

abdominal obesity and cancer, it increases the cancer 

mortality risk up to 24%..Obesity results from over-

nutrition, low physical activity, change of dietary habits, 

urbanization, or metabolic disturbance. The defining 

metabolic changes in obesity are decreased glucose 

tolerance,     decreased         sensitivity       to        insulin,  

hyperinsulinemia and reduced life expectancy. In adipose 

tissue, obesity is associated with increased aromatization 

of circulating androgens to estrogens and reduced levels of 

sex hormone binding globulin, thereby increasing estrogen 

level. Therefore, studies designed to measure both 

estrogen and progesterone levels in breast tissue and 

identify the determinants of these levels are needed To 

treat obesity, restricting food intake and engaging in 

physical fitness are necessary. Although exercise can help 

a patient reach a target weight, dietary restriction and 

control may be more effective for the treatment of obesity. 

In addition better screening, early detection, awareness on 

treatment options will be able to reduce the annual 

incidence of breast cancer.  
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ABSTRACT  

Diabetes Mellitus (DM) places a tremendous financial burden on patients as well as on healthcare system because 

of its chronic nature and over time becomes one of the most expensive diseases. Studies have shown that DM 

individually and in combination with co-existing chronic medical conditions significantly impaired the health-

related quality of life (HRQoL) of individuals with DM. While all trials of pharmaceutical care and pharmacist 

disease management diabetes services have included clinical outcomes measures, few have focused on humanistic 

outcomes such as HRQoL. A prospective observational survey study was carried out for a period of 9 months in the 

General Medicine Department of a tertiary care hospital to study the impact of pharmaceutical care on improving 

the health-related quality of life of patients with type II Diabetes Mellitus. 
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Introduction 

Diabetes Mellitus is a group of common metabolic 

disorders that share the phenotype of hyperglycemia. 

Several distinct types of DM are caused by a complex 

interaction of genetics and environmental factors. 

Depending on the etiology of the DM, factors 

contributing to hyperglycemia include reduced insulin 

secretion, decreased glucose utilization, and increased 

glucose production. The metabolic deregulation 

associated with DM causes secondary pathophysiologic 

changes in multiple organ systems that impose a 

tremendous burden on the individual with diabetes and 

on the healthcare system. DM is the leading cause of 

end-stage renal disease (ESRD), non-traumatic lower 

extremity amputations, and adult blindness. It also 

predisposes to cardiovascular diseases. [1] Studies have 

shown that DM individually and in combination with co-

existing chronic medical conditions significantly 

impaired the health-related quality of life (HRQoL) of 

individuals with DM. DM, places a tremendous financial 

burden on patients as well as on healthcare system 

because of its chronic nature and over time becomes 

one of the most expensive diseases. The worldwide 

prevalence of DM has risen dramatically over the past 

two decades, from an estimated 30 million cases in 

1985 to177 million in 2000. The total number of people 

with diabetes is projected to rise from 177 million in 

2000 to 366 million in 2030.The most important 

demographic change to diabetes prevalence across the 

world appears to be the increase in the proportion of 

people >65 years of age. [2] Although the prevalence of 

both type 1 and type 2 DM is increasing worldwide, the 

prevalence of type 2 DM is rising much more rapidly 

because of increasing obesity and reduced activity 

levels as countries become more industrialized. The 

countries with the largest number of diabetic people 

will be India, China and USA by 2030. [3] Once the 

diagnosis of diabetes has been established, the therapy 

becomes essential. Along with therapy patient 

education also plays an important role. Diabetes care is 

best provided by a multidisciplinary team of health 
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professionals with expertise in diabetes, working in 

collaboration with the patient and family.  [4] 

Quality of life 

Quality of life (QOL) is a popular term that conveys an 

overall sense of wellbeing, including aspects of 

happiness and satisfaction with life as a whole. It is 

broad and subjective rather than specific and objective. 

Although health is an important domain of overall 

quality of life, there are other domains as well—for 

instance, jobs, housing, schools, and the neighborhood. 

HRQoL is a pure measure of health and functional status 

of the individual and excludes factors such as happiness 

and financial situation. In the past two decades, HRQoL 

as a patient reported outcome (PRO) has gained its 

importance in healthcare. [5] This is because HRQoL 

encompasses physical, psychological and social aspects 

of diabetic patients. There is a growing interest in 

literature and medical practices to assess chronic 

diseases (e.g. diabetes) in relation to their impacts on 

quality of life (QoL) in addition to medical outcomes 

(e.g. morbidity and mortality). [6,7] The QOL is an 

important outcome on its own right and, because it may 

influence the patient's self-care activities, it may 

consequently impact their diabetes control. [8] Many 

studies support the use of HRQoL as a measure because 

subjective health is perceived as a better predictor of 

survival than objective health. [9] In addition; 

associations between chronic diseases and lower levels 

of HRQoL are evident. This is because if a chronic patient 

is to be better, the patient will need to change his or her 

lifestyle significantly. [10] [11] Thus, the measurement of 

HRQoL is an important activity. The ADDQoL is an 

individualized instrument aiming at measuring the 

individual’s feelings about the impact of diabetes and it 

includes life domains that may be affected by diabetes 

for the better or, more likely, for the worse. [5] [12] [13] No 

longer is it satisfactory to provide patients who have 

diabetes with brief instructions and a few pamphlets 

and expect them to manage their disease adequately. 

Instead, education of these patients should be an active 

and concerted effort involving the physician, 

nutritionist, diabetes educator, and other health 

professionals. Moreover, diabetes education needs to 

be a lifetime exercise; believing that it can be 

accomplished in 1 or 2 encounters is misguided. 

Pharmaceutical care is the direct, responsible provision 

of medication-related care with the purpose of 

achieving definite outcomes that improve a patient's 

quality of life. It is also the determination of the drug 

needs for a given individual and the provision of not 

only the required drug, also the necessary services 

(before, during or after treatment) to ensure the 

optimally safe and effective drug therapy. [14] Clinical 

pharmacy grew with the concept of pharmaceutical 

care. The chronic complications of diabetes are known 

to affect the QoL of diabetic patients. Various factors 

like understanding of the patients about their disease, 

socioeconomic factors, dietary regulation, self-

monitoring of blood glucose is known to improve the 

QoL of these patients. Thus, pharmaceutical care can 

help improve the quality of life of patients with diabetes 

mellitus through bed side care. 

 

Methods 

 A prospective observational survey study was carried 

out for a period of 9 months (November 2013 – August 

2014) in the General Medicine Department of a tertiary 

care hospital. All type II DM patients with at least 5 years 

of duration since diagnosis was included in the study. 

Patients with type I Diabetes and gestational diabetes 

were excluded from the study. The participants were 

randomly divided into control and intervention groups. 

The study used version-19 of ADDQoL questionnaire to 

assess the QoL of type II DM patients. ADDQoL-19 

questionnaire was provided to the patients, at the time 

of admission and during review. At the time of 

admission, the intervention group was provided with 

pharmaceutical care through diabetes education, 

medication counseling, instructions on lifestyle that 

needed modifications (necessary for better drug 

function) and dietary regulations regarding their 

prescribed drugs and they were given patient 

information leaflets on the disease, whereas the control 

group patients were deprived of any pharmaceutical 

care till the end of the study. The copyright of the 

questionnaire is owned by Prof. Clare Bradley and the 

license to use the questionnaire was granted by Health 

Psychology Research Ltd. University of London on 17th 

January 2014. Approval for this study was given by the 

Institutional Ethics Committee of the Hospital. All 

statistical analyses were performed with SPSS for 

Windows, version 19.0 and Microsoft Excel 2010. For 
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descriptive statistics, means, standard deviations and 

frequencies were calculated. The t-test was used for the 

comparison of mean score values between groups. P 

values of less than 0.01 were considered statistically 

significant. 

 

Results and Discussion 

106 patients were selected, 51% being male. The 

control group comprised of 26 males and 27 females 

and the intervention group comprised of 25 males and 

28 females. Age ranged from 32 -80 years with a mean 

age of 60.21 (SD=10.045) and a median age of 61 years. 

The respondents were divided into 5 groups based on 

their age. Majority of the respondents were within the 

age group 61-70yrs (n=37), followed by 51-60 yrs 

(n=31), 71-80 yrs (n-19), 41-50 yrs (n=17). Only 2 

respondents were under the age group of 40 yrs. 22 and 

15 patients respectively from the intervention and 

control group lied within 61-70 years of age. The 

duration since diagnosis was 5-23 years for control 

group with an average duration of 10.19 ± 4.59years. 

The duration since diagnosis was 5-21years for 

intervention group with an average duration of 9.94 ± 

4.01 years. The duration since diagnosis was 5-10 years 

for most of the participants (n=71), 10-20 years for 31 

participants and >20 years for the remaining (n=4). 

 

BASELINE INTERVIEW RESULTS 

During the baseline interview the QoL of the patients 

was assessed using ADDQoL questionnaire prior to any 

counseling. Table 1 showed that unweighted impact of 

diabetes on individual domains before pharmaceutical 

care. The highest unweighted negative impact of 

diabetes was found to be on the domain “freedom to 

eat” (C= -2.40, I = -2.42) followed by “freedom to drink” 

(C=-2.09, I= -2.15) and “physical activity” (C= -1.62, I= -

2.06). The least impact of diabetes was on “peoples’ 

reaction” (C= -0.02, I = - 0.01). Table 2 indicated that the 

weighted impact of diabetes on different domains of 

life. The domain “freedom to eat” (C= - 4.28, I= - 4.83) 

showed the highest negative weighted impact. The 

domains “employment” (C=2.72, I=2.74), “family life” 

(C=2.64, I = 2.70) and “personal relationships” (C=2.47, 

I= 2.30) were reported as the most important items and 

“physical appearance” (C=0.74, I=0.53) as the least 

important item (Table 3).  

 

FINAL INTERVIEW RESULTS 

Table 4 showed that un-weighted impact of diabetes on 

different domains of life after pharmaceutical care was 

provided. Thus, during the final interview the highest 

unweighted negative impact of diabetes was found to 

be on the domain “freedom to eat” (C= -2.32, I = -2.26) 

followed by “freedom to drink” (C=-2.04, I= -1.94) and 

“physical activity” (C= -2.62, I= -1.92). The least impact 

of diabetes was on “peoples’ reaction” (C= -0.02, I = - 

0.01). 

Table 5 indicated that the weighted impact of diabetes 

on different domain of life after pharmaceutical care 

was provided. The domain “freedom to eat” (C= - 4.28, 

I= - 4.83) showed the highest negative weighted impact. 

The domains “employment” (C=2.70, I=2.74), “family 

life” (C=2.64, I = 2.70) and “personal relationships” 

(C=2.47, I= 2.30) were reported as the most important 

items and “physical appearance” (C=0.74, I=0.53) as the 

least important item.  

The mean impact of diabetes on Quality of Life (QoL) of 

the patients was found to be -1.53 ± 0.749 for the 

control group and -1.6 ± 0.689 for the intervention 

group. The AWI score during baseline interview was 

found to be -1.7453 ± 0.553 and -1.7526 ± 0.563 for the 

control and intervention group respectively. During the 

final interview the AWI scores were found to be 

1.7191±0.51617 and -1.6688± 0.48013 respectively for 

the control and intervention groups. During final 

interview a variation in AWI scores for two groups were 

observed (Table 6). 
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Table 1: Comparison of unweighted impact of diabetes on individual life domains before providing 

pharmaceutical care 

DOMAIN CONTROL INTERVENTION 

Peoples Reaction -0.02 -0.01 

Family Life -0.21 -0.30 

Friendships -0.30 -0.19 

Leisure -0.42 -0.19 

Personal Relationship -0.36 -0.40 

Holidays -0.59 -0.42 

Self Confidence -0.83 -0.42 

Motivation -1.40 -0.77 

Physical Appearance -1.08 -1.13 

Future -1.17 -0.96 

Finance -0.91 -1.38 

Living Condition -1.15 -1.13 

Sex Life -1.31 -1.00 

Employment -0.64 -1.35 

Dependence -1.15 -1.64 

Journeys -1.51 -1.55 

Physical Activity -1.62 -2.06 

Freedom to Drink -2.09 -2.15 

Freedom to Eat -2.40 -2.42 

 

Table 2: Comparison of weighted impact of diabetes on individual life domains before providing pharmaceutical 

care 

DOMAIN CONTROL INTERVENTION 

Peoples Reaction 0 0 
Leisure -0.43 -0.25 
Friendships -0.49 -0.30 
Holidays -0.51 -0.28 
Physical Appearance -0.85 -0.53 
Family Life -0.57 -0.91 
Personal Relationship -0.79 -0.75 
Self Confidence -1.26 -0.45 
Sex Life -0.74 -0.28 
Motivation -2.51 -1.28 
Future -2.43 -1.85 
Living Condition -2.21 -2.17 
Dependence -1.68 -2.74 
Finance -1.72 -2.91 
Journeys -2.17 -2.57 
Freedom to Drink -3.36 -3.36 
Employment -1.69 -1.62 
Physical Activity -3.75 -4.47 
Freedom to Eat -4.28 -4.83 
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Table 3: Comparison of importance of individual life domains before providing pharmaceutical care 

DOMAIN CONTROL INTERVENTION 

Physical Appearance 0.74 0.53 
Holidays 1.07 0.96 
Leisure 1.04 1.11 
Sex Life 1.23 1.00 
Friendships 1.42 1.32 
Self Confidence 1.57 1.21 
Peoples Reaction 1.83 1.17 
Freedom to Drink 1.60 1.53 
Motivation 1.72 1.57 
Journeys 1.58 1.77 
Future 1.83 1.74 
Freedom to Eat 1.75 1.91 
Living Condition 1.96 1.91 
Dependence 1.87 2.04 
Finance 1.98 1.98 
Physical Activity 2.34 2.08 
Personal Relationship 2.47 2.30 
Family Life 2.64 2.70 
Employment 2.72 2.74 

 

 

Table 4: Comparison of unweighted impact of diabetes on individual life domains after providing pharmaceutical 

care 

DOMAIN CONTROL INTERVENTION 

Peoples Reaction -0.02 -0.01 

Family Life -0.21 -0.30 

Friendships -0.30 -0.19 

Leisure -0.42 -0.19 

Personal Relationship -0.36 -0.40 

Holidays -0.59 -0.39 

Self Confidence -0.83 -0.42 

Physical Appearance -1.08 -1.13 

Future -1.17 -0.96 

Motivation -1.40 -0.77 

Sex Life -1.31 -1.00 

Finance -0.91 -1.38 

Living Condition -1.15 -1.13 

Employment -1.39 -1.35 

Dependence -1.15 -1.64 

Journeys -1.51 -1.42 

Physical Activity -2.62 -1.92 

Freedom to Drink -2.04 -1.94 

Freedom to Eat -2.32 -2.26 
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Table 5. Comparison of importance of individual life domains after providing pharmaceutical care  

DOMAIN CONTROL INTERVENTION 

Physical Appearance 0.74 0.53 
Holidays 1.07 0.96 
Leisure 1.04 1.11 
Sex Life 1.23 1.00 
Friendships 1.42 1.32 
Self Confidence 1.57 1.21 
Peoples Reaction 1.83 1.17 
Freedom to Drink 1.58 1.53 
Motivation 1.72 1.57 
Journeys 1.58 1.77 
Future 1.72 1.74 
Freedom to Eat 1.58 1.91 
Living Condition 1.81 1.91 
Dependence 1.72 2.04 
Finance 1.96 1.98 
Physical Activity 2.34 2.08 
Personal Relationship 2.47 2.30 
Family Life 2.64 2.70 
Employment 2.70 2.74 

 

Table 6: Comparison of average weighted impact scores before and after pharmaceutical care was provided 

AVERAGE WEIGHTED IMPACT SCORE 
CONTROL INTERVENTION 

BASELINE AFTER COUNSELING BASELINE AFTER COUNSELING 

-1.7453 ± 0.55314 -1.7191 ± 0.51617 -1.7526 ± 0.56315 -1.6688 ± 0.48013 
P ≥ 0.01  P ≤ 0.01  

 

The highest unweighted negative impact of diabetes 

was found to be on the domain “freedom to eat” 

followed by “freedom to drink” (C=-2.09, I= -2.15) and 

“physical activity”. The least impact of diabetes was on 

“peoples’ reaction”. It was encouraging that subjects 

with DM did not think that they would be very affected 

by people’s reaction, as a high level of self-esteem is 

associated with better adherence to therapy and better 

treatment outcomes. The domain “freedom to eat” 

showed the highest negative weighted impact, showing 

that it was not dramatically enhanced by the 

importance rating. Given that obesity is an important 

contributing factor to the development of DM, it was 

not surprising that the domain “freedom to eat” had the 

maximum negative unweighted impact score as well as 

the maximum weighted impact score. The domains 

“employment”, “family life” and “personal 

relationships” were reported as the most important 

items and “physical appearance” as the least important 

item. All domains had a negative mean value indicating 

that diabetes had a negative impact on all the different 

domains of life. The domains “working life”, “sex life”, 

and “holidays” showed some missing responses. No 

change was observed in the ranking of impact and 

importance rating of different domains before and after 

providing pharmaceutical care. But after the 

pharmaceutical care was provided a variation in AWI 

scores for two groups were observed during the final 

interview. Paired t-test was carried out to assess the 

significance of the difference between means. 

Calculated t value was greater than the table value for t 

at 0.01level of significance. Hence the null hypothesis 

was rejected and the research hypothesis accepted. 

Thus, the research hypothesis that pharmaceutical care 

has a significant impact on improving the quality of life 

among Type II diabetic patients was accepted.
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Conclusion 

 Quality of Life (QoL) is impaired in patients with 

diabetes, especially for the 'freedom to eat' domain, 

indicating that an intervention to improve dietary 

freedom might be a good way of improving QoL. The 

study also showed that patient counseling played an 

important role in improving QoL of diabetes patients. 

Future research on diabetes should include measures of 

QOL since assessing patients’ QOL has numerous 

benefits. It allows health care providers and researchers 

to better understand what aspects of the illness and 

treatment the patient views as having the greatest 

impact on their QOL. QOL effects of various diabetes 

treatments may impact patients sustaining health care 

activities and health care providers decision-making. 

Understanding QOL may also be useful in 

communicating to future patients about expectations of 

the impact treatment has on QOL. 
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ABSTRACT 

A large number of natural products are being used as traditional medicine in several countries for the treatment of 

various diseases . The genus Piper belongs to the family Piperaceae and has over 2000 species. It  is a well known spice 

considered as ‘‘The King of spices’’ among various spices. It contains a pungent alkaloid ‘‘piperine’’ which is known to 

possess many pharmacological actions. Piperine increases bioavailability of many drugs and nutrients by inhibiting various 

metabolising enzymes.  The plants of genus Piper are also used for many other purposes such as foods and spices, fish bait, 

fish poison, hallucinogens, insecticides, oils, ornaments, perfumes etc. Piper species are of high commercial and economical 

importance such as Piper nigrum, it has world-wide spice market. The phytoconstituents obtained from Piper species are 

characterized by the production of typical classes of compounds such as amides, benzoic acids, chromenes, terpenes, 

phenylpropanoids, lignans, other phenolics and a series of alkaloids. They have shown antihypertensive, antiplatelet, 

antioxidant, antitumor, anti-asthmatics, analgesic, anti-inflammatory, anti-diarrheal, antispasmodic, antidepressants, 

immunomodulatory, anticonvulsant, anti-thyroids, antibacterial, antifungal, hepato-protective, insecticidal and larvicidal 

activities etc. This review article explains the pharmacological activities of Piper species. 

 

Keywords: Piper species, Phytoconstituents, Piperaceae. 

 

INTRODUCTION 

It is widely accepted that there is an increasing 

use of herbal remedies or phytomedicines by the general 

public to replace or complement conventional medicines. 

Recently, the World Health Organization (WHO) 

estimated that 80% of the people worldwide rely on herbal 

medicines for some part of their primary healthcare
 
[1]. Of 

the 250,000 to 300,000 plant species, only 5000 have been 

studied exhaustively for possible medical application. 

Hence our medicinal future is bright if the integrity of 

these plants and their growing conditions can be 

maintained. Also the WHO has emphasized the need to 

ensure the quality of medicinal plant products using 

modern controlled techniques and applying suitable 

standards. The goal of modern phytochemical research is 

to develop preparations derived from herbal drugs of 

traditional medicine to meet present day international 

standards of quality, safety and efficacy
 
[2]. 

The genus Piper, the largest in the family 

Piperaceae consisting of more than 1000 species, occurs 

throughout the tropical and subtropical regions. The 

distribution of Piper ranges from sea level to the high 

ranges of Andes and Sub Himalayas Trans-Gangetic 

region and the South Deccan are considered to be the two 

independent centres of origin of the genus Piper in India. 

The sub mountainous tracts of the Western Ghats are 

believed to be the centre of origin of black pepper, Piper 

nigrum L. More than 1000 species are included in the 

genus Piper, of which 110 are of Indian origin
 
[3]. 

The greatest diversity of Piper species is in the 

Neotropics, where about two thirds of the described 

species are found. Some 300 species are endemic to 

Southeast Asia, including the East Indian islands and 

northern Australia. Only two species are native to Africa. 

Most Piper species grow in wet, warm, lowland rain 

forests. Both diversity and abundance of Piper typically 

decrease with increasing elevation or with decreasing 

precipitation. Piper is the nominate genus of the family 

Piperaceae, a pantropical family composed of five to eight 

or more genera, depending upon the treatment. The two 

largest genera are Piper and Peperomia, each containing 

about 1,000 species. Peperomias are mostly small, 

succulent, often epiphytic herbs; pipers are woody and 

more diverse in habit, including shrubs (the great 

majority), climbing vines, and small trees [4]. 
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PHYTOCONSTITUENTS OF DIFFERENT SPECIES 

OF PIPER 

Piper nigrum  contains piperine, pipereidine, 

chavicin, starch, protein, phellandrene, caryophyllene, 

cineole, p-cymene and carvoneThe presence of volatile oil 

consisting of terpenes, phellandrene, caryophyllene, 

piperonal-dihydrocarbeol and caryophyllene 

oxidesabenene, myrecene, limonene, ∝& β pinenes, ∝-

benganotene, humulene, p-cymene and ∝-selinene was 

also reportedLignans cubebin was found only in Piper 

cubeba. Vitexin and marginatoside were found in the 

leaves of Piper marginatum . Myristicin, asarinin, sesamin 

and fargesin were found in Piper mullesua . The presence 

of hydroxychavicol acetate, allylprocatechol-piperbetol, 

eugenol, isoeugenol, safrol, anethole, stearic acid, methyl 

eugenol, carvacrol, polyphenol, alkaloids, saponin, tannin, 

steroids and other compounds like chavicol, chavibetol, 

allylpyrocatechol, chavibetol acetate in Piper betle were 

mentioned . The compound such as piperlotine A, 

piperlotine C, cinnamoylpyrrolidine, sermentine, 

pellitorine were found in Piper lolot . The presence of new 

benzoic acid derivatives crassinervic acid, aduncumene, 

hostmaniane and gaudichaudianic acid in P. 

crassinervium, P. aduncum, P. hostmania-num and P. 

gaudichaudianum were reported. The presence of 

tembamide acetate and alatamide into aerial parts of Piper 

guayranum were well documented. The compounds such 

as pyridine alkaloid, piplartine and piplartine dimer were 

found in Piper aborescens The presence of volatile oil, 

resin, alkaloids, calcium, phosphorous and iron into fruits 

of Piper were reported . The components such as taboganic 

acid, pinocembrin, pinocembrin chalcone, lanceaefolic 

acid methyl ester in Piper lanceafolium were mentioned. 

The presence of sakuranetin, anodendroic acid methyl 

ester and carotenoid lutein in Piper aduncum were 

reported
 
[5]. 

 

EVIDENCE BASED PHARMACOLOGICAL 

ACTIVITIES 

Antihypertensive Activity 

Taqvi et al studied on the Blood Pressure 

Lowering and Vasomodulator Effects of Piperine. 

Intravenous administration of piperine caused a dose-

dependent (1 to 10 mg/kg) decrease in mean arterial 

pressure (MAP) in normotensive anesthetized rats; the 

nexthigher dose (30 mg/kg) did not cause any further 

change in MAP. Thefall in blood pressure (BP) was 

followed by small increase in MAP after each dose. In 

Langendorrf ’s rabbit heart preparation, piperine caused 

partial inhibition and verapamil caused complete inhibition 

offorce and rate of ventricular contractions and coronary 

flow. In rabbitaortic rings, piperine inhibited high K+ (80 

mM) precontractions and partially inhibited phenylephrine 

(PE), suggesting Ca2+ channel blockade (CCB), which 

was further confirmed when pretreatment of tissues with 

piperine caused rightward shift in Ca2+ concentration 

response curves, similar to verapamil. In Ca2+-free 

medium, piperine (1 to 30 mM) exhibited vasoconstrictor 

effect. In rat aorta, piperine demonstrated endothelium-

independent vasodilator effect and was more potent against 

high K+ precontractions than PE. In bovinecoronary artery 

preparations, piperine inhibited high K+ precontractions 

completely. These data indicate that piperine possesses a 

blood pressure–lowering effect mediated possibly through 

CCB, while consistent decrease in BP was restricted by 

associated vasoconstrictor effect
 
[6]. 

 

Anti Asthmatic Activity 

Kaushik et al studied on the In vivo and In vitro 

anti asthmatic studies of plant Piper longum  Linn. and 

found that   the  fruits of Piper longum Linn are used in 

allergic skin disorder and asthma. The effect of petroleum 

ether, alcoholic and decoction of the fruits of P.longum 

was studied for anti histaminic activity using Guinea pig 

ileum preparation (in vitro),histamine induced 

bronchospasm in Guinea pig and haloperidol induced 

catalepsy in mice (in vivo).Its antiallergic activity  was 

evaluated using milk induced leucocytosis in mice and 

passive paw anaphylaxis in rats(in vivo). The extracts 

(100µg/ml) significiantly (p˂0.01) inhibited the histamine 

induced contraction of isolated Guinea pig ileum 

preparation.The extracts(50,100,200mg/kg)showed the 

significiant (p˂0.01)activity and increase in dose of extract 

,increased the % protection in histamine induced 

bronchospasm and also showed significant 

(p˂0.01)activity in haloperidol induced catalepsy and 

passive paw anaphylaxis. In milk –induced 

leukocytes,petroleum ether and decoction extract 

(200mg/kg)showed significiant (p˂0.05)decrease in 

number of leukocytes and alcoholic extract didn’t show 

any significiant effect [7]. 

 

Anti Microbial Activity 

Khan et al  studied on the antimicrobial activity 

of piper fruits  and found that Twenty eight extracts 

prepared from the fruits of four species viz Piper cubeba 

Linn.f., P.retrofractum Vahl syn, P.chaba Hunter non 

Blume, P.longum Linn and P.nigrum Linn. were evaluated 

against bacterial pathogens, such as Staphylococcus albus, 

Salmonella typhi, Pseudomonas aeroginosa, Escherichia 

coli and Bacillus megaterium and one fungus, Aspergillus 

niger. Compared to Streptomycin all the extracts exhibited 

a good antibacterial activity. Some of the extract showed 

antifungal activity as well
 
[8]. 

 

Anticancer Activity 

Manoharan et al studied on the Chemopreventive 

efficacy of curcumin and piperine during 7,12-

dimethylbenz[a]anthracene-induced hamster buccal pouch 

carcinogenesis by the method Oral squamous cell 

carcinoma was developed in the buccal pouch of Syrian 

golden hamsters, by painting them with 0.5 percent 

DMBA in liquid paraffin, three times a week for 14 weeks. 

The tumour incidence, tumour volume and burden were 

determined in the buccal pouches. The status of phase II 

detoxification agents, lipid peroxidation and antioxidants 

were estimated by specific colorimetric methods and found 

that 100 percent tumour formation in DMBA-alone painted 

hamsters. Disturbances in the status of lipid peroxidation, 

antioxidants and phase II detoxification agents were 
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noticed in DMBA-alone painted hamsters. Oral 

administration of curcumin (80 mg/kg body weight) and 

piperine (50 mg/kg body weight) to DMBA-painted 

hamsters on alternate days to DMBA painting for 14 

weeks completely prevented the formation of oral 

carcinoma. Also, curcumin and piperine restored the status 

of lipid peroxidation, antioxidants and detoxifying agents 

in DMBA-painted hamsters
 
[9]. 

Selvendiran et al studied on the Chemopreventive 

effect of piperine on modulating lipid peroxidation and 

membrane bound enzymes in benzo(a)pyrene induced lung 

carcinogenesis.and  to  evaluate the effects of orally 

supplemented piperine on lung tumour initiation by B(a)p, 

its effects on ATPase enzymes were first evaluated. Lung 

cancer bearing mice showed an increase in erythrocyte 

membrane and tissues ATPase enzymes (Na(+)/K(+)-

ATPases, Mg(2+)-ATPases and Ca(2+)-ATPases). Na(+) 

K-ATPase and Mg-ATPase enzyme activities were 

decreased and calcium ATPase increased (P < 0.05) in 

erythrocyte membrane and tissues of lung cancer bearing 

animals compared with control groups. The elevation of 

these enzyme activities in membrane and tissues were 

indicative of the persistent deteriorating effect of B(a)p in 

cancer bearing animals. These enzyme activities were 

reversed to near normal control values in animals treated 

with piperine (50 mg/kg body weight). It is apparent that 

the beneficial effect of piperine is primarily exerted on the 

during initiation phase and post-initiation stage of B(a)p 

induced lung carcinogenesis. Overall, these data indicative 

that piperine has chemopreventive effects when 

administered orally on lung cancer bearing animals
 
[10]. 

 

Cognitive Action 

Wattanathorn J et al  studied on the Piperine, the 

potential functional food for mood and cognitive disorders 

and observed that The effect of piperine, the main alkaloid 

from piper nigrum, on the central nervous system is not 

clearly known until now. In the present study, male Wistar 

rats were administered piperine at various doses ranging 

from 5, 10 and 20mg/kg BW once daily for 4 weeks and 

the animals were determined the neuropharmacological 

activity after single, 1, 2, 3 and 4 weeks of treatment. The 

results showed that piperine at all dosage range used in this 

study possessed anti-depression like activity and cognitive 

enhancing effect at all treatment duration. Therefore, 

piperine may be served as the potential functional food to 

improve brain function
 
[11]. 

 

Anti-inflammatory Activity 

Bang J S et al studied on the in vitro anti-

inflammatory activity of piperine was tested on interleukin 

1beta (IL1beta)-stimulated fibroblast-like synoviocytes 

derived form patients with rheumatoid arthritis. The levels 

of IL6, matrix metalloproteinase (MMPs), cyclo-

oxygenase 2 (COX-2), and prostaglandin E2 (PGE2) were 

investigated by ELISA and RT-PCR analysis. The 

analgesic and antiarthritic activities of piperine were 

investigated on rat models of carrageenan-induced acute 

paw pain and arthritis. The former were evaluated with a 

paw pressure test, and the latter by measuring the 

squeaking score, paw volume, and weight distribution 

ratio. Piperine was administrated orally to rats at 20 and 

100 mg/kg/day for 8 days and found that Piperine inhibited 

the expression of IL6 and MMP13 and reduced the 

production of PGE2 in a dose dependant manner at 

concentrations of 10 to 100 microg/ml. In particular, the 

production of PGE2 was significantly inhibited even at 10 

microg/ml of piperine. Piperine inhibited the migration of 

activator protein 1 (AP-1), but not nuclear factor (NF) 

kappa B, into the nucleus in IL1beta-treated synoviocytes. 

In rats, piperine significantly reduced nociceptive and 

arthritic symptoms at days 8 and 4, respectively. 

Histological staining showed that piperine significantly 

reduced the inflammatory area in the ankle joints
 
[12]. 

 

Hepatoprotective Activity 

H Matsuda et al  studied on the  Protective effects 

of amide constituents from the fruit of Piper chaba on D-

galactosamine/TNF-alpha-induced cell death in mouse 

hepatocytes and concluded that the methanolic extract 

from the fruit of Piper chaba (Piperaceae) was found to 

have a hepatoprotective effect on D-galactosamine (D-

GalN)/lipopolysaccharide (LPS)-induced liver injury in 

mice. From the ethyl acetate-soluble fraction, a new amide 

constituent named piperchabamide E together with twenty 

known amide constituents (e.g., piperine, piperchabamides 

A-D, and piperanine) and two aromatic constituents were 

isolated as the hepatoprotective constituents. With regard 

to structure-activity relationships, the amide moiety and 

the 1,9-decadiene structure between the benzene ring and 

amide moiety were suggested to be important for strong 

inhibition of D-GalN/tumor necrosis factor-alpha (TNF-

alpha)-induced death of hepatocytes. Furthermore, a 

principal amide constituent, piperine, dose-dependently 

inhibited increase in serum GPT and GOT levels at doses 

of 2.5-10 mg/kg (p.o.) in D-GalN/LPS-treated mice, and 

this inhibitory effect was suggested to depend on the 

reduced sensitivity of hepatocytes to TNF-alpha
 
[13]. 

 

Anti Diarrhoeal Activity 

Shamkuwar et al studied on the topic Evaluation 

of antidiarrhoeal effect of Black pepper (Piper nigrum L.) 

and found that Aqueous black pepper extract (75, 150, 300 

mg/kg, po) was tested for its antidiarrhoeal, antimotility 

and antisecretory activity in mice. The methods of castor 

oil and magnesium sulphate induced diarrhoea were used 

to evaluate antidiarrhoeal activity, while charcoal meal test 

and castor oil induced intestinal secretions were used for 

testing antimotility and antisecretory activity in mice. 

Aqueous Black pepper extract (ABPE) produced a 

significant and dose dependent antidiarrhoeal, antimotility, 

and antisecretory effect. Preliminary phytochemical 

screening of ABPE showed the presence of carbohydrates, 

and alkaloids. It can be concluded that ABPE possesses 

antidiarrhoeal effect may be due to its antimotility and 

antisecretory effect. Antimotility and antisecretory effect 

of Black pepper may be due to the presence of 

carbohydrates and alkaloids
 
[14]. 

 

Antidepressant Activity 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wattanathorn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18639606
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Mao QQ et al studied on the  Piperine reverses 

the effects of corticosterone on behavior and hippocampal 

BDNF expression in mice and found that A mouse model 

of depression has been recently developed by exogenous 

corticosterone administration. The present study aimed to 

examine the antidepressant-like effect and the possible 

mechanisms of piperine, a major alkaloid of black pepper 

(Piper nigrum Linn.) and long pepper (Piper longum 

Linn.), in corticosterone-induced depression in mice. The 

results showed that 3-weeks corticosterone injections 

caused depression-like behavior in mice, as indicated by 

the significant decrease in sucrose consumption and 

increase in immobility time in the forced swim test and tail 

suspension test. Moreover, it was found that brain-derived 

neurotrophic factor protein and mRNA levels in the 

hippocampus were significantly decreased in 

corticosterone-treated mice. Treating the animals with 

piperine significantly suppressed behavioral and 

biochemical changes induced by corticosterone. The 

results suggest that piperine produces an antidepressant-

like effect in corticosterone-treated mice, which is possibly 

mediated by increasing brain-derived neurotrophic factor 

expression in the hippocampus
 
[15]. 

Li et al studied on the Antidepressant like effects 

of piperine in chronic mild stress treated mice and its 

possible mechanismsand found that In this study, we 

investigated the antidepressant-like effect of piperine in 

mice exposed to chronic mild stress (CMS) procedure. 

Repeated administration of piperine for 14 days at the 

doses of 2.5, 5 and 10 mg/kg reversed the CMS-induced 

changes in sucrose consumption, plasma corticosterone 

level and open field activity. Furthermore, the decreased 

proliferation of hippocampal progenitor cells was 

ameliorated and the level of brain-derived neurotrophic 

factor (BDNF) in hippocampus of CMS stressed mice was 

up-regulated by piperine treatment in the same time 

course. In addition, 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) and lactic 

dehydrogenase (LDH) assays showed that piperine (6.25-

25 microM) or fluoxetine (FLU, 1 microM) dose-

dependently protected primary cultured hippocampal 

neurons from the lesion induced by 10 microM 

corticosterone (CORT). Reverse transcription-polymerase 

chain reaction (RT-PCR) was used to detect the messenger 

ribonucleic acid (mRNA) level of BDNF in cultured 

neurons. Treatment with piperine (6.25-25 microM) for 72 

h reversed the CORT-induced reduction of BDNF mRNA 

expression in cultured hippocampal neurons. In summary, 

up-regulation of the progenitor cell proliferation of 

hippocampus and cytoprotective activity might be 

mechanisms involved in the antidepressant-like effect of 

piperine, which may be closely related to the elevation of 

hippocampal BDNF level
 
[16]. 

 

Immunomodulatory Activity 

Sunila et al studied on the Immunomodulatory 

and antitumor activity of Piper longum Linn. and piperine 

and found that Alcoholic extract of the fruits of the plant 

Piper longum and its component piperine was studied for 

their immunomodulatory and antitumor activity. Alcoholic 

extract of the fruits was 100% toxic at a concentration of 

500 microg/ml to Dalton's lymphoma ascites (DLA) cells 

and 250 microg/ml to Ehrlich ascites carcinoma (EAC) 

cells. Piperine was found to be cytotoxic towards DLA and 

EAC cells at a concentration of 250 microg/ml. Alcoholic 

extract and piperine was also found to produce cytotoxicity 

towards L929 cells in culture at a concentration of 100 and 

50 microg/ml, respectively. Administration of alcoholic 

extract of Piper longum (10 mg/dose/animal) as well as 

piperine (1.14 mg/dose/animal) could inhibit the solid 

tumor development in mice induced with DLA cells and 

increase the life span of mice bearing Ehrlich ascites 

carcinoma tumor to 37.3 and 58.8%, respectively. 

Administration of Piper longum extract and piperine 

increased the total WBC count to 142.8 and 138.9%, 

respectively, in Balb/c mice. The number of plaque 

forming cells also enhanced significantly by the 

administration of the extract (100.3%) and piperine 

(71.4%) on 5th day after immunization. Bone marrow 

cellularity and alpha-esterase positive cells were also 

increased by the administration of Piper longum extract 

and piperine
 
[17]. 

 

Anti Convulsant Activity 

 Chen CY et al   studied on the Piperine exerts 

anti-seizure effects via the TRPV1 receptor in mice and 

found that The mechanisms involved in the anti-seizure 

property of piperine (1-[5-(1,3-benzodioxol-5-yl)-1-oxo-

2,4-pentadienyl]-(E,E)-piperidine, C17H19NO3) are still 

unclear. Piperine could activate transient receptor potential 

cation channel subfamily V member 1 (TRPV1) receptor, 

and the rapid activation of whole-cell currents is 

antagonized by the competitive TRPV1 antagonist 

capsazepine. Interestingly, recent studies have reported 

that TRPV1 may be a novel anti-epileptogenic target 

which led us to hypothesize that the anti-seizure property 

of piperine involves the TRPV1 receptor. To test this 

hypothesis, we examined the effect of piperine on seizures 

induced in mice and identified the receptors involved in 

the suppression of seizure caused by maximal electroshock 

(MES) and pentylenetetrazol (PTZ) models. Piperine, 

administered at doses of 40 and 80 mg/kg, significantly 

delayed the onset of myoclonic jerks and generalized 

clonic seizures, and decreased the seizure stage and 

mortality compared with the vehicle-treated animals. 

Piperine also significantly reduced the incidence of MES-

induced tonic hindlimb extension (THE) and PTZ-induced 

Fos immunoreactivity in the dentate gyrus. The anti-

seizure effects of piperine were blocked by a TRPV1-

selective antagonist capsazepine. Taken together, these 

data support the further investigation of piperine as a 

TRPV1 agonist for anti-seizure therapy
 
[18]. 

 

CONCLUSION 

 It was revealed from these articles that Black 

Pepper possesses significant in vitro and in vivo 

pharmacological potential for the treatment of different 

ailments and diseases and found to be safe. Piperine has 

also been found to increase the absorption of many drugs 

and shown bioavailability enhancing activity of many 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mao%20QQ%5BAuthor%5D&cauthor=true&cauthor_uid=24816193
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17289085
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sunila%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=15013199
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=23911889
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drugs and nutrients. This important property of piperine 

may be very helpful to enhance the therapeutic efficacy of 

many therapeutically important drugs. It is therefore 

concluded that Black pepper and its bioactivecompound 

Piperine exhibited wide spectrum therapeutic potential and 

also emerged as an excellent adjuvant to enhance the 

therapeutic efficacy of the concurrently administered drugs 

and nutrients. Further detailed research studies are needed 

to obtain more scientific data on this miraculous King of 

spices. 
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INTRODUCTION 

Polycystic ovarian syndrome is a common female 

endocrine disorder characterised by polycystic ovaries, 

excess androgen and irregular periods, emerges during or 

after puberty. Obesity, insulin resistance and 

hyperinsulinemia are highly prevalent co-morbidities of 

PCOS [1].
 
The most common methods of managing PCOS 

are drug therapy and life style modifications. Drug therapy 

includes the use of oral contraceptives, anti-androgens and 

insulin sensitizing agents. Insulin sensitizing agents have 

recently been proposed as a therapy for the treatment of 

PCOS. These agents improve insulin action by increasing 

insulin sensitivity, thereby decreasing hyperinsulinemia. 

Since almost all obese PCOS women and more than half of 

those with normal weight are insulin resistant and present 

with some degree of fasting or stimulated 

hyperinsulinemia,the use of insulin sensitizers could 

therefore be suggested in most patients with PCOS [2]. 

 

Life Style Modifications and Weight Loss 

Unlike drug therapy, there are no ADR associated 

with life style modifications in the management of PCOS 

.life style modification should be the first line of treatment 

prescribed to women with PCOS. Life style modification 

includes weight loss, dietary treatments and exercise. Mild 

to moderate weight loss will highly reduces the symptoms 

of PCOS. Weight loss of only 2-7% of initial body weight 

leads to improved ovulation and a reduction in androgen 

levels 
(1)

.Hypo caloric diet can help to facilitate weight 

loss. A hypo caloric diet is not designed to be restrictive in 

any particular nutrient. The goal is simply to reduce the 

caloric intake.PCOS women on in this type of diet 

experience improvement in both reproductive and 

metabolic abnormalities including insulin resistance [3]. 

 

Studies of insulin sensitizers and insulin lowering drugs 

in adolescents with PCOS 

Studies of insulin-sensitizing drugs in PCOS have 

used the drugs metformin, troglitazone and D-chiro- 
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ABSTRACT 

Polycystic ovarian syndrome is the most common endocrinopathy seen in women of reproductive age. Women with 

PCOS may present with menstrual irregularities, chronic anovulation, infertility, obesity and hyperandrogenism. PCOS is 

associated with insulin resistance and hyperinsulinemia in most of the patient. Besides its gynecological manifestations, PCOS 

is also associated with increased metabolic and cardiovascular risks. Hormonal contraceptives have been the main management 

of common PCOS symptoms, such as menstrual irregularity and clinical stigmata of androgen excess. Insulin sensitizers were 

one of the first metabolic modulators to be incorporated in the clinical management PCOS. Recognizing that insulin resistance 

is central to the pathophysiology of PCOS, newer agents, eg. Thiazolidinedione followed with almost comparable efficacy to 

metformin. This review article is mainly focused on use of insulin sensitizers in the treatment of adolescents with      polycystic 

ovarian syndrome. 

 

Key words: Polycystic ovarian syndrome, Insulin sensitizers. 
 



Vol 6| Issue 2| 2016| 124-126. 

125 | P a g e  
 

inositol, with metformin as the most comprehensively 

evaluated drug. These all drugs are used for enhancing 

ovulation. None of the insulin sensitizing drugs has FDA 

approval for use in PCOS [4]. 

 

Metformin 

Metformin is the only remaining member of the 

biguanide family that has been used for the treatment of 

DM for a long time .It is the most commonly used drug in 

type 2 DM. Metformin works by improving the sensitivity 

of peripheral tissues to insulin, which results in a reduction 

of circulating insulin levels .It is also inhibits hepatic 

gluconeogenesis and increase the glucose uptake by 

peripheral tissues and reduce fatty acid oxidation [5]. 

 

Androgen Lowering Effect of Metformin 

Metformin is treatment of choice for the 

metabolic consequences seen in PCOS for its insulin 

sensitizing and androgen lowering properties. The MOA is 

unclear. The two targets for metformin regulating steroid 

and glucose metabolism are AMP activated protein kinase 

(AMPK) signalling and the complex 1 of the mitochondrial 

respiratory chain. Androgen biosynthesis requires steroid 

enzyme 17α-hydroxylase and 3 β-hydroxysteroid 

dehydrogenase type-2, which are over expressed in ovarian 

cells of PCOS women. At last metformin inhibit androgen 

production by mechanism targeting HSD3B2 and CYP 17-

lyase.this regulation involves inhibition of mitochondrial 

complex 1 but appears to be independent of AMPK 

signalling [6]. 

Metformin Monotherapy 

A dose of 1.5 – 2g per day is necessary for getting 

clinical effect of metformin is used alone.One of the 

studies shows that the effect of therapy with metformin 

alone (n=14) versus metformin with estrogen progesterone 

combination pills (EP)(n=13)on HbA1C and lipid 

parameters over 10-14 months in 27 over weight girls, 

drawn from a clinic population of adolscents with 

PCOS.After 10 month metformin only group compared 

with the metformin and EP group had a decrease in total 

cholesterol and triglycerides and similar changes in BMI 

and HbA1C [6]. 

 

Metformin in combination with estrogen –progestin  

Combination pills or antiandrogens 

Women with PCOS have both abnormally 

elevated luteinizing hormone (LH) secretion and 

hyperinsulinemia as a result of insulin resistance. The 

combination of hypersecretion of LH and insulin causes 

ovarian androgen over production. It may leads to 

hirsutism and prevents normal ovarian follicle growth and 

regular ovulation.PCOS can be treated by lowering LH 

hypersecretion or by reversing the hyperinsulinemia caused 

by insulin resistance. So the use of oral contraceptives plus 

metformin in combination to simultaneously attack the two 

principle causes of PCOS: hyper secretion of LH and 

insulin [7]. 

 

Fig 1. Metformin: Insulin Sensitizers 

 

Thiazolidinediones (TZD) 

The insulin sensitizing thiazolidinediones are 

selective ligands of the nuclear transcription 

factorperoxisome-proliferator activated receptor 

γ(PPARγ),which is more seen in adipose tissue and also 

seen in pancreatic beta cells, vascular endothelium and  

 

macrophages. The two available PPARγ agonist are 

rosiglitazone and pioglitazone. The mechanism of action of 

thiazolinediones are: directly by the so called ‘fatty acid 

steal hypothesis’ and indirectly by increasing the 

expression of a diponectin, Anadipocytokine with an 

insulin sensitivity effect, and probably by decreasing the 
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expression of 11 β-hydroxy steroid dehydroxygenase type 

1,an enzyme which catalyzes the conversion of inactive 

cortisol to active cortisol. According to the ‘fatty acid 

steal’ hypothesis, thiazolidinedione promote fatty acid 

uptake and storage in adipose tissues. In this way they 

increase adipose tissue mass and spare other insulin 

sensitive tissues from the harmful metabolic effects of high 

concentrations of free fatty acids [8-9]. 

 

D-Chiro-Inositol 

D-Chiro-inositol is a new insulin sensitizing drug; 

it is not yet commercially available. It has been 

demonstrated in a randomized, double-blinded and 

placebo-controlled trial to increase the frequency of 

ovulation in obese women with PCOS .A preliminary 

study   reported a threefold increase in the frequency of 

ovulation in lean women treated with D-chiro-inositol for 

6-8 weeks with PCOS treated with D-chiro-inositol for 6–8 

weeks [10-11]. 

 

 

 

CONCLUSION 

Polycystic ovarian syndrome is one of the most 

common female endocrine disorders in the reproductive 

age. The development of PCOS has been linked to 

hereditary and environmental factors including genetics, 

insulin resistance, obesity and birth weight. Insulin 

resistance play a key role in the development of PCOS. 

Insulin sensitizing agents are the drug therapy used. 

Common forms of insulin sensitizing drugs include 

metformin and rosiglitazone. These drugs are intended to 

be used in combination with diet and exercise. They are 

commonly prescribed to people with type 11 diabetes 

mellitus. These drugs work by inhibiting hepatic glucose 

production and increasing insulin sensitivity in the 

peripheral tissues
.
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INTRODUCTION 

Thyroid disorders are the ones that affect 

the thyroid gland. Thyroid gland can regulate numerous 

metabolic processes throughout the body. Different types 

of thyroid disorders affect either its structure or function. 

The thyroid usesiodine to produce thyroxin, also known 

as T4, is the primary hormone produced by the gland. 

After delivery via the bloodstream to the body's tissues, a 

small portion of the T4 released from the gland is 

converted to tri-iodo-thyronine (T3), which is the most 

active hormone.
[4] 

The function of the thyroid gland is 

regulated by a feedback mechanism involving the brain. 

When thyroid hormone levels are low, the hypothalamus 

produces thyrotropin releasing hormone (TRH) that 

causes the pituitary gland to release thyroid stimulating 

hormone (TSH). TSH stimulates the production of more 

T4.thyroid gland is controlled by the pituitary gland and 

hypothalamus, disorders of these tissues can also affect 

thyroid function and cause thyroid problems. 

 

Many of the thyroid diseases involving thyroid 

dysfunction are diagnosed in early adulthood and have a 

chronic course. Thyroid dysfunction has asignificant 

impact on somatic and psychiatric morbidity and both 

short- and long-term health-related quality of life 

isimpacted by a number of thyroid diseases. Although 

thyroid diseases are prevalent in the work force, the 

effect of thyroid disease on work function has received 

little attention. 

 

Societal AspectsOn Disability From Thyroid Diseases 

As with all Social Security Disability (SSD) 

determinations, the focus is on how the condition 

impacts an individual’s activeness in the work 

atmosphere. Hyperthyroidism and hypothyroidism can 

be treated and an individual can live a normal life. But 

thyroid conditions can impact the heart and vascular 

system. While thyroid conditions are listed under 

endocrine disorders by the Social Security 

Administration (SSA), it tends to be the impacts on other 

bodily systems that produce the conditions the impact an 

individual’s daily life.
[5]

 The SSA evaluates “thyroid-

related changes in blood pressure and heart rate that 

cause arrhythmias or other cardiac dysfunction; thyroid-

related weight loss; hypertensive cerebrovascular 

accidents (strokes); and cognitive limitations, mood 

disorders, and anxiety.” This risk of disability is mostly 

driven by the rise in incidence of chronic diseases - often 

labeled the global burden of disease increasing the 

number of people with lifelong disabilities. Making a 

theoretical distinction between work ability and labor 

market exclusion is important in this regard, as some 

people might be able to retain the link to work, despite of 

a decreased capacity to work. With regard to thyroid 

diseases, the first step is to examine how the work 
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ABSTRACT 

As noted by Tengland, Work ability is an acquired ability that is defined as the qualities required to perform a 

given task, either a necessary skill, competence, or the ability to cope with a problem in the context of work. This 

article shows the work ability among people with thyroid disease, with the overall aim of evaluating whether work 

ability is impacted by benign thyroid diseases.
[1]

 The importance of health-related quality of life (HRQL) in clinical 

research is progressively happening and accepted. In order to get valid results, the measurement properties of 

HRQL questionnaires must be thoroughly investigated. The effect of thyroid diseases on mental and physical 

aspects of a human being may affect the ability to perform activities at work and may affect the individual’s 

expectation of participating in social roles, including employment.
[2]

 A substantial proportion of thyroid patients 

experience limits themselves to a box of pre-defined activities, andrealize their general health as weakened and 

have social and emotional impairment.
[3]

 This article scientifically clarifying the possible impact of thyroid 

diseases on work ability-can benefit the many people living with a thyroid disease. 
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function can be affected.
[6]

 Therefore a biomedical 

understanding of thyroid diseases is provided. 

Subsequently, it will be outlined whether the existent 

literature document that decreased work ability also. 

incurs risks of subsequent labor market exclusion among 

people with thyroid-diseases.  

 

Studies Concerning Quality Of Life And Approach 

Of Health Status 

Measuring quality and quantity of life has become a key 

part in the evaluation of the disease impact andtreatment 

or intervention effect.  Thus, a substantial proportion of 

thyroid patients experience limitations in their usual 

activities perceives their general health as impaired and 

has social and emotional impairment.
[7]

 Cognitive 

problems are also prevalent, as is fatigue. The overall 

quality of life and general health, limitations in usual 

activities as well as social and emotional problems are 

reduced by about half of patients.
[8]

 Majority are fatigued 

and about one-third are anxious. Studies shows that, the 

quality of life of thyroid patients is substantially 

impaired over a wide range of aspects of HRQL in the 

untreated phase and continues to be so in many patients 

also in the long term. As it is a validated thyroid-specific 

HRQL questionnaire, studies revealing the relative 

importance of these various aspects to thyroid patients 

are lacking.
[9]  

 

Psychosocial Aspects Of Living With Thyroid Disease 

Because of the severity, duration and course thyroid 

diseases are vary. By studying the biological and 

psychological processes that affect disability can help 

identify important factorsfor rehabilitation and 

management of the disability.
[10]

 One of the main 

determinants in disease managementis psychological 

functioningand HRQOL outcomes whereas the physical 

mechanisms responsible for symptoms in thyroid 

diseases are well understood, the psychological factors 

affecting the disease and health quality outcomes are 

poorly understood.
[11] 

 

Psychosocial problems with thyroid disease 

 Anxiety - a feeling of nervousness,  heart racing, 

trembling, irritability, sleep difficulties 

 Depression - low mood and difficulty enjoying 

things, tearfulness, loss of appetite and disturbed 

sleep 

 Either over-activity or under-activity 

 Mood swings - snappiness or short-temper which 

people often call 'moodiness' 

 Sleeping difficulties 

Mental health, or cognitive, problems that can occur, 

most often with thyroid under-activity, include: 

 Difficulties with concentration 

 Short-term memory lapses 

 Lack of interest and mental alertness 

older people  worry about permanent memory 

failure (dementia) but in fact they are rarely as 

severe as seen in dementia. 

 

CONCLUSION 

In conclusion, the results showed that thyroid diseases 

can cause work disability – either as a decreased capacity 

to work, and/or as difficulties retaining the link to the 

labor market. Work ability items in self-reported quality 

of life questionnaires can be an important supplementary 

clinical tool to identify rehabilitation needs. People with 

Graves’ orbitopathy have the highest risk of temporary 

and permanent exclusion from the labor market within 

the first year of diagnosis and in subsequent years.The 

disease experience of autoimmune hyper- and 

hypothyroidism plays an important role in the 

management of thyroid associated disability.Subjects 

with thyroid diseases report lower work ability than the 

general population. Compared with those with non-toxic 

goiter, people with Graves’ disease and autoimmune 

hypothyroidism reported more thyroid associated work 

limitations along with limitations due to emotional 

difficulties and/or physical health. 
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INTRODUCTION 
Amoxicillin (α-amino hydroxyl benzyl penicillin) is 
a semi synthetic antibiotic, belonging to the β 
Lactam family, which is effective for bacterial 
infection treatment, especially for Helicobacter 
pylori infection. Chemically Amoxicillin is 
(2S,5R,6R)- 6-{[(2R)-2-amino- 2-(4-
hydroxyphenyl)- acetyl]amino}- 3,3-dimethyl-7-
oxo- 4-thia- 1-azabicyclo[3.2.0] heptane- 2-
carboxylic acid. The chemical structure is shown in 
Figure No.1. Amoxicillin trihydrate acts by 
inhibiting the cross-linkage between the linear 
peptidoglycan polymer chains of the cell wall of 
gram positive bacteria such as Streptococcus spp., 
Staphylococcus. spp. and Enterococcus spp. and 
gram-negative organisms such as Haemophilus, 

ABSTRACT 
Amoxicillin, an acid stable, semi‐synthetic drug belongs to a class of antibiotics called the Penicillins (beta‐lactam 
antibiotics). It is shown to be effective against a wide range of infections caused by wide range of Gram ‐positive 
and Gram‐ negative bacteria in both human and animals. Tinidazole is a prodrug and antiprotozoal agent. Both the 
drugs are used to treat Gastro intestinal infectious diseases and upper respiratory tract infections. Techniques like 
UV-Visible spectrophotometry, potentiometry, High Performance Liquid Chromatography (HPLC), High 
performance Thin Layer Chromatography (HPTLC) etc have been used for analysis. UV-Visible spectrophotometry 
and HPLC methods have been used most widely. 
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Neisseria, Escherichia, Proteus and Salmonella 
spp1.  
Tinidazole is a 5- nitroimidazole derivative, an 
antiparasitic drug used against protozoan diseases. 
It is used in the treatment of variety of amoebic and 
parasitic infections. It is chemically   1-(2 
ethylsulfonylethyl)-2- methyl-5-nitro imidazole2. 
The chemical structure is shown in Figure No.2. 
Both the drugs are used to treat Gastro intestinal 
infectious diseases and upper respiratory tract 
infections. Number of methods have been reported 
for estimation of Amoxicillin and Tinidazole 
individually or in combination with other drugs.  
In the present work, we have reviewed some of the 
recently published analytical methods for 
Amoxicillin and Tinidazole. Analytical method 
development and validation play important roles in 
the discovery, development and manufacture of 
pharmaceuticals. Analysis of drug is important to 
ensure high efficacy and safety for patients. 
Analysis of Tinidazole tablet formulation by the 
Indian Pharmacopoeial (IP) method is performed by 
spectrophotometry. Besides this, various other 
methods reported for the analysis of Tinidazole 
include gas-liquid chromatography (GLC), 
spectrophotometric assay, thin layer 
chromatography, high pressure liquid 
chromatography and the electrochemical method 
based on single-wall carbon nanotubes, direct 
current (DC) polarography and differential pulse 
(DP) polarography. British Pharmacopoeia 
describes potentiometric and nonaqueous titration 
methods using perchloric acid as a titrant3. For the 
analysis of amoxicillin in pure form and in 
pharmaceutical formulations Pharmacopoeias have 
reported liquid chromatography and potentiometric 
methods. 
 
ANALYTICAL METHODS FOR 
ESTIMATION OF AMOXICILLIN AND 
TINIDAZOLE 
UV Visible spectrophotometry 
 Some UV-Visible spectrophotometric tests have 
been developed to quantify Amoxicillin and 
Tinidazole in pharmaceutical formulations. 
Spectrophotometric method for amoxicillin is based 
on the formation of coloured (charge transfer or 

ionpair) complex between drug and reagent which 
can be estimated by visible spectrophotometry4. In 
some studies other than original spectrophotometric 
studies, derivative spectrophotometric methods are 
used. These include first and second order 
derivative UV spectrophotometry. Direct UV 
spectrophotometric study is carried out in case of 
Tinidazole. The UV spectrophotometric studies 
reviewed are summarized in the Table No.1. 
Potentiometry 
Potentiometry is the field of electro analytical 
chemistry in which potential difference is measured 
under the conditions of no current flow. The 
measured potential may then be used to determine 
the analytical quantity of interest, generally the 
concentration of some component of the analytic 
solution. Studies show that potentiometric titrations 
are also used for the analysis of Amoxicillin and 
Tinidazole. Amoxicillin in buffer is titrated with 
mercuric nitrate5 and Tinidazole in acetic acid is 
titrated with perchloric acid and end point being 
determined potentiometrically6. 
 
CHROMATOGRAPHIC METHODS 
High -Performance Liquid Chromatography 
(HPLC) 
HPLC is an advanced form of liquid 
chromatography used in separating the complex 
mixture of molecules encountered in chemical and 
biological systems, in order to recognize better the 
role of individual molecules. HPLC is an analytical 
tool which is able to detect, separate and quantify 
the drug, its various impurities and drug related 
degradants that can form on synthesis or storage. It 
involves the understanding of chemistry of drug 
substance and facilitates the development of 
analytical method. A number of chromatographic 
parameters were evaluated in order to optimize the 
method. An appropriate mobile phase, column, 
column temperature, wavelength and gradient must 
be found that afford suitable compatibility and 
stability of drug as well as degradants and 
impurities. Among the chromatographic techniques 
HPLC has been the most widely used system. 
HPLC. Table No.2 describes the summary of the 
chromatographic methods used for analysis of 
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amoxicillin and tinidazole as individual drugs or as 
combinations, with the method description.  
High Performance Thin Layer Chromatography 
(HPTLC) 
With the advancement of the technique, high 
performance thin layer chromatography (HPTLC) 
emerged as an important instrument in drug 
analysis. HPTLC is a fast separation technique and 
flexible enough to analyze a wide variety of 

samples. This technique is advantageous in many 
means as it is simple to handle and requires a short 
analysis time to analyze. It is suitable for both 
qualitative and quantitative analysis. High 
performance thin layer Chromatography is used for 
analyzing tinidazole but it is not used widely for 
analyzing Amoxicillin. Chromatographic method is 
summarized in Table No.3. 
 

 
Table No.1: UV-Visible spectrophotometric methods 

DRUGS S.No Method Solvent Λmax (nm) Linearity (μg/ml) % Recovery Reference 

Amoxicillin 

1 
 

Zero order UV 
spectrophotometry 

0.1 NaOH 247 3.2-48.0 99.67 7 

2 
 

First order UV 
spectrophotometry 

0.1 NaOH 255.8 3.2-48.0 99.04 7 

3 
Second order UV 
spectrophotometry 

0.1 NaOH 249.2 3.2-48.0 99.43 7 

Tinidazole 4 
Direct UV visible 
spectrophotometry 

0.5 NaOH 368.6 20-150 99.86 8 

Table No.2: HPLC methods reported for the estimation of amoxicillin and tinidazole 

S.No Drug Column Mobile Phase (V/V) 
Detector 

Wavelength (nm) 
Flow Rate 
(mL/min) Reference 

1 Amoxicillin 
C18 

4.6mm x 15cm 
ACN: phosphate buffer 

(5:95v/v) 
230 1.0 9 

2 Tinidazole Hypersil ODS C18 
ACN – 0.1% phosphoric 

acid 
316 1 6 

3 
Tinidazole 

and 
Ciprofloxacin 

Aligant Zorbax 
Rx-C18 

150 x 4.6mm 

Ortho -phosphoric acid: 
methanol(70:30%v/v) 

225 1.5 10 

4 
Amoxicillin – 

Tinidazole 
Luna C18 

250 x 4.6mm 

Potassium dihydrogen 
orthophosphate: CAN 

(40:60%v/v) 
238 1 11 

5 
Amoxicillin 
Trihydrate – 
Tinidazole 

Hiq Sil C18 
250 x 4.6mm 

Disodium hydrogen 
phosphate :ACN 

(30:70%v/v) 
240 1 12 

6 
Ofloxacin – 
Tinidazole 

Kromasil C8 
15cm x 4.6mm 

Triethylamine: CAN 
(73:27%v/v) 

303 1.2 13 

7 
Amoxicillin – 
Flucloxacillin 

Kromasil C18 
250cm x 4.6 mm 

Potassium dihydrogen 
orthophosphate: CAN 

(75:25%v/v) 
225 1.5 14 

Table No.3: Chromatagraphy methods- High Performance Thin Layer Chromatography (HPTLC) 
S.No Drugs Stationary phase Mobile phase Detection Reference 

1. 
Clotrimazole-

Tinidazole 
Aluminium backed silica 

gel 60 
Toluene: Ethyl Acetate: 
methanol: triethyl amine 

220nm 15 
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Figure No.1: Chemical structure of Amoxicillin 

 
Figure No.2: Chemical structure of Tinidazole 

 
CONCLUSION 
The presented review highlights on various 
analytical methods reported on Amoxicillin and 
Tinidazole individually and in combination with 
other drug. UV-Visible spectrophotometry, HPLC, 
HPTLC, Potentiometry etc were used for the 
analysis of Amoxicillin and Tinidazole. Among 
these, HPLC-UV methods were found to be most 
widely used. HPLC method is frequently used 
because of high sensitivity, specificity and better 
separation efficiency. These chromatographic 
methods are rapid and far more economical. The 
presented information is useful for the researchers. 
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ABSTRACT  

Hyperlipidemia is a condition of elevated lipid level in blood. 

Hyperlipidemia may be defined by serum total cholesterol 

>240mg/dL and/or LDL cholesterol >160mg/dL and/or total 

cholesterol: HDL ratio >5.7 and/or total triglycerides > 

150mg/dL in adults. Hyperlipidemia is a major cause of 

atherosclerosis and atherosclerosis related conditions like 

coronary heart disease (CHD), ischemic cerebrovascular 

disease,peripheral vascular disease and pancreatitis1-2. The 

increase in lipids like low density lipoproteins (LDL), 

cholesterol (esters derivatives) and triglycerides are mainly 

responsible for this condition. Many inter-related causes and 

risk factors are considered for the development of 

hyperlipidemia and other chronic illnesses of metabolic 

syndrome (diabetes and hypertension). Exogenous factors, such 

as dietary intake (fat, cholesterol), alcohol, use of 

contraceptives and other pharmacologic agents are indicated as 

the main secondary causes and risk factors of hyperlipidemia in 

adults. Other secondary causes of hyperlipidemia (diabetes 

mellitus, alcohol intake, weight gain, physical activity and 

drugs) need to be included in avoiding hyperlipidemia and its 

effects/complications. This review article mainly focuses on the 

causes and risk factors of hyperlipidemia. 
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INTRODUCTION 

Hyperlipidemia is too much cholesterol in the blood. Cholesterol is a waxy, fat protein 

produced by the liver and is essential for healthy cell membranes, hormone production, 

and vitamin storage [1] 

 

Fig. 1: Hyperlipidemia 

The term hyperlipidemia means high lipid levels. Hyperlipidemia includes several conditions, 

but it usually means that you have high cholesterol and high triglyceride levels. Cholesterol is 

essential for the proper functioning of the brain. Cholesterol becomes a problem when too 

much of the bad kind is ingested through regular eating of unhealthy foods. Cholesterol is 

carried through the blood to cells by lipoproteins that are either low density (LDL) or high 

density (HDL). The lipoprotein as the vehicle and cholesterol as the passenger. HDL is the 

good lipoprotein because it carries extra cholesterol back to the liver where it can be 

eliminated. LDL is bad, it will build up excess cholesterol in the blood. Triglycerides are 

another type of fat in the blood, are different from cholesterol, but because of their strong 

association with heart disease, triglycerides are measured as well.  Both the LDL and 

triglycerides that are elevated in hyperlipidemia. In the fasting state, most plasma 

triglycerides are present in VLDL. In the non-fasting state, chylomicrons appear transiently 

and contribute significantly to total plasma triglycerides level. LDL contains about 70% of 

total plasma cholesterol and HDL contains about 20% to 30% of plasma cholesterol. [2] 

Causes and Risk Factors of Hyperlipidemia 

Dietary Causes Dietary Fats and Fatty Acids: Dietary fatty acids are divided into three 

major classes (saturated, monounsaturated and polyunsaturated fatty acids). The foods that 

contribute to saturated fatty acids (e.g. myristic acid, palmitic acid, stearic acid, etc) meats 
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(e.g. beef, pork, processed meat products,  poultry),  2)  milk  and  other dairy products (e.g. 

butter,  cheese,  ice  cream,  yoghurt),  3)    tropical fats    (e.g.    coconut,   palm   oils)   and   

4)     egg (contain proportionately less saturated fat compared to other animal food sources). 

Monounsaturated fatty acids are present as oleic acid in olive oil, avocado, animal fats, etc. 

Polyunsaturated fatty acids are the omega-3 fatty acids (e.g. linoleic acid) and omega-6 fatty 

acids (e.g. linolenic acid). [2] 

Food choices made by individuals can influence intake of the different saturated fatty acids. 

Selecting leaner cuts of meat are high in palmitic acid and limiting the amount of lean meat 

would help in lowering saturated fat intake [3]. Milk and other dairy products are high in 

myristic acid content. Substituting skim milk and non-fat dairy products for whole milk 

products will result in a reduction of saturated fat such as myristic acid intake. 

Dietary Cholesterol: Like other sterols, cholesterol is a sterol i.e. a combination of steroid 

and alcohol) and lipid (a type of fat). It is found in foods such as eggs and dairy products and 

is also manufactured in the body, especially the liver. Cholesterol also stabilizes a cell against 

temperature changes. It is a major part of the membranes of the nervous system, the brain, the 

spinal cord and the peripheral nerves. In particular, it is incorporated into the myelin sheath 

that insulates the nerves from the surrounding tissue. Cholesterol is also the forerunner of 

important hormones such as the female sex hormone, oestradiol and the male sex hormone, 

testosterone and of vitamin D. Cholesterol is also used to produce the bile which is required 

to digest the fats in food. Nearly most of the body tissues are capable of making cholesterol, 

but the liver and intestines make the most. 

The dietary cholesterol is responsible for both the development of hypercholesterolemia and 

atherosclerosis has been the focus of many investigators. Many studies in rabbits (and other 

animal models) and in human diet and epidemiologic investigations indicated the importance 

of dietary cholesterol on serum cholesterol levels and its associated effects [3]. However, 

other investigations have come to opposite conclusions after reviewing numerous human 

feeding studies (although many continue to support the view that dietary cholesterol is the 

major hypercholesterolemic and atherogenic nutrient in the diet) [4]. 
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Other Dietary Factors 

Carbohydrates:  

Dietary recommendations to lower the total fat intake include increasing dietary carbohydrate 

intake because favorable plasma lipid and lipoprotein levels have been reported for 

populations and individuals whose habitual diet is rich in carbohydrates. High carbohydrate 

consumption being associated with a decrease in HDL cholesterol levels. Plasma triglyceride 

levels are not elevated in these individuals, possibly because obesity is rare [5]. 

Fiber:  Studies have shown that only water-soluble fiber plays a role in lipoprotein 

metabolism in humans. A meta-analysis of 20 studies found that intake of oat products 

reduces serum cholesterol levels [5]. The mechanism by which dietary fiber affects plasma 

lipid levels is unknown. Insoluble fibers in wheat and vegetables do not to reduce cholesterol, 

but they do have other beneficial effects. 

Protein: Soy protein also lowers serum cholesterol levels in animals and in 

hypercholesterolemic individuals when compared with casein (a dairy protein) and beef 

proteins. The mechanism underlying these changes is unknown but it has been stated that soy 

protein affects cholesterol absorption, bile acid absorption, the insulin-glucagon ratio, serum 

thyroxine levels and hepatic LDL-receptor activity.  

Obesity: For a given level of body mass index (BMI), obesity is associated with 

hyperlipidemia, insulin resistance and hypertension and independent predictor of coronary 

artery disease (CAD). A meta-analysis of 70 studies indicated that weight reduction was 

related to increases in HDL cholesterol levels and significant decreases in total, LDL and 

VLDL cholesterol and triglyceride levels [6]. Although they are not always coincident, 

obesity is also often accompanied by hyperlipidemia. Both obesity and hyperlipidemia are 

independently associated with atherosclerosis, non-alcoholic fatty liver disease and insulin 

resistance [7] 

Diabetes and Insulin Resistance: Insulin resistance (type II diabetes) is associated with a 

number of lipid and lipoprotein abnormalities [8]. The lipid abnormality is associated with 

insulin resistance and hyperinsulinemia is hypertriglyceridemia. VLDL and total triglycerides 

are elevated in individuals with type II diabetes although the exact roles of insulin resistance 

and hypertriglyceridemia are disputed. 
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Physical Exercise/Activity: Sedentary lifestyles contribute to the development and 

maintenance of obesity [8]. Diet can also change in plasma lipoprotein concentrations that 

occur with exercise. 

Alcohol Intake: Low dose ethanol consumption in healthy volunteers modestly activates 

hepatic de novo lipogenesis and that the major quantitative fate of ethanol is acetate produced 

in the liver. The acetate released into the plasma which inhibits lipolysis in peripheral tissues 

by 53% and whole body lipid oxidation is decreased by 73%. 

Alcohol intake is second only to diabetes mellitus as a cause of hyperlipidemia in the 

population, about 25% of hospitalized alcoholics have fasting blood triacylglycerol 

concentrations above normal limits and 17% have concentrations >3 mmol/L. 

Hypertriglyceridemia is seen mostly in patients with fatty liver and rarely in cirrhosis 

patients. Patients with cirrhosis have a lower capacity to produce blood lipids than do 

subjects without liver injury when challenged with diet and alcohol experimentally. 

Contraceptives and Other Pharmacologic Agents: Premenopausal women, using oral 

contraceptives containing a relatively low dose of estrogen combined with a medium or high 

dose of progestin had a 24 % higher median concentration of LDL cholesterol than who are 

not using hormones. Glucocorticoids and estrogens elevate triglycerides and raise levels of 

HDL cholesterol [9]. 

Antihypertensives have variable effects on lipids and lipoproteins. Although short-term use of 

thiazide raises cholesterol, triglycerides and LDL cholesterol, long-term usage is not 

associated with significant alterations in lipid levels. [10] 

CONCLUSION 

Although food rich in saturated fats and cholesterol are most common cause of 

hyperlipidemia seen in our society, alcohol excess, diabetes mellitus, weight gain, physical 

exercise and genetic factors can explain this metabolic syndrome. Several classes of drugs 

(including contraceptives) to be considered as common causes of altered lipid profiles. A 

relationship of cause and effect appears to exist among the known chronic metabolic illnesses 

(diabetes, obesity, hypertension and hyperlipidemia) which show a growing burden on our 

society. In high cholesterol levels or hyperlipidemia, lipid deposits and damage caused by 
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reduced blood flow are not limited to major arteries and vessels only. The effect may also 

occur around the eye and in other parts of the body as well. 
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INTRODUCTON 
Bromhexine hydrochloride is chemically 2-Amino-
3, 5-dibromo-N-cyclohexyl-N-methylbenzylamine 
hydrochloride is a mucolytic agent used in the 
treatment of respiratory disorders associated with 
viscid or excessive mucus1. It helps to relieve 
respiratory difficulties by dissolving various 
chemical bonds within secretions, which in turn can 
lower the viscosity by altering the mucin containing 
components2. It works through decreasing the 
amount of respiratory tract fluid and reducing its 
viscosity by activating enzymes that hydrolyze 
mycopolysaccharides. Bromhexine is used for 
respiratory infections, such as cold and influenza3. 

ABSTRACT 
Salbutamol Sulphate and bromhexine hydrochloride as components of a multi-ingredient formulation is useful in 
asthma therapy. This article reviews the Chromatographic methods for simultaneous determination of 
bromhexine and salbutamol in pharmaceutical samples. The most commonly adopted methods for the 
determination of bromhexine and salbutamol are RP- HPLC. Recent preferences in the simultaneous estimation 
of bromhexine and salbutamol proves primacy of RP- HPLC and confirms a general trend of moving towards 
more sensitive methods having higher resolution potential, consuming small quantities of samples and reagents 
and requiring less time for analysis. 
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Bromhexine has been determined quantitatively by 
different methods such as Spectrophotometry, 
HPLC, Colorimetry, TLC, Flow injection 
spectrophotometry and Electrophoresis4. The drug 
is official in IP and BP. 
Salbutamol is chemically 2-(hydroxymethyl) 4-[1-
hydroxy- 2-(tert-butylamino) ethyl] phenol. It is a 
short-acting β2-adrenergic receptor agonist used for 
the relief of bronchospasm in conditions such as 
asthma and COPD. It is usually given by the inhaled 
route for direct effect on bronchial smooth muscle. 
Selective β2-adrenoceptor stimulant that causes the 
relaxation of the smooth muscles through the 
increase of the intracellular cyclic adenosine 
monophosphate (cAMP) due to this, bronchial and 
uterine muscles get relaxed, the peripheral vessels 
are dilated and heart rate increases. Binding of 
albuterol to beta (2)-receptors in the lungs results in 
relaxation of bronchial smooth muscle5. Activation 
of the β-2 adreno-receptors opens ATPase channels 
and drives potassium from the extra cellular to the 
intracellular space. This both decreases extracellular 
hyperkalaemia and increases intracellular 
potassium, so decreasing the chance of arrhythmia6. 
Salbutamol Sulphate in pharmaceuticals has been 
assayed using visible spectrophotometric methods 
based on reactions such as redox, reducing and then 
chelating, oxidative coupling, diazotization and 
coupling, nitrosation, nitration followed by 
Meisenheiner complex formation and 
charge‐transfer complex formation. A number of 
analytical methods exist for the determination of 
Salbutamol in biological fluids, including reversed 
phase high- performance liquid chromatography  
equipped with ultraviolet, fluorescent detection, 
electrophoresis, amperometry, thin layer 
chromatography, cation exchange, direct 
conductivity, gamma radiation and liquid 
chromatography mass spectrometric detection7. 
Both the drugs are official in I.P. and B.P. 
Literature survey reveals that there are some 
spectrophotometric methods for the individual 
determination of Salbutamol and bromhexine and 
HPLC methods for the simultaneous determination 
of Salbutamol and Bromhexine. But there is no 

HPTLC method available for the simultaneous 
determination of Salbutamol and Bromhexine8. 
Chromatographic Methods 
This review gives an account on the different 
Chromatographic methods for the simultaneous 
estimation of bromhexine and salbutamol from 
different journals.  
Chromatography is a versatile method of separating 
many different kind of chemical mixtures. HPLC is 
a chromatographic system that can separate a 
mixture of mixes and is utilized as a part of natural 
chemistry and scientific science to distinguish 
measure and refine the individual segments of the 
mixture9. It depends on pumps to pass a pressurized 
liquid dissolvable containing the example mixture 
through a segment loaded with a strong adsorbent 
material. Reversed phase HPLC (RP-HPLC) has a 
non-polar stationary phase and a watery, tolerably 
polar mobile phase. One basic stationary phase is 
silica which has been surface-adjusted with 
RMe2SiCl. Salbutamol sulphate and bromhexine 
hydrochloride have been simultaneously determined 
by HPLC methods. 
Summary of chromatographic methods for the 
Simultaneous estimation of Bromhexine 
Hydrochloride and Salbutamol Sulphate is given in 
Table No.1. 
Various HPLC methods are reported for the 
determination of the Bromhexine Hydrochloride 
and Salbutamol Sulphate or combination with other 
drugs in various marketed formulation. The 
stationary phase commonly used is C18 column and 
mobile phase is commonly used is acetonitrile and 
phosphate buffer and methanol, its proportion varies 
with condition of method and range of pH is 3 to 4. 
The commonly used wavelength for detection is in 
the range of 220-270 nm. The flow rate is mostly 
1ml/min. All this method are found to be accurate, 
linear and precise. In the first method the resolution 
between the two peaks was 1.85. The obtained 
results confirmed that the method is highly suitable 
for its intended purpose of separation of salbutamol 
sulphate and bromhexine hydrochloride and its 
simultaneous determination in tablet formulations. 
In the second method the reproducibility, 
repeatability and accuracy of the proposed method 
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were found to be satisfactory which is evidenced by 
low values of standard deviation and percent 
relative standard deviation (0.226 and 0.66 for BH 
and SS respectively). Thin Layer Chromatographic 
method was found to be simple, rapid, economical, 
selective and reliable. It is helpful without the use of 
much complex instruments and therefore useful for 
routine analysis of ternary mixture of salbutamol 
sulphate, bromhexine hydrochloride and etofylline. 
The fourth method was found to be the method 
satisfied the International Committee on 
Harmonization acceptance criteria for linearity, 
sensitivity, precision, accuracy, and robustness.  

The developed liquid chromatographic method was 
applied for the analysis of nine commercial 
samples. The fifth method shows good sensitivity 
for all analytes with excellent separation and 
optimum resolution between the two analytes. In the 
sixth method methanol- water mobile phase and 
hibar HPLC column have been used with good 
resolution between analyte is obtained. 
 
 
 

 
Table No.1: Chromatographic methods for the simultaneous estimation of salbutamol sulphate and 

Bromhexin hydrochloride 

S.No Title Method Mobile Phase Stationary Phase Wavelength 
(nm) 

1 
Simultaneous determination of 

bromhexine and salbutamol in tablets 
by reverse phase HPLC method10 

RP-HPLC 
Acetonitrile: Methanol: 

Phosphate buffer 
(60:20:20) v/v 

SS Wakosil-II C18 224nm 

2 

Simultaneous determination of 
bromhexine hydrochloride and 

salbutamol sulphate in pharmaceutical 
dosage by reverse phase HPLC 

method11 

RP-HPLC 
Acetonitrile: Methanol 

(65:35%v/v) 
Zorbax Eclipse 

C18 
225 nm 

3 

Thin layer Chromatography method 
for the determination of Ternary 
Mixture containing Salbutamol 

sulphate, Bromhexine hydrochloride 
and Etofylline12 

TLC Methanol: n-Hexane (2:1) 
TLC plates 

precoated with 
silica gel 60 

254nm 

4 

A Versatile HPLC Method for the 
Simultaneous Determination of 

Bromhexine, Guaifenesin, Ambroxol, 
Salbutamol/Terbutaline, 

Pseudoephedrine, Triprolidine, and 
Chlorpheniramine Maleate in Cough–

Cold Syrups13 

HPLC 

Acetonitrile: Sodium 
hexane sulfonate: 

Ammonium acetate: 
Water (35:4:10:51) 

NX C18 254 nm 

5 

Development and Validation of HPLC 
method for the Simultaneous 

estimation of Salbutamol sulphate and 
Ipratropium Inhalation Dosage form14 

HPLC 
Phosphate buffer: 

Methanol (40:60v/v) 
Symmetry C18 226nm 

6 

A New Rp-Hplc Method Development 
For Simultaneous Estimation of 

Salbutamol Sulphate, Theophylline 
And Furosemide15. 

RP- HPLC 
Methanol: Water 

(50:50v/v) 
 

Hibar 250*4.6mm 
HPLC column 

274 nm 
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Bromhexine HCl 

 
Salbutamol

CONCLUSION 
Presented systematic review discusses about various 
HPLC methods for the simultaneous determination 
of bromhexine and salbutamol in pharmaceutical 
samples. New trends and advances for simultaneous 
estimation of bromhexine and salbutamol are based 
on using high-pressure liquid chromatography 
which is widely available, flexible and method 
could be automated; there are different column 
filling, different solvents with different polarity as 
mobile phases and different detection modes. The 
faster time, high sensitivity; specificity and better 
separation efficiency enable RP- HPLC are to be 
used frequently for the determination of 
Bromhexine Hydrochloride and salbutamol in 
comparison with the other methods like HPLC and 
TLC. The RP-HPLC strategy is precise, exact, 
particular, reproducible and delicate. The system 
has a few focal points, including fast investigation, 
a straight forward portable stage, basic specimen 
planning, and enhanced affectability. This makes 
the strategy suitable for routine examination in 
quality-control labs. 
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Abstract 
 

From ancient times the demand of cosmetics are incredible. Lipstick formulations are used to 

augment the beauty of lips. Lipstick is a cosmetic product containing pigments, oils, waxes, 

and emollients that apply colour, texture, and protection to the lips. Many varieties of lipstick 

are available and that are exclusively worn by women. Continuous use of synthetic colours in 

the lipstick may cause serious adverse effects like skin irritation, skin discoloration, cancer etc. 

The adverse effect can be reduced by using natural colour extracts from different natural 

sources. This review mainly focus on formulation, extraction of natural colorants, evaluation 

of lipstick and defects in lipstick. 
 

Keywords: Herbal lipstick, Natural colorants, Extraction. 
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INTRODUCTION 

Cosmetics are the substances used to alter the appearance or fragrance of human body. Now a 

day’s the demand of herbal cosmetics in the world market are growing and are inevitable gifts of 

nature. There are a wide range of herbal cosmetic products to satisfy the needs of women. In 

contrast to the synthetic one the herbal cosmetics are safe on human health [1]. Lipsticks are most 

widely used cosmetic added in the makeup to enhance the beauty of lips. In present days the use 

of product has increased and a lot of changes occur in the choice of shades of colours, textures, 

lustre of the lipstick. A good lipstick should have persuading characteristics and be acceptable to 

consumers, such as having a suitable texture and antioxidant properties. Bases, oils, emollients 

and colorants are among the variety of components that contribute to the properties of fine 

lipstick. Texture, melting point and hardness of the lipstick are the dominant characteristics that 

are modified by varying the ratio of the components that are used in the formulation [2]. 

Colorants or pigments are the components that play an important role in the lipstick formulation 

as it determines the aesthetic value of the lipstick. Colorants can be from synthetic and natural 

sources. Synthetic colours are manufactured chemically. The synthetic dyes that contribute the 

colour to the lipstick are dangerous to humans on consumption and may cause adverse effects 

such as allergy, dermatitis, skin discoloration, drying of lips etc. In some cases they can be 

carcinogenic and even fatal. This limitation thus leads theuse of natural colorants in production of 

lipstick. Natural colours are extracted from natural sources such as plants, insects, algae [3]. 

IDEAL CHARACTERISTICS OF A GOOD LIPSTICK 

 Smooth and easy to apply. 

 Non-irritant and non-toxic. 

 Should have attractive colour and shine. 

 Free from grittiness and should be non-drying. 

 It should have required plasticity. 

 It should have pleasant taste, odour and flavour. 

 Don’t lose its smooth and shiny appearance during storage. 

 Stable during its shelf life- means free from bloom or sweating during storage. 

 It should not melt or harden within reasonable variation of climatic temperature. [4] 

ANATOMY OF LIPS 

Lips are soft, movable body part at the mouth of humans and helps for the intake of food and 

speech. "Labium superius oris" and "Labium inferius oris", are the upper and lower lips 

respectively. The meeting point where the lips join the surrounding skin of the mouth area is 
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the vermilion border and reddish area within the borders is called the vermilion zone.Cupid’s bow 

is thevermilion border of the upper lip. The fleshy protuberance located in the centre of the upper 

lip is a tubercle [5]. 

 

Fig.1: Anatomy of lips 

FORMULATION OF LIPSTICK 

Lipstick is composed of waxes, oils, pigments, and emollients which are adjusted to desired 

melting point and viscosity. Various agents in lipstick formulations are: 

Table 1: Components of lipstick and functions 
 

INGREDIENTS %(W/W) FUNCTION 

Base 

I. Solid Waxes (bees wax, carnauba 

wax, candelilla wax)  

II. Softening Agents ( wool fat, 

lanolin, lecithin, cocoa butter) 

 

10 

 

 

15 

 

Provides hardness and creaminess  

 

Lubricates lipstick after application 

Oil ( castor oil, liquid paraffin) 65 
Dispensing the pigment and give high 

gloss to the lipstick 

Colouring agents/pigments/staining dyes Adequate Give colour 

Perfumes  Adequate Give aroma 

Miscellaneous agents  

( preservatives, antioxidants, flavours) 
Adequate Stabilise the formulation 

 

ADVANTAGES OF NATURAL LIPSTICK 

 The ingredients in the natural lipstick are all natural and are safe to use. 

 They also contain natural nutrients that keep lips healthy. 

 They have fewer or no aspect impacts. 

 They are non-toxic, highly lipophilic, antioxidant, anti-microbial, anti-inflammatory and 

are used in leucoderma of lips.  

 Extensive range of colours to choose from. 

 Colorant has different original shades of colours from purplish red, ruby red, beetroot 

purple, dark violet, pastel red, pale red, purplish red, rose red, deep magenta, dark purple, 

orange, deep violet.  
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 Different combinations and shades can be obtained from these colours. 

 By adding organic and inorganic acids and basescolour may be changed to different 

shades [6]. 

NATURAL COLOURING AGENTS 

Natural colouring agents are extracted from natural sources such as animals, plants, insects, algae 

etc. Mainly natural colorants are extracted from different plant sources such as fruits, roots, seeds, 

leaves etc. 

Table 2: Common Colour and Plant Sources [7] 
 

COLOUR CHROMOPHORE PLANT SOURCES 

Purple blue Anthocyanin Grapes, blueberry, plum, purple cabbage, black berry 

Green Chlorophyll Avocado ,cucumber, spinach, broccoli, lettuce, kiwi 

White-tan Anthoxanthins Cauliflower, potato, ginger, onions, banana 

Yellow orange Carotenoids Papaya, pine apple, pumpkin, carrot, orange 

Red Lycopene 
Beet root, tomato, strawberry, watermelon, 

pomegranate 
 

EXTRACTION OF NATURAL COLOURING AGENTS  

EXTRACTION OF BIXIN FROM BIXA ORELLANA (Annatto) 

The reddish orange colour dye of the annatto is comes from the outer covering of the seeds of the 

plant and is composed of the carotenoid pigments bixin, nor-bixinand their esters. Dry seeds of 

Bixa orellana and powder it. Then extract 100gm of sample with ethanol (60-80ºC) for 18 hrs. 

(ratio 1:2). After completion of extraction, filter the extract while hot through Whatman filter 

paper (No.10) to remove impurities if present. Concentrate the extract volume to 1/10 by vacuum 

distillation; then transfer the extract to 100 ml beaker and evaporate the remaining solvent on a 

water bath. Keep dark reddish extract in desiccators to remove the excessive moisture. Then pack 

dried extract in air tight glass container [8]. 

EXTRACTION OF BETANIN FROM BETA VULGARIS (Beetroot) 

Beetroot is that the main supply of natural red dye, called “beetroot red”. Betanine is that the main 

part of the red colorant extracted fromcommon beet.The roots are most typically deep red-purple 

in colour, however are available a largekind of alternative shades, as well as golden yellow and 

red-and-white stripy. Extraction of pigment is by homogenization of equal ratio of fruit pulp and 

solvents (1/1 w/v). Take 100 g of the peeled fruit, of watery consistency, and macerate it with 100 

mL solvents (EtOH, aqueous ethanol 50:50) for 15 minutes under ice bath. Centrifuge the 



REVIEWARTICLE                                                                                                  Anju et.al / IJIPSR / 5 (03), 2017, 15-23                                                          

Department of Pharmaceutics                                                                                                          ISSN (online) 2347-2154     

DOI: 10.21276/IJIPSR.2017.05.03.189 

Available online: www.ijipsr.com                  March Issue 19 
 

aqueous mixture at 18,000 rpm, 4˚C for 20 min,and filter immediately through nylon mesh. By 

using rotary evaporator concentrate the extract in vacuum at 35°C, to 3–4 ml. completely 

removethe alcohol through concentration process and keep the samples in a dark vessel [9]. 

EXTRACTION OF LYCOPENE FROM DAUCUS CARROTA (Carrot) 

Carrot is a fruit or vegetable containing a large amount of carotenoid compound and that can be 

used as natural dye. Lycopene is the main part of the colour that extracted from the carrot. Dry the 

fresh carrots at 40°C in an oven. Coarsely powder the sample using a mixer grinder. Mix 50g of 

this air dried sample with 450ml of 95% ethanol. Then incubate it for 24hr and filter it. Evaporate 

the solvent under vacuum and keep extract at 4°C [10]. 

EXTRACTION OF BETALAINS FROM HYLOCEREUS POLIRHIZUS (Dragon Fruit) 

Natural colorant present in the dragon fruit is betalains.Betalains, a group of natural pigments, 

include the betacyanins (red-violet) and the betaxanthins (yellow).  

The extraction technique for dragon fruit is solvent extraction by using n- hexane and ethanol. 

Grind 20g of sample using a blender and soak this in the n- hexane and ethanol for an overnight. 

Completely remove the solvents by rotary evaporator. Repeat this for three times until the 

extraction is over [11]. 

EXTRACTION OF LYCOPENE FROM LYCOPERSICON ESCULENTUM (Tomato) 

Lycopene is the major colouring principle present in the tomato. Lycopene in tomatoes and 

tomato products consists of trans-lycopene (35-96% of the total lycopene content) and low levels 

of cis-lycopenes (1-22%). Crush the tomatoes into crude tomato juice and separate juice into pulp 

and serum. Take 100gm of sample in a beaker. Then warm the paste and add 30 ml of warm 

benzene (40°C) to it. Stir well and decant the benzene layer. Again add 30 ml warm benzene, stir 

and decant the benzene. Repeat this for 5 times. Then distil off benzene and we got residue of and 

recrystallize residue by ether [12]. 

METHOD OF PREPARATION 

 First, melt and mix the raw ingredients for the separately according to their melting point. 

 Heat the solvents, oils, waxes in separate stainless steel or ceramic containers.  

 Then mix solvent and liquid with the colour pigments.   

 Mix the pigment mass with the hot wax. 

 Then pour this into tubing moulds, cool, and separate the lipstick from the mould and fit it 

in the lipstick case [13]. 
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EVALUATION OF LIPSTICK 

Melting Point 

Take both ends open glass capillary tubes. Introduce into each of 5 capillary tubes a sufficient 

amount of the lipstick, about 10 mm high and allow the tubes to stand for the appropriate time and 

at the prescribed temperature in capillary tube apparatus. The temperature at which the substance 

begins to melt in the capillary tube is taken as the melting point. Repeat the operation 3 times 

using other 4 capillary tubes and calculate the result. 

Breaking Point 

Breaking point test is to determine the strength of lipstick. Place lipstick horizontally in a socket 

inch away from the edge of support. Increase the weight by a specific value (10gm) at specific 

interval of 30 second and weight at which breaks is considered as the breaking point  [14]. 

Force of Application 

It is test for determine the force to be applied for application. Keep a piece of coarse brown paper 

on a shadow graph balance and apply lipstick at 45º angle to cover a 1 sq. Inch area until fully 

covered. The pressure leading is an indication of force of application.  

Surface anomalies 

This test is for determining the surface defects, such as no formation crystals on surfaces, no 

contamination by moulds, fungi etc.  

Aging stability 

Store the products in 40ºC for 1 hour and observing various parameters such as application 

characteristics, crystallisation of wax on surface and oil bleeds [15]. 

Solubility test 

Dissolve the lipstick in different solvents and observe the solubility in each solvent.  

pH parameter 

Determine the pH of the lipstick by using pH meter. 

Skin irritation test 

Apply the lipstick on the skin for 10 min and observe. 

Perfume stability 

Perfume stability can also be assessed by storing lipsticks in oven at 40ºC and by making periodic 

comparison of perfume with fresh lipstick [16]. 
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DEFECTS IN LIPSTICKS 

FORMULATION RELATED PROBLEMS 

Sweating 

It is the most common problem of lipstick formulation due to high oil content or inferior oil 

binding. It may rise in any climate or temperature range 

Bleeding 

This refers to the separation of coloured liquids from the waxy base. 

Streaking 

A thin line or band of a different colour or a substance appears on the finished product. 

MOULDING RELATED PROBLEMS 

Laddering 

Lipstick does not look smooth or homogenous after congealing and setting but instead has a 

multi-layered appearance. 

Deformation 

This is a moulding problem where the shape of the lipstick looks deformed. It is noticeable and 

appears on both sides of the lipstick. 

Cratering 

this appears in split moulding and it shows up flaming when stick develops dimples 

Mushy Failure 

This is a problem in which the central core of the lipstick lacks structure and breaks [17]. 

CONCLUSION 

This review concludes that the use of natural colorants in lipstick formulations having no or 

minimum side effects. Thus we can move towards the use of natural colorants to prepare lipstick. 

Hence the use of natural colour is step towards healthy cosmetics and which can be widely 

utilised by the women with great pleasure. 
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ABSTRACT 

Vaccines are important for the development of global population. For vaccines to be 

effective it is essential that they are stored and preserved under refrigeration. 

Pharmaceutical products require controlled storage conditions in order to ensure that their 

quality is not compromised. Proper environmental control (i.e.; proper temperature, light, 

and humidity, conditions of sanitation, ventilation and segregation) must be maintained 

wherever drugs and supplies are stored in the premises. One of the biggest problems faced 

by laboratories and clinics is improper and mismanaged vaccine refrigeration. Vaccines 

save three millionlives per year. According to the report of U.S. federal vaccines for children 

program, over $20 million worth of vaccines are wasted annually due to improper vaccine 

refrigeration. This article focuses on vaccine storage with minimal disposal of vaccines. 
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INTRODUCTION  

Drug storage is among the pharmacist’s 

most important responsibilities. Therefore, 

adequate methods to assure that these 

responsibilities are met must be developed 

and implemented. The pharmaceutical 

are to be stored under conditions that 

prevent contamination and, as far as 

possible, deterioration. The stability of 

product retain within the specified limit, 

throughout the period of storage and 

use.(1)Precautions that should be taken in 

relation to the effects of the atmosphere, 

moisture, heat and light are indicated. 

During storage of the pharmaceutical 

products is one of the fundamental 

concerns in patient care.(2) The conditions 

under which pharmaceutical products are 

manufactured and stored can have a 

major impact on their quality. High 

temperature and relative humidity (RH) are 

the most important factors involved in drug 

degradation.(3) Factors such as 

temperature, humidity, air quality, time 

and production process characteristics 

can all have a significant impact on the 

final quality of products. For many products 

requiring storage in cool conditions, 

refrigeration plant is widely used, which 

needs to be carefully monitored to ensure 

that the correct temperatures are 

maintained. Stock must be stored in 

appropriate and auditable environmental 

conditions.(4) 

A number of factors influence whether 

vaccines stored in a refrigerator remain 

within the prescribed temperature range. 

Vaccine storage trays can obstruct 

refrigerator air flow, creating areas pockets  

 

of colder or warmer air. Vaccines stored in 

certain locations, such as near the 

refrigerator cooling unit, may be kept 

significantly colder than if placed in the 

main body of the refrigerator. Some factors 

may vary drastically between different 

refrigerators (e.g. dorm style, freezer less or 

pharmaceutical grade). Parameters such 

as temperature control stability, air 

circulation, defrost cycles, and long-term 

drift of the temperature set point can play 

a major role in determining whether a 

refrigerator maintains suitable vaccine 

storage conditions. Because of this, simply 

setting a refrigerator to a temperature 

between 2 °C to 8 °C may not actually 

result in stored vaccines being kept within 

that temperature range.(5) 

Temperatures for refrigerated and frozen 

vaccines need to be maintained within a 

strict range, with refrigerated vaccines 

requiring between 2 and 8 °C and frozen 

vaccines between –50 and –15 °C. 

Vaccines such as H1N1 influenza rely on a 

tight temperature range (2–8 °C), with a 

desired average temperature of 40 °F (5 

°C) and must have temperatures 

measured twice daily. It is recommended 

to also use a secondary source 

of temperature monitoring for maximum 

product security and peace of mind, such 

as the Thermo Scientific Smart-

VueTMwireless monitoring system (Thermo 

FisherScientific, Milford, MA). Smart-Vue 

provides independent, secondary 

monitoring, and comes with the ability to 

text, e-mail, or call a staff member if the 
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temperature rises or falls outside of the 

desired range.  (6) 

 

 

 

Smart-Vue wireless monitoring system 

PROPER VACCINE STORAGE AND 

MANAGEMENT 

Vaccines should be stored in refrigerators 

that are large enough to accommodate 

the highest demand to avoid overloading 

the unit. Vaccines should not be stacked 

or positioned where they may fall out of 

the unit when the door is opened. One 

should allow for proper air circulation by 

storing vaccines away from the walls of the 

refrigerator or freezer.(7) 

During the flu season, poor weather 

conditions can lead to power failures. In 

events like these, it is important to have an 

emergency plan in place. The plan should 

include alternate sites for vaccine storage, 

a list of necessary packing materials, and a 

proper method of vaccine transportation. 

Each packing container should have a 

calibrated thermometer inside of it to 

monitor the vaccine during transport.(8) 

Appropriate vaccine management begins 

with knowledgeable staffs who understand 

how to use the correct equipment for 

storage and handling of vaccines. 

Vaccines should be stored at the correct 

temperature in refrigerators or freezers 

designated as “vaccine-only”. This means 

that food or drink should not be stored in 

the same unit as vaccines stored. All staff 

members need to be aware of the 

guidelines provided by the manufacturer. 

Staff handling vaccines should maintain a 

detailed inventory log, including 

information such as vaccine name, the 

date of the vaccine was created, the 

condition of the vaccine upon distribution, 

and the vaccine expiration date.(9) 

 Domestic refrigeration units cannot 

maintain the uniform temperatures 
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needed to avoid freezing or thawing of 

vaccines, given that the airflow in these 

units is neither consistent nor constant. The 

temperature of a commercial unit can 

fluctuate as much as 10° during normal 

use. Purpose-built laboratory refrigerators 

and freezers have forced air circulation 

that maintains an even temperature 

throughout the unit, ensuring that products 

will see little to no temperature fluctuation 

during use.(10) 

 

 

Thermo Fisher Scientific High-Performance Refrigerator 

 

SAFE VACCINE TRANSPORT  

The cold chain must be maintained during 

transport. Vaccines should be kept in an 

insulated cooler. Frozen ice packs or 

refrigerated packs should be used as 

needed to maintain the temperature 

between 2 and 8 °C. The temperature in 

the cooler should be monitored and 

logged immediately before and after 

transport. A layer of insulation should be 

tucked between the vaccine box and the 

ice packs to prevent direct contact, which 

could result in freezing temperatures in 

vaccine vials. The cooler should be kept in 

the passenger cabin of the vehicle; 

temperatures in a trunk or truck bed could 

get too hot in summer or too cold in winter.  
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CONCLUSION 

 Maintaining proper storage conditions at 

pharmacies is essential to reduce the 

problems caused by environmental 

factors. The pharmaceutical products 

were found to retain their potency when 

stored in pharmacies having good storage 

facilities. Hence it is important to highlight 

the importance of maintaining proper 

storage conditions in pharmacies by the 

authorities. All vaccines are sensitive 

biological substances which are 

susceptible to heat, light and/or freezing. 

Theywill lose their potency with time but this 

becomes more rapid if vaccines are not 

continuously stored at the temperature 

appropriate for them from the time they 

are manufactured till the time of use.  
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Abstract: Glycemic control is required to prevent microvascular and macrovascular complications of diabetes. Insulin is 

an important part of therapy in diabetic patients. Insulins have to be injected which is inconvenient and cause many 

complications. Newer forms of insulin which are delivered through routes other than injections are developed by 

pharmaceutical companies. The efficacy, bioavailability, side effects of these are studied in various clinical trials and 

gained approval. This review focuses on the advancements in insulin therapy that helps to overcome the troubles caused 

by invasive insulin administration. 

Keywords: Diabetes, insulin, therapy. 

INTRODUCTION 

Diabetes mellitus is a group of chronic 

metabolic disorder characterised by hyperglycemia due 

to defects in carbohydrate, lipid and protein metabolism 

[1]. There are two types of diabetes mellitus- type I and 

type II. Type I diabetes is caused due to destruction of 

beta cells of langerhans of pancreas and type II diabetes 

is caused due to decreased sensitivity and resistance of 

cells to action of insulin [2]. Type I diabetes requires 

exogenous insulin supply. Type II diabetes can be 

treated with exercise, oral anti diabetic agents and 

insulin [3]. Insulin is a peptide hormone produced by 

the islets of langerhans in pancreas. It is stored in the 

body as a hexamer i.e. six molecules bound with zinc 

ion. When the body requires insulin, the hexamer 

disassociates to form monomer which produces the 

physiological action.  It is available in numerous forms 

such as regular insulin, short acting insulin, 

intermediate acting insulin, long acting insulin, basal 

analogues, concentrated insulin, inhalable insulin and 

chemically modified insulins. Inhalable insulins and 

modified insulins are the latest approved forms of 

insulin. The onset of action, duration of action, the 

frequency of injection and mode of ingestion varies in 

each forms of insulin. Inhalable insulins are inhaled via 

the lungs while other forms are injected subcutaneously 

into the body. With the advancement in science and 

technology, artificial insulin preparations are introduced 

by altering the disassociation process of the hexamer. 

The efficiency, patient acceptance and satisfaction are 

important criteria to be assessed. 

 

 

 

INHALABLE INSULIN 

The need for multiple daily injection and lack 

of acceptance of injections made the query for another 

route by which insulin can be administered to the body 

for attaining glycemic control. Administration via the 

pulmonary route provides a greater surface area for 

absorption and is rapidly absorbed through alveoli [4, 

5]. Exubera was available as blisters of 1mg and 3 mg 

dose. It is formulated as dry powder for inhalation and a 

special device is used for the inhalation [4, 5]. The 

dosage calculations are cumbersome for the medical 

practitioners. It is used in combination with a long 

acting insulin in type I diabetic patients [6].  It can be 

used as monotherapy or in combination with oral 

antidiabetic agents or with long acting insulin in type II 

diabetic patients [6]. Pulmonary function testing is 

advised before administration of inhalable insulin. In 

patients with type 1 diabetes, the inhaled insulin 

Exubera, administered three times daily prior to meals 

and a single night-time injection of a long-acting insulin 

(Humulin U Ultralente), has been compared with a 

conventional subcutaneous insulin regime (involving 

regular human insulin administered twice daily with 

NPH human insulin administered twice daily) in 24-

week randomized, open-label trials [6, 7]. The primary 

efficacy parameter was glycemic control, as measured 

by the reduction from baseline in haemoglobin A1C 

(HbA1c). In these trials, the reduction in HbA1c and the 

rates of hypoglycaemia were comparable in the two 

treatment groups [6, 7]. Inhaled insulin has a favourable 

pharmacokinetic profile that makes it efficient in 

managing post prandial hyperglycemia. It is also 

effective when used alone or in combination with oral 
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antidiabetic agents or injectable insulin and hence 

makes the treatment plan flexible. 

 

Inhaled insulin is contraindicated in patients 

with lung diseases and in those who smoke or 

discontinued smoking less than 6 months prior to 

beginning of therapy [6]. The main disadvantage of 

inhalable insulin is cough which settled as treatment 

continued and hypoglycaemia [7]
 
. The bioavailability 

of the product is only10% of the subcutaneous route 

due to loss in the upper airways and hence a larger dose 

is required to achieve glycemic control [9]. Treatment 

satisfaction, convenience, quality of life and patient 

compliance were found to be much better than the 

injectable insulin. Patients are likely to prefer inhaled 

insulin when it is available [11].  Treatment satisfaction 

with inhaled insulin is comparable with oral 

medications in a study in type II diabetic patients [12] 

Exubera was the first inhalable insulin approved by 

FDA in 2006 but was later withdrawn due to concern 

about effect on lung function, high cost and requirement 

for a bulky inhaler [13]. Afrezza is the one currently 

available drug device in the form of small easy to use 

inhaler and the inhalational powder as single-use 

cartridges [14]. The product has a large patient 

acceptance worldwide due to the lack of fear of 

injection. The patient satisfaction rates were very high.  

It is ultra-rapid-acting insulin which mimics a linear 

dose-related pharmacokinetic profile in patients of type 

I and II diabetes mellitus [15]. Maximum plasma drug 

concentration reached between 10 and 15 min (Tmax) 

which is very early compared to regular insulin or other 

rapidly acting insulin analogues (20-45 min). This is 

important as it mimics first-phase insulin release after 

food seen in non-diabetic individuals. Duration of 

action is around 2-3 hrs [15, 16].
 
60% of the inhaled 

drugs gets deposited in the lungs [15]. Inhaled insulin is 

designed to be used within 20 min of beginning a meal. 

 

CHEMICALLY MODIFIED INSULIN 

Chemically modified insulins were studied 

under the leadership of Professor Markus Meuwly from 

the department of chemistry at University of Basel. 

Replacement of a hydrogen atom of insulin with iodine 

has shown improved release and bioavailability in the 

blood stream. The efficacy and affinity of insulin to the 

receptor is not changed while the availability of insulin 

to the organism is enhanced by introduction of an 

iodine atom. Intermolecular interaction between atoms 

is improved by the replacement of a hydrogen atom 

with iodine. The advantages of chemically modifying 

the insulin were predicted using quantum chemistry and 

molecular dynamics simulations [17]. The changes in 

stability of the modified insulin were studied using 

crystallographic and nuclear magnetic resonance 

experiments. The artificial insulin thus produced helps 

in optimising the therapy in diabetic patients. It also has 

an important role in protein engineering. 

 

 

TRANSDERMAL INSULIN 

Transdermal administration of insulin avoids 

the complications and other disadvantages of injections 

and other routes of administration. Insulin is delivered 

over 12 hours. It employs a microneedle through which 

the drug is introduced into the body. Use of 

microneedle does not cause pain and produce 

advantages of high degree of patient acceptance, 

convenience and by pass the first pass metabolism in 

liver [18]. Permeation through the skin is tough. 

Physical enhancement techniques like iontophoresis, 

ultrasound/sonophoresis, microneedles, electroporation, 

laser ablation and chemical enhancers are required for 

improving transdermal penetration. Chemical enhancers 

alter the lipid structure of the stratum corneum altering 

its barrier properties and increase its permeability for 

drugs. Iontophoresis is a technique that uses a small 

electric current to enhance the transdermal delivery of 

compounds through the skin [19]. Microneedle 

technology is cost-effective, minimally invasive, and 

controllable approach to transdermal drug delivery. 

Micron sized channels are created which disrupts the 

stratum corneum barrier. Interstitial fluid get filled up in 

the channels producing hydrophilic pathways. Upon 

creation of the microchannels, interstitial fluid fills up 

the channels, resulting in hydrophilic pathways [20]. 

Microneedles deliver the drug into the epidermis 

without disruption of nerve endings [21].
 
Transferosulin 

employs transformers which are particles similar to 

lyposomes but are more deformable and can easily pass 

through the skin. Their membrane contains 

phospholipids and insulin is carried inside the 

hydrophilic. Studies in type I diabetic patients showed 

similar pharmacokinetic profile to long acting human 

insulin (Ultratard) with less intraindividual variability in 

insulin absorption [22].
  

 

CONCLUSION 

As the field of medical science advances, 

newer insulin formulations are discovered. As insulin is 

an inevitable agent for patients with diabetes these new 

formulations are gaining importance in medicine. 

Scientists are busy with exploring the possible ways to 

achieve their goal. A chemist Danny chou, PhD from 

the university of Utah, exclaimed that he is looking 

forward for smart insulins that are controlled by 

circulating blood sugar levels. These are insulins with 

brain.  Smart insulin will be active when the body needs 

it and when the blood glucose level gets normal it gets 

stopped. Such a preparation will help maintain glycemic 

control without any complications. 
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ABSTRACT 

 

Type 2 Diabetes mellitus or insulin dependent diabetes comprises 90% of the people with diabetic and is a 

challenging disease to manage successfully. The prevalence is very high in Indians. According to World Health 

Organization patient compliance towards long term therapy for chronic disease indicates only around 50% in India. 

A prospective observational survey was carried out for the duration of 8 months among the patients. Medication 

adherence to diabetes medicine was determined using a modified version of the eight items self-reported Morisky 

medication Adherence Scale (MMAS).Each item is in a yes/no format, with a maximum possible score of eight 

equating very poor adherence and zero considered as good adherence. 108 patients were included in the study.54 in 

the control group and 54 in the intervention group. Intervention group showed more statistical significance (p value< 

0.05) for patient compliance as compared with control group. Pharmacist care will significantly improve the 

therapeutic goal in the achievement of better patient compliance. 

 

Keywords: Diabetes mellitus, World Health Organization, tertiary care hospital 

 

INTRODUCTION 

 

Diabetes mellitus is a growing global health problem 

that affects all patients.347 million people worldwide 

has diabetes. World Health Organization projects that 

diabetes will be the 7
th

 leading cause of death in 

2030.Type 2 diabetes comprises 90% of people with 

diabetes around the world. Largest increase in the 

number of people with diabetes is predicted to take 

place in countries with developing economies. 

Increase in obesity rate and changes in diet and 

lifestyle are the leading causes. Patients with type II 

Diabetes have three fold risk of death from 

cardiovascular diseases. Risk of death from all cases is 

increased by approximately 75% when compared to 

patients without diabetes [1]. Rate of non adherence 

with any medication therapy may vary from 15% -

93% with an average estimation rate of 50%. In India 

presently estimated to have 41 million individuals 

affected by diabetes mellitus. Every fifth diabetic in 

the world being an Indian. Key determinant of 

diabetes is the medication adherence [2]. 

 

MANAGEMENT OF DIABETES MELLITUS 

1. Appropriate goal setting 
The goal of treatment of diabetes mellitus is to 

improve the Quality Of Life (QOL) and lifespan 

when compared to those of healthy people. A 

prerequisite for this is the prevention of onset and 

progression of vascular complications. Diabetes 

can impact all aspects of life.
 
Diabetes can be 

managed by setting goals in healthy eating, 

physical activity, blood glucose monitoring, 

medication, reducing risk, keeping well and avoid 

stress [3]. 
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2. Dietary and exercise modifications 
Focuses on high fiber and low fat food. Glycemic 

index means measure of how quickly a food attains 

increase in the blood sugar level. Patients have to 

follow low glycemic index food containing high 

fiber. Whole grains, fruits and vegetables should 

be in the diet. Making physical activity as daily 

routine is necessary for diabetes management. 

Walking, swimming and yoga will help to lower 

blood sugar level. If you haven’t been done start 

slowly and build up gradually. Exercise improves 

metabolic control, improves glucose tolerance as 

insulin sensitivity increases, weight lose due to 

increased energy expenditure, increased work 

capacity, and feeling of well being [3].  

 

3. Medications 
Anti diabetic tablets require insulin present in the 

body to be active. Mainly five classes of drugs are 

used. Biguanides, sulphonylureas, meglitinides, 

thiazolidinediones, and alphaglucosidase 

inhibitors. Along with medication, diet control and 

lifestyle changes are also necessary. Metformin, 

insulin, and sulphonylurea drugs are more effective 

in controlling macro vascular and micro vascular 

complications [4].      

 

4. Appropriate self monitoring of blood glucose 
It is a valuable tool in the diabetes management. 

Careful and regular monitoring is the only way to 

make sure that blood sugar level is under 

control.HbA1c test done every 2-6 months. It 

measures the glucose in the blood attached to the 

part of red blood cells. Sometimes it will be 

unpredictable; it develops confidence in looking 

after diabetes [4]. 

 

5. Regular monitoring for complication 

Diabetes mellitus leads to chronic complications 

and they are generally divided into macro vascular 

and micro vascular complications. Retinopathy, 

nephropathy, and neuropathy are micro vascular 

complications [5]. 

 

6. Laboratory assessment 
Regular checking of blood sugar level, HbA1c 

level, and kidney function test will provide better 

management of diabetes [5]. 

 

PATIENT COMPLIANCE However medication 

alone is not a cure for diabetes. If the patient doesn’t 

know the importance of nutrition, physical activity, 

blood glucose monitoring, regular monitoring of 

complications he is not able to achieve therapeutic 

goal. Patient themselves are responsible for the daily 

basis for regulating the blood sugar level. Aim of 

patient education is only to support and 

encouragement. According to World Health 

Organization Non adherence regarding medication is a 

serious problem in case of chronic diseases such as 

Diabetes mellitus. Even though it is a chronic illness 

the patient compliance towards the disease was found 

to be unsatisfactory. This study will be conducted to 

assess and evaluate the patient compliance in type 2 

diabetic patients in a tertiary hospital. Through this 

study we can improve the medication adherence by 

giving patient counseling. Adherence is defined as the 

extent to which a patient’s behavior in terms of taking 

medication, executing life style changes, or following 

diets coincides with medical advice. Medication 

adherence is essential in order to obtain the full 

therapeutic benefit of diabetes management. There are 

direct and indirect methods used for assessing 

medication adherence. More conveniently, 

questionnaires have been found to provide more 

accurate assessment of medication adherence by 

comparing with other methods [5,6].In the diabetes 

management patients are expected to follow a complex 

set of behavioral actions on a daily basis. These 

actions includes taking medications, monitoring blood 

glucose level, doing some physical activities, 

following a meal plan, foot care, responding to 

diabetes related problems and seeking medical care
20

. 

The main cause of non compliance is the complexity 

of the dosage regimen. Patients are asked to take 

medication lifelong. Poor adherence compromises 

safety and treatment effectiveness which leads to 

increased mortality and morbidity [7,8]. 

 

EPIDEMIOLOGY OF MEDICATION TAKING 

BEHAVIOUR  

Detailed information about the medication taking 

pattern is given by electronic medication monitoring 

devices. Most common deviations are omission of 

doses, or delays in the timing of doses. Usually 

patients will improve their adherence before and after 

5 days of appointment with the prescriber, as 

compared with 30 days after, is a phenomenon known 

as white –coat adherence.
7,9  

Simple dosing regimen 

improves the patient adherence [9,10]. 

 

BARRIERS TO MEDICATION ADHERENCE 

Majority of medication non adherence is under control 

of patients, so attention to them is important to 

improve adherence. In responses to a questionnaire 

patient’s reports on the reasons for not taking their 

medication includes forgetfulness, omission of doses, 

lack of information and emotional factors. Prescribers 

contributes the patient non adherence by prescribing 

complex dosing regimen, not providing the 

information about drugs, its side effects, and lack of 

therapeutic relationship with the patients [11, 12] 

Health care system also creates barriers to medication 

adherence by using a restricted formulary, switching to 
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a different formulary, limiting access to health care, 

having prohibitively high cost for drugs, copayments 

or both [13] 

 

MATERIALS AND METHODS 

 

A prospective observational survey was carried out for 

the duration of 8 months among the patients who were 

admitted in the general medicine department of the 

hospital. All the diabetic patients above 20 and below 

80 years of age of either sex were included in this 

study. Pregnant women, type1 diabetic patients, 

patient above 80 years of age, patients who were not 

able to answer the questionnaire were excluded. 

Patients were included after getting oral or written 

informed consent. For data collection and 

documentation patient data entry form was designed 

which includes information of patient demographics 

(patient’s name, age, sex, IP no, OP no, date of 

admission, date of discharge), social history, family 

history, marital status, diagnosis, past medical history, 

past medication history, laboratory data and currently 

prescribed drugs. Adherence to treatment has been 

assessed during a personal interview with each patient 

using a questionnaire. Medication adherence to 

diabetes medicine was determined using a modified 

version of the eight items self-reported Morrisky 

medication Adherence Scale (MMAS).Each item is in 

a yes/no format, with a maximum possible score of 

eight equating very poor adherence and zero 

considered. 

 

RESULTS 

 

A total of 108 diabetic patients were enrolled in this 

study. Out of which 67were males and 41 were   

females. Thus there was a slight preponderance of 

male patients.  The study population was categorized 

on the basis of age and shows that majority of patients 

were belongs to 5-60 age group. 38.89% patients were 

smokers, 4.63% patients were alcoholics, 5.56% 

patients were smoker and alcoholics, and 1.85% 

patients were tobacco users. commonly observed 

disease conditions were hypertension  in 29 patients, 

chronic obstructive pulmonary disease in 11 patients, 

respiratory tract infections in  8 patients, renal diseases 

in  7 patients, hepatic infections in  4 patients, ulcer 

diseases in 5 patients, urinary tract infections in  7 

patients, pulmonary edema in  5  patients and seizure 

in  1 patient. Various prescribed drugs were 

Glimepiride  in 19.44% patients, Metformin in 8.33%, 

Glibenclamide in 7.41%,Glipizide in 

1.85%,Gliclazidein 1.85% patients, Glimepiride and 

Metformin combination in 24.075, Glibenclamide and 

Metformin combination in 12.96%patints, Gliclazide 

and Metformin combination in 5.56%, Sitagliptine and 

Metformin combination in 4.63%, Glipizide and 

Metformin combination in 12.96% and 

Glimipiride+Metformin+Voglibose combination in 

0.93% patients. Morrisky medication adherence 

questionnaire contains 8 questions. Each question 

carries minimum zero and maximum one score. 

Patients with maximum score of 8 was categorized 

under high adherence (4.63%), score between 6 to 8 

considered as medium (74.07%) and below 6  was 

considered as low adherence(38.89%).Most of the 

patients were medium adherent67.8% of patients were 

reported diet adherence and 26.1% were not. 24.3% 

patients were lifestyle adherent.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      Figure 1: Control Group  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Intervention  Group 
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Figure 3: Score statistical 

DISCUSSION 

 

The data collected were organized, tabulated and 

analyzed using statistical method. Out of 108 study 

population majority of patients were under age group 

of 50-60.Male patients were 62.04% and 37.96% 

patients were female. Male patients were more in 

number than female patients. 56.48% patients were 

employed and 43.52% patients were unemployed. Out 

of 108 study population, 5.56% patients were belongs 

to high socio-economic status, 79.63% patients were 

from middle class, and 14.81%patients from low 

socio-economic status. Majority of patients were from 

middle socio-economic status. 93.52% patients were 

married and 6.48% patients were unmarried. 38.89% 

patients were smokers, 4.63% patients were 

alcoholics, 5.56% patients were smoker and 

alcoholics, and 1.85% patients were tobacco users. 

Majority of patients, 26.85% have hypertension as co-

morbidity. Patients with maximum score of 8 was 

categorized under high adherence (4.63%), score 

between 6 to 8 considered as medium (74.07%) and 

below 6  was considered as low 

adherence(38.89%).Most of the patients were medium 

adherent. Total study population was divided into 

control and intervention group. Each group having 54 

patients. Patient counseling was given only to 

intervention group. Mean score of each group before 

and after counseling was found and compared. By 

using the t value, p value is obtained. It was found to 

be significant. 

 

CONCLUSION 

 

Patient compliance is very important in the 

management of chronic diseases especially diabetes. 

Apart from taking medication patient have to follow 

diet control, execute lifestyle changes, regular 

monitoring of blood glucose level and self and regular 

monitoring of complications in order to get full 

therapeutic benefit. Effective patient counseling 

improves patient compliance. Patients will be more 

adherent if they are educated with importance of the 

same. Various non adherences are hesitance to initiate 

therapy, skipping the doses, self dose adjustment, in 

appropriate administration of drugs, and medication 

discontinuation. For the full benefit of therapy patient 

compliance is essential. Clinical pharmacists have to 

educate the patient. This will helps to improve their 

patient compliance. Also help to use pill boxes to 

organize the daily doses, various reminder method, 

and better communication between patient doctor and 

pharmacist will improve patient compliance. This will 

leads to improved quality of life and achievement of 

successive therapeutic goal. 
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Abstract: Antibiotic resistance is one of most serious health problem. Infections from resistant bacteria are now 

common. Some pathogens are even become resistant to multiple types of antibiotics. The extraordinary genetic capacities 

of microbes have benefitted from man's overuse of antibiotics to exploit every source of resistance genes and all means 

of horizontal gene transmission to develop multiple mechanisms of resistance for each and every antibiotic introduced 

into practice clinically. The shortage of effective antibiotics will lower the capability to fight infectious diseases. This 

mainly affect the management of infectious complications in high risk patients undergoing surgery, especially organ 

transplantation. To prevent the antibiotic resistance by the strict controls on antibiotic use by humans. 

Keywords: Antibiotic resistance, Infections, Mutation. 

INTRODUCTION  

The ability of the bacteria and other micro-

organisms to resist the effect of antibiotic to which they 

were once sensitive and continue to multiply in the 

presence of therapeutic levels of an antibiotic is called 

Antibiotic Resistance. Antibiotic resistance is a major 

health problem. This condition makes it harder to 

eliminate infection from the body as a result of a 

bacteria’s ability to survive in the presence of 

antibiotics, some infectious diseases are now more 

difficult to treat and leads to treatment complications 

and increased healthcare costs. The misuse of 

antibiotics is the single most important factor that leads 

to antibiotic resistance around the world. The use of 

antibiotics without infections creates resistance.  These 

drugs should only be used to manage infections. When 

the first and second-line antibiotic treatment options 

become restricted due to resistance or unavailability, 

healthcare providers are forced to use antibiotics that 

may be more toxic to the patient. These antibiotics tend 

to be more expensive and less effective. Even with 

alternative treatment, patients having resistant 

infections have either died or have had a significantly 

longer hospital stay, delayed recuperation, and long-

term disability. Drug resistant strains initially appeared 

in hospitals where most antibiotics were being used; for 

example Sulfonamide resistant streptococcus pyogenes 

emerged in 1930s,Penicillin resistant staphylococcus 

aurous developed soon after the introduction of 

penicillin similarly mycobacterium tuberculosis came 

with resistance to streptomycin soon after the usage of 

antibiotic. 

 

Resistance to multiple drugs was first detected 

among enteric bacterialike E. coli, Shigella and 

Salmonella, in the early 1960s. Such resistance among 

various microbial species to different antimicrobial 

drugs is a cause of public health threat all over the 

world at a terrifying rate. The emergence of MultiDrug 

Resistance (MDR) is clearly related to the 

mismanagement of antibiotics. It also reflects 

attainment of different resistance determinants on the 

same DNA molecule, or single determinants, such as 

multidrug pumps, that specify efflux activity against 

different antibacterial
 
[1]. 

 

Problems of resistance  

Antibiotic resistance infections double the 

duration of hospital stay, double mortality and probably 

double morbidity when compared to drug susceptible 

infections. A cost comparison of treating Methicillin 

resistant (MRSA) vs. Methicillin susceptible (MSSA) S. 

aureus found almost a threefold increase in mortality 

(21% to 8%) and an economic cost increase of 22% 

associated with MRSA. In United States and United 

Kingdom, 40-60% of nosocomial S. aureus strains are 

Methicillin resistant and usually MDR. More deaths are 

associated with MRSA than with MSSA strains. Small 

proportions of MRSA show a steady increase in low 

level resistance towards Vancomycin, leading to failure 

in treatment. Among the gram-negative bacteria, 
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hospital infection caused by P. aeruginosa and A. 

baumanii are sometimes resistant to all, or all but one 

antibiotics, which seriously challenge the treatment of 

immunocompromised individuals and can result in 

death. The extended spectrum beta Lactamases, carried 

among Enterobacteriaceae such as Enterobacter and 

Klebsiella, destroy even the latest generations of 

Penicillin and Cephalosporin. Today, MRSA strains 

that differ from the hospitals strains and possessing new 

virulence toxins (Panton-Valentine Leukocidin) have 

emerged in communities of industrialized countries. 

The so called community acquired MRSA is resistant to 

β-lactam antibiotics, requiring physicians to prescribe 

alternative therapies where MRSA is suspected. 

Children were found to be more community acquired 

MRSA infection because the disease had advanced by 

time that another effective therapy was initiated [2].
 

 

Causes of antibiotic resistance 

There are two main mechanism involved in the 

development of antibiotic resistance namely mutation 

and acquisition of resistance genes by horizontal gene 

transfer (HGT). The genes for resistance properties can 

get transferred between bacteria of different taxonomic 

and ecological groups by means of mobile genetic 

elements such as Bacteriophages, Plasmids and 

Transposons. These genes are generally directed against 

a single type of antibiotic, although multiple genes, 

each bearing asingle drug resistance trait, can 

accumulate in the same organism. In the absence of 

plasmids and transposons, bacteria gain a steady 

increase in resistance through mutations in 

chromosomes. This process was primarily responsible 

for the exposure of penicillin and tetracycline resistance 

in N. gonorrhoeae. The organism later obtained 

transposons bearing genes with high level resistance to 

those drugs. Strains of E.coli and other 

Enterobacteriaceae have develop increasing resistance 

to Fluoroquinolones, as the result of mutations in the 

target enzymes (topoisomerases) and an increase in the 

bearing of membrane proteins that pump the drugs out 

of the cell [3]. 

 

In antibiotic resistance, Genes will be 

transferring between bacteria in a parallel manner by 

conjugation, transduction, or transformation. Thus a 

gene for antibiotic resistance which had developed by 

means of natural selection may be shared. Many 

antibiotic resistance genes occupy on plasmids, ease 

their transfer. If a bacterium carries several resistance 

genes it is called multi-resistant or informally a 

superbug or super bacterium. The extraordinary genetic 

capabilities of microbes have has evoked resistance 

genes that helped develop multiple mechanisms of 

resistance against antibiotics introduced into practice 

clinically
 
[4]. 

 

The long-term use of a single antibiotic (for 

more than 10 days) will make that bacteria resistant not 

only to that antibiotic but to many others. This 

phenomenon was found to occur after the continuous 

use of tetracycline in the urinary tract infections. Under 

continued antimicrobial selection, the susceptible 

intestinal flora may become colonized by organisms 

that are resistant not only to the absorbed drug, but also 

the structurally unrelated drugs. In animals MDR 

appeared after the application of sub-therapeutic 

(growth promotion) levels of Tetracycline in their feed. 

Within days, chickens began excreting tetracycline-

resistant E. coli; by two weeks, the excreted E. coli was 

resistant to several antibiotics. 

 

Selection of combinations in antibiotic resistance  

The analysis of the structure and functional 

relationship lead to the development of antibiotic 

resistance property. For example, the therapeutic action 

of β-lactams is achieved by binding to PBPs thus 

demolish the growth and structural integrity of bacterial 

cell walls.  Β-lactamases have similar structure to 

Penicillin Binding Proteins that play an important role 

in bacterial cell cycle. The transpeptidation reaction 

conducted by PBPs is used to stabilize the cell wall by 

cross-linking the glycan strands during peptidoglycan 

synthesis. The structural modifications during the 

development of the intermediate antibiotic resistance 

enzyme were due to the loss of interaction with the 

peptidoglycan moieties. The wide distribution in the 

environment and efficient catalytic properties of β-

lactamases has probably served as arbitrator in β-lactam 

cross-talk for a long time.It is not surprising that these 

genes were quickly picked up from the environmental 

genetic reservoirs and dispersed into commensal and 

pathogenic microbiota following the introduction of β-

lactam antibiotics into clinical practices
 
[5]. 

 

Prediction of antibiotic resistance 

Initially, experiments proceeds towards to 

predict the evolution of antibiotic resistance genes have 

included in vitro evolution modeling and screening for 

cryptic antibiotic resistance genes. A broader 

conceptual framework to predict antibiotic resistance 

was proposed, that included many variables such as the 

estimates of potentiality and prospect affecting the 

actuality, e.g. the real antibiotic resistance in bacterial 

populations. Genetic mechanisms that may contribute to 

evolution of antibiotic resistance. There is no official 

framework for predicting antibiotic resistance, primarily 

due to the lack of knowledge in several key areas such 

as the true extent of microbial metabolic diversity that 

may grant to novel antibiotic resistance, the rates of 

mutation and horizontal gene transfer (HGT) in a 

natural ecosystems, and the range of genetic interaction 

between different ecosystems. The situation of 

antibiotic resistance development that are based on 

insufficient knowledge in an attempt to protect the 
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efficacy of novel antibiotics The first and second 

generation of Tetracycline (called Glycylcyclines) have 

gradually lost their efficiency due to the widespread 

resistance mainly by the ribosomal protection and efflux 

mechanisms. However the third generation of 

Tetracycline, Tigecycline (the minocycline derivative 9-

Tert-Butyl-Glycylamidominocycline) was approved by 

the US Food and Drug Administration (FDA). This 

antibiotic was very effective against the bacterial 

isolates that contained the two major determinants that 

are responsible for Tetracycline resistance. Thus it is a 

valuable therapeutic option when dealing with difficult 

to treat superbug’s infections such as Methicillin-

resistant Staphylococcus aureus (MRSA), Vancomycin-

resistant Enterococci (VRE), Penicillin resistant 

Streptococcus pneumoniae and the β-lactamase 

producing Enterobacteriaceae. We can conclude that the 

influence of resistance to Tigecyclinein pathogenic 

microbiota is very low at this time [6]. 

 

How to reduce the antibiotic resistance development  

The serious outcome of the use of antibiotics is 

the associated development of resistant strains. A 

continuous control effortneeds to be exerted over 

antibiotic usage. Erythromycin was an example; 

introduced as an alternative to penicillin for the 

treatment of S. aureus in the early 1950s, it was 

completely withdrawn within few months because 70% 

of all the S. aureus isolates were found to have become 

erythromycin resistant. The same trend was observed 

with chlortetracycline and chloramphenicol, also with 

other antibiotics. It is clear that antibiotic resistance 

looks unavoidable but steps can be taken to prevent or 

cause a delay in the resistance by implementing strict 

controls over the use of antibiotic by humans, 

dispensing antibiotics with accurate prescriptions (not 

to use antibiotics to treat colds and other viral 

infections), don’t take antibiotics without a doctor's 

prescription and a controlled therapeutic use in animal 

husbandry and agriculture. A related scheme involves 

treatment with combinations of inhibitory compounds 

that have different modes of action. This combinatorial 

approach (a Flouroquinolones plus a macrolide or a β-

lactam plus an aminoglycoside or tetracycline) has been 

used in the past to overcome resistance and has also 

been used with success in the treatment of diseases such 

as cancer and HIV infection. The development of 

conjugated vaccines, such as those based on 

encapsulated H. influenzae type-b and pneumococcus, 

can reduce bacterial disease and the resulting need for 

antibiotics [7]. 

 

CONCLUSION 

Antibiotic misuse is a global treat because of 

the spread and development of resistance in most 

common bacteria to most inexpensive generic 

antibiotics. Now antibiotic resistance is universally 

recognized as a public health priority and necessary 

plan of action to combat resistance should be 

developed. Better diagnostic tests, encouragement and 

evaluation of medical and veterinary practice 

guidelines, restriction of antibiotic use as growth 

promoters in foods and animals, development of novel 

antibiotics are some of the steps required [7]. Above all, 

patients, health providers and health care leaders must 

make a serious dedication to change the dynamics of 

outpatient prescribing. If we want to prove the 

prediction of an impending post-antibiotic era wrong, 

the time has come to drastically improve our antibiotic 

prescribing practices and to strengthen research to 

identify cost-effective strategies for controlling 

resistance. If this could be achieved, the care of an 

individual patient at large can be substantially 

improved. 
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ABSTRACT 

Nanosuspensions are colloidal dispersions and biphasic system consisting of drug particles dispersed in an aqueous vehicle in which 

the diameter of the suspended particle is less than 1μm in size. Many drugs including antibiotics are having poor solubility. 

Nanosuspensions have proven to be a better alternative over other approaches currently available for improving bioavailability of 

such drugs with low solubility. This review describes the methods of pharmaceutical nanosuspension of antibiotic formulations and 

pharmaceutical applications in drug delivery. 
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INTRODUCTION 

 Nanotechnology is likely to make a big change in our 

lives, in general, and health scenario, in particular. It is 

one of the most important research and development 

area in today’s era. Nanotechnology is an applicable 

aspect of a broader area of nanoscience which is one of 

the upcoming and highly challenging as well as 

rewarding key research area in the modern scientific set 

up 
1
. It is the science of small particle having unique 

properties, which change on altering the size of the 

particle 
2
. Nanosuspensions are colloidal dispersions and 

biphasic system consisting of drug particles dispersed in 

an aqueous vehicle in which the diameter of the 

suspended particle is less than 1μm in size. Reduction of 

drug particles to nanometer range leads to an enhanced 

dissolution rate due to increased surface area and 

saturation solubility
3
. A nanosuspension not only solves 

the problem of poor solubility and bioavailability but 

also alters the pharmacokinetics of drug and improves 

the drug safety and efficacy. Nanosuspension has been 

reported to enhance absorption and bioavailability. 

IMPORTANCE OF ANTIBIOTICS AS 

NANOSUSPENSION 

Antibiotics also called anti-bacterial are a type of 

antimicrobial
 
drug used in the treatment and prevention 

of bacterial infections. They may either kill or inhibit the 

growth of bacteria. Many antibiotics such as 

Ciprofloxacin, Sulfadiazine, belong to BCS class II/IV, 

having poor solubility and dissolution rate. Nanosizing 

of such drugs leads to a drastic increase in their oral 

absorption and consequently bioavailability. The 

increase in bioavailability is due to increased surface 

area of the particles, increased saturation solubility and 

increase in dissolution velocity. The drug dose reduction 

is possible with enhancement in bioavailability making 

therapy cost effective and in preventing toxicity
4
. 

Formation of nanoparticles could provide some benefits 

such as increased saturation solubility and drug 

dissolution rate, improved bioavailability and dose 

proportionality, and inter-subject variability in 

comparison with the coarse or micronized drug powder.
5
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METHODS OF PREPARATION
6-13

 

Preparation of nanosuspension is reported to be simpler 

and cost effective.  It is particularly for poorly soluble 

drugs and to yield a physically more stable product. For 

manufacturing nanosuspensions, there are two methods, 

“Top-down process technology” and “Bottom-up 

process technology”.  

The top -down process includes:- 

 High pressure homogenization  

 Media milling (Nanocrystals).  

Bottom-up process includes:-  

 Solvent- Antisolvent method  

 Super critical fluid process  

 Emulsification Solvent evaporation technique  

 Lipid emulsion/Micro-emulsion template.  

The principle techniques used in recent years for 

preparing nanosuspensions are: 

1. High pressure homogenization:  

It is most widely used method for preparing 

nanosuspensions of many poorly aqueous soluble drugs . 

It involves three steps. First,the drug powders are 

dispersed in stabilizer solution to form pre-suspension, 

and then the pre-suspension is homogenized in high 

pressure homogenizer at a low pressure for pre-milling, 

and finally homogenized at high pressure for 10 to 25 

cycles until the nanosuspensions of desired size are 

formed.  

2. Milling techniques: 

a) Media Milling:  

This method was first developed and reported by 

Liversidge (1992). The nanosuspensions by this method 

are prepared by high shear media mill. The milling 

chamber is charged with the milling media, water, drug 

and stabilizer and rotated at a very high shear rate under 

controlled temperature for atleast 2-7 days. The milling 

medium is composed of glass, Zirconium oxide or 

highly cross linked polystyrene resin. The high energy 

shear forces are formed as a result of impaction of 

milling media with the drug which results in breaking of 

drug microparticles to nanosized particles.   

b) Dry-Co-grinding:  

Recently many nanosuspensions are prepared by dry 

milling technique. Dry- co-grinding can be carried out 

easily and economically and can be conducted without 

organic solvents. Physicochemical properties and 

dissolution of poorly water soluble drugs are improved 

by Co-grinding because of the improvement in the 

surface polarity and transformation from a crystalline to 

an amorphous drug. 

3. Emulsification-solvent evaporation technique  

This technique involves preparing a solution of drug 

followed by its emulsification in another liquid that is a 

nonsolvent for the drug. Evaporation of the solvent leads 

to precipitation of the drug. Crystal growth and particle 

aggregation can be controlled by creating high shear 

forces using a high-speed stirrer.  

4. Precipitation method 

Within the last decade, precipitation has been applied to 

prepare submicron particles, especially for the poorly 

soluble drugs. The drug is first dissolved in a solvent, 

then this solution is mixed with a miscible anti-solvent 

in the presence of surfactants. Rapid addition of a drug 

solution to the anti-solvent leads to sudden super 

saturation of drug and formation of ultrafine crystalline 

or amorphous drug solids.  

5. Supercritical fluid process  

The particle size reduction was achieved more by the 

solubilisation and nanosizing technologies through the 

super critical fluid process. Super critical fluids (SCF) 

are non-condensable dense fluids whose temperature and 

pressure are greater than its critical temperature (Tc) and 

critical pressure (Tp). This process allows the 

micronization of drug particles to a submicron level. 

Recent advances in SCF process are to create 

nanoparticulate suspension of particle size of 5 to 

2000nm in diameter.   

6. Melt emulsification method  

In this method drug is dispersed in the aqueous solution 

of stabilizer and heated above the melting point of the 

drug and homogenized to give an emulsion. During this 

process, the sample holder will be enwrapped with a 

heating tape fitted with temperature controller and the 

temperature of emulsion will be maintained above the 

melting point of the drug. The emulsion is then cooled 

down either slowly to room temperature or in an 

ice‐bath.  

7. Lipid emulsion/microemulsion template:  

This method is mostly applicable for drugs that are 

soluble in either volatile organic solvents or partially 

water miscible solvents. In this method, the drug is 

dissolved in suitable organic solvent and then emulsified 

in an aqueous phase using suitable surfactants. Then the 

organic solvent is slowly evaporated under reduced 

pressure to form drug particles precipitating in the 

aqueous phase forming the aqueous suspension of the 

drug in the required particle size. Then the suspension 

formed can be suitably diluted to get nanosuspensions. 

Moreover, microemulsions as templates can produce 

nanosuspensions. Microemulsions are thermodynamic-

cally stable and isotropically clear dispersions of two 

immiscible liquids such as oil and water stabilized by an 

interfacial film of surfactant and co-surfactant. The drug 

can be either loaded into the internal phase or the pre-

formed microemulsion can be saturated with the drug by 

intimate mixing. Suitable dilution of the microemulsion 

yields the drug nanosuspension.  

8. Solvent evaporation:  

In the solvent evaporation method, the solutions of 

polymer are prepared in volatile solvents and emulsions. 

The emulsion is converted into a nanoparticle 

suspension on evaporation of the solvent for the 

polymer, which is allowed to diffuse through the 

continuous phase of the emulsion. In the conventional 

methods, two main strategies are being used for the 

formation of emulsions, the preparation of single-
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emulsions, e.g., oil-in-water (o/w) or double-emulsions, 

e.g., (water-in-oil)-in-water, (w/o)/w. These methods 

require high-speed homogenization or ultrasonication, 

followed by evaporation of the solvent, either by 

continuous magnetic stirring at room temperature or 

under reduced pressure. By ultracentrifugation the 

solidified nanoparticles are collected which is washed 

with distilled water to remove the additives like 

surfactants, and then it is lyophilized. The particle size is 

influenced by the concentration of polymer, stabilizer 

and the speed of homogenizer. 

 

Table 1: Summary of the nanosuspension formation technologies [14,15] 

Technology Advantages Disadvantages Drugs 

 

 Precipitation 
 Equipment cost is low 

 Ease of scale up 

 Drug has to be soluble in atleast one 

solvent 

Carbamazepine
16

 

Cyclosporine
17

 

 

 

 

 High Pressure 

 Homogenisation 

  Applicable to most drugs 

 Simple technique with aseptic 

production possible 

  Risk of product 

Contamination is low 

 Prerequisite for drug to be in micronized 

state and suspension formation  before 

homogenization 

 

 

Amphotericin B 
18

 

Azithromycin 
19

 

Budesonide 
20

 

Clofazamine 
21

 

Fenofibrate 
22

 

Ibuprofen 
23

 

Itraconazole 
24

 

 Emulsion / 

Microemulsion 
 High drug solubilisation 

Long shelf life 

 Use of hazardous solvent and  high 

amount of surfactant and stabilizers 

Mutotane
25

 

Griseofulvin 
26

 

 Media Milling  Ease of scale up 

 Batch to batch variation is little 

 High flexibility in handling of  large 

quantities of drugs 

 Generation of residue of milling media 

 It requires milling process from hrs to 

days. 

Cilostazol 
27

 

Danazol 
28

 

Naproxen 
29

 

 

 Dry  Co-Grinding 
 Easy process 

 No organic solvent is needed 

 It requires short grinding time 

 There is generation of residue of milling 

media 

Clarithromycin 
30

 

Glibenclamide 
31

 

 

 

APPLICATIONS 
32-34

 

 Oral administration 

Nanosizing of drugs leads to an increased oral absorption 

and subsequent bioavailability. Improved bioavailability is 

due to the adhesiveness of drug nanoparticles to the mucosa 

and  the increased saturation solubility leading to an 

increased concentration gradient between gastrointestinal 

tract lumen and blood. Aqueous nanosuspensions can be 

used directly in a liquid dosage form and a dry dosage form 

such as tablet or hard gelatin capsule with pellets.  

Granulates can also be produced by spray drying of 

nanosuspensions. 

 Ophthalmic drug delivery 

Nanosuspensions have been providing to be vital for drugs 

that exhibit poor solubility in lachrymal fluids. Suspensions 

offer advantages such as prolonged residence time , which 

is desirable for most ocular diseases for effective treatment 

and avoidance of high tonicity created by water soluble 

drugs. Their actual performance depends on the intrinsic 

solubility of the drug in lachrymal fluids. Thus the intrinsic 

dissolution rate of the drug in lachrymal fluids governs its 

release and ocular bioavailability.  

 Intravenous administration 

Parenteral route of administration provides a quick onset of 

action, rapid targeting and reduced dosage of the drug. It is 

the preferred route for drugs undergoing first-pass 

metabolism and those that are not absorbed in the GIT or 

that get degraded in the GIT. One of the important 

applications of nanosuspension technology is the 

formulation of intravenously administered products. IV 

administration results in several advantages, such as 

administration of poorly soluble drugs without using a 

higher concentration of toxic cosolvents, improving the 

therapeutic effect of the drug available as conventional oral 

formulations and targeting the drug to macrophages and the 

pathogenic microorganisms residing in the macrophages. 

 Targeted drug delivery 

Nanosuspensions can also be used for targeted delivery as 

their surface properties and in vivo behaviour can easily be 

altered by changing either the stabilizer or the milieu. Their 

versatility, ease of scale up and commercial product has 

helped in developing commercial viable nanosuspensions 

for targeted delivery.  

 Pulmonary administration 

Aqueous nanosuspensions can be nebulized using 

mechanical or ultrasonic nebulizers for delivery of the drug 

into lungs. Because of their small size, it is likely that in 

each aerosol droplet at least one drug particle is contained, 

leading to a more uniform distribution of the drug in lungs. 

They also increase adhesiveness and thus cause a 

prolonged residence time. Budenoside drug nanoparticles 

were successfully nebulized using an ultrasonic nebulizer.  

 Mucoadhesion of the nanoparticles 

Nanoparticles orally administered in the form of a 

suspension diffuse into the liquid media and rapidly 

encounter the mucosal surface. The particles are 

immobilized at the intestinal surface by an adhesion 

mechanism referred to as "bioadhesion". Then , the 

concentrated suspension acts as a reservoir of particles and 

an adsorption process takes place rapidly. The direct 

contact of the particles with the intestinal cells through a 

bioadhesive phase is the first step before particle 

absorption. The adhesiveness of the nanosuspensions not 
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only helps to improve bioavailability but also improves 

targeting of the parasites persisting in the GIT. 

CONCLUSION 

The nanosuspension technology have been successfully 

proved to be  useful  for overcoming problem associated 

with poorly soluble drugs or lipophilic drugs insoluble in 

both organic and aqueous media. Large scale production of 

nanosuspension can be employed by media milling and 

high pressure homogenization technique. The recent 

advancement in the work being done related to 

nanosuspension shows that many formulations are being 

developed on a laboratory scale which have a potentially 

important clinical significant to treat diseases. Thus, 

nanosuspension technology is able enough to bring 

enormous immediate benefits and will revolutionize the 

research and practice of medicine in the field of pharmacy. 

 

REFERENCE 

1. Mitesh Patel, Arpit Shah, Dr. N.M. Patel, Dr. M.R. Patel, Dr. K.R. 

Patel. Nanosuspension: A novel approch for drug delivery system. 

Journal of Pharmaceutical Science & Bioscientific Research. 2011; 
1(1):1-10. 

2. Dubey R. Impact of nanosuspension technology on drug discovery 

and development. Drug Delivery Technology. 2006; 6: 65–7.  

3. Kocbek P, Baumgartner S, Krist J. Preparation and evaluation of 

nanosuspensions for enhancing the dissolution of poorly soluble 
drugs. International Journal of Pharmaceutics. 2006; 312:179-86.  

4. Pawar RN, Chavan SN and Menon MD. Development, 

characterization and evaluation of tinidazole nanosuspension for 
treatment of amoebiasis. Journal of Nanomedicine & 

Nanotechnology. 2016; 7(6):1-4. 

5. Elham Ghasemian , Behnaz Rezaeian , Samaneh Alaei , Alireza 
Vatanara , Vahid Ramezani. Optimization of cefixime 

nanosuspension to improve drug dissolution.Journal of 
Pharmaceutical Sciences. 2015; 21(1):136-44. 

6. Roya Yadollahi, Krasimir Vasilev, Spomenka Simovic. 

Nanosuspension technologies for delivery of poorly soluble drugs-A 
review. Journal of Nanomaterials. 2015 (2015):1-13. 

7.  Kamble VA, Jagdale DM, Kadam VJ. Nanosuspension a novel   

drug delivery system. International Journal Of  Pharma And Bio 
Sciences, 2010;1(4):348-52. 

8. Geetha G, Poojitha U, Khan UAA.  Various techniques for 
preparation of nanosuspension- A Review . International Journal of 

Pharma Research & Review.2014; 3(9):30-7. 

9. Venkatesha T, Reddy AK, Maheswaria JU, Dalithb MD, Kumar 
CKA. Nanosuspensions: ideal approach for the drug delivery of 

poorly watersoluble drugs. Scholars Research Library Der Pharmacia 

Lettre, 2011, 3(2):203-13.  

10. Xiaohui Pu, Jin Sun, Mo Li and Zhonggui He. Formulation of 

nanosuspensions as a new approach for the delivery of poorly soluble 
drugs. Current Nanoscience, 2009; 5: 417-27. 

11. Vishal R. Patel and Y. K. Agrawal. Nanosuspension: An approach to 

enhance solubility of drugs. Journal of Advanced Pharmaceutical 

Technology & Research. 2011; 2(2): 81–7. 

12. Miryala V, Kurakula M, Self-nano emulsifying drug delivery system 

(SNEDDS) for oral delivery of atorvastatin- formulation and 

bioavailability studies, Journal of Drug Delivery & Therapeutics; 
2013, 3(3):131-142 

13. Shah DP, Patel B, Shah C, Nanosuspension technology: An 

innovative slant for drug delivery system and permeability enhancer 

for poorly water soluble drugs, Journal of Drug Delivery & 
Therapeutics. 2015; 5(1):10-23 

14. X Chen, TJ Yong, M Sarkari, RO Williams III and KP Johnston. 
Preparation of cyclosporine A nanoparticles by evaporative 

precipitation into aqueous solution. International Journal of 

Pharmaceutics. 2002; 242(1-2): 3-14. 

15. Zili Z, Sfar S, Fessi H. Preparation and characterization of poly-ε-

carprolactone nanoparticles containing griseofulvin. International 

Journal of Pharmaceutics. 2005; 294(1-2):261-7. 

16. Müller RH, Jacobs C, Kayser O. Nanosuspensions as particulate drug 

formulations in therapy rationale for development and what we can 

expect for the       future. Advanced Drug Delivery Reviews. 2001; 
47(1):3-19.  

17. Zhang D, Tan T, GAO L, Zhao W, Wang P. Preparation of 
azithromycin nanosuspensions by high pressure homogenization and 

its physicochemical characteristics studies. Drug Development & 

Industrial Pharmacy. 2007; 33(5): 569-75. 

18. Müller RH, Jacobs C. Production and characterization of a 

budesonide nanosuspension for pulmonary administration. 

Pharmaceutical Research. 2002; 19(2): 189-94. 

19. Müller RH, Jacobs C and O Kayser. Nanosuspensions as particulate 

drug formulations in therapy rationale for development and what we 

can expect for the future. Advanced Drug Delivery Reviews. 2001; 
47(1): 3-19. 

20. Hanafy A, Spahn-Langguth H, Vergnault G, Grenier P, Grozdanis 

MT, Lenhardt T. Pharmacokinetic evaluation of oral fenofibrate 
nanosuspension and SLN in comparison to conventional suspensions 

of micronized drug. Advanced Drug  Delivery Reviews. 2007; 

59(6):419-26. 

21. Kocbek P, Baumgartner S, Kristl J. Preparation and evaluation of 

nanosuspensions for enhancing the dissolution of poorly soluble 
drug. International Journal of Pharmaceutics. 2006; 312(1-2): 179-86. 

22. Rainbow B, Kipp , P Papadopoulos, J Wong, J Glosson, J Gass, C-S 

Sun, T Wielgos, R White, C Cook, K Barker and K Wood. 
Itraconazole IV nanosuspension enhances efficacy through altered 

pharmacokinetic in the rat. International Journal of Pharmaceutics. 

2007; 339(1-2): 251-60. 

23. Trotta M, Gallarete ME, Pattarino F, Morel S. Emulsions containing 

partially water-miscible solvents for the preparation of dry 
nanosuspensions. Journal of Controlled Release. 2001; 76(1-2):119-

28. 

24. Trotta M, Gallarete ME, Pattarino F, Morel S. Preparation of 
griseofulvin nanoparticles from water-dilutable microemulsions. 

International Journal of Pharmaceutics. 2003; 254(2):235-42. 

25. Jinno J-I, Kamada N, Miyake M, Yamada K, Mukai T, Odomi M ET 
AL. Effect of particle size reduction on dissolution and oral 

absorption of a poorly water-soluble drug, cilostazol, in beagle dogs. 

Journal of Controlled Release.2006; 111(1-2): 56-64. 

26. E Merisko-Liversidge, GG Liversidge and ER Cooper. Nanosizing: a 

formulation approach for poorly-water-soluble compounds. European 
Journal of Pharmaceutical Sciences. 2003; 18(2):113-20. 

27. Liversidge GG and Conzentino P. Drug particle size reduction for 

decreasing gastric irritancy and enhancing absorption of naproxen in 
rats. International Journal of Pharmaceutics.1995; 125:309-13. 

28. Yonemochi E, Kitahara S, SMaeda, Yamamura S, Oguchi T and 
Yamamoto K. Physicochemical properties of amorphous 

clarithromycin obtained by grinding and spray drying. European 

Journal of Pharmaceutical Sciences. 1999; 7(4):331-8. 

29. Itoh K, Pongpeerapat A, Tozuka Y, Oguchi T and KYamamoto. 

Nanoparticle Formation Of Poorly Water Soluble Drugs From 

Ternary Ground Mixtures With PVP And SDS. Chemical & 
Pharmaceutical Bulletin. 2003; 51:171-4. 

30. T Watanabe, I Ohno, N Wakiyama, A Kusai and M Senna. 

Stabilization of amorphous indomethacin by co-grinding in a ternary 
mixture. International Journal of Pharmaceutics.2002; 241(1): 103-

11. 

31. Khan AD, Singh L, Various techniques of bioavailability 
enhancement: a review, Journal of Drug Delivery & Therapeutics. 

2016; 6(3):34-41 

32. Das S. Nanosuspension: An assuring novel drug delivery system. 

International Journal of Pharmaceutical Sciences Review & 

Research. 2013; 20(1):228-31. 

33. Muller RH, Jacobs C. Production and characterization of budenoside 

nanosuspension for pulmonary administration. Journal of 
Pharmaceutical Research. 2002; 19(2):189-94. 

34. Ponchel G, Montisci MJ, Dembri A, Durrer C, Duchκne. D. 

Mucoadhesion of colloidal particulate systems in the gastrointestinal 
tract. European Journal of Pharmaceutics & Biopharmaceutics.1997; 

44(1): 25-31. 

 

https://www.hindawi.com/85303819/
https://www.hindawi.com/39675746/
https://www.hindawi.com/81917325/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20VR%5BAuthor%5D&cauthor=true&cauthor_uid=22171298
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agrawal%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=22171298
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3217698/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3217698/
http://jddtonline.info/index.php/jddt/article/view/517
http://jddtonline.info/index.php/jddt/article/view/517
http://jddtonline.info/index.php/jddt/article/view/517
http://jddtonline.info/index.php/jddt/article/view/517
https://jddtonline.info/index.php/jddt/article/view/995
https://jddtonline.info/index.php/jddt/article/view/995
https://jddtonline.info/index.php/jddt/article/view/995
https://jddtonline.info/index.php/jddt/article/view/995
http://jddtonline.info/index.php/jddt/article/view/1228
http://jddtonline.info/index.php/jddt/article/view/1228
http://jddtonline.info/index.php/jddt/article/view/1228


REVIEWARTICLE                                                                                                  Riya et.al / IJIPSR / 5 (03), 2017, 24-30               

Department of Pharmaceutics                                                                                                          ISSN (online) 2347-2154     

DOI: 10.21276/IJIPSR.2017.05.03.191 

Available online: www.ijipsr.com                  March Issue 24 
 

                            

 

 

 
 

 

 
 

 

 

DRUG WITH BUCCAL PATCHES: REVIEW  
 

Riya Mathew*, K Krishnakumar, Dineshkumar B, Smitha K Nair 
 

Dept. of Pharmaceutics, St James College of Pharmaceutical Sciences, Chalakudy, 

 Kerala, INDIA 

 

 

 

 

 

 

 

  

 

 
 

 

 

 

 

 
 

 

Corresponding Author:  

Riya Mathew 

Dept. of Pharmaceutics,  

St James College of Pharmaceutical Sciences, 

Chalakudy, Kerala, INDIA 

St James Hospital Trust Pharmaceutical Research Centre (DSIR Recognized),  

Chalakudy, Kerala 

E-mail: stjamespharmacyproject@gmail.com 

Phone: 0480 2710936 

International Journal of Innovative 

Pharmaceutical Sciences and Research 
www.ijipsr.com 

Abstract 
 

Buccal delivery of drugs provides a suitable option to other routes of drug administration. 

Since buccal mucosa is well vascularized and acts as an excellent site for the absorption of 

drugs to the systemic circulation.  As it directly passes to the systemic circulation it will 

avoids the first-pass metabolism and instability of some drugs in the gastro-intestinal 

environment. This review highlights about various drugs such as non-steroidal anti-

inflammatory drugs, anti-hypertensive and anti-hyperlipidemics drugs that can be easily 

formulated into buccal patches and thereby improving its bioavailability.   
 

Keywords: Buccal drug delivery system, Bioavailability, Solvent casting technique, buccal  

                    patches. 
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 INTRODUCTION 

The route of drug administration includes oral, parenteral, transdermal, sublingual, intramuscular, 

subcutaneous, intrathecal. Out of this oral route drugs is more preferable due to its self-

administration, low cost, easy to handling and storage [1]. Oral route has several advantages as 

compared to other dosage forms but it also possess certain disadvantages. The lack of 

effectiveness of certain drugs through oral route is due to the first pass metabolism, decreased 

solubility and decreased gastric residence time [2]. This limitation leads to the development of 

alternative routes of administration. Buccal drug delivery is a suitable option for systemic drug 

delivery. Since buccal mucosa is well vascularised and acts as an excellent site for the absorption 

of drugs [3]. There by it will directly passes to the systemic circulation by avoiding the first-pass 

metabolism and other side effects associated with oral administration. The buccal mucosa is very 

useful route for the localized therapies and sudden onset of action [4]. Formulations of buccal 

dosage forms include: Buccal mucoadhesive tablets, Patches and Films, Ointments and Gels, 

Discs, Powders. Buccal patches are preferable in terms of flexibility and comfort. The application 

of buccal patches to the site is easy and can be removed according to our need [5]. Buccal patch 

consists of mucoadhesive polymers and other excipients. Due to the adhesive property of the 

polymer it will binds to the buccal mucosa and the drug will be released to the systemic 

circulation [6]. 

ADVANTAGES [7, 8] 

 The buccal mucosa is well vascularised and hence drugs can be rapidly absorbed. 

 Bypass the first-pass effect and prevents exposure of the drugs to the gastrointestinal 

fluids. 

 Patches can be applied, localized and removed easily. 

 Due to intimate contact with the mucosa the performance of the drug can be improved. 

 Improved patience compliance compared to other routes of administration. 

 Cost reductions may be achieved and dose-related side effects may be reduced due to the 

localization of drug at the disease site. 

 Harsh environmental factors that exist in oral delivery of a drug are reduced by buccal 

drug delivery. 

 Can be administered to unconscious patients 
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DISADVANTAGES [9] 

 Drugs which irritate mucosa and bitter taste drugs cannot be applied through this route. 

 Drugs with small dosage can be only administered. 

 Continuous secretion of saliva leads to rapid elimination of drugs. 

 Limited absorption area. 

BUCCAL PATCHES IN VARIOUS DRUG CATEGORIES 

NON-STEROIDAL ANTI-INFLAMMATORY DRUGS 

Usually Non-steroidal anti-inflammatory drugs (NSAIDS) are administered through orally for 

relieving pain. Gastrointestinal disorders are one of the main drawbacks associated with them. 

Buccal delivery system is a better approach to reduce these side effects. Indomethacin an example 

for NSAID rapidly undergo first pass metabolism. To overcome this undesirable effect, 

indomethacin was formulated as a buccal patch by solvent casting technique. The polymers used 

were Eudragit RL-100 and Hydroxypropyl methylcellulose (HPMC). This resulted in sustained 

release of drug for 6hrs and found that it is compatible with oral mucosa [10]. 

Celecoxib is widely used to treat arthritis and gout. When it is orally administered it will get 

rapidly eliminated and resulting in low bioavailability. In order to increase its bioavailability, 

celecoxib was incorporated into a mucoadhesive buccal patch. Gelatin, Poly Sodium CMC and 

Poly Vinyl Alcohol were used as the polymers. As it is formulated into a buccal patch the dose 

and associated side effects can be reduced [11].   

Aceclofenac is used in pain associated with dental caries, arthritis, spondylitis, etc. Aceclofenac 

was fabricated into a buccal patch by solvent evaporation technique. Polymers used were HPMC 

E-15 and Eudragit RL 100. When aceclofenac is formulated into a buccal patch first pass 

metabolism can be avoided and thus bioavailability can be enhanced [12]. 

Naproxen is mainly used to relieve pain and inflammation in the buccal cavity. Naproxen was 

loaded into a buccal patch. It was prepared by Solvent casting technique using various polymers 

like HPMC, Eudragit RLPO, chitosan, ethyl cellulose, etc. These buccal patches were more 

beneficial than conventional dosage forms as it will release naproxen directly into buccal cavity 

[13]. 

ANTIHYPERLIPIDEMIC DRUGS 

Rosuvastatin was formulated into a buccal patch in order to reduce the dosing frequency and to 

attain sustained release. It was prepared by solvent casting technique. Polymers used were 
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hydroxy propyl methyl cellulose, sodium carboxy methylcellulose, polyvinyl alcohol (PVA) and 

polyvinyl pyrolidone [14]. Atorvastatin is another example for antihyperlipidemic drug. It was 

formulated into a buccal patch using solvent casting technique. HPMC E5 and Carbopol 934 were 

used as the polymers. The resulted atorvastatin buccal patch showed high bioavailability due to 

the prevention of first pass metabolism [15].Simvastatin is an antihyperlipidemic drug having 

short biological half-life, high first-pass metabolism and very poor bioavailability. Inorder to 

overcome these effects simvastatin was fabricated into a buccal patch. It was developed by 

solvent casting technique using polymers like eudragit-RS100, HPMC, polyvinyl alcohol, 

polyvinyl pyrrolidine and ethyl cellulose [16]. 

Pravastatin is widely used in the treatment of atherosclerosis. It was formulated as a bilayer 

buccal patch to enhance bioavailability and therapeutic efficacy. Polymers like carbopol and 

HPMC were used to prepare bilayer buccal patch. Here, HPMC provided sustained release of 

pravastatin [17]. 

ANTIHYPERTENSIVE DRUGS 

Verapamil Hydrochloride is an example for calcium channel blocker and is mainly used in the 

treatment of angina pectoris, hypertension and myocardial infarction. In order to increase its 

bioavailability and to decrease the dose, Verapamil Hydrochloride was incorporated into a 

mucoadhesive bilayered buccal patch by solvent casting method. Backing layer was prepared with 

polymers like Ethyl cellulose and cellulose acetate butyrate whereas mucoadhesive matrix layer 

was prepared with polymers like hydroxyl propyl methyl cellulose (K15M and K100M), 

polyvinyl alcohol and polyethylene oxide-303. Sustained release was due to HPMC K100M [18]. 

Nifedipine was articulated into a buccal patch so as to get better bioavailability. Solvent casting 

method was used to develop Nifedipine buccal patch. HPMC, PEG and carbopol are examples of 

polymers which were used in the formulation [19]. 

Ramipril is an example for poorly soluble drug. In spite of increasing its bioavailability, Ramipril 

was designed as a buccal patch. Hydroxyl propyl methyl cellulose (HPMC K15) and Poloxomer 

WSR205NF were used as the polymers. The method followed was solvent casting technique [20]. 

Metoprolol Succinate is another example for drug that extensively undergoes first pass 

metabolism. To overcome this, metoprolol succinate was formulated as a mucoadhesive buccal 

patch. Chitosan was used as the bioadhesive polymer. The resulted buccal patch containing 

Metoprolol Succinate showed decreased dosing frequency and hence reduced undesirable side 

effects [21]. 
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CONCLUSION 

Buccal patches have been great importance in systemic delivery of drugs. Buccal mucosa is well 

vascularised and permeation of drugs gets enhanced by this route and also it will avoid first pass 

metabolism and hence rapid absorption take place. Bio adhesion of drug delivery devices to the 

buccal mucosa leads to an increased drug concentration at the absorption site and thereby 

bioavailability will be enhanced. Buccal adhesive dosage forms have been used to target local 

disorders at the mucosal surface (e.g., mouth ulcers) to reduce the overall dosage required and to 

minimize side effects that is associated with other dosage forms. Buccal drug delivery is a 

promising area for continued research with the aim of systemic delivery of orally inefficient 

drugs.  
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ABSTRACT 

Cardiovascular diseases are a major public health problem, it includes disorders of the heart and 

blood vessel. Disease is diagnosed according to medical parameters, following diagnosis of the 

disease the treatment is started. The treatment includes medicines as well as lifestyle 

modifications. After the primary treatment, based on the patient’s health status further procedure 

started by using treating devices and methods. This article explains about treating devices and 

methods in patient’s emergency situations. 

Keywords: Implantable cardioverter defibrillator (ICD), Cardiac resynchronization therapy. 
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INTRODUCTION 

Cardiovascular diseases are the most common cause of sudden death. These are major  health  

problem throughout  the  world  and  a  common  cause of  premature  morbidity  and  mortality, 

According  to  World  Health  Organization (WHO)
1
. 

Cardiovascular disease include heart and blood vessels disease. It diagnosed by using Physical 

examination, Cardiac Biomarkers, chest X-ray, Electrocardiogram(ECG), Doppler 

Echocardiogram and Chest computerized tomography (CT). 

High in saturated fats, elevated serum cholesterol and blood pressure (BP), diabetes, and smoking 

are the risk factors of cardiovascular diseases
2
. Appropriate use of medicines and lifestyle changes 

are the primary treatment for patients. After disease diagnosis, procedure for surgery started. 

Heart Valve Problems Arrhythmia Heart Attack Stroke 

 Medications 

 Heart valve surgery 

 Medications  

 Pacemaker 

 Implantable 

 Cardioverter-

Defibrillator (ICD) 

 Medications 

 Coronary 

Angioplasty 

 Coronary Artery 

Bypass Graft Surgery 

 Medications 

 Carotid 

Endarterectomy 

 Carotid 

angioplasty and stenting 

Implantable Cardioverter-Defibrillator (ICD) 

An ICD is a battery-powered device that has wires which are implanted into the heart tissue. It can 

deliver electrical shocks and detect the rhythm of the heart. It used in patients at risk for recurrent, 

sustained ventricular tachycardia or ventricular fibrillation, restores the heart to normal rhythm and 

helps prevent sudden cardiac death
3
. 

Surviving ventricular fibrillation (VF) or sustained ventricular tachycardia (VT) are at a high risk 

of death due to cardiovascular emergencies. The implantable cardioverter defibrillator (ICD) 

terminates VT or VF
4
.In patients with a prior myocardial infarction and advanced left ventricular 

dysfunction, prophylactic implantation of a defibrillator improves survival of patient. 

 

Figure 1: Implantable Cardioverter-Defibrillator (ICD) 
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Cardiac Resynchronization Therapy (CRT) (Pacemaker) 

Cardiac resynchronization therapy, also known as biventricular pacing. A small device that has 

wires which are implanted in the heart tissue to send electrical impulses that help the heart beat in 

a regular rhythm. The device is powered by a battery. Pacemaker helps the heart beat in a regular 

rhythm
5
. 

 

Figure 2: Cardiac Resynchronization Therapy 

Left Ventricular Assist Device 

The left ventricle is the large, muscular chamber of the heart that pumps blood out to the body. The 

LVAD is a battery-operated, mechanical pump-type device that's surgically implanted. It helps 

maintain the pumping ability of a heart. This device also called a "bridge to transplant". 

 

Figure 3: Left Ventricular Assist Device 
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Percutaneous coronary intervention (PCI) (angioplasty) 

Heart failure can develop when blockages in the coronary arteries restrict the blood supply to the 

heart muscle. Angioplasty is used for removing these blockages can improve overall heart 

function. 

The procedure is usually performed in the cardiac catheterization lab. A catheter (small tube) with 

a tiny deflated balloon on the end is inserted through an incision in the groin or other artery area 

and pushed through to the diseased artery
6
. 

A small amount of contrast liquid is injected through the catheter and is photographed with an X-

ray as it moves through the heart's chambers, valves, and major vessels. From the digital pictures 

of the contrast material, the doctors can tell whether the coronary arteries are narrowed and 

whether the heart valves are working correctly
6
. 

After taking the decision for Angioplasty, the doctor will move the catheter into the artery with the 

blockage. Then the balloon is inflated to push open the artery. The balloon is removed once the 

artery has been fully opened. A stent may be placed during the procedure to keep the blood vessel 

open
7
.The procedure usually lasts about 1 1/2 to 2 1/2 hours. 

Different type of angioplasty 

 Balloon angioplasty 

 Stent 

 Rotablation 

 Atherectomy 

 Cutting Balloon 

 

Figure 4: Stent with balloon 
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Coronary artery bypass 

Coronary artery bypass surgery reroutes the blood supply around a blocked section of the artery. 

During this procedure, surgeons remove healthy blood vessels from another part of the body, such 

as a leg or the chest wall. They then surgically attach the vessels to the diseased artery in such a 

way that the blood can flow around the blocked section. 

 

Figure 5: Bypass Graft 

Valve replacement 

Heart valve surgery is done to replace or repair heart valves that aren’t working correctly. Most 

valve replacements involve the aortic and mitral valves. The aortic valve separates the left 

ventricle and the aorta. The mitral valve separates the left atrium from the left ventricle. Heart 

failure is may be caused by a defective or diseased heart valve. Heart valves regulate the flow of 

blood inside the heart. A variety of different replacement valves can be used: a mechanical valve 

made from metal and plastic, one made from human or animal tissue. During the surgery, the 

patient is connected to a heart-lung machine that supplies blood to the brain and body. The bad 

valve is removed andreplaced
8
. 

 

Figure 6: Value Replacement 
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Carotid Endarterectomy 

The blood vessels that bring blood to brain and face are called the carotid arteries. If plaque and 

other fatty materials block an artery, it slows or blocks the blood flow to brain that cause stroke. 

Carotid Endarterectomy is a surgery to remove fatty deposits (plaque) that are narrowing the 

arteries in neck
9
. 

 

Figure 7: Carotid Endarterectomy 

Carotid angioplasty and stenting 

In the past few years, CAS has been introduced as an alternative to CEA for the treatment of 

carotid artery stenosis, particularly for patients who are at high surgical risk, and is probably 

preferable for patients younger than 70 years of age. Carotid artery is a procedure that opens 

clogged arteries to prevent or treat stroke. In his procedure involves temporarily inserting and 

inflating a tiny balloon where carotid artery is clogged to widen the artery.Carotid angioplasty is 

often combined with the placement of a small metal coil called a stent in the clogged artery. The 

stent helps prop the artery open and decreased the chance of it narrowing again.
10

 

 

Figure 8: Carotid angioplasty and stenting 
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Heart transplantation 

In severe, progressive heart failure cases heart transplantation is the better option. Surgeons replace 

the damaged heart with a healthy one taken from a donor. The donor heart that closely matches the 

tissues of the person receiving the transplant. In this procedure, the surgeon connects the patient to 

a heart-lung machine, which takes over the functions of the heart and lungs. The surgeon then 

removes the diseased heart and replaces it with the donor heart. Finally, the major blood vessels 

are reconnected and the new heart is ready to work.
11

 

CONCLUSION 

Cardiovascular diseases are one of the most threatening problem faced by the people. It may cause 

sudden death of our loved ones. Doctors play a major role in saving our life. After findings of 

patient examination result, doctors take the decision for treatment. Doctors choose correct 

treatment according to the patient’s situation. Now a days, Angioplasty and valve replacement are 

conducted daily in hospitals. By using these devices and treating procedures, we can reduce the 

sudden cardiac death and save the patient’s health & life. 
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Abstract: Potential activation of clinical pharmacist role is of great importance in reducing the IV administration errors 

which are well-known problem in hospitals. IV errors have been shown to be frequent and serious. The purpose of the 

review was to describe the role of a clinical pharmacist involvement in IV dose preparation and administration. Many 

observational studies have been identified the pharmacist need in reduction of IV errors. Greater safety of this medication 

process can be achieved through clinical pharmacist interventions like training and supervision of nurses, raising nurse’s 

awareness of IV error rates through reporting and implementing standard policies and procedures for IV medication 

administrations. With this information, the review focused on role of clinical pharmacist in intravenous administration 

errors.  

Keywords: clinical pharmacist, IV errors. 

  

INTRODUCTION 

Intravenous administrations errors occur 

frequently and are more likely to result in serious harm 

and death than other type of medication errors [1]. IV 

medications are considered to be particularly dangerous 

because they usually go directly in to patient vein with 

immediate onset of systemic effect and difficulty of 

reversing the pharmacologic effects after IV 

administration. The direct observation method, which 

was developed by Barker and McConnell in 1962, was 

confirmed to be able to detect more medication errors 

than chart review and incident report method.
 
Clinical 

pharmacists are uniquely trained in providing 

comprehensive drug management to patients, and their 

role in the care of hospitalized patients has evolved over 

time [2]. In recent years no summary overviews have 

focused specifically on clinical pharmacist intervention 

in IV administration. The purpose of the publication is 

to provide a brief review on importance of pharmacist 

role in reducing IV administration errors. 

 

Recent observation studies on pharmacist 

interventions in reducing intravenous errors 

Qian Ding, et al.; in 2015 conducted a study 

on incidence of intravenous medication errors in a 

Chinese hospital to measure the frequency, cause and 

potential risks in the preparation and administration 

processes of IV medications. A total of 589 ordered IV 

doses plus 4 unordered IV doses as prepared and 

administered were observed by a trained observer 

during IV rounds. From 12.8% over all error rate, 5.4% 

wrong dose, 3.7% wrong time, 2.7% omission, 0.7% 

unordered dose and 0.3% extra dose were detected in 

the study wards. The authors concluded that a typical 

inpatient in a Chinese hospital was subjected to about 

one IV error every day and it is necessary to engage 

pharmacists in the IV dose preparation and 

administration process [3]. 

 

Another research conducted by Nguyen HT et 

al.; in 2014, examined the effect of a clinical 

pharmacist-led training program on intravenous 

medication errors in an intensive care unit (ICU) and a 

post-surgical unit (PSU). 1204 intravenous doses were 

included, 516 during the baseline period and 688 during 

the follow-up period. The prevalence of clinically 

relevant erroneous doses decreased significantly on the 

intervention ward (ICU) from 64.0% to 48.9% (p < 

0.001) but was unchanged on the control ward (PSU) 

(57.9% vs. 64.1%; p = 0.132). They found that the 

pharmacist-led training program was effective in 

reducing clinically relevant intravenous medication 

errors. Further quality improvement strategies are 

needed and should include other approaches such as 

changes in the working environment and the promotion 

of a safety culture [4].
 

 

Vijayakumar et al.; in 2014 conducted a 

prospective observational study to ascertain the drug-

related problems (DRPs) involved in IV medication 
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administration and further to develop strategies to 

reduce and prevent the occurrence of DRPs during IV 

administration. Out of 110 patients nearly, 46.3% 

patients were reported with DRPs. Among the DRPs, 

40.9% were incompatibilities, 12.7% with 

complications, errors in rate of administration were 

10.9%, and 8% dilution errors. The study suggested that 

permanent supervision and involvement of Clinical 

Pharmacist will improve the quality of preparation and 

administration of IV medications and will also reduce 

the DRPs [5]. 

 

Mohammad Abbasinazari et al.; in 2013 

performed a prospective cross sectional study to 

evaluate the frequency of errors in preparation and 

administration of intravenous medications in 

orthopedics, general surgery and gastroenterology 

wards of a teaching hospital in Tehran. From a total of 

357 preparation and administration episodes, the most 

common type of error (20.6%) was the wrong 

administration rate of the drug bolus.  This study 

revealed that the errors usually happened in the 

preparation and administration of IV drugs. They 

suggested that Involvement of a pharmacist can be a 

solution to reduce the rate of errors by training the 

health care professionals and establishing a non-

punitive system of reporting medication errors to 

encourage documenting the errors and implementing 

the risk management protocol [6].
 

 

Ong W M et al.; in 2013 did a prospective 

observational study with the objectives to determine 

whether medication errors occur in IV drug preparation 

and administration, to determine the associated factors 

and identify then strategies in reducing these 

medication errors. 341 (97.7%) errors were identified 

during observation from a total 349 IV drug 

preparations and administrations. The most common 

error was wrong administration rate of intravenous 

bolus doses. They suggested that errors could be 

reduced by having proper guidelines and training on IV 

procedures, awareness among the staff nurses, more 

common use of IV infusion control devices and by 

giving full concentration during the process [7]. 

 

Ahmad Fuad Shamsuddin et al.; in 2012 

conducted a study in University Kebangsaan Malaysia 

Medical Centre to determine knowledge levels of 

nurses with regards to preparation and administration of 

IV medications. During the survey, less than 50% of 

respondents obtained correct answers for calculation 

and dosing of IV medications.  They identified that 

training programs for nurses should give greater 

emphasis on these skills. The involvement of 

medication experts such as pharmacists in nursing 

training programs would be beneficial in addressing 

issues relating to IV medications [8]. 

 

Mohammad Abbasinazari1, et al.; in 2012 

observed the effect of information provision on 

reduction of errors in intravenous drug preparation and 

administration by nurses in ICU and surgical wards by 

nurse’s education via installation of wall posters and 

giving informative pamphlets. The study highlighted 

the nurses' education can reduce the number of errors.  

They suggested that continuous education and 

competency assessment
 
for nurses can reduce IV errors 

and permanent supervision of
 
pharmacists can play an 

important role in improving the
 
quality of preparation 

and administration of IV
 
medications [9].

 

 

IV errors: What pharmacist needs to be done? 

Permanent supervision by pharmacist 

Routine checking by a pharmacist can improve the 

quality of preparation and administration of IV 

medication. 
9
 The clinical pharmacist can encourage the 

nurses in; 

 Ensure safe environment for the medication 

preparation by placing labels like “do not disturb” 

to discourage the visitors to interrupt the nurses 

during medication preparation. 

 The reduction of distraction and interruptions 

during medication administration. 

 Assistive use of calculators to facilitate the 

resolution of calculation. 

 Double checking of medication by two separate 

nurses, particularly for high risk medications. 

 Implementation of five rights when preparing 

medications. 

 Apparent separation of medications with 

similarities either in color or in name, by putting 

label on them. 

 Check if medications have been administered to 

proper patient. 

        Intravenous errors can also be reduced by implementing 

additional label checks by both pharmacy personals and 

nurses at the bedside prior to medication administration 

[10].
 

 

IV preparation in the pharmacy 

       Preventive strategies of medication errors include 

the standardization and simplification of medication 

procedures. Medication safety aims at the reduction of 

medication error rates, their earlier identification before 

patient gets harm and their timely treatment.
 
 

Preparation of IV medication in the pharmacy can 

reduce the incidence of errors, because; 

 A controlled sterile preparation area can be used 

within a laminar flow hoods in a segregated space 

in the pharmacy. 

 Pharmacy technicians can receive special training 

in aseptic technique and calculations. 

 Pharmacist can supervise and observe how 

products are prepared. 
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 Dosage calculation and medications can be verified 

for accuracy by the pharmacist. 
 Delivery of premixed medications from pharmacy 

to nursing wards reduces need of further 

preparation by the nursing staff (especially 

pediatric medications that require precision in 

dosage calculation) [11].
 

 

Pharmacist-led education and training programs 

     Another protective measure against medication error 

considers being the improvement of dosing calculation 

skills through nursing education. Continuous education 

programs on aspects of IV medications and related 

safety issues for nurses are also important.
 

Most 

intravenous errors have been shown to be related to 

insufficient knowledge at practical procedures, 

deviation from protocol/guidelines and nurses 

experience. This suggested that educational 

interventions targeting the specific errors prone stages 

could be useful to improve medication safety.
 
 

Continuous education and competency assessment for 

nurses may lead to less error in IV drug preparation and 

administration, therefore short continuing training 

program regarding IV drugs preparation and 

administration is recommended.
 

The reduction of 

frequency of IV error is achievable by establishment of 

medication administration policies, educational 

programs with pharmacology topics and 

communication of patient and nurses during and after 

medication administration [12]. 

 

Medication error reporting and analysis 

Medication error reporting is an essential 

aspect of limiting medication error occurrence and the 

development of medication error prevention strategies. 

Every medication that goes unreported represents an 

error that will continue to be replicated and continue to 

put patients at risk.
 

By providing to nurses the 

opportunity of voluntary report their medication errors 

without mentioning their name makes them feel 

comfortable and increase the possibilities to report their 

errors [13].
 

 

 Use of bar-coded medication administration 

Bar-coded medication administration systems 

require that the nurses who administer the medication at 

the bed side should scan the patient’s identification 

bracelet and the unit dose of medication being 

administered. This reduces the medication errors by 

ensuring five rights of medication administration.
 

Hospital wide data have shown that bar-coding can 

eliminate transcription errors, which reduce 50.8% of 

potential ADEs and 27.3% of time administration errors 

[14]. 
 

CONCLUSION 

Intravenous medications are pharmaceutical 

preparations having the highest risk of possible 

medication errors. These drugs are typically associated 

with complicated preparation, administration and 

monitoring. Clinical pharmacist has been identified as 

the key health professionals to ensure safe medicine 

use. Medication errors in intravenous administration 

can be prevented by routine checking of IV 

administrations in the ward, pharmacist led training 

programs to nurses, frequent error reporting system, 

preparation of IV medications in pharmacy, 

implementation of standard guidelines/protocols for 

administration and bar-coding technologies. 
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ABSTRACT 

Collagen is the sole protein found predominantly in the animal kingdom. The main source of collagen which had been land animals previously is being 
replaced by other alternative sources due to certain health related, religious and social concerns. Thus additional reliable, safer and productive options 
for collagen extraction have been studied extensively since then. Its wide-ranging application, especially in the biomedical and cosmetic field, is also a 
basis for its study to have become a topic of interest among the researchers. Isolation of collagen from the processing wastes of marine organisms has 
been receiving a lot of attention recently due to the promising outcome it brings forth. In the current review, we have focused upon squid, mainly its 

processing waste, as an alternative source of collagen including the studies carried out on the same to a certain extent. 
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INTRODUCTION 

Collagen is the primary and most profuse structural protein found in the 
animal kingdom, comprising nearly 25-30% of the whole-body protein 
content. It is typically found in fibrous tissues such as skin, ligaments, 
tendons, skin, corneas, cartilage, bones, blood vessels, teeth, etc. It exists 
predominantly in the form of a network like structure or as extracellular 

fibrils. Collagen has a unique ability to form insoluble fibers known as 
fibrils possessing high tensile strength [1]. Depending upon the degree of 
mineralization, collagen tissues may be classified as rigid (bone), 
complaint (tendon) or a gradient from rigid to the complaint (cartilage). 
Each collagen containing tissue fulfills its specific function as a result of 
the variation in the physical and chemical characteristics, composition of 

its amino acid, polypeptide chain, etc. It is involved in a variety of 
biological functions [2]. It also plays an indispensible role in cellular 
processes such as its motion, proliferation, apoptosis, etc [3]. Collagen 
exhibits exceptional biocompatibility, safety, biodegradability, cell-
adhesive properties, low immunogenicity, etc [4, 5]. 

Structure and chemistry 

Collagen is 300 mm long with a diameter of 1.5 to 2 nm and axial 
ratio of 150. The collagen protein (ie the mature collagen is also 
known as tropocollagen) exists in the form of a triple helix 
consisting of three polypeptide chains (alpha chains) in its 3-D form. 
These 3 chains may be either identical as in type II and III, known as 
homotrimer or may have two or more different chains as in type I, IV 
and V known as heterotrimer. Each of these polypeptide chains are 

coiled in the form of a left-handed helix and all the three winds up 
together form a right-handed helix. The polypeptide chain has nearly 
1000 amino acid residues (with a molecular weight of nearly 
100kDa) in it with a pattern of Gly-X-Y in it, where the X and Y 
positions are occupied by the imino acids, proline and 
hydroxyproline. Considering the helix structure, glycine is centrally 

located whereas the Pro and Hyp are arranged along its outer side 
[6]. The glycine content in most fish species is nearly 30-33% and 
about 16-18% of proline and hydroxyproline [7]. The Pro and Hyp 
are mainly responsible for the stabilization of the triple helix 
through hydrogen bond by the promoting polyproline II 
conformation [8]. It limits the rotation of the polypeptide chains 
involved and thus renders stability to its structure. The interchain 

hydrogen bonds are responsible for the stabilisation of the three 
polypeptide chains. The non-helical telopeptide zone at the terminal 
region of the molecule is usually involved in inter and 
intramolecular covalent cross-link of the alpha chain. At this region, 

the helical behaviour of the molecule is lost due to the presence of 
globular proteins which are involved in the crossliking. The 
hydrogen bond formed between the glycine residues amino group 
and the carbonyl group of other chains residues also contributes for 
the stabilization of the collagen triple helix [9]. Extracting the 
collagen with acid solution helps in obtaining the same with its 

alpha-helical configuration intact. 

Types of collagen 

There are nearly 28 different types of collagen classified based on 
the chain difference in their molecule [10]. The common types are 
type I-V. Some of them form network-like structures (Type IV, VIII, 
X, etc) whereas the others for a fiber-like structure. Different types 

of collagen are found in different sites of the body such as type I in 
bones and tendons, type II in cartilage, type III in skin, type IV in 
basement membrane, etc. [11] Among the various types present, 
type I collagen is considered the most important as it is present in 
almost all sites of the body and is the most abundant one. Type I 
collagen has α and β chains in the ratio of 2:1. 

Applications of collagen  

Collagen provides various health benefits such as 

• Acts as a digestive aid. 

• Exhibits anti-aging property. 

• Contributes in weight loss. 

• Makes the joints and bones healthy. 

• Helps improve athletic performance by an increase in muscle mass. 

• Improves sleep quality. 

• Strengthens hair, nail and teeth. 

Collagen is widely used in the food, pharmaceutical, medical, biomedical 
and cosmeceutical fields, leather and film industries, etc. It is widely used 
as a biomaterial in the biomedical field. Additional uses, especially in the 
food industry, include the production of gelatin, sausage casings, 
nutritional supplements, etc. In the cosmeceutical field, it is available in 
different forms as an anti-ageing product. Since collagen can be made 

available in varied forms such as sponges, tubes, powders, sheets, 
dispersion, injectable solution, etc; it is applicable in tissue engineering, 
ophthalmology, wound dressing, burn treatments, etc [12, 13]. 
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Sources of collagen 

Collagen has been extracted mainly from the connective tissues of 

various sources such as animal as well marine source. Till recently, 

the animal source had been used commercially for collagen 

extraction, especially the porcine and bovine skin and bones. But it 

was due to the onset of diseases such as Bovine spongiform 

encephalopathy (BSE), Transmissible spongiform encephalopathy 

(TSE), Foot-and-mouth disease (FMD), etc and also cultural and 

social concerns, other alternative and safer sources of collagen were 

probed for [14]. Since then serious studies have been carried out on 

collagen extraction from marine vertebrates and invertebrates such 

as fishes, starfish, sponges, octopus, squid, sea urchin, cuttlefish, sea 

anemone, jellyfish, prawn, etc [15-18].  

Collagen content varies among different species. The properties of 
collagen extracted from different sources, be it animal or marine 

source, greatly depends on its habitat, species, targeted tissue and 
body temperature of the organism used, etc. [19, 20].  

Marine processing wastes which are a threat to the environment can 
be utilized effectively for the extraction of many value added 
products which also includes collagen. Fish wastes such as skin, 
bones, fins, scales are being studied extensively.  

The processing wastes of squid includes its skin, head, viscera, 
backbones or pens, ink, tentacles, fins, mantle, etc. It makes up 60% 
of its total body weight [21]. While considering the squids, its 
collagenous membrane which becomes detached during the 
mechanical processing procedure can be utilized for the same [22]. 
Collagen content found in the mantle of the squid constitutes nearly 
10% of its total protein content. Due to the commercial importance 
and the presence of high protein content especially collagen in the 
squid, we have chosen squid for our research. Till date, squid 
collagen that has been studied are included in table 1. 

 

Table 1: Squid collagen studies 

Squid Scientific name Tissue Collagen Ref 

Atlantic short-finned squid  
Atlantic long-finned squid  

Illexillecebrosus 

Loligopealei 

Mantle 3-11% 23 

Jumbo/Giant squid Dosidicusgigas Fin, arms, mantle.  24 
33 

Squid Todarodespacificus Skin  25 
Squid Todarodespacificus Mantle muscle Type SQ-I and SQ-II 26 
European squid Loligo vulgaris  Mantle  ASC(5.1%) and PSC(24.2% on 

Dry weight basis 
27 

Persian Gulf squid Uroteuthisduvauceli Skin Type I 28 

Squid  Ommastrephesbartrami Skin ASC and PSC type I collagen 29 
Diamondback squid  Thysanoteuthis rhombus Skin ASC(1.3%) and PSC(35.6% on dry weight basis) 27.5 C̊, 30 

 

Squid collagen was found to have a porous structure which 
encourages cell adhesion, morphogenesis, aggregation and growth. 

Collagen concentration in the mantle of certain squid species like 
Loligo and Ilex were found to be from 3 to 11.1% while in 
Dosidicusgigas, it was up to 18.33% [31, 32]. Variation in 
concentration of collagen obtained is seen as a result of high rate of 
protein turnover occurring in the muscles of the squid. This is 
evident due to their fast growth requiring just one to two years to 

attain maturity. Much more studies are still being carried out with 
different species from different parts of the world. 

Applications of squid collagen 

The collagen extracted from the Persian Gulf Squid was shown to be 
suitable to be used as a substrate in three-dimensional cell culture 
system, which in turn could be used effectively as a tool in 
biomedical research. This can be made use of for the development of 

newer drugs and treatment protocol particularly in the case of 
cancer. The collagen extracted from the mantle of Jumbo squid 
(Dosidicusgigas) mantle collagen has potential to be used as a 
plasticiser agent and can be used for biofilm preparation when 
blended with chitosan. Jumbo squid fin and skin collagen 
hydrolysates exhibited antioxidant activity. The by-products of 

Jumbo squid, mainly its fin and arm collagen hydrolysates were 
shown t exhibit antioxidant, anti-mutagenic and anti-proliferative 
activity and it was concluded to be studied further to confirm its role 
as a food additive. The enzymatic hydrolysates of the collagen 
obtained from the skin of squid (Todarodespacificus) showed 
antioxidant, anti-elastase and tyrosinase inhibitory activities. The 

mantle of the squid Loligo vulgaris demonstrated its potential as a 
substituted source of collagen-derived materials. 

CONCLUSION 

Collagen is a protein with numerous applications in varied fields 
such as biomedical, pharmaceutical, cosmetic, etc. Collagen can be 
obtained from various sources. Out of all sources available, collagen 
from marine source is being focused upon lately. Considering the 

aquatic source, the processing wastes are being targeted as it helps 
to prevent environmental pollution apart from providing a safer, 
economic and reliable source of collagen. In the current review, we 

had tried to summarise the research work carried out on squid and 
its collagen, especially from its processing waste. The squid was 

found to be a promising source of collagen and further research 
needs to be carried out to further explore its potential. 
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ABSTRACT 

 

Drug information specialists are pharmacists who work in drug information service. They 

provide information on drugs, toxicology and poisons to the community. Drug information 

specialists can also work with hospitals, medical providers and staff to provide information 

on drugs. Drug information services can be found in many colleges and universities and 

serve as a residency foundation for pharmacists who wish to specialise in drug 

information. This article discuss about the drug information service and drug information 

specialists. 
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INTRODUCTION 

 

Drug information is the provision of written 

and/or verbal information about drugs 

and drug therapy in response to a 

request from other healthcare providing 

organizations, committees, patients, and 

public community. Drug information 

services refer to the activities undertaken 

by pharmacists in providing information 

to drug use. Drug information centre 

provides in-depth, unbiased source of 

crucial drug information to meet needs of 

the practicing physicians, pharmacists 

and other health care professionals.[1] 

 

In 1962, the first drug information centre 

was opened at the university of Kentucky 

Medical Centre and was intended was 

intended to be utilised as a source of 

selected, comprehensive drug 

information for staff physicians, which 

allowed them to evaluate and compare 

drugs besides catering to the information 

needed for nursing staff.[1] 

 

DRUG INFORMATION SERVICES  

 Information about drugs 

 Poison management information  

 Patient education service 

 Assistance on drug usage in 

patients 

 Professional assistance for 

investigation in drug usage  

 Drug related information to hospital 

staff 

 Reporting and investigating  ADR 

 

TRAINING IN DRUG INFORMATION 

PRACTICE 

Drug information specialists are 

pharmacists whose primary responsibility 

is the provision of drug information. The 

American Society of Health-System 

Pharmacists (ASHP) provides residency 

accreditation in drug information. There 

are currently 31 ASHP-accredited drug 

information specialty residencies located 

throughout the united states.[2]  

AN UNDERUTILIZED RESOURSE 

 

Drug information specialists are trained to 

provide clear, concise, and accurate 

drug information in a variety of settings. 

Not only do they provide quality service, 

but pharmacist-provided drug 

information, adverse-drug-reaction 

monitoring, and formulary management 

have been associated with significant 

reductions in the total cost of care in 

hospital settings, as well as reductions in 

patient deaths.(3) Today, the Internet 

provides a plethora of information for 

both health care professionals and their 

patients. Many practitioners probably use 

the Internet when seeking answers to 

questions. However, at least one study 

judged significantly more responses 

obtained from a drug information centre 

as accurate when compared with those 

received from a Usenet newsgroup.(4) 

 

DRUG INFORMATION SPECIALISTS 

 

A drug information specialist is a 

pharmacist who has completed a 

particular residency in a clinical setting to 

obtain knowledge to work in a drug 

informationsetting. All pharmacists 

provide some level of drug information, 

whether to other clinicians or to patients. 

In fact, a recent survey found that 96.4% 

of 491 hospitals have staff pharmacists 

who routinely answer drug information 

questions.(5)and a separate survey of 

colleges of pharmacy showed that 89% 

of first professional pharmacy degree 

programs require at least one didactic 

course in drug information.(6) While most 

pharmacists are equipped with 

knowledge regarding the practice of 

drug information, the ever-expanding list 

of pharmaceuticals, as well as the 

overwhelming amount of clinical data, 

makes it difficult for practitioners to stay 
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current with recent developments. This 

also results in the need for more 

advanced problem-solving skills in order 

to answer the more complex questions 

that challenge practitioners today. 

 

Although drug information is readily 

available in books and drug databases 

accessed via the Internet or personal 

digital assistants, there are still some 

situations in which verbal communication 

with a knowledgeable source is often the 

quickest strategy for answering clinical 

questions about medications. A non-

commercial, pharmacist-operated drug 

information service can be a useful 

information alternative that offers a 

personalized approach. 

The primary goal of a drug information 

service is to improve patient care by 

providing objective and unbiased 

information for drug-related questions. 

Drug information services are facilities or 

personnel dedicated to and specializing 

in the provision of written or oral 

information about drugs and 

pharmacotherapy, in response to a 

request from other health care 

professionals, organizations, committees, 

or patients. A drug information expert 

can estimate how much time may be 

necessary to perform the research, 

consider the urgency of the requestor, 

and prioritize requests. There is no special 

accreditation or licensing for drug 

information services; it is the pharmacist 

who is licensed. 

Drug information is often cited as the first 

clinical pharmacy function to have 

developed in U.S. hospitals, and the 

specialized skill set needed for drug 

information practice is taught in 

nationally accredited postdoctoral 

pharmacy residencies across the country. 

Drug information specialists have the 

literature evaluation skills necessary for 

providing evidence-based 

recommendations, and they are experts 

at utilizing various sources of information. 

Drug information services are financially 

supported by a university, the state, or a 

hospital.(7) 

CONCLUSION 

 

 Drug information centres are regarded 

as a gateway of drug information. The 

future of drug information centres in India 

lies in the quality of service, credibility 

among users and the evaluation of its 

progress. The future of clinical pharmacy 

and drug information centre is very bright 

so the government, private hospitals and 

regulatory bodies should come forward 

to establish more number of drug 

information centres in future time so that 

clinical pharmacist and drug information 

centre can work to locate the quality in 

community.Drug information specialists 

are a valuable resource available to 

support appropriate drug use and 

improve quality of patient care. New 

practitioners are urged to take 

advantage of the expertise of drug 

information specialists, either within or 

outside of their own institutions. 
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Abstract 
 

Chronic obstructive pulmonary disease is partly reversible and frequently progressive 

obstruction of the airways that is allied with inflammation . The origin of  Chronic obstructive 

pulmonary disease is at early stages of life, but it appear later on. An apparent understanding of 

deep-rooted cause of early life factors are prenatal and postnatal. Prenatal include  maternal 

smoking during pregnancy,intrauterine growth restriction and low birth weight . Postnatal 

include Chronic lung disease of prematurity, Postnatal growth and nutrition, exposure to 

environmental tobacco smoke, Environmental pollution and Childhood respiratory illnesses
[1]

. 

This review article is focused on the origin of  Chronic obstructive pulmonary disease is at the 

early stages of life. 
 

Keywords: Chronic obstructive pulmonary disease. 
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INTRODUCTION 

Chronic obstructive pulmonary disease is  the fourth leading cause of death for the World but is 

forecasted to be the 3
rd

 death cause by 2020 [1]. Chronic obstructive pulmonary disease is a 

common, preventable and treatable disease that is characterized by persistent respiratory 

symptoms and airflow limitation that is due to airway and alveolar abnormalities usually caused 

by significant exposure to noxious particles or gases [GOLD 2017] [2]. At present there is no 

curative therapy and  treatment is commonly palliative. The main contributor to the global burden 

of disease is people above 40 years. The origin of Chronic obstructive pulmonary disease is at the 

early stages of life. 

Normal lung development 

Lung development is controlled by numerous mechanical and biochemical factors, which 

commences in utero and continues through different stages to adolescence and early adulthood 

[3].  

The majority of structural modifications take place during the fetal life and first few years after 

birth. Following to birth lung size increases with body size. It is promoted by age, sex and 

ethnicity. The normal lung volumes are attained over 22 years in males and lightly prior in 

females.  

Maternal smoking during pregnancy 

Maternal smoking during pregnancy is a risk factor for the development of Chronic obstructive 

pulmonary disease [4].  

It is potentially preventable insult to the developing lung and a major cause of unusual death in 

infants, LBW, preterm delivery and intrauterine growth restriction (IUGR). The prenatal exposure 

to tobacco smoke impairs lung development, increases respiratory disease and reduces infants 

lung function in early adulthood.  

Low birth weight (LBW) 

The two main causes for a babyto be born at a low birth weight are preterm delivery and IUGR. 

This occurs when a baby does not grow well during pregnancy.Factors responsible for IUGR 

include birth weight less than tenth centile for gestational age , impaired trans-placental supplies 

of oxygen or nutrients to the fetus , which also associated with maternal smoking or pregnancy 

induced hypertension. Premature babies are physically immature and very small. They are at risk 

for Chronic obstructive pulmonary disease [5]. 
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Chronic lung disease of prematurity 

Preterm delivery that occurring before 37 weeks of gestation, they often have breathing problems 

because their lungs are not fully developed.  

Reduced maximal attained lung function individuals are at increased risk for the development of 

Chronic obstructive pulmonary disease. Bronchopulmonary dysplasia (BPD) is a chronic lung 

disease of infants and children , involves abnormal development of lung tissues. These individuals 

having  increased risk of developing COPD in their future life [6]. 

Postnatal growth and nutrition 

The lungs are the one of the last organ developed during the prenatal stage. Childhood is a really 

important period for healthy lung development. In the first six months of child’s birth they 

quickly develop a lot of air sacs. Lung volume and airflow will  increase as the thorax develops, 

lung  growth terminate in young adulthood and lung function leave stable for about 10 years then 

the lung function gently decline.  The impact of postnatal nutrition on lung development is chiefly 

pertinent in preterm infants, due to impaired nutrition and growth which result in  reduced lung 

function and increased risk of respiratory morbidity in survivors during childhood and 

adolescence. Various evidence from different observational studies shows high influence of diet 

in the development of asthma and COPD. 

Postnatal exposure to environmental tobacco smoke 

Secondhand smoke (SHS) is also known as environmental tobacco smoke.Same harmful 

chemicals are inhaled during SHS. It contains nicotine and harmful cancer causing chemicals. 

This increases the risk of respiratory illness and reduced lung function of young children [7]. 

Environmental pollution 

The developing lung is immensely susceptible to damage from exposure toenvironmental 

pollutants, which include acute and chronic exposure. Exposures  to organic and inorganic dusts, 

chemical agents and fumes are also risk factors for COPD. Passive exposure to cigarette smoke, 

that is environmental tobacco smoke may also give rise to respiratory symptoms and COPD by 

flourishing the lung’s total burden of inhaled particles and gases [8]. 

Childhood respiratory infections 

Children having history of recurrent or severe childhood respiratory infection will have reduced 

lung function and increased respiratory symptoms in adulthood [9]. Various studies reported that 

respiratory infection during childhood may be a risk factor for COPD . Respiratory syncytical 

virus (RSV) infection is associated with increased like-hood of subsequent wheezing and these 
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type of infections in early life was found to be a strong risk factor for asthma in later life. The 

childhood asthma causes irreversible airflow restriction; it is an extreme risk for COPD. 

CONCLUSION 

 COPD is a frequent cause of illness and death.  Many studies revealed that early-life factors play 

a significant role in the later outbreak of disease such as asthma and COPD. A better 

understanding of the long-term effects of early life factors on subsequent development of 

respiratory disease is necessary to reduce the burden of COPD. The preterm infants may be at 

immense risk of COPD. Take efforts to decrease exposure to air contaminants during pregnancy 

and childhood and prevention strategies for childhood asthma can effectively decrease the risk of 

COPD. 
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EFFECTS OF POSTNATAL DEPRESSION ON INFANT 

DEVELOPMENT 
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ABSTRACT 

Depression has a profound impact on parameters of interpersonal 

behavior. This review was undertaken to examine the current evidence 

for the Postnatal depression is associated with disturbances in the 

mother -infant relationship, which in turn have an adverse impact on 

the course of child cognitive and emotional development. Studies of 

healthy mother-infant dyads have demonstrated that infants are highly 

sensitive to their interpersonal environment. It is therefore, likely that 

postpartum depression, by virtue of its impact on maternal 

interpersonal functioning, will disrupt normal infant engagements with 

the mother and, as a consequence, impair infant developmental 

progress. 

 

KEYWORDS: Postpartum depression, Low mood, Psychotherapy. 

 

INTRODUCTION 

Postpartum depression (PPD), also called postnatal depression, is a type of clinical 

depression which can affect both sexes after childbirth. Symptoms may include sadness, low 

energy, changes in sleeping and eating patterns, reduced desire for sex, crying 

episodes, anxiety and irritability. While many women experience self-limited, mild 

symptoms postpartum, postpartum depression should be suspected when symptoms are 

severe and have lasted over two weeks. 

 

Although a number of risk factors have been identified, the causes of PPD are not well 

understood. Hormonal change is hypothesized to contribute as one cause of postpartum 

depression. The emotional effects of postpartum depression can include sleep deprivation, 
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anxiety about parenthood and caring for an infant, identity crisis, a feeling of loss of control 

over life, and anxiety. 

 

Due to lack of support from a romantic or sexual partner. Many women recover with 

treatment such as a support group, counseling, or medication. 

 

Between 0.5% to 61% of women will experience depression after delivery. Postpartum 

psychosis occurs in about 1–2 per thousand women following childbirth. Among men, in 

particular new fathers, the incidence of postpartum depression has been estimated to be 

between 1% and 25.5%.Postpartum depression is one of the leading causes of the murder of 

children less than one year of age which occurs in about 8 per 100,000 births. 

 

Symptoms of Postnatal Depression 

Many women feel a bit down, tearful or anxious in the first week after giving birth. This is 

often called the "baby blues" and is so common that it’s considered normal. The "baby 

blues" don’t last for more than two weeks after giving birth. If symptoms last longer or start 

later, person could have postnatal depression. Postnatal depression can start any time in the 

first year after giving birth. 

 

Signs that you or someone you know might be depressed include: 

 A persistent feeling of sadness and low mood. 

 Lack of enjoyment and loss of interest in the wider world. 

 Lack of energy and feeling tired all the time. 

 Trouble sleeping at night and feeling sleepy during the day. 

 Difficulty bonding with your baby. 

 Withdrawing from contact with other people. 

 Problems concentrating and making decisions. 

 Frightening thoughts – for example, about hurting your baby. 

 

Aetiology and Pathophysiology of Postpartum Drpression 

The cause of postnatal depression isn't completely clear. Some of the factors it has been 

associated with include: 

 A history of mental health problems, particularly depression, earlier in life. 

 A history of mental health problems during pregnancy. 

 Having no close family or friends to support you. 

https://en.wikipedia.org/wiki/Postpartum_psychosis
https://en.wikipedia.org/wiki/Postpartum_psychosis
https://en.wikipedia.org/wiki/Infanticide
https://en.wikipedia.org/wiki/Infanticide
http://www.nhs.uk/Conditions/pregnancy-and-baby/Pages/feeling-depressed-after-birth.aspx


www.wjpr.net                                 Vol 6, Issue 8, 2017.                                                          

 

548 

George et al.                                                          World Journal of Pharmaceutical Research 

 A poor relationship with your partner. 

 Recent stressful life events. 

 Experiencing the "baby blues". 

 

Even if don't have any of these symptoms, having a baby is a life-changing event that can 

sometimes trigger depression. It often takes time to adapt to becoming a new parent. Looking 

after a small baby can be stressful and exhausting. 

 

 Physical changes: After childbirth, a dramatic drop in hormones (estrogen and 

progesterone) in body may contribute to postpartum depression. Other hormones 

produced by thyroid gland also may drop sharply - which can lead feeling tired, sluggish 

and depressed. 

 

 Emotional issues: When you sleep deprived and overwhelmed, you may have trouble 

handling even minor problems. You may be anxious about your ability to care for a 

newborn. You may feel less attractive, struggle with your sense of identity or feel that 

you've lost control over your life. Any of these issues can contribute to postpartum 

depression. 

 

There is good evidence that parental psychiatric disorder has a deleterious effect on child 

development. Depression arising in the postnatal period could have an impact on infant 

development. A number of studies have examined the 1 to 2 year old infants of mothers who 

have had a postnatal depression.  

 

These studies have generally found an association between early maternal depression and 

adverse cognitive and emotional infant development. These studies have reported on the 

cognitive outcome of 12 to 18 month old infants of mothers who had had a postnatal 

depression. 

 

Diagnostic Criteria for Postnatal Depression 

At Least Two of The Following features must be present for at least two weeks: 

 A depressed mood for most of the day. 

 Loss of interest or pleasure in activities that are normally pleasurable, such as playing 

with the baby. 
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 Tiredness, decreased energy, and fatigue additionally, any four of the following should be   

present. 

 Loss of confidence and self-esteem. 

 Feelings of guilt and blaming oneself. 

 Recurrent thoughts of suicide or death, including that of the child.. 

 Difficulty in concentration. 

 Agitation or lethargy. 

 Sleep disturbance. 

 Appetite disturbance. 

 

Treatment 

1. Educational programs and support groups 

Treatment of postpartum depression in men and women is similar. Both mothers and fathers 

with this condition have been found to greatly benefit from being educated about the illness, 

as well as from the support of other parents who have been in this position. 

 

2. Psychotherapies 

Psychotherapy ("talk therapy") involves working with a trained therapist to determine 

methods to solve problems and cope with all forms of depression, including postpartum 

depression. It can be a powerful intervention and may produce positive biochemical changes 

in the brain. This is a particularly important alternative to treatment with medication in 

women who are breastfeeding. In general, these therapies take weeks to months to complete. 

More intense counseling may be needed for longer when treating very severe depression or 

other psychiatric symptoms. 

 

Interpersonal therapy (IPT): This helps to alleviate depressive symptoms and helps the 

person with PPD develop more effective skills for coping with social and interpersonal 

relationships. IPT employs two strategies to achieve these goals. The first is education about 

the nature of depression. The therapist will emphasize that depression is a common illness 

and that most people can expect to get better with treatment. The second is defining specific 

problems. After the problems are defined, the therapist is able to help set realistic goals for 

solving these problems. Together, the individual with PPD and his or her therapist will use 

various treatment techniques to reach these goals. 
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Cognitive behavioral therapy (CBT): This helps to alleviate depression and reduce the 

likelihood it will return by helping the PPD sufferer change his or her way of thinking. In 

CBT, the therapist uses three techniques to accomplish these goals.  

 

Didactic component: This phase helps to set up positive expectations for therapy and 

promote cooperation. 

 

Cognitive component: This helps to identify the thoughts and assumptions that influence 

behaviors, particularly those that may predispose the person with PPD to being depressed.  

 

Behavioral component: This employs behavior-modification techniques to teach the 

individual with PPD more effective strategies for dealing with problems. 

 

Medications 

Medication therapy for postpartum depression usually involves the use of an antidepressant 

medication. The major types of antidepressant medication are the selective serotonin reuptake 

inhibitors (SSRIs), serotonin/norepinephrine/dopamine reuptake inhibitors (NSRIs), the 

tricyclic antidepressants (TCAs), and the monoamine oxidase inhibitors (MAOIs) Examples 

of antidepressants are listed here.  

 

 SSRIs-Fluoxetine, Sertraline, Paroxetine, Fluvoxamine, Citalopram, Escitalopram, 

Vilazodone, Vortioxetine. 

 SNRIs-Bupropion, Mirtazapine, Venlafaxine, Duloxetine, Desvenlafaxine, 

Levomilnacipran. 

 TCAs-Amitriptyline, clomipramine, desipramine, doxepin, imipramine, nortriptyline. 

 MAOIs- phenelzine and tranylcypromine. 

 

SSRIs medications affect levels of serotonin in the brain, most of the cases, these   

medications are the first choice because of the high level of effectiveness and general safety 

of this group. TCAs are sometimes prescribed in severe cases of depression or when SSRIs or 

SNRIs are ineffective. These medications affect a number of brain chemicals especially 

epinephrine and norepinephrine. About two-thirds of people who take antidepressant 

medications improve. It may take anywhere from one to six weeks of taking medication at its 

effective dose to notice mood improvement. It is, therefore, important not to stop taking the 

medication because benefits may not be seen immediately. The MAOIs are not often used 
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since the introduction of the SSRIs. Because of the possibility of interactions, the MAOIs 

may not be taken with many other types of medication, and some types of foods that are high 

in Tyra mine (like aged cheeses, wines and cured meats) must be avoided as well. Other 

category medications include. 

 

 Atypical antipsychotic 

Aripiprazole, olanzapine, paliperidone, quetiapine, Risperidone, ziprasidone, asenapine, 

iloperidone, lurasidone. 

 

 Non-neuroleptic mood stabilizers 

Lithium, divalproex, sodium carbamazepine, lamotrigine. 

 

Atypical neuroleptic medications are often prescribed in addition to a mood-stabilizer 

medication in people with postpartum psychosis. Non-neuroleptic mood-stabilizer 

medications are also sometimes used with a neuroleptic medication to treat people with 

postpartum psychosis because bipolar disorder may also be present in some patients. 

 

CONCLUSION 

It is evident that postnatal depression poses a risk for the mother-infant relationship and 

infant developmental outcome. The adverse effects of postnatal depression appear to be 

mediated through its association with maternal cognitions and parenting. Postnatal depression 

has an adverse impact on the course of child cognitive and emotional development. The 

impact is likely to be more pernicious where the depressive episode is severe and prolonged. 
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 Natural polyphenolic compounds have several health benefits and no side effects compared to 

synthetic compounds. But these compounds having low water solubility, poor bioavailability, lack 

in long-term stability and are very sensitive to light. These compounds via nano-sized colloidal 

carriers such as polymeric nanoparticles offers a novel strategy to overcome these limitations. 

Nano-encapsulation remains to be the one of the most promising technologies having the ability to 

entrap polyphenolic compounds. These nano-encapsulated compounds has versatile advantages 

for targeted site-specific delivery and efficient absorption through cells. This review presents about 

main classes of polyphenolic compounds, their advantages, polymers used in the preparation of 

nanoparticles and the various techniques to create nanoparticles encapsulating polyphenols that 

will increase their solubility and bioavailability. 

Please cite this article in press as Varsha K.P et al. Nano-Encapsulation of Polyphenol Compounds: A Review. Indo American 

Journal of Pharmaceutical Research.2017:7(02). 
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INTRODUCTION 
Nano-encapsulation is defined as a technology to encapsulate substances in miniature and refers to bioactive packing at the 

nanoscale range.
(1)

. Nanoencapsulation of drug molecules in nanocarriers  is  a  very promising approach for development of 

nanomedicine. Nanoparticles are colloidal-sized particles with diameters ranging from 10 to 1,000 nm and are expressed both as  

nanocapsules  and  nanospheres
(2)

. Nanocapsules are vesicular systems in which the bioactive compound is confined to a cavity 

surrounded by a unique polymer membrane (Figure 1), while nanospheres are matrix systems where the bioactive compound is 

uniformly dispersed 
(3)

. The delivery of any bioactive compound to various sites within the body is directly affected by the particle 

size
(4)

.  Nanoencapsulation methods allow efficient loading of drug molecules inside the nano-carriers thereby reducing systemic 

toxicity associated with drugs. The targeting of drug can enhance the accumulation of  nano-nencapsulated  drug at the diseased 

site
(5)

.The therapeutic agents which are nano-encapsulated will increases their efficacy, specificity and targeting ability. Nanocarriers 

can enhance the solubility of the drug, improving administration, taste masking, prolong presence of drug in blood and cellular uptake 

and protect the drug from premature degradation in the biological environment and enhance the bioavailability. 

 

 
 

Fig. 1 Schematic structure of a) nano-capsules and b) nano-spheres. 

 

Polyphenols are secondary metabolites produced by plants, in which they play an important role in growth and reproduction 

as well as resistance to pathogens, predators, and diseases. Polyphenolic compounds are recognized for their direct free‐radical 

scavenging activity and complexing properties towards proteins. These abilities make polyphenols interesting for the treatment of 

various diseases like cancer, cardiovascular disease, neurological diseases, osteoporosis, diabetes, but also for anti-ageing purposes in 

cosmetic formulations and for nutraceutical applications.
 
Polyphenols have a low bioavailability due to a number of intrinsic and 

extrinsic factors including their molecular weight and chemical structure, low hydro-solubility, binding within food matrices, low 

stability in the gastrointestinal (GI) environment, extensive phase II metabolism, and rapid elimination
(6)

. These properties will affect 

the shelf life of the pharmaceutical agent and they will become more sensitive to light and heat 
(7)

 .The polyphenolic compound 

possess a very astringent and bitter taste, which limits their use in food or in oral medications. The nano-encapsulated drug delivery 

systems have been developed to overcome these drawbacks and thus improves the administration and enhances bioavailability
 (8)

. 
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Table 1: Main classes of plant polyphenols, structures, sources, their specifications and biological properties 
(9,10)

 

 

 CARBON 

SKELETON 

EXAMPLES SOURCES SPECIFICATIONS SPECIFICATIONS 

Phenolic acids 

and coumarines 

     

Hydroxybenzoic 

acids 

C6-C1 Gallic acid, 

 Vanillic acid, 

Protocatechuic acid, 

p-Hydroxy benzoic 

acid 

Tea, Red 

fruit 

(raspberry, 

black 

currant, 

strawberry 

Very common, in 

free form as well as 

combined,not much 

studied and not 

considered to be of 

great nutritional 

interest, sensitive to 

temperature, 

oxidation, light and 

pH, water soluble 

 

Very limited 

therapeutic 

interest,antimicrobial 

activity and fungi 

toxicity,anti-

inflammatory 

properties of 

salicylates 

Hydroxycinnamic 

acids 

C6-C3 Caffeic acid,          

p-Coumaric,Ferulic 

acid 

Fruit (kiwis, 

blueberries, 

apples) 

Cereal 

grains 

(wheat, rice, 

oat flours) 

Rarely found in free 

form, often 

esterified, sensitive 

to oxidation and pH, 

slightly soluble in 

water 

Coumarines  OmbelliferoneAescu 

letin, Scopoletin 

Tonka bean, 

bark 

(chestnut), 

medicinal 

plants 

(Melilotus 

officinalis, 

Angelica 

officinalis 

Free coumarines are 

soluble in alcohols 

and organic solvents, 

the heterosidic forms 

are less soluble in 

water 

Anti-inflammatory 

and antiviral 

activities, limited 

pharmacological 

applications: 

hepatotoxicity 

Stilbenes C6-C2C6 Resveratrol Medicinal 

plants (vine 

 Found only in low 

quantities in the 

human diet   

Anticarcinogenic 

effects,  anti-

inflammatory 

activity  

 

Flavonoids C6-C3C6     

Flavonols  Myricetin, 

Quercetin, 

Kaempferol and 

their glycosylated 

forms 

Fruit and 

vegetables 

(Onions, 

curly kale, 

leeks, 

broccoli, 

blueberries), 

red wine and 

tea 

Flavonols are the 

most ubiquitous 

flavonoids in food  

Vitamin 

Vitamin P factor 

protecting capillaries 

and veins, often  

anti-inflammatory, 

antiallergenic, 

antiviral,  anti-

spasmodic, 

antibacterial, 

antioxidant and anti-

carcinogenic 

properties, 

hepatoprotector, 

some are powerful 

enzymatic inhibitors 

Flavones  Aspigenin, Luteolin, 

Tangeretin, 

Nobiletin, 

Sinensetin 

Parsley, 

celery, 

cereals 

(millet and 

wheat) Skin 

of citrus 

Flavones are much 

less common than 

flavonols in fruit and 

vegetables 

Flavanones  Hesperetin, 

Naringenin, 

Eriodictyol 

Citrus fruit 

(grapefruit, 

orange, 

lemon), 

tomatoes 

and some 

aromatic 

Sensitive to 

oxidation, light and 

pH, bitter taste 
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plants (mint) 

Isoflavones  Genistein, Daidzein, 

Glycitein 

Leguminous 

plants (soya 

and its 

processed 

products 

Structural 

similarities with 

estrogens confers 

pseudohormonal 

properties 

Flavanols     

Monomer form  Catechin, 

Epicatechin 

 Fruit 

(apricot, 

cherry, 

grape, 

peach, 

apple), green 

and black 

tea, red wine 

and cider 

Sensitive to 

oxidation, light and 

pH, astringent and 

bitter taste, slightly 

soluble in water 

Polymer form 

Proanthocyanidins 

(C15)n Castalin, Vescalin Fruit 

(grapes, 

peaches, 

kakis, 

apples, 

berries), 

beverages 

(wine, cider, 

tea, beer), 

chocolate 

Responsible for the 

astringent character 

and bitter taste, 

sensitive to high 

temperature and 

oxidation, water and 

alcohol soluble 

Anthocyanins  Cyanidin, 

Pelargonidin, 

Delphinidin, 

Petunidin 

Red wine, 

some 

varieties of 

cereals, 

some leafy 

and root 

vegetables 

(aubergines, 

cabbage, 

beans, 

onions, 

radishes), 

flowers and 

most 

abundant in 

fruit 

Plant pigments, 

highly sensitive to 

temperature, 

oxidation, pH and 

light, water soluble 

Lignans (C6-C3)2 Pinoresinol, 

Podophyllotoxin, 

Steganacin 

Flax seed, 

sesame seed, 

cereals (rye, 

wheat, oat, 

barley), 

cruciferous 

vegetables 

(broccoli, 

cabbage), 

and fruit 

(apricots, 

strawberries) 

One of the major 

classes of 

phytoestrogens, 

relatively stable 

under normal 

conditions, water 

soluble, unpleasant 

flavour 

Hepatoprotector, 

antimitotic, antiviral, 

antihypertensive and 

cytostatic activities, 

inhibitors of 

enzymatic reactions  
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Advantages of polymeric nanoparticles 
(11,12) 

 We can increases the stability of any volatile pharmaceutical agents. 

 We can effectively improve over traditional oral and intravenous methods of administration.  

 We can easily and fastly delivers the pharmaceutical agent at higher concentration to a diseased site at a desired rate. 

 Polymeric nanoparticles can be easily incorporated into other activities related to drug delivery, such as tissue engineering. 

 The ability to modify drug release from polymeric nanoparticles and the choice of polymer have made them ideal candidates for 

cancer therapy, delivery of vaccines, contraceptives and delivery of targeted antibiotics. 

 

Polymers used in preparation of nanoparticles
(13,14) 

The polymers should be compatible with the body in the terms of adaptability (non-toxicity) and (non-antigenicity) and 

should be biodegradable and biocompatibleThe polymers used are of two types: 

 

Natural polymers 

Synthetic polymers 

 

 

 

 

 

 

 

 

 

 

 

 

 

Techniques for the preparation of nanoparticles 
The physicochemical properties such as particle size, size distribution, surface area, shape, solubility, and encapsulation 

efficiency, and releasing mechanisms were reported to be altered by the encapsulation technique and delivery system. Therefore, it is 

more essential to select the appropriate encapsulation technique based on the required size, physicochemical properties, nature of the 

core material, and wall material. Moreover, the techniques used for achieving nano-encapsulation are more complex than 

microencapsulation. It is mainly due to the difficulty in attaining a complex morphology of the capsule and core material and the 

demands of releasing rates of nano-encapsulates
(15)

. There are a very large number of encapsulation methods that can be classified as 

follows: Physical methods: spray-drying, fluid bed coating, extrusion-spheronization, centrifugal extrusion, processes using the 

supercritical fluids. Physicochemical methods: spray-cooling, hot melt coating, ionic gelation, solvent evaporation-extraction, simple 

or complex coacervation. Chemical methods: interfacial polycondensation, in situ polymerization, interfacial polymerization, 

interfacial cross-linking. This review mainly focuses on the most commonly used encapsulation methods applied to polyphenols. 

 

SOLVENT EVAPORATION 

Solvent evaporation was the first method developed to prepare nanoparticle (Figure 2). Polymer solutions are prepared in 

volatile solvents and emulsions are formulated. Dichloromethane and chloroform preformed polymer were widely used. But they are 

now replaced with ethyl acetate which has a better toxicological profile. The emulsion is converted into a nanoparticle suspension on 

evaporation of the solvent for the polymer, which is allowed to diffuse through the continuous phase of the emulsion. In the 

conventional methods, two main strategies are being used for the formation of emulsions, the preparation of single-emulsions, e.g., 

oil-in-water (o/w) or double-emulsions, e.g., (water-in-oil)-in-water, (w/o)/w. These methods utilize high-speed homogenization or 

ultrasonication, followed by evaporation of the solvent, either by continuous magnetic stirring at room temperature or under reduced 

pressure. Then the solidified nanoparticles can be collected by ultracentrifugation and washed with distilled water to remove additives 

such as surfactants. Finally, the product is lyophilized
 (16) .

The prepared nanoparticles of PLGA with a typical particle size of 60–

200nm by employing dichloromethane and acetone as the solvent system and PVA as the stabilizing agent. Particle size was found to 

be influenced by the type and concentrations of stabilizer, homogenizer speed and polymer concentration. In order to produce small 

particle size, often a high-speed homogenization or ultrasonication can be employed. 

 

NATURAL POLYMERS SYNTHETIC POLYMERS 

 Chitosan   

 Gelatin   

 Sodium alginate   

 Albumin   

 Polylactides(PLA) 

 Polyglycolides(PGA) 

 Poly(lactide co-glycolides) (PLGA) 

 Polycyanoacrylates 

 Poly(N-vinyl pyrrolidone)  

 Poly(vinyl alcohol)   

 Poly(acrylic acid)  

 Poly(ethylene glycol)  

 Poly(methacrylic acid)   
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Fig. 2: Schematic representation of the solvent-evaporation technique. 

 

NANO-PRECIPITATION 

Nano-precipitation is also called solvent displacement method. It involves the precipitation of a preformed polymer from an 

organic solution and the diffusion of the organic solvent in the aqueous medium in the presence or absence of a surfactant. The solvent 

displacement technique allows the preparation of nano-capsules when a small volume of nontoxic oil is incorporated in the organic 

phase. The usefulness of this simple technique is limited to water-miscible solvents, in which the diffusion rate is enough to produce 

spontaneous emulsification. The water-miscible solvents produce a certain instability when mixed with water, spontaneous 

emulsification is not observed if the coalescence rate of the formed droplets is sufficiently high. Acetone or dichloromethane are 

mainly used to dissolve and increase the entrapment of drugs. This method is basically applicable to lipophilic drugs because of the 

miscibility of the solvent with the aqueous phase. Highly loaded nanoparticulate systems based on amphiphilic hcyclodextrins to 

facilitate the parenteral administration of the poorly soluble antifungal drugs Bifonazole and Clotrimazole were prepared according to 

the solvent displacement method
(17)

. 

 

 
 

Fig. 3: Schematic representation of the nano-precipitation technique. 

 

EMULSIFICATION/SOLVENT DIFFUSION (ESD) 

Solvent diffusion is a modified version of solvent evaporation method. The encapsulating polymer is dissolved in a partially 

water soluble solvent such as propylene carbonate and saturated with water to ensure the initial thermodynamic equilibrium of both 

liquids. In fact, , It is necessary to promote the diffusion of the solvent of the dispersed phase by dilution with an excess of water when 

the organic solvent is partly miscible with water or with another organic solvent in the opposite case to produce the precipitation of the 

polymer and the consequent formation of nanoparticles. Afterwards, polymer-water saturated solvent phase is emulsified in an 

aqueous solution containing stabilizer, leading to solvent diffusion to the external phase and the formation of nanospheres or 

nanocapsules, according to the oil-to-polymer ratio. Finally, the solvent is eliminated by evaporation or filtration, according to its 

boiling point. This technique presents several advantages, such as high encapsulation efficiencies (generally >70%), no need for 

homogenization, high batch-to-batch reproducibility, ease of scale-up, simplicity, and narrow size distribution. This technique is 

suitable for encapsulating lipophilic. Several drug-loaded nanoparticles were produced by the ESD technique, including 

mesotetra(hydroxyphenyl) porphyrinloaded PLGA (p-THPP) nanoparticles, doxorubicin-loaded PLGA nanoparticles etc.  
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Fig. 4: Schematic representation of the emulsification/solvent diffusion technique. 

 

SALTING OUT  

The salting out method can be considered as a modification of the emulsification/solvent diffusion. Salting out is based on the 

separation of a water miscible solvent from aqueous solution via a salting out effect. Drug and polymer are initially dissolved in a 

solvent such as acetone, which is subsequently emulsified into an aqueous gel containing the salting-out agent (electrolytes such as 

magnesium chloride, calcium chloride, and magnesium acetate, or non- electrolytes such as sucrose) and a colloidal stabilizer such as 

polyvinyl pyrrolidone or hydroxyethylcellulose. This oil/water emulsion is diluted with a sufficient volume of water or aqueous 

solution to enhance the diffusion of acetone into the aqueous phase, thus inducing the formation of nano-spheres. Both the solvent and 

the salting out agent are then eliminated by cross-flow filtration. This technique used in the preparation of PLA, poly (methacrylic) 

acid, nanospheres. The main advantage of salting out is that it minimizes stress to protein. Salting out does not require an increase of 

temperature and therefore, may be useful when heat sensitive substances have to be used. 

 

 
 

Fig. 5: Schematic representation of salting-out method. 

 

SUPERCRITICAL FLUID TECHNOLOGY  

Supercritical fluid technology (SCFT) is a new method to produce fine drug particles and is valuable for product quality, 

batch consistency and the reduction of manufacturing barrier in many areas of pharmaceutical applications 
(18).

It is an environmentally 

safer methods for the production of nanoparticles with the potential to produce with high purity and without any trace of organic 

solvent.Supercritical fluid technology are effective technique of particle production by avoiding most of the drawbacks of the 

traditional methods. Two principles have been developed for the production of nanoparticles using supercritical fluids:  

1. Rapid expansion of supercritical solution (RESS)  

2. Rapid expansion of supercritical solution into liquid solvent 

 

Preparation of nanoparticles by polymerization of a monomer:  

Processes for the production of polymeric nanoparticles  through the polymerization of monomers are discussed below:  
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EMULSION POLYMERIZATION 

Emulsion polymerization is one of the fastest methods for nanoparticle preparation. The method is classified into two 

categories based on the use of an organic or aqueous continuous phase. The continuous organic phase methodology involves the 

dispersion of monomer into an emulsion or inverse microemulsion, or into a material in which the monomer is not soluble 

(nonsolvent). Polyacrylamide nanospheres can be produced by this method  This procedure has become less important, because it 

requires toxic organic solvents, surfactants, monomers and initiator, which are subsequently eliminated from the formed particles.  

 

INTERFACIAL POLYMERIZATION  

It is one of the widely used methods for the preparation of polymer nanoparticles. It involves step polymerization of two 

reactive monomers or agents, which are dissolved respectively in  continuous and dispersed phase.The reaction takes place at the 

interface of the two liquids Nanometer-sized hollow polymer particles were synthesized by employing interfacial cross-linking 

reactions as polyaddition and polycondensation 100-102 or radical polymerization.Oil-containing nanocapsules were obtained by the 

polymerization of monomers at the oil/water interface of a very fine oil-in-water micro- emulsion105. The organic solvent, which are 

completely miscible with water, served as a monomer vehicle and the interfacial polymerization of the monomer was believed to 

occur at the surface of the oil droplets that formed during emulsification. To promote nanocapsule formation, the use of aprotic 

solvents, such as acetone and acetonitrile was recommended. Protic solvents, such as ethanol, n-butanol and isopropanol, were found 

to induce the formation of nanospheres in addition to nanocapsules
(19)

 

 

IONIC GELATION OR COACERVATION OF HYDROPHILIC POLYMERS  

Polymeric nanoparticles are prepared by using biodegradable hydrophilic polymers such as chitosan, gelatin and sodium 

alginate
(20)

 This method involves a mixture of two aqueous phases, of which one is the polymer chitosan, a di-block co-polymer 

ethylene oxide or propylene oxide (PEO-PPO) and the other is a poly anion sodium tripolyphosphate. In this method, positively 

charged amino group of chitosan interacts with negative charged tripolyphosphate to form coacervates with a size in the range of 

nanometer. Coacervates are formed as a result of electrostatic interaction between two aqueous phases, whereas, ionic gelation 

involves the material undergoing transition from liquid to gel due to ionic interaction conditions at room temperature. 

 

 
 

Fig.6: Schematic representation of ionic gelation method. 

 

CONCLUSION 

Polyphenols are the most powerful active compounds synthesized by plants and marine organisms. However, their limited 

stability, poor solubility and bioavailability, have to be resolved in order to make these compounds into a nano-encapsulated 

formulation. The various reported research revealed that physicochemical nano-encapsulation provided a significant protection against 

drastic conditions such as oxidation and thermal degradation, thereby contributing to increase the shelf life of the active ingredients. 

The nanoparticles are also able to control the release, change the physical properties of the initial material, and improve the 

bioavailability of the polyphenolic compound. Overall, the information given in this review suggests that these nanoencapsulated 

natural polyphenolic compound will replace the current disease therapies that using synthetic compounds in a near future. 
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ABSTRACT 

Fixed dose combinations (FDCs) are the combinations of two or more active drugs in a single 

dose form. It is the current hot topic of deliberations in the pharmaceutical industry, drug 

regulatory agency, and the pharmaceutical trade. Surprisingly, it is not among the doctors 

prescribe the medicines or the patients who consume. Basically, from one point of view it 

increases patient compliance, but from other point of view there are chances of consuming 

medicines, more than what is required. A relook and rationalization may be required in the use of 

combination product and this is the basis on which this article has been developed. 

Keywords: Fixed dose combinations, Essential drugs. 
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INTRODUCTION 

Nowadays people are usually suffering from several types of various infectious diseases that may 

corresponds to cardiovascular, hormonal, gastrointestinal, central nervous system disorder. 

Subsequently, in order to treat such kind of disorder one has to depend upon either of various 

medicinal agents which are prescribed either as a single drug or in the form of combination 

product/fixed dose combinations (FDCs).
 1

 

Combination products, are also known as fixed dose drug combinations (FDCs) drug, are 

combinations of two or more active drugs in a single dosage form. The World Health 

Organization (WHO) lists nearly 325 essential drugs, including only 19 of such drug 

combinations. They provide the advantages of combination therapy while reducing the number 

of prescriptions and the attendant administrative cost. Fixed dose combinations are valuable only 

when they have been developed based on sound pharmacokinetic and pharmacodynamics 

criteria
2
. 

Categories of FDC Products 

FDCs can be classified into several categories: 

 Some of the earliest FDCs have been widely accepted as rational combinations of drugs 

which are suitable for all of their target group of patients, on the basis of pharmacology 

or patient acceptability.eg:- many topical preparations, such as eye and ear drops and skin 

formulations. 

 Inappropriate drug combinations, where pharmacological claims for synergy or supported 

by little clinical evidence, e.g.:-the combination of caffeine with analgesics. 

 Mixtures of drugs which are of benefit to only a few patients. Examples combinations of 

potassium sparing diuretics with thiazides and multi component antacid mixtures. 

 Combinations of drugs for chronic conditions in which multiple drug regimens are 

recommended (E.g. HIV / AIDS). Such redeems place a significant pill burden on 

patients, particularly those with co-morbidities and FDCs in these patients may improve 

adherence. 

 Formulations (E.g. Asthma inhalers) contain two drugs but only one prescription charge 

is payable, which benefits who pay for their prescriptions.
3
 

Fixed Dose Combination: Rational or Irrational 

Rational drug therapy means the use of right medicine in right manner (dose, route, frequency of 

administration, duration of therapy, etc.) in the right patient at the right cost and at the right time. 
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Some FDA approved FDC drugs are listed in table 1. However it is staggering to find that over 

eighty thousand formulations are sold in the Indian market, which includes several FDCs and 

other single drug formulation. There has been an alarming increase in irrational use of fixed drug 

combinations in the recent past and pharmaceutical companies manufacturing these FDCs are 

luring physicians to prescribe their products even when they are not needed by the patients.
4
 

Advantages Of FDC Products  

 Simpler dosage schedule improves compliance and therefore improves treatment 

outcomes. 

 Costs of manufacturing is lower compared to the costs of producing separate products. 

 More convenient for the patient as he has to buy one drug compared to two. 

 Reduces inadvertent medication errors.
5
 

Disadvantages of FDC Products  

 Dosage alteration of one drug is not possible without alteration of the other drug. 

 If a patient is allergic or has a side effect to one component, the FDC must be stopped 

and replaced by separate medications. 

 By simple logic there are increased chances of adverse drug effects and drug interactions 

compared with both the drugs given individually.
5
 

Success Factors for FDC products Formulation 

 Formulation development challenges. 

 Patent feasibility 

 Pricing and reimbursement 

 Physician consideration
6
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Table 1: Rational FDC drugs.
1,3

 

 

Table 2: Irrational FDC drugs 

 

FDC PRODUCTS AND DISEASE MANAGEMENT 

Anti-infective 

Combination therapy is essential for the treatment of HIV/ AIDS. The goals of HIV therapy are 

to maximally and durably suppress virus to allow recovery of the immune system and reduce the 

emergence of HIV resistance. At least three active drugs usually from two different classes are 

required to suppress the virus, allow recovery of the immune system, and reduce the emergence 

of HIV resistance. The FDCs for the treatment of HIV should have the following criteria 

GENERIC COMBINATIONS CATEGORY DOSAGE FORM

 Amoxicillin + Clavulanic acid Antibiotic Tablet

Neomycin + Bacitracin Antibiotic Ointment

Cefadroxil + Clavulanic acid Antibiotic Tablet, Dispersible tablet

Ceftazidime + Tazobactum (as sodium) Antibiotic Injection

Cefixime + Cloxacillin (as sodium)                         

+ Lactobacillus (45 million spore) 
Antibiotic Tablet

Sulfamethoxazole + Trimethoprim Antibacterial Tablet

Sulfadoxoine + Pyrimethamine Antibacterial Tablet

Isoniazid + Ethambutol Antitubercular Tablet

Rifampicin + Isoniazid Antitubercular Tablet

Rifampicin + Isoniazid + Pyrazinamide Antitubercular Tablet

Thiacetazone + Isoniazid Antitubercular Tablet

Benzoic acid + Salicylic acid Antiseptic Ointment, Cream

Ethinylestradiol + Levonorgestrel Antifertility Tablet

E thinylestradiol + Norethisterone Antifertility Tablet

Levodopa + Carbidopa Antiparkinsonism Tablet

Ferrous salt + Folic acid Haematinics Tablet

Lidocaine + Epinephrine
Local Anesthetic-

Vasoconstrictor
Injection

Pantoprazole + Domeperidone GERD Tablet

Telmisartan + Amlodipine (as besylsate) Antihypertensive Tablet

GENERIC COMBINATIONS REASON OF IRRATIONALITY

Nimuselide + Paracetamol
Nimesulide is banned in most countries. No documentary evidence of 

prominent effect of combination

Atorvastatin + Nicotonic acid Probability of myopathy may increase

Cetrizine + Phenylpropanolamine 

+ Pseudoepherdine

It has potential to cause paracetamol stroke,glaucoma and prostate 

enlargement

Amoxicillin + Cloxacillin

Amoxicillin is inactive against staphylococcus and cloxacillin is not 

very active against streptococci. One of the components is useless for 

any  given infection. Increasing the chances of resistance

Enalapril + Losartan Two drugs affecting the same pathway donot add to efficacy.
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 Contain two or more components of a fully suppressive regimen. 

 Require a once or twice daily administration. 

 Have clinical efficacy and safety data that support the use of combinations. 

 Be commonly used in treatment-naïve patients. 

 Have drug interactions and toxicity profiles that allow for concomitant dosing. 

 Antiretroviral combination therapy defends against resistance by suppressing HIV 

replication as much as possible.
7,8

 

Antihypertensive 

Several drug classes can be utilized in the treatment of hypertension: thiazide diuretics,β-

blockers, calcium channel blockers (CCBs),angiotensin converting enzyme(ACE) inhibitors, 

angiotensin II receptor blockers, α-blockers, and centrally acting agents. These drugs have 

proved to be safe and efficacious in numerous randomized trials.
9
 

Antihyperlipidemic 

Out of various available FDC drugs as Antihyperlipidemic, the comparative efficacy of the most 

popular marketed drugs is being discussed here. These are Vytorin and Advicor. Vytorin is a 

combination of another statin, simvastatin, and a never drug ezetimibe, while Advicor is a 

combination of HMG-CoA reductase inhibitor (statin)-lovastatin with an extended release 

formulation of niacin. For Vytorin, the difference in LDLc lowering compared to its component 

statin, simvastatin, was a mean of 14% across all doses. For Advicor, the difference in LDLc 

lowering compared to lovastatin monotherapy ranges from 10-24%.
10,11

 

Antidiabetic 

An observational study of a database of pharmacy prescription refills for 6502 patients taking 

metformin & glibenclamide over six months showed no significant difference in concordance 

among newly treated patients receiving monotherapy, a combination of the two drugs or a 

FDC
12

. 

CONCLUSION 

The FDCs is becoming popular rapidly; particularly when more than one disease is found in a 

patient. Patients have already seen the benefits of combination products in areas such as 

oncology, cardiology, neurological, metabolic disorders, respiratory, HIV, as well as several 

other areas. On the other side, irrational FDCs may cause unnecessary financial burden on 

consumers. Drug regulatory bodies should take urgent action to stop the free flow of irrational 

FDCs 
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INTRODUCTON 
Quercetin (QCT) belongs to a class of plant 
metabolite called flavonoids. It is a major 
representative of flavonoid subclass of flavonols. 
Studies have proved that quercetin possesses 
various beneficial effect on human health. It 
posseses antioxidant, anticancer, anti-inflammatory, 
antiarthritic, antibacterial and anti hepatoprotective 
activities1. Quercetin is a key component of various 
cosmaceuticals, especially for anti-aging and 
nutraceuticals. Quercetin is one of the most 
abundant flavonoids widely distributed among 
citrus fruits, onions, nuts, green tea, apples and 
green leafy vegetables. It is available in market in 

ABSTRACT 

This paper focuses on the fluorescent properties of quercetin. Quercetin is an important flavonoid of dietary and 

pharmacological significance. There are certain factors that affect the fluorescent intensity. Some of them increase 

the fluorescence, while others causes quenching effect. The fluorescent property of quercetin makes it a versatile 

flavonoid of analytical and biological importance. 
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tablets, capsules, powders and emulsion 
formulations as well as nanoformulations either 
alone or along with other natural drugs2. 
 
PHYSICOCHEMICAL PROPETIES OF 
QUERCETIN 
Quercetin is yellow coloured crystalline powder 
having a lipophilic character. It has melting point in 
the range of 310-3170C and sublimes at its boiling 
point. It is practically insoluble in water and stable 
under ordinary condition, but sensitive to moisture. 
Quercetin is 3, 3', 4', 5, 7-pentahydroxyflavone and 
the structure is completely planar, composed of two 
benzene rings linked with a heterocyclic pyrone 
ring to form aromatic trimeric heterocycle (Figure 
No.1). Each molecule of quercetin contain five 
hydroxyl groups whose presence determines the 
compound’s biological activity and possible number 
of derivatives3.  
 
FLUORESCENT PROPERTIES OF 
QUERCETIN 
Flavonols, such as QCT, that contain -OH group at 
position 5 (C-5) have been considered to comprise a 
special class of non-fluorescent molecules though 
anomalous characteristic fluorescence properties of 
these molecules have been reported in various 
hydro-organic mixed solvents. 
In certain biological and physicochemical studies 
QCT is employed as a fluorophore. The specific 
binding to a biomolecule or the localization in a 
given microenvironment induce partial formation of 
one or more species that absorb(s) at higher 
wavelength and/or fluoresce(s) with higher quantum 
yield than neutral QCT. Fluorescence excitation 
spectra are consistent with partial formation of one 
(or more) anionic form(s) of QCT4. 
QCT glycoside, which also contains -OH group at 
C-5, when excited to a 2nd excited state at the 
specific environments such as in hydro-organic 
mixed solvents or aerosol-OT (AOT) reverse 
micelle, a new significant fluorescence emission is 
found. If the molecules are excited to first excited 
state in organic solvents, QCT exhibit no 
fluorescence due to excited state intramolecular 

proton transfer (ESIPT) between the –OH and the 
carbonyl oxygen5. 
 
FACTORS AFFECTING FLUORESCENT 
PROPERTIES OF QUERCETIN 
Solvent 
In aqueous solution, since the intermolecular 
hydrogen bond between the polar groups of solute 
and H2O will exceed the various intramolecular 
hydrogen bonds, the dihedral angle will be large, 
making it very difficult for ESICT (excited state 
intramolecular charge transfer) to occur. Because 
the radiation less pathway by way of the formation 
of a distorted excited state will become very active 
in water, no fluorescence emission is observed. 
In hydro-organic mixed solvents like CH3OH and 
CH3CN, almost all of the QCT molecules have 
several intramolecular hydrogen bonds between the 
-OH group and carbonyl oxygen. In this case, since 
the ESICT should occur easily, QCT can exhibit 
fluorescence emission6.  
Another excited state phenomenon, ESIPT (excited 
state intramolecular proton transfer) can occur 
between the 5-OH and keto oxygen via an 
intramolecular hydrogen bond. The “nodal plane” 
model demonstrates that the S1 state is much more 
susceptible to ESIPT compared with the S2 state. 
ESIPT can occur quickly in QCT due to the plane 
molecular structure. Since the formation of the 
distorted excited state by this ESIPT could be the 
result of interactions between the emitting state and 
other nearby excited states, the S1 → So 
fluorescence emission of QCT have not been 
observed in the organic solvents. 
When the QCT is excited to the S2 state, it will be 
very difficult to take place ESIPT, but on the other 
hand ESICT should occur easily. Because the FC 
(Franck-Condon) factors of QCT involved in the S2 
→ S1 internal conversion will be very small, QCT 
exhibit strong S2 → So fluorescence emission in the 
organic solvents7. 
Composition of hydro-organic solvent mixtures 
Composition of the solvent influences the 
fluorescence intensity. QCT show a steady state 
fluorescence in aqueous-organic mixed solvents like 
CH3OH-H2O and CH3CN-H2O.As the amount of 
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water increased in the mixed solvents, the 
fluorescence intensity of QCT gradually decreased 
regardless of the excitation light wavelength. When 
the water composition became more than about 
60% fluorescence emission disappeared entirely6. 
pH  
Studies on QCT-Aluminium (III) complex revealed 
that fluorescence intensity is depend on the pH. The 
fluorescence of QCT is absent in neutral and 
alkaline solution. The influence of pH on the 
fluorescence intensity of QCT- Al (III) complex is 
studied in the range of 2.0-5.5 and it was found to 
exhibit a complex shape and the optimal pH value 
was found to be 3.305. 
Protein-binding 
The flavonoid QCT have the ability to bind with 
proteins such as hemoglobin and albumin. The 
fluorescence intensity of hemoglobin gradually 
decreased when the solution of QCT is added8. 
QCT binds to HbA with high affinity and strongly 
quenches its intrinsic (tryptophan) fluorescence by 
static quenching. Stern-Volmer study indicates that 
static along with quenching mechanisms are 
accountable for the quenching of protein 
fluorescence by QCT. The fluorescence quenching 
data are analyzed by the Stern–Volmer equation 

 
Where F0 and F are the fluorescence intensities 
before and after the addition of the quencher, 
respectively. [Q] is the concentration of the 
quencher and KSV is the Stern–Volmer quenching 
constant. The quenching constant can be explained 
as the association constant or binding constant of 
the complexation reaction as static quenching arises 
from the formation of a dark complex between the 
fluorophore and the quencher. 
There is another similar study of quenching of 
fluorescence of egg albumin (EA) in SPAN 40 by 
binding with QCT. The results of this fluorescence 
quenching experiment illustrate that there is a 
strong binding force between QCT and egg albumin 
and that the binding site formed would be one. 
Drug, is bound to EA and a drug–EA complex is 

formed, which resulted in the quenching of the 
fluorescence of the egg albumin9. 
The same thing also studied using human serum 
albumin (HSA). i.e. the quenching of intrinsic 
fluorescence of HSA in presence of different 
concentrations of QCT. 
 
APPLICATIONS 
Determination of germanium in drugs and whole 
meat oats 
A spectrofluorometric method is described for the 
determination of germanium (IV) based on its 
complexation reaction with QCT. It is based on the 
instant formation of the fluorescent complex of 
QCT with Ge (IV) in presence of a non-ionic 
surfactant. This method for determination of 
germanium is sensitive, offers a shorter analysis 
time, a minimal consumption of organic solvent and 
a more extended linear working range11. 
Quantitative determination of proteins 
The interactions of small molecules like QCT with 
biomolecules such as proteins and nucleic acid have 
aroused great interest among chemists and 
biologists. The study of supramolecular interaction 
between them is useful for understanding the 
structures and functions of biomolecules. The 
quantitative determination of proteins is very 
important in clinical tests and biological techniques 
because it is often used as a reference for the 
measurement of other components in biological 
systems12. 
Detection of copper ions in water 
A natural QCT-based fluorescent sensor for highly 
sensitive and selective detection of copper ions has 
been studied. The QCT fluorescent sensor after 
binding to Cu2+ ions in pH 7.40 buffered solution 
showed a quenching of fluorescence emission 
intensity applied to the quantification of Cu2+ ions 
in water samples13. 
Study of intracellular metabolism of QCT 
QCT exhibit a specific fluorescence when bind with 
intracellular proteins. QCT, at physiologically 
relevant concentrations was found to exhibit a 
specific fluorescence (488 nmex/500−540 nmem) 
upon internalization. This property provides a 
valuable, selective alternative technique for QCT 
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tracing in cellular system, permitting the 
quantitative evaluation of its transit at 
pharmacologically relevant concentrations and 
validation of number of already described molecular 
functions14. 
Estimation of QCT 
Florescence property of QCT has been used for its 
estimation in formulations and plants. The 
estimation QCT in formulation is based on the 
formation of aluminum complex in acidic pH with 
enhanced fluorescence and stability5

.
 Fluorimetry 

has also been used for the simultaneous estimation 
of QCT and glycyrrhizin in plants15. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure No.1: Structure of Quercetin 

 
Effect of pH on the intensity of fluorescence of 

Aluminum (III)–QCT complex 
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Fluorescence Emission Spectra of HbA with QCT 

 
CONCLUSION 
The review has revealed that quercetin has a 
complex fluorescence property and it is not fully 
exploited for its analytical applications. This review 
article may be useful to the researcher to carry out 
the Quercetin (QCT) in the field of pharmaceutical 
sciences.  
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Abstract: Syndrome of inappropriate antidiuretic hormone secretion is a clinical syndrome which enhance the secretion 

or action of ADH (antidiuretic hormone),which causes the body to retain water and certain levels of electrolytes in the 

blood to fall (such as sodium) .It is the most common cause of hyponatremia seen in hospitalized patients. It has various 

etiologies like malignancy, pulmonary diseases, CNS diseases and some medications. Symptoms of SIADH depend on 

the degree of hyponatremia and the rate at which it develops. Serum sodium below 120mmol/L can cause life-threatening 

symptoms, while gradual decline causes nonspecific symptoms. Vasopressin-receptor antagonists (vaptans) would 

provide a more effective method to treat hyponatraemia secondary to SIADH. The review focuses on syndrome of 

inappropriate antidiuretic hormone secretion as a cause of Hyponatremia and management of it which may help in the 

prevention of Hyponatremia. 

Keywords: syndrome of inappropriate antidiuretic hormone secretion (SIADH), hyponatremia. 

 

INTRODUCTION  

Hyponatremia is defined as a decrease in the 

serum sodium concentration (<135mmol/L), is the most 

common electrolyte disturbance encountered in clinical 

practice. It is seen in 15–28% of hospitalized patients 

especially the geriatric population [1, 2]. Many 

hyponatremic cases are mild and asymptomatic but in 

severe cases show several neurological symptoms and 

even death may occur. Hyponatremia and it treatment 

can either directly or indirectly cause substantial 

morbidity and mortality. Mortality rate is higher in 

severe hyponatremic patients with wide range of 

underlying diseases and also the risk increases due to 

overly rapid correction. 

 

Mainly hyponatremia is caused by either 

dilution of the serum sodium concentration or by the 

excessive sodium/potassium losses in excess of water. 

However majority of hyponatremia cases are due to 

excess water retention by the kidney as result of 

arginine vasopressin secretion.  

 

Syndrome of inappropriate antidiuretic hormone 

secretion (SIADH) 

SIADH is a clinical syndrome, which enhance 

the secretion or action of ADH (antidiuretic hormone). 

It is the most frequent cause of hyponatremia; this 

condition was first described in patients with 

bronchogenic carcinoma in whom a physiologic 

stimulus for release of the antidiuretic hormone was 

lacking, by Bartter and Schwartz [3]. In a healthy body, 

arginine vasopressin (AVP) or antidiuretic hormone 

(ADH) is secreted from the posterior lobe of the 

pituitary gland in response to a decrease in plasma 

volume or an increase in serum osmolality to retain the 

water. A patient with SIADH; arginine vasopressin was 

independent of plasma osmolality and have unregulated 

secretion of vasopressin cause hypo tonicity of the 

serum. As a result of high concentration of vasopressin 

combined with water intake leads to antidiuresis finally 

resulting in hyponatremia. 

 

Causes of SIADH 

In SIADH the increased secretion of ADH by 

the posterior pituitary gland is due to various conditions 

like malignancy, pulmonary disorders, CNS disorders 

and some medication these are summarized in Table-1. 

 

SIADH is common in malignant patients 

associated with ectopic secretion ADH, especially with 

small cell carcinoma of the lung [4]. In addition many 

drugs can stimulate the stimulation AVP secretion or 

enhance its action (SSRIs, TCAs). It has been estimated 

that 12% of the hospitalized patients on SSRI therapy 

develop SIADH and the drug 3, 4- Methylene 

dioxymethamphetamine which is an illegal recreational 

drug cause SIADH induced hyponatraemia [5]. Many 

central nervous system (CNS) disorders like stroke, 

brain tumor, infective disorders, trauma and 

hemorrhage can enhance the ADH release are 

associated with SIADH. 70% of the patients with 

subarachnoid hemorrhage may develop hyponatraemia 
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due to SIADH [6]. It also commonly occurs after 

surgery (postoperative states) in patients who undergo 

major abdominal and thoracic surgical procedures as 

well as chronic pain syndromes can result in increased 

secretion of ADH. SIADH is one of the most frequent 

causes of hospitalized patients with AIDS, which is 

related to adrenal insufficiency [7]. 

 

 

Table 1: Causes of SIADH 

Malignant diseases 

 

 

Pulmonary 

Disorders 

 

Drugs 

 

CNS Disorders 

 

 

Miscellaneous 

 

Small cell lung 

cancer 

Neck cancer 

Mesothelioma 

GI tract malignancy 

Pancreatic 

malignancy 

GU tract malignancy 

Lymphoma 

Sarcoma 

 

Pneumonia(bacterial, 

viral) 

Tuberculosis 

Abscess 

Aspergillosis 

Positive 

pressureventilation 

 

Selective serotonin 

reuptake inhibitors 

Tricyclic antidepressants 

Phenothiazines 

Haloperidol 

Carbamazepine 

Desmopressin 

Prostaglandins 

3,4-Methylene 

dioxymethamphetamine 

Quinolones 

Leveteiracetam 

Cyclophosphamide 

Vincristine 

NSAIDS 

Meningitis 

Encephalitis 

Subarachnoid 

haemorrhage 

Subdural haemorrhage 

Traumatic brain injury 

Brain tumors 

Multiple sclerosis 

Guillain–Barre 

syndrome 

Acute intermittent 

porphyria 

 

HIV 

Hereditary 

Pain 

Idiopathic 

postoperative 

 

 

Clinical features 

The symptoms of SIADH depend on the 

degree of hyponatremia, the rate at which hyponatremia 

develops and osmotic gradient between intracellular and 

extracellular fluids. Patients who having mild 

Hyponatremia (>130 mmol/l) which decreases slowly 

over a long period of time may be completely 

asymptomatic [8].  Patients, with serum sodium 

concentration in between125 and130 mmol/l there can 

be nonspecific symptoms such as anorexia, vomiting, 

nausea, irritability, headaches, lethargy and muscle 

cramps. Patients who have undergone rapid declines in 

sodium concentration tend to have more symptoms. A 

serum sodium concentration less than 120 mmol/l is 

considered serious, irrespective of the rate of decline. 

With this degree of hyponatremia, patients can 

experience cerebral edema, which may cause headache, 

nausea, restlessness, irritability, muscle cramps, 

lethargy, hyporeflexia, confusion, coma, or seizures and 

also can cause permanent brain damage and even death 

[9]. 

 

Diagnosis of SIADH 

The diagnosis of SIADH should carried out 

carefully; since it has various etiologies .A complete 

medical history including co morbidities ,current  

medication, patients symptoms and physical 

examination are essential .There are no significant 

findings in the physical examination of a patient with 

SIADH, although signs of dehydration or edema would 

make the diagnosis unlikely. Patients with moderate to 

severe hyponatremia need to be thoroughly assessed to 

find out potential complications. 

 

The key points in diagnosing SIADH are the 

serum sodium concentration, urine sodium 

concentration, tonicity of plasma and urine and clinical 

volume status. 

 

Diagnostic criteria for the diagnosis of SIADH 

1. plasma osmolality<280 mosmol/kg, or 

1. Plasma sodium concentration <135 mmol/l 

2. Inappropriate urinary concentration (Uosm>100 

mosmol/kg) for hyponatraemia 

3. Patient is clinically euvolaemic 

4. Elevated urinary sodium (>40 mmol/l), with 

normal dietary salt and water intake 

5. Exclusion of hypothyroidism, diuretics therapy and 

glucocorticoid deficiency  

 

SIADH as a diagnosis of exclusion, it is 

important to rule out thyroid, liver, cardiac, adrenal and 

kidney dysfunction through laboratory testing likes 

thyroid-stimulating hormone level, cortisol stimulation 

test, brain natriuretic peptide level, liver function tests, 

serum blood urea nitrogen level, and serum creatinine 

level)  [9, 10]. Hypouricemia  may be caused as a result 

of increased excretion of nitrogen waste and plasma 

dilution. 

 

Management of SIADH   

Accurate diagnosis of SIADH and the 

differentiation from other causes of hyponatremia is the 

first essential step in determining appropriate treatment. 

The treatment of SIADH is largely based on expert 

opinion and uses agents commonly approved for 

indications other than for hyponatremia [11]. These 

treatment agents include fluid restriction, 

demeclocycline, lithium, loop diuretics in combination 
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with salt tablets, urea tablets and hypertonic saline (3% 

NaCl). Fortunately, this situation has recently improved 

with vasopressin receptor antagonists, also known as 

vaptans. 

 

Fluid restriction 

Fluid restriction is the first line treatment of 

SIADH-induced mild hyponatremia not requiring 

urgent intervention. It is about 800 – 1200 ml per day is 

generally advised, according to severity of 

hyponatraemia. Fluid restriction causes a negative fluid 

balance that will increase the serum sodium 

concentration but it not enough to manage symptomatic 

hyponatraemia.  

 

Demeclocycline  

Demeclocycline is a tetracycline derivative, 

which is used in the treatment of SIADH. The 

recommended dosage for SIADH is 600–900 mg/day. It 

cause nephrogenic diabe¬tes insipidus, this effect has 

been used to treat the hyponatremia of SIADH [12]. 

 

Lithium  

Lithium carbonate, an antidepressant drug also 

causes nephrogenic diabetes insipidus and this property 

of lithium has been used to treat SIADH. The efficacy 

of lithium is unpredictable as not all patients develop 

nephrogenic diabetes insipidus and it not consider as 

long term treatment for SIADH. Nephrogenic diabetes 

insipidus is not always reversible,  with chronic 

treatment sometimes producing interstitial nephritis  

and end-stage renal failure [13]. 

 

Saline infusion 

Intravenous infusion of hypertonic saline (3% 

and 5%) mainly used for the correction of severe 

hyponatraemia, with serious or life threatening 

neurological complication as it rapidly raise the serum 

sodium. For patients with severe neurological 

symptoms, an IV bolus of 100ml 3% saline can be 

administered. 

 

Plasma sodium concentration will rise in some 

patients with SIADH who are treated with intravenous 

normal (0.9%) saline, particularly if urine osmolality is 

less than >530mOSm/kg. However this normal saline is 

used for patients in whom the differentiation between 

hypovolaemia and euvolaemia is difficult; in this 

situation, intravenous saline is a safer first line 

treatment than fluid restriction because fluid restriction 

may exacerbate hypovolaemic hyponatraemia. 

 

Urea  

Urea has been used to correct hyponatremia in 

SIADH because it cause osmotic diuresis and enhanced 

water excretion in dosages of 10–40 g/day. 

 

Loop diuretics 

Loop diuretics can be used to treat SIADH 

because it induces a water diuresis. Furosemide may be 

given orally or intra¬venously in a dosage as high as 

10–40 mg/h, with or without replacement of any sodium 

lost by infusions of 3% saline. These regimens have 

been used successfully to treat SIADH.  

 

Vasopressin receptor antagonists (vaptans) 

The recent introduction of renal vasopressin 

receptor antagonists (conivaptan, tolvaptan) represents a 

new efficient management of SIADH. These are the 

first agents approved specifically for the treatment of 

SIADH. Vaptans work by preventing the antidiuresis 

caused by circulating vasopressin and cause removal of 

water from the body without loss of electrolytes results 

in an increase in serum [Na+].Tolvaptan which is 

available in oral form is indicated for patients with 

clinically significant euvolemic or hypervolemic 

hyponatremia (serum sodium <125 mmol/L) and also 

for mild hyponatremia (serum sodium<125–135 

mmol/L) in symptomatic patients, including patients 

with heart failure and SIADH that has resisted 

conventional therapy . The recommended dosage for 

SIADH is 15–30 mg/day.Conivaptan is available as 

intravenous parenteral preparation for euvolemic 

hyponatremia caused by SIADH .An initial loading 

dose of 20 mg over 30 min is recommended and 

followed by a continuous infusion at a rate of 20 

mg/day for up to 4 days [14]. 

 

CONCLUSION 

In this present scenario, Hyponatraemia is the 

commonest electrolyte abnormality and SIADH is the 

most frequent underlying pathophysiology. An accurate 

diagnosis is essential for the treatment of SIADH so 

must consider patient’s co morbidities, medication, and 

symptoms. As a diagnosis of exclusion, appropriate 

tests must be done to find out other potential causes of 

hyponatremia. The introduction of the vasopressin-2 

receptor antagonists has allowed clinicians specifically 

target the underlying pathophysiology of SIADH .Early 

diagnosis and appropriate treatment will prevent serious 

complications of this common disorder. 
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Abstract: Intravenous (IV) medications are common among hospitalized patients. Medication, fluids, nutrition, and 

blood products can all be given via the intravenous route. It is the first choice for patients requiring sudden therapeutic 

effect, those with life threatening disease, unconscious patients, patients with vomiting etc. Depending on the medicine 

and therapeutic effect needed expert health professional decides the effective way of administration like bolus injection, 

continuous infusion, and intermittent infusion. Bolus injection provides a quick response. Some drugs which are typically 

given by IV route include immunoglobulin medications, medicines for pain management such as hydromorphone and 

morphine, antifungal drugs like micafungin and amphotericin, Antibiotic drugs like vancomycin, meropenem and 

gentamycin etc. Even though IV route provides 100% bioavailability it also possesses some side effects and 

complications. Sometimes it can lead to serious infections, phlebitis, air embolism, blood clots, hypersensitivity reactions 

etc. But these side effects can be minimized by careful intravenous administration. 

Keywords: Intravenous (IV), drug administration 

 

INTRODUCTION 

In modern medical practice, up to 80% of 

hospitalized patients are on intravenous (IV) therapy at 

some point during their admission. It is often used 

because of its good bioavailability.  Medication, fluids, 

nutrition, and blood products can all be given via the 

intravenous route [1] although common; these practices 

are not devoid of complications, which may lead to 

mortality and morbidity, increased duration of hospital 

stay, and significant costs. 

 

ADMINISTRATION OF DRUGS BY THE 

INTRAVENOUS ROUTE 

Generally drugs are administered intravenously 

under certain circumstances .If possible patient can be 

treated with oral dugs to increase ease of drug 

administration and also patient discomfort and irritation 

can be reduced 

 Patients with serious or life threatening diseases 

can be given intravenous drugs to get the 

therapeutic effectiveness as early as possible. This 

practice is welcomed because a sudden therapeutic 

intervention is needed in critically ill patients 

which can be obtained through IV route[2] 

 Some drugs may be available only as intravenous 

drugs and can’t be used by other routes. For 

example, aminoglycoside antibiotic won’t be 

absorbed via gastro-intestinal tract, so that it can be 

administered via IV route 

 Patients who are unable to take medicines orally, 

like those with vomiting are given intravenous 

medicines 

 Unconscious patients should not be given oral 

medicines as they can’t swallow ,instead they are 

given intravenous medications 

 

ROUTE 

For effective drug administration route of 

consumption of medicine is important. IV route is one 

of the best routes which ensure 100% bioavailability. 

Peripheral IV therapy is categorized into bolus 

injection, intermittent infusion and continuous infusion. 

Route of administration is selected based on medicine 

and its therapeutic effect [3]. Bolus injection is used 

when quick response and high blood concentration are 

needed. It is also recommended when patient is fluid 

overloaded and if medicine is not chemically stable in a 

solution [4]. Intermittent infusion reduces risk of 

adverse reactions, for example, bolus antibiotics. 

Medicines not chemically stable for continuous route, 

for example, benzyl penicillin are given as intermittent 

infusion. Continuous infusion is used when constant 

effect and blood level are required. 

 

DRUGS TYPICALLY GIVEN BY INTRAVENOUS 

ROUTE 

Drugs that are commonly administered by 

intravenous route include: 

 Dopamine, epinephrine, nor-epinephrine, 

dobutamine etc. which are used for low blood 

pressure  

 Immunoglobulin medications (IVIG) 

 Medicines for pain management such as 

hydromorphone and morphine 
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 Antifungal drugs like micafungin and amphotericin 

 Antibiotic drugs like vancomycin, meropenem and 

gentamycin 

 Drugs used for chemotherapy like doxorubicin, 

vincristine, cisplatin etc[5] 

 

SIDE EFFECTS 

Every drug has corresponding side effects. 

Although intravenous drugs are found to be more 

effective, it also possesses some side effects. As their 

action is fast, occurrence of side effects are also faster. 

 

Infection 

Use of sterile equipments for IV therapy 

reduces chances of infection which can occur at the 

injection site. If the infection spreads to the blood 

stream it can be dangerous. Fever, chills, redness, pain, 

and swelling at the injection site are all symptoms of 

infection [6]. 

 

Air embolism 

If air get trapped in the IV line, it can be 

dangerous. If air gets inside the syringe, it can travel 

over the blood vessels to heart and can even cause heart 

attack and stroke. This problem can be overcome by 

careful drug administration by experts. 

 

Blood clots 

Blood clots can be formed as a result of IV 

drug administration. Clots can block important blood 

vessels and damage the tissues. Deep vein thrombosis is 

one such disease which can occur as a result of IV 

treatment [7]. 

 

Hypersensitivity 

This is one of the most serious consequences 

of IV therapy. The patient may be allergic to the 

cannula, skin antiseptic preservatives, or any other 

components of IV therapy. Reaction can vary from a 

rash, itching, and hives to bronchial spasm and 

anaphylaxis 

 

CONCLUSION 

Intravenous medications are often prescribed 

for inpatients due to their high bioavailability. It is a 

better choice of treatment as it produces quick response 

and fast therapeutic effect [8]. Even though IV route 

provides 100% bioavailability it also possesses some 

side effects and complications. Also it produces 

discomfort and irritation to some patients. It lengthens 

hospital stay and also increases hospital costs. 

Sometimes it can lead to serious infections, phlebitis, 

air embolism, blood clots etc. It will be better if it gets 

switched to oral formulation with same bioavailability 
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ABSTRACT 
Mosquitoes are the important and major blood-sucking vectors and it transmits parasites and pathogens which 
cause devastating impact on human beings. The most common  diseases  associated   with mosquitoes are 
dengue fever, chikungunya, yellow fever and the worst, dengue hemorrhagic fever where Aedesaegypti is one of 
the  mosquito  species  responsible  for  the  transmission  of  these vector  borne  diseases . Natural products of 
plant origin are preferred over synthetic insecticides due to their eco-friendly nature.Plant essential oil have 
been valued as insecticides owing to their broad spectrum of activity. Mosquito control includes targeting the  
adult  mosquito  through  spraying  chemical insecticides  or  by  killing  the  mosquito  larvae  before  they 
emerge  into  adults  via  using  synthetic  larvicides  or  botanical extracts as an alternative larvicide. 
Keywords: Larvicidal activity,Herbal oil,Herbal extract 

1. INTRODUCTION 

Mosquitoes are responsible for the spread of more 
diseases than any other group of arthropods. 
Mosquito borne diseases still remain a major health 
problem in both human and veterinary sectors[1]. 
Mosquitoes belonging to three genera Culex, 
Anopheles and Aedes are known to transmit major 
mosquito borne diseases. Mosquitoes belonging to 
the genera Anopheles, Culex and Aedes are the 
vectors for the pathogens of different diseases such 
as malaria, filariasis, Japanese encephalitis, dengue 
and dengue haemorrhagic fever, epidemic 
polyarthritis, yellow fever and chikungunya. These 
diseases devastate Indian economy every year. 
Tropical areas are more vulnerable to parasitic 
diseases and the risk of contracting arthropod-borne 
illnesses is increased due to climate change and 
intensifying globalization. Worldwide, mosquitoes 
transmit diseases to more than 700 million people 
annually and are responsible for 1 death for every 17 
people currently alive[2]. Mosquito control has 
become increasing difficult of the indiscriminate uses 
of synthetic chemical insecticides which has an 
adverse impact on the environment and disturb 
ecological balance. Majority of the chemical 
pesticides are harmful to man and animals, some of 
which are not easily degradable and spreading toxic 

effects. The herbal  preparations are the ones that do 
not produce any adverse effects in the non-target 
organisms and are easily biodegradable. 
Phytochemicals derived from plant sources can act as 
larvicides, insect growth regulators, repellents, and 
oviposition attractants[3]. 

2. MOSQUITO LIFE CYCLE 

Egg - hatch when exposed to water; 
Larva - (pl. - larvae) lives in the water; molts several 
times; most species surface to breathe air; 
Pupa - (pl. - pupae) non-feeding stage just prior to 
emerging as adult; 
Adult - flies short time after emerging and after its 
body parveve have hardened. 

 
Figure 1: Mosquito life cycle 
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2.1HERBAL OIL: 

Essential oils play an important role in controlling 
several mosquito species. In general, essential oils 
from plants have been considered important natural 
resources to act as insecticides. Essential oils derived 
from various plants not only exhibit inhibitory activity 
against bacteria, fungi and termites but also show 
strong mosquito repellent and larvicidal activities. 
Herbs are obtained from the leaves of herbaceous or 
non-woody plants and various forms of herbs 
including dried leaves and teas[4]. 
 

2.2 NEEM OIL  
 

Neem seed oil is very bitter. Neem consists of the 
fresh or dried leaves and seed oil of 
Azadirachataindicaof the family Meliaceae. With a 
garlic/sulfur smell and contains vitamin E and other 
essential amino acids. The various components of the 
oil are oleic acid, stearic acid, palmitic acid,linoleic 
acid and various lower fatty acids[5].Oil contains 
azadirachtin, which is the most predominant 
insecticidal active ingredient, having antefeedent, 
ovipositional deterrence repellency, growth 
disruption, sterility and larvicidal action against 
insects. Azadirachtin acts as anti-ecdysteroid and kills 
larvae by growth inhibition effect.A neem oil 
formulation containing 32% neem seed oil, 
anemulsifier (5%) and 63% isopropanol (solvent).The 
larvae were exposed to different concentration of the 
formulation. The larvicidal activity of the formulation 
was evaluated against Anopheles, Culex and Aedes 
mosquitoes.The neem oil formulation was found 
effective in controlling mosquito larvae in different 
breeding sites under natural field conditions[6]. 

2.3 CALAMUS OIL 

Acoruscalamus L.is a semievergreenperennial with 
scented rhizomes.The plants have long creeping roots 
that spread out just below the surface of the soil. 
These rhizomes spread horizontally and can grow to 
almost 2m in length for old, well-established 
specimensoil against the filarial vector mosquito, 
Culexquinquefasciatus. The essential oil was isolated 
by hydro-distillation and the chemical composition of 
the oil was analyzed by gas chromatography and gas 
chromatography- mass spectroscopy analysis. The 
larvicidal activity of the essential oil was analyzed at 
different concentrations, viz., 12.5, 25.0, 50.0, 100.0 
and 200.0 mL/L. Early 4th instar larvae were used for 
the larvicidal assay. The larval mortality was 

calculated after 24h of the exposure. The gas 
chromatography and gas chromatography- mass 
spectroscopy analysis showed that the essential oil 
extracted from the rhizome of Acoruscalamus 
contained 20 chemical compounds representing 
about 99.99% of the total oil. Beta-asarone (33.36%), 
cis-beta-terpineol (23.44%), limonene (13.08%), 
carvone (5.64%) and amyl isovalerate (4.92%) were 
identified as the major chemical compounds. The 
essential oil had promising larvicidal effect against 
the early 4th instar larvae of Culexquinquefasciatus 
with LC50 value of 63.43 mL/L and LC90 value of 
145.95 mL/L.  The essential oil of 
Acoruscalamusrhizome can be used as a natural 
larvicidal agent against the larvae of filarial vector 
mosquito, Culexquinquefasciatus[7]. 

2.4 FENNEL OIL 

Fennel is a flowering plant species in the carrot 
family.It is a hard,perennial herb with yellow flowers 
and feathery leaves.Highly aromatic and flavorful 
herb with medicinal uses.The main constituents are 
trans-anethole,fenchone,estragole,limoneneand cis-
anethole. The isolated oil from fennel aerial parts 
collected in Cape Verde and from a commercial 
fennel oil of Portugal were analysed by NMR, GC and 
GC-MS. Trans-Anethole (32 and 30%, respectively), 
limonene (28 and 18%, respectively) and fenchone 
(10% in both cases) were the main compounds 
identified in the oil isolated from fennel from Cape 
Verde and Portugal, respectively. The larvicidal 
activity of the oil and its major constituents were 
evaluated, using WHO procedures, against third 
instar larvae of Aedesaegypti for 24 h. Pure 
compounds, such as limonene isomers, were also 
assayed. The lethal concentrations LC50, LC90 and 
LC99 were determined by probit analysis using 
mortality rates of bioassays. A 99% mortality of 
Aedesaegypti larvae was estimated at 37.1 and 52.4 
µL L-l of fennel oil from Cape Verde and Portugal, 
respectively. Bioassays showed that fennel oil from 
both countries displayed strong larvicidal effect 
against Aedesaegypti, the Cape Verde oil being as 
active as one of its major constituents, (-)-limonene[8]. 

2.5 PEPPERMINT OIL 

Peppermint oil is obtained from the leaves of the 
perennial herb, MenthapiperitaL. and 
Menthaarvensis var. piperascens a member of the 
Labiatae family. Oil iscolorless, pale yellow or pale 
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greenish-yellow liquid having characteristic odour 
and taste followed by a sensation of cold.It is freely 
soluble in ethanol (70%).  India is world’s largest 
producer and exporter of mint oil. The constituents 
and derivatives of mint oil are used in food, 
pharmaceutical and perfumery and flavouring 
industry. Its main constituent, menthol, is used in the 
manufacture of lozenges, toothpastes, pain balms, 
cold balms, DaburPudin Hara.The oil is present on the 
undersides of the leaves which can be extracted by 
steam distillation method.The oilobtained is further 
processed by rectification and fractionation before 
use[9].Perkin Elmer 3920B Gas chromatograph was 
used for the chemical analysis of oil.The major 
components identified were menthol 
(81.1%),menthone(5.8%),isomenthone(4.9%),menthy
lacetate(1.6%) and neomenthol(2.9%). Aedesaegypti, 
Anopheles stephensiand Culexquinquefasciatus by 
exposing third instar larvae of mosquitoes in enamel 
trays 6×4 inch sq size filled to a depth of 3 inch with 
water.Out of the 3 species tested 
Culexquinquefasciatus was more susceptible followed 
by Aedesaegypti and Anopheles stephensi.The oil 
showed strong repellent action against adult 
mosquitoes when applied on human skin[10]. 

3. HERBAL EXTRACT 

Plants are found to be alternative agents for control 
of mosquitoes as they possess bioactive 
chemicals,that has activity against species including 
specific target-insects. Many secondary metabolites 
present in plants shows defense mechanism against 
insect attacks. So these bioactive chemicals may act 
as insecticides, antifeedants, moulting hormones, 
oviposition deterrents, repellents, juvenile hormone 
mimics and growth inhibitors. The plant extracts and 
isolated compounds from different plant families 
were evaluated for their larvicidal activities. 

Recent research proved the effectiveness of plant 
derived compounds, such as saponine, steroids, 
isoflavonoids, essential oils, alkaloids and tannins has 
potential mosquito larvicides. Plant secondary 
metabolites and their synthetic derivatives provide 
alternative source in the control of mosquitoes[11] . 

3.1 ALOEVERA LEAF EXTRACT 

Aloe vera is a perennial plant belonging to the family 
of Liliaceae.Bacillus sphaericus is a naturally occurring 
soil bacterium and its unique property is to control 

mosquito larvae in water.Aedesaegypti is an arbo-
virus which is responsible for dengue fever.Aloevera 
leaf extract and Bacillus sphaericusshowed synergistic 
activity. They can also reduce physiological resistance 
in mosquito population[12]. 

3.2 SOLANUM VILLOSUM BERRY EXTRACT 

Solanumvillosum is an ayurvedic herb and commonly 
known as red-fruit night shade with multiple 
medicinal properties.Aqueous and polar/non-polar 
solvent extract of fresh, mature, green berries of 
solanumvillosum is used.The isolated bioactive 
phytochemical from the plant could be used in 
stagnant water bodies which are known to be the 
breeding grounds for mosquitoes.It shows larvicidal 
activity against dengue vector Stegomyiaaegypti[13]. 

3.3 PINUS CARIBAEA LEAF EXTRACT 

Pinuscaribaeais also known as Brazilian pine and it 
contain a chemical compound known as lignin.It is 
mainly used in wood industry. It contain resin used 
for the manufacture of gums,cleaning materials.The 
extract of Pinuscaribaea were obtained by 
macerating dried leaves in alkaline 
hydroethanol,ethanol and acetone solutions followed 
by evaporation under reduced pressure. The lignin 
content was quantified using the thioglycolic acid 
complexation method.The acetone extract of 
Pinuscaribaea is more active compared to other 
extracts and it shows its larvicidal activity against 
Aedesaegypti[14]. 

3.4 ELETTARIA CARDAMOMUM LEAF EXTRACT 

Cardamom is a dried fruit of an herbaceous perennial 
plant belonging to the genus Elettaria and 
Cardamomum of the family Zingiberaceae.This plant 
is mainly found in southern India and Sri Lanka.Four 
different types of solvents are used for extraction and 
they are hexane,ethyl acetate,methanol and 
chloroform.The extraction was done by using soxhlet 
apparatus.The larvicidal activity of crude extract was 
performed against the vector Anopheles 
stephensi.The maximum larvicidal activity was 
observed for methanol extract followed by 
chloroform,ethyl acetate and hexane leaf extract.The 
leaf extracts of plant Elettariacardamomumwas 
found to control the larvae stages of vector 
mosquitoes[15]. 
 
 



 Sonia Ninan, et.al, Journal of Drug Discovery and Therapeutics 
 

 
© 2017 All Rights Reserved.                                                                                                         CODEN (USA): JDDTBP 

 
Page 13 

3.5 VITEX NEGUNDO EXTRACT 

Vitexnegundo is a large aromatic shrub up to 4-5 
meters in height and they belong to the family 
Verbeneaceae.It is used for its anti-inflammatory and 
analgesic activity.The extraction of the plant is done 
by using two solvents such as water and 
methanol.The aqueous and methanolicextract 
ofVitexnegundo has significant larvicidal activity 
against all the three species Culexquinquefasciatus, 
Anopheles stephensi and Aedesaegypti.The 
relationship between percentage mortality of larvae 
and logarithmic concentration of the substance was 
determined by probit regression model.Corrected 
mortality can be determined by Abbots formula. 
Fractions of methanolic and aqueous extracts can be 
screened for its larvicidal activity and this would help 
to formulate an effective larvicidaldrug[16]. 

3.6 CASSIA OCCIDENTALIS EXTRACT 

The plant Cassia occidentalis is described in Ayurveda 
and Siddha as a potent drug.The seeds are 
bitter,sweet,acrid,diuretic,expectorant and useful in 
ulcer,cough,fever,hiccough.The leaves are 
bitter,acrid,sweet, thermogenic and useful in the 
vitiated condition of vata and kapha 
leprosy.Culexquinquefasciatus is an important vector 
of Bancroftianfilariasis in tropical and subtropical 
regions.The extraction was performed in soxhlet 
apparatus.The solvents used for the extraction are 
petroleum ether and N-butanol. Larvicidal activity 
was performed in accordance with WHO 
guidelines.The percentage of crude mortality was 
corrected by Abbot’s formula[17]. 

4. CONCLUSION 

The control of mosquito vectors has become more 
difficult because some mosquitoes have rapidly 
become resistant to insecticides and synthetic 
repellents.The plants high larvicidal activity is 
supported by the presence of phytochemicals such as 
alkaloids, saponins, flavonoids,steroids and tannins 
which showed combination effects in terms of 
larvicidal action to mosquito larvae.The plants are 
sources of potential mosquito larvicideand can be 
effectively used to produce less expensive and safe 
compounds to control mosquito vectors in India. 
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Abstract: Infections are common in hospitalized neuro patients, among this nosocomial infections seems to be most 

encountered one in critically ill patients. In addition infections can develop as complications in ICU patients including 

post-operative neurosurgical patients. While bacterial and fungal infections are also frequently seen. Patients admitted to 

the neuro intensive care units are highly vulnerable to these infections because of their critical nature of illness, the 

frequency of associated trauma and the presence of invasive devices. Increasing incidences caused by antibiotic resistant 

pathogens also contributes to the seriousness of those infections, which are directly related with patient’s morbidity, 

mortality and hospital costs and affect the quality of health care adversely.  This review focuses mainly on the 

management of various infections in neuro intensive care unit. 

Keywords: Infections, neuro intensive care unit, critically ill patients 

 

INTRODUCTION 

            Central nervous system (CNS) infections are a 

neurological emergency requiring urgent investigation 

and treatment. These infections have been recognized as 

a critical problem especially in a developing country 

like India where proven preventive measures may be 

unobtainable, thus affecting the principal source of 

adverse outcome [1]. Despite recent advances in 

prevention and treatment, the management of these 

infections still poses a challenge to the neuro-ICU 

specialist and must consider timely diagnosis and 

prompt initiation of appropriate antibiotic therapy. This 

article reviews upon common infections in NICU 

including, risk factors ,most prevalent causative agents, 

clinical features and diagnosis, therapeutical 

considerations and prevention . 

 

TYPES OF INFECTIONS 

            These neurological infections can be 

differentiated to three according to the following 

situations in which they occur. I) Nosocomial or 

healthcare associated infections ii) CNS infections 

caused by etiological causes iii) Infectious 

complications in post operative neuro patients. 

According to centers for diseases control, Infections 

which do not exist in incubation period before the 

hospitalization but gained at the hospital are defined as 

nosocomial infections [2]. The most common 

nosocomial infections are  mainly endocarditis, 

bloodstream infections, pneumonia, urinary tract 

infections ,colitis etc .These, infectious complications 

may arise from more ‘exogenous’ sources such as 

transmission of pathogens from ICU personnel or the 

ICU environment [3]. 

 

CNS infections which is caused by various 

etiological reasons include Viral meningoencephalitis, 

Bacterial infections like pyogenic meningitis’s 

,Mycobacterial infections like  tuberculosis meningitis 

Protozoal infections like toxoplasmosis, Systemic 

infections with neurological involvement like dengue 

hemorrhagic fever ,systemic sepsis with multiorgan 

system failure etc [4]. It is associated with various 

indications like coma. Infectious complications in neuro 

ICU patients like meningitis, ventriculitis, encephalitis 

/cerebritis, brain abscess, and subdural or epidural 

emphysema are frequently associated with invasive 

procedures such as craniotomy or placement of 

intracranial necessary devices like intracranial pressure 

(ICP) monitoring or diversion of the cerebrospinal fluid 

(CSF) from an obstructed ventricular system etc [5]. In 

addition sepsis-related neurological complications like 
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septic encephalopathy or critical illness neuromyopathy 

are also seen [6]. 

 

Risk factors  

            Patient related factors, pathogenicity of 

microorganism, and extrinsic factors can affect the CNS 

infections in NICU. Age (<1yr, >60yr), majority of 

trauma and burning, immune deficiency, presence and 

severity of systemic diseases, radiotherapy and 

chemotherapy, long duration of the ICU period, 

immobilization cause of the neurological deficit are 

patient related factors [7] . Presence of the invasive 

procedures (surgery, endoscopy), multiple 

catheterizations (urinary catheter, central or peripheral 

catheters, shunts), or external drainage, and duration of 

the catheters are extrinsic factors [8]. Colonization and 

résistance of the pathogen is another factor related with 

the incidence and severity of the nosocomial infection 

in NICU. Frequent manipulations and contact are other 

risk factors. 

 

Causative agents 

             The most common pathogens are E.coli, 

Enterococcus spp., P. aeruginosa, S. aureus, coagulase-

negative staphylococci, and Enterobacteria in intensive 

care units. These pathogens can be classified as aerobic 

(80-90%), or anaerobic (2-5%) bacteria, virus or 

parasite (5%) infections, recently fungal infections are 

also increasing (7%). However, every hospital has their 

different flora and results for every year [9] .In NICUs 

Staphylococci have been incriminated to be the most 

important and most frequent causative agents (up to 

80%), whereas Gram-negative bacilli account for 10-

15%. Anaerobes and fungi, primarily Candida species 

are rarely seen .It has also been observed that there is a 

parallel relation between increase in prophylactic 

antibiotic use in surgery and increase in MRSA and 

methicillin resistant coagulase negative staphylococcus 

infections. Patients with catheter and tracheostomy in 

NICU are also under the risk for MRSA colonization 

and infections [10]. 

 

 Clinical features and diagnosis 

                Early indications for the presence of detection 

of intra cranial infections are fever, deterioration in the 

level of consciousness or an increase in ICP in the 

comatose or sedated patients [11, 12]. Any suspected 

intracranial infection must prompt an immediate 

diagnostic workup. Neuroimaging and CSF analysis is 

the cornerstones in the diagnosis of CNS infections. It 

should be emphasized that performance of such 

examinations must not delay initiation of anti-infective 

therapy. Imaging modalities like ultrasonography, 

computed tomography (CT), magnetic resonance 

imaging (MRI) can help in anatomical localization of 

the focus of infection. Identification of etiological cause 

of neurological infection requires lumbar puncture and 

cerebrospinal fluid examination by biochemical, 

microbiological and molecular diagnostic methods; 

blood culture and culture of urine, pleural, ascetic and 

other body fluids [13]. Serodiagnostic and molecular 

tests for dengue fever, leptospirosis and scrub typhus 

infections must be carried out. 

 

 Therapeutic considerations 

             Patients with infections, in NICUS are treated 

with empirical antibiotic therapy at first by awaiting 

results for culture sensitivity. Empirical antimicrobial 

therapy of nosocomial intracranial infections must 

consider the most likely pathogens involved, local 

resistance pattern, underlying disease, and patient 

factors such as age, co morbidities, and immune status. 

Also the antibiotics selected must adequately penetrate 

the blood brain and blood CSF barriers [14]. This early 

institution of specific treatment in patients with 

neurological infections can be life saving. A detailed 

description of the various therapeutic regimens 

available for treatment of neurological infections is 

beyond the scope of this review. 

 

Prevention 

            Prevention of infections in NICU is an important 

part in management of infections, it is because of 

difficulties in early diagnosis and subsequent delayed 

initiation of appropriate antimicrobial therapy. 

Preventive measures include following strict aseptic 

precautions during surgery, hand-hygiene, care of 

catheters, devices, and as well as the preventive 

administration of antibiotics in patients undergoing 

neurosurgery [15]. However, the possible induction of 

antimicrobial resistance, leading to major healthcare 

problems, is a significant concern. A relatively new 

option that may overcome this disadvantage is the 

introduction of ventriculostomy catheters impregnated 

with silver nano-particles other preventive techniques 

during neurosurgeries are strict surgical protocols ( e.g. 

hair clipping not shaving) minimizing blood loss and 

tissue trauma ,avoidance of CSF leakage ,use of double 

layer of gloves when handling implantable devices, 

strict hand hygiene for catheter handling etc. 

Furthermore Intracranial pressure monitoring systems 

are directly related with CNS infections, the incidence 

of these infection can be decreased  by using  closed 

systems, shortening device application time period 

etc.[16, 17]. 
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CONCLUSION 

                Infections of the central nervous system are a 

serious complication contributing to morbidity, 

prolonged length of stay in the ICU and/or hospital, and 

mortality of neurocritical care patients. The problem of 

NICU infection may be expected to escalate with the 

increased use of intensive care, increasingly more 

complex surgical procedures and the growing problem 

of antibiotic resistance. Since infection is related to the 

length of ICU stay, earlier discharge of neurosurgical 

patients to an appropriately staffed high dependency 

unit is likely to result in reduction of the infection rate. 

Reinforcement of infection control strategies within the 

ICU may be expected to further minimize the infection 

rate. 
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 Milk adulteration is a common social problem in today. Apart from the ethical and 

economical issue, it also creates health hazards. Some of them may cause renal disease, skin 

disease, eye and heart problem or it may lead to cancer. So, for preventing these, detection 

and control of milk adulteration is very important. It is a common practice by the milk 

supplier to add water. Addition of water changes specific gravity of the milk and its natural 

color gets destroyed. To compensate specific gravity, different types of salt and sugar are 

used. Chemical adulterants are used for various purposes. The common adulterants are starch, 

urea, sugar, formalin, peroxides etc. Many studies on milk adulteration and detection have 

been carried out in different part of India. The present work will give a clear picture of the 

quality of milk available from the local market and this review tries to view the different 

adulterations in the milk samples. By this we can give awareness to the public. 

Please cite this article in press as Justin K Joy et al. Milk Adulteration – A Review. Indo American Journal of Pharmaceutical 

Research.2017:7(04). 
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INTRODUCTION 

Milk is the lacteal secretion produced from the mammary glands of the mammals
 [1]

.Milk in its natural form has very high 

food value. It gives nutrients like carbohydrates, vitamins, fat, protein and minerals in moderate amount in an easily digestible form. 

The important being casein, the major protein of milk lactose the milk sugar and mineral salts 
[2]

.The food guide pyramid gives an idea 

about how much amount of dairy based commodities must be served by an adult a day; it is 2-3 servings. Wholesome milk is the 

choice of every consumer, so the quality of the milk can be maintained only by securing its purity and cleanliness. Good quality milk 

is necessary for quality dairy products.
[3]

. Milk is a delicate commodity, which will get spoiled with the change in environment. In 

order to keep it fresh some unethical practices are done widely. Mainly these kinds of actions are done for the financial benefit and to 

prevent the damage during the transportation 
[4]

. Milk adulteration is an act of intentionally debasing the quality of food offered for 

sale either by admixture with or substitution of inferior substances or by the removal of some valuable ingredients 
[5]

. The nature of 

adulterants generally encountered in milk and milk products are water, removal of fat, addition of skim milk powder, thickening 

agents such as starch, flour, glucose, urea, salt, chlorine. Preservatives such as neutralizers which usually consists of sodium 

bicarbonate, sodium carbonate, sodium hydroxide and calcium hydroxide. Some rare case includes animal fats, aflatoxins and 

vegetable oils
 [2]

. India is a country which uses so many milk products and milk as such in diet. In the last few decades many reports 

have been published on adulteration of milk. 

Water is the most common adulterant always added to increase the volume of milk. It will decrease the nutritive value of 

milk. Contaminated water used for adulteration, poses a health risk especially to infants.
[2, 6]

Addition of water changes specific gravity 

of the milk and its natural color will also get changed. To detect water in milk lactometer is the mostly used scientific instrument. 

Formalin is a potentially hazardous toxic chemical. It is a potential carcinogenic. Formalin is mainly added to increase the shelf life of 

milk sample.
[3, 4]

 Chemical adulterants are used for different purposes. The common adulterants are starch, hydrated lime, sodium 

carbonate, formalin and ammonium sulfate. Sometime synthetic milk is prepared by mixing urea, caustic soda, refined oil, urea and 

detergents which has poisonous effect. A large number of research articles have been published on milk adulteration and detection, 

including some review papers.
 [7]

 This paper tries to review from a different point of view by identifying different milk adulterants and 

the health hazards related to the adulteration. 

 

Present status of milk adulteration: 

Major percentage of natural milk contains water, but milk with added water is a serious concern to the milk consuming 

community.
[8]

 In one hand it decreases the nutritious value; on the other hand chemicals are added to compensate the density and color 

after dilution with water. Since addition of water is the easiest way of adulteration of milk, so a variety of techniques are also available 

for its detection. In a study that was done in Faisalabad shows about 93-97% of the samples were adulterated with water.
[9]

 Water 

content in milk is measured by hydrogen ion concentration which is based on the principle that milk with added water will become 

less acidic. The other method to determine the additional water content in milk is freezing point detection and density analysis by milk 

analyzer lacto scan. The basic principle is that milk diluted with more water freezes quickly and gives different readings at the 

output.
[6]

 Urea provides whiteness, increase the consistency of milk and for leveling the contents of SNF as are present in the natural 

milk.
[10] 

In a study done in Andrapradesh some of the samples showed positive results for urea adulteration.
 [4] 

The results of this study 

were correlated with the Remya et.al
 [11]

. Not only in milk but also the presence of urea as adulterant have been reported in other dairy 

items like Curd, Buttermilk, Butter and Ghee
[12, 13]

.Starch and sugar were added to increase the thickness of milk after addition of 

water. Cane sugar is the commonly used sugar to adulterate the milk. Because sucrose is absent in the milk. 
[9] 

The unethical use of 

these adulterants will lead to some serious health issues. If high amount of starch is consumed this can cause diarrhea due to the 

effects of undigested starch in colon, also the accumulation of cane sugar may prove fatal to diabetic patients. 
[2, 14]

. 

Peroxide and formalin are generally used to preserve shelf life of milk; presence of detergents on the other hand can be due to 

low maintenance of milk tanks while preparation or it can be used to mask fat value of milk
[2]

. The presence of the formalin was 

reported earlier 
[15, 16]

. The presence of formalin may cause abdominal pain , elevated blood pressure, weak irregular pulse and it is a 

potent carcinogen
[17]

in some places the adulteration with hydrogen peroxide were found. 

 

CONCLUSION 

The milk available from the market in India must be analyzed thoroughly. Because India is such a country in which milk and 

milk products play an important role in different food items. Even though we have a good regulatory body, FSSAI, the analysis of 

large number of samples is found to be inefficient. This review gives a clear picture of milk adulteration inside and outside India. So 

stringent measures must be taken to control the adulteration that is harmful. The work that is going to be done in the light of this 

review will give the quality status of the milk that is available from the local market. Milk cannot be completely removed from the diet 

also all could not get the milk directly from the cattle. Thus the analysis of milk and milk products available in the market should be 

done and ensure those of good quality. Thus we can also contribute something to the future society. 
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Abstract: Newer drugs are reaching developing countries in greater number and more quickly. So the speed of drug 

discovery may leads to less information regarding the newer drugs. The unavailable data about drugs leads to developing 

drug related problems. New interactions between medications are increasingly reported. The pharmacists are considered 

as medicine expertise and should know the up to date and detailed knowledge about drugs which are arrived newly in the 

market. This will help the pharmacists to reduce or manage the drug interaction. Drug interactions are complex and 

chiefly unpredictable. A known interaction may not occur in every individual. This can be depends on several factors 

include: genes, physiology, age, life style, drug dose, duration of combined therapy etc. The pharmacists plays important 

role in healthcare team and promote quality of life of patient by communicating with physician and patients. The aim of 

this paper is to highlight the role of pharmacists in management of drug interactions. 

Keywords: Drug Interaction, pharmacists 

 

INTRODUCTION

Drug is defined as a physiologically active 

substance used in the diagnosis, mitigation, treatment or 

prevention of a disease or relief of discomfort. Drugs 

are used to achieve beneficial therapeutic effects, but 

they can also lead to many undesirable consequences 

like reduced, null or increased drug effect. This can be 

due to interactions of various drugs with each other 

when administered together. Now a day there is big 

competition in the field of production and marketing of 

medicines. As new drug approvals occur ever 

increasing speed, there may be less information 

available about their interaction & adverse event. That 

is one of the major reasons for developing drug 

interaction. The occurrence and the severity of a drug 

interaction is affected by many factors such as the 

number of prescribed drugs, treatment duration, 

patient’s age, disease stage, and the number of 

physicians prescribing the drugs. Critically ill patients 

are particularly prone to drug interactions, as they have 

several related risk factors such as higher age, 

multidrug therapy, and long duration of hospital stay 

[1]. 

 

Five to twenty percent of serious adverse drug 

reactions due to DDIs have been reported to result in 

hospitalization or death. Drug interaction is a situation 

in which a substance (usually drug) affects the activity 

of another drug when both are administered together.  It 

is not only prescribed medicines that can interact. Food, 

alcohol etc can also interact with medicines that will 

increase or decrease the ADME of a drug [2]. Drug 

interactions are usually divided into 2 groups 

 Pharmacodynamic Interaction  

 Pharmacokinetic Interaction 

 

Pharmacodynamic Interaction  

In this type of interaction, effect of one drug is 

altered by another drug at its site of action. They 

includes: antagonism, synergism and potentiation. 

 

Antagonism means that one drug reduces or 

blocks the effect of another.  

 

Synergism means that two or more drugs 

work together against one target, producing an effect 

that is greater than the individual effect of the two 

drugs together (like combining two plus two and getting 

five).  

 

Potentiation means that drug a boosts the 

effects of drug B, often by increasing the levels of drug 

B in the blood [3]. 

 

Pharmacokinetic Interaction 

A precipitant drug may alter any portion of an 

object drug’s pharmacokinetic profile. Absorption, 

distribution, metabolism, or elimination of the object 

drug may be affected and can result in either 

modification or minimization of the object drug’s 

intended pharmacological response and a potential 

adverse event [4]. 
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MANAGEMENT OF DRUG INTERACTION 
Association of pharmacist and clinician can 

provide a strong base for quality assured patient care. 

The presence of a pharmacist on the ward became 

a revolutionary feature of developments in the 

pharmacy field.  Pharmacists participate in ward 

rounds with physicians and provide their suggestions 

or recommendations wherever needed. The 

physicians prescribe medicines and the pharmacist 

checks the prescription to ensure rational use of drugs. 

They check whether there is an indication for the 

drug, is it the right drug/dose/duration/dosage/time, 

etc. If there is any deviation from these, they make 

appropriate interventions, inform the prescriber and 

document the interventions. Clinical pharmacists can 

contribute their efficiencies in medication review, 

identification of drug related problems, therapeutic 

recommendations and promotion of medication 

compliance. They obtain medical and medication 

history, check medication  errors   including 

prescription, dispensing and administration errors, 

identify drug interactions, monitor adverse drug 

reactions (ADR), suggest individualization of dosage 

regimen, provide patient counseling, etc. Pharmacists 

should have an up-to-date knowledge in the changing 

world of medicine so that they can effectively 

participate in the identification and management of drug 

interactions
 
[5, 6]. 

 

ROLE OF PHARMACISTS IN MANAGEMENT 

OF DRUG INTERACTION 

After identifying potential drug interactions in 

susceptible patients, the pharmacists can play a major 

role in minimizing drug interactions by various 

methods. It includes: 

 

Avoiding the drug combination which causes the 

drug interaction  
Drug interaction occurs when two drugs are 

administered together. This can be reduced by 

discontinuation of interacting drugs or select an 

alternative drug which possess same effect in the 

treatment of particular disease. 

 

Adjusting the dose 

It is possible to give two interacting drugs 

safely if we adjust the dose of these drugs. 

 

By changing dosing intervals to avoid interaction 

Some drug interactions can be avoided by 

giving the object drug atleast 2 hours before or 4 hours 

after the precipitant drug so that object drug can be 

absorbed into the circulation before the precipitant drug 

appears.  

 

Monitoring for early detection of drug interaction 
In some situations, it is necessary to monitor 

clinical and laboratory parameters for the detection of 

interactions.  

 

Improve computerized screening  
Computerized drug interaction screening will 

also help to identify and reduce a number of clinically 

significant drug interactions [7].
 

 

GUIDELINES FOR THE MANAGEMENT OF 

DRUG INTERACTIONS 

 Tell the patient to read the prescription label on the 

container and if you do not understand something 

or you need more information ask your pharmacist 

or physician. 

 Warn the patient, if any unwanted action produced 

after the administration of interacting drug should 

be reported to concern physician or any other 

healthcare team. 

 Review the past and present medication of the 

patient to identify, resolve, and prevent medication 

related problems, including adverse drug events. 

 Counseling the patient about the administration of 

drug. 

 In case of pregnant and breastfeeding mothers extra 

care should be taken before prescribing any 

medication.  

 Close monitoring of patients who are at more risk 

for developing drug interactions.  

 Tell the patients to check the labels of your 

medications for any warnings and look for the 

"Drug Interaction Precaution [8, 9]. 

 

CONCLUSION 

Interaction between foods and drugs can have 

profound influence on the success of drug treatment and 

on the side effect profiles of many drugs. The moderate 

and severe DI were more prevalent, in virtue of the 

profile of the patients and the complexity of the 

pharmacotherapy, requiring an integrated execution of 

the health team especially pharmacist to better identify 

and prevent their occurrence. Pharmacists must take 

responsibility for monitoring for drug interactions and 

notifying the physician and patient about potential 

problems.   
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INTRODUCTION 
Plants have formed the basis for treatment of 
diseases in traditional medicine for thousands of 
years and continue to play a major role in the 
primary health care of about 80% of the world’s 
inhabitants1. It is also worth noting that (a) 35% of 
drugs contain ‘principles’ of natural origin and (b) 
less than 5% of the 500,000 higher plant species 
have undergone pharmacological screening. Each 
plant has potentially 10,000 different constituents2. 
The discovery and development of efficacious 
therapeutic agents from natural sources provided 
convincing evidence that plants could be a source of 
novel drugs. Western medicine use many drugs 
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ABSTRACT 
Desmodium triflorum is a plant belongs to the family Fabaceae. It is a global species native to tropical regions and 
introduced to subtropical regions including the southern United States. The plant is having antipyretic, antiseptic, 
expectorant properties. A decoction is commonly used to treat diarrhoea and dysentery; quench thirst; and as 
mouthwash. The crushed plant, or a poultice of the leaves, is applied externally on wounds, ulcers, and for skin 
problems. In general the whole plant is used medicinally for inducing sweat and promoting digestion, anti-oxidant, 
anti-inflammatory, anti-convulsant and anti-bacterial actions. This review explains the different pharmacological 
activities of Desmodium triflorum. 
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extracted from natural products: atropine, cocaine, 
digitoxin, ephedrine, hyoscine, codeine, morphine, 
pilocarpine, quinine, reserpine, taxol, warfarin, 
menthol, etc. While the natural product isolated as 
the active compound might not always be suitable 
for development as an effective drug, it can provide 
a suitable lead for conversion into a clinically useful 
agent3. Plants and their secondary metabolites have 
a long history of use in modern ‘western’ medicine 
and in certain systems of traditional medicine. 
Monographs on selected herbs are available from a 
number of sources, including the ‘European 
Scientific Cooperative on Phytotherapy’ [ESCOP, 
1999], ‘Natural Medicines Comprehensive 
Database’, ‘The complete German Commission E 
monograph’ and the ‘World Health Organization’ 
[WHO, 1999]4,5. The WHO monographs, for 
example, describe the ‘herb’ itself by a number of 
criteria including synonyms and vernacular names 
and the herb part commonly used, its geographical 
distribution, tests used to identify and characterize 
the herb (including macroscopic and microscopic 
examination and purity testing), the active 
principles, dosage forms and dosing, medicinal 
uses, pharmacology, contra-indications and adverse 
reactions. Information about other available data 
bases has been published6. Desmodium triflorum 
(L.) DC. Fabaceae, is perennial herb belonging to 
the family papilionaceae7. The plant is available in 
all tropical countries. It contains hypaphorine 
(major alkaloid) N, N-dimethyltryptophan, beta in 
and choline. The leaves contains total alkaloid, 
0.01-0.015% and rare diholosylflavone, 2-O-
glucosylvitexin had been isolated from D. 
triflorum9. It also contains ursolic acid, vitexin, 
genistin, fucosterol. In traditional medicinal system, 
different parts of the plant have been mentioned to 
be useful in a variety of diseases. The leaves are 
used in diarrhoea, convulsions, anti-spasmodic, 
sympathomimetic, central nervous system 
stimulation, curare-mimetic activity, diuretic and as 
a galactagogue10. The fresh leaves of the plant are 
applied to wounds and abscesses that are usually 
difficult to heal. The paste is sometimes applied to 
sores and itch. The fresh juice of the plant is often 

given to the children for coughs and asthma. The 
traditional use of the plant also recommends for use 
in dysentery and as a laxative9, in high fever11 and 
to cure bone-fracture12. Different extracts of D. 
triflorum exhibit analgesic and anti-inflammatory 
activities13 and also possesses antioxidative and 
anti-proliferative activities14. Anti-nociceptive 
activity of cold water extract of D. triflorum DC in 
rats15,16 and antioxidant activities of phenolic 
components from various plants 
of Desmodium species17. Anticonvulsant activity of 
ethanolic leaves extract of D.triflorumin18 

anthelminticactivity19 antimicrobial activity20 were 
reported. 

 
PHARMACOLOGICAL ACTIVITIES OF 
DESMODIUM TRIFLORUM 
Anthelmitic Activity 
The anthelmintic activity of the leaves and roots of 
the Desmodium triflorum (L.) was studied. The 
leaves and roots were extracted separately with cold 
water, methanol and petroleum ether by following 
maceration method. Various doses of cold water, 
methanolic and combined (cold water, Methanol 
and petroleum ether) extracts were evaluated for 
their anthelmintic activity on adult Indian 
earthworms, Pheretimaposthuma due to its 
anatomical and physiological resemblance with the 
intestinal roundworm parasites of human being 
were used for this study[21].All earthworms were of 
approximately equal size. They were collected from 
local place, washed kept in water and normal saline 
solution to remove all faecalmatter Different 
concentrations of the dried extracts (10-25mg/mL in 
saline solution with tween 80) were prepared. 20ml 
of each concentration of cold water extract was 
delivered into a petridish. Then six worms (same 
type) were placed in it. Similarly for each 
concentration of methanolic extract six worms were 
used. Time taken for paralysis was noted when the 
worm did not revive even in normal saline solution. 
Time taken for the death of worms was also 
recorded when the worms lost their body colour 
(when dipped in warm water of 50ºC). Albendazole 
(10mg/mL in vehicle tween 80) was used as 
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positive control and saline solution was used as 
negative control. Cold water, methanol and 
combined extracts of Desmodium triflorum 
exhibited anthelmintic activity. The cold water and 
methanol extracts of Desmodium triflorumat 
different concentrations produced an anthelmintic 
activity in a dose dependent manner. Considering 
time taken for paralysis and death of earthworms, 
the positive control (Albendazole 10mg/mL) was 
more potent than both the concentrations of the cold 
water and methanolic extracts. While the combined 
extract (10mg/mL) produced more potent effect 
than the Albendazole (positive control). The 
negative control (saline water with tween 80) did 
not show any activity against earthworms19,21. 
 
ANTIBACTERIAL ACTIVITY  
The efficacy of aqueous and methanolic extracts of 
plant Desmodium triflorum for potential 
antibacterial activity was evaluated. The whole 
plant Desmodium triflorum was collected from the 
local dealer of medicinal herbs and it was washed 
properly to remove dirt, powdered well by grinding 
and avoiding the moisture contamination. This 
powdered drug passed through sieve for obtaining 
uniform particle size and prepared methanolic and 
aqueous extract. The extracts were investigated 
against (G+ve) and (G-ve) bacteria such as 
Staphylococcus aureus, Micrococcus luteus, 
Bacillus pumilus, Pseudomonas aeruginosa 
Pseudomonas fluorescens and Escheria coli. The 
Results revealed that methanolic extracts exhibit 
considerably increased antibacterial activity for 
(G+ve) bacteria than aqueous extracts. Methanolic 
extracts of Desmodium triflorum possessed 
increased antibacterial activity for (G+ve) bacteria as 
compared to (G-ve) bacteria in dose dependent 
manner. The ZOI of methanolic as well as aqueous 
extracts were found to be 16-18 mm and 13-14 mm 
respectively using 100 µg/ml. The ZOI of samples 
were also compared with the ZOI of gentamycin 10 
µg/ml which showed ZOI of 22-25 mm for (G+ve) 
bacteria and 17-18 mm for (G–ve) bacteria20. 
 
 

ANTICONVULSANT ACTIVITY 
Anticonvulsant activity of aqueous and ethanolic 
extracts of Desmodium triflorum (L.) were studied 
in mice.  Animal models of epilepsy namely the 
pentylenetetrazole (PTZ) and maximal electroshock 
(MES) induced convulsion were used to evaluate 
the anticonvulsant effects of the extracts. The 
biochemical estimation was done by measuring the 
lipid per oxidation and reduced glutathione in brain. 
In brain glutathione, the aqueous leaf extract 
of Desmodium triflorum (L.) DC. Asteraceae, 
demonstrated potential anticonvulsant properties 
and less toxicity in the experimental animals at the 
doses used. However, further studies still needed to 
be carried on exposure of the extract to humans, and 
its use in folk medicine for seizure control should 
be accompanied by regular assessment of level of 
consciousness and blood pressure16. 
 
ANTIOXIDANT AND ANTIPROLIFERATIVE 
ACTIVITIES 
The antioxidant and antiproliferative activities of 
the crude extract and fractions of Desmodium 
triflorum (L.) DC was evaluated. The total phenolic 
content, 1,1-diphenyl-2- picrylhydrazyl hydrate 
(DPPH) free radical scavenging activity, trolox 
equivalent antioxidant capacity (TEAC), reducing 
power assay and total flavonoid content of D. 
triflorum were evaluated for the exploration of its 
antioxidant activities. The extraction and 
fractionation done from the crude methanol 
extract(253 g)  which was in turn dissolved and 
suspended in 500 ml of water in a separatory funnel 
and then partitioned with n-hexane, chloroform, 
ethyl acetate and n-butanol in sequence Under 
reduced pressure. The result showed that ethyl 
acetate fraction exhibited the best antioxidant 
potency in DPPH free radical scavenging activity, 
trolox equivalent antioxidant capacity and reducing 
power assays. Among all fractions, ethyl acetate 
fraction was the most active in scavenging DPPH 
and ABTS radicals. These activities approached 
three times the efficacy of the crude extract in 
scavenging DPPH and ABTS radicals. The 
presence of flavonoids in D. triflorum has been 
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reported and has similar efficacies as astragal in, 
cosmossiin, tectorigenin, vitexin, genistin, etc. The 
flavonoid compounds in D. triflorum can scavenge 
excess free radicals in the human body and prevent 
advanced aging, cardiovascular diseases and 
degenerative diseases. Vitexin was used as a maker 
component for the standardization of flavonoid 
ingredients of the ethyl acetate fraction, n-butanol 
fraction and methanol extract by using HPLC. The 
retention time of vitexin was at 8.71 min at 336nm 
(Figure No.2). The presence of vitexin was found in 
HPLC fingerprints of the methanol extract, ethyl 
acetate fraction and n-butanolfraction, as shown in 
Figure No.2b, 2c and 2d. The n-buranol fraction 
had higher vitexin content. 
Vitexin may also be an active constituent of 
antioxidant factors in D. triflorum. The LD50 of the 
methanol extract of D. triflorum indicated that D. 
triflorum is safe to use with low toxicity. From this 
study found that ethyl acetate fraction exhibited 
good antioxidant activities. These activities may be 
attributed to the high phenolic contents in the 
fraction14,17. 
 
ANALGESIC AND ANTI-INFLAMMATORY 
ACTIVITIES 
Analgesic effect of methanol extract from 
Desmodium triflorum (MDT) was evaluated by 
using animal models of acetic acid-induced 
writhing response and formalin test. The anti-
inflammatory effect of MDT was investigated by λ-
carrageenan-induced paw edema in mice. In order 
to study the anti-inflammatory mechanism of MDT, 
we detected the activities of glutathione peroxidase 
(GPx) and glutathione reductase (GRd) in the liver, 
the levels of interleukin-1β   (IL-1β), tumor necrosis 
factor (TNF-α), malondialdehyde (MDA) and nitric 
oxide (NO) in the edema paw tissue. In the 
analgesic test, MDT (0.5 and 1.0 g/kg) decreased 
the acetic acid-induced writhing response and the 
licking time on the late phase in the formalin test. 
The vitexin was used as a maker component for the 
standardization of flavonoids ingredients of MDT 
by using HPLC. The retention time of vitexin was 

found at 11.19 min in the MDT. The HPLC 
fingerprint of MDT is show in Figure No.3. 
Effect of MDT on Acetic Acid Induced Writhing 
Response 
The results of acetic acid-induced writhing 
responses in mice which indicate the analgesic 
activity of the methanol extracts of MDT were 
presented in Figure No.4. It was found that the 
extract and indomethacin at the assayed doses 
caused a significant (p <0.001) inhibition on the 
writhing responses induced by acetic acid when 
compared to the control. 
It was found that the extract and indomethacin at 
the assayed doses caused a significant (p <0.001) 
inhibition on the writhing responses induced by 
acetic acid when compared to the control. 
Analgesic effect by Formalin Test 
MDT demonstrated a dose-dependent relationship 
in late phase of the formalin induced pain. In the 
early phase, there were no significant inhibition at 
the doses of 0.1, 0.5, 1.0g/kg. MDT compared to 
the control group (Figure No.5A). In the late phase, 
the doses of 0.1, 0.5 and 1.0 g/kg significantly 
reduced the nociception similar to indomethacin (10 
mg/kg) (Figure No.5B). 
Each value was represented as mean ± SEM. ∗∗∗p 
<0.001 when compared to the control group (one-
way ANOVA followed by Scheffe’s multiple range 
tests). In the anti-inflammatory test, MDT (0.5 and 
1.0 g/kg) decreased the paw edema at the 3rd, 4th, 
5th and 6th hour after λ-carrageen an 
administration. On the other hand, MDT increased 
the activities of SOD and GRd in liver tissues and 
decreased the MDA level in the edema paw at the 
3rd hour after λ-carrageenan-induced inflammation. 
MDT also affected. The levels of interleukin-1β, 
tumor necrosis factor-α, NO and MDA which were 
induced by λ-carrageenan. The results suggested 
that MDT possessed analgesic and anti-
inflammatory effects. In conclusion, MDT 
possessed analgesic and anti-inflammatory effects. 
The anti-inflammatory mechanisms of MDT might 
be related to the decreases in the levels of MD and 
NO in the edema paw via increasing the activities 
of SOD, GPx and GR in the liver and decreasing 
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the levels of IL-1β and TNF-α in the serum of mice. 
MDT may be used as a pharmacological agent for 

preventing and treating diseases in which free 
radical formation is a pathogenic factor13. 
 

Table No.1: Different Chemical Constituents Present in Desmodium Triflorum Extraction 
S.No Class of Compounds Aqueous extract Methanolic Pet.ether 

1 Alkaloid + + + 
2 Glycoside - + - 
3 Steroid + + + 
4 Saponines + + - 
5 flavonoids - + - 
6 Carobohydrate - - - 
7 proteins + + - 
8 amino acid + + - 
9 phenolic - + - 

                   [+] – Present; [-] – Absent 
 

 
Figure No.1: Desmodium triflorum 

             
Figure No.2: Retention Time of Vitexin 
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Figure No.2a, 2b, 2c: HPLC Fingerprints of the Methanol Extract, Ethyl Acetate Fraction and N-Butanol 

Fraction at 336nm 

 
Figure No.3: HPLC fingerprint of MDT 
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Figure No.4: Analgesic Activities of the Methanol Extracts of MDT 

 
Figure No.5A and 5B: Effect of Methanol Extract of MDT and Indomethacin on the (A) Early Phase and 

(B) Late Phase of Formalin Test in Mice 
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CONCLUSION 
Furthermore it is concluded that Desmodium 
triflorum has been conducted only in few activities 
such as anti-oxidant, anti-inflammatory, anti-
convulsant, anti-bacterial studies. Various other 
components and activity may be present in 
Desmodium triflorum and its discovery will be 
beneficial for human life. 
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INTRODUCTION 
Bioenhancers are agents, which by themselves are 
not therapeutic entities but when combined with an 
active drug lead to the potentiation of   
pharmacologic effect of the drug. Such formulations 
have been found to increase the bioavailability / 
bioefficacy of a number of drugs1. Piperine, 
chemically, is 1-peperoyl piperidine (Figure No.1) 
and it is a pungent alkaloid found in Pipper nigrum, 
Pipper longum, Pipper retrofractum, Pipper crussi 
and Pipper geniculatum. 
Piperine protects cisplatin-induced apoptosis 
through the induction of heme oxygenase-1 

ABSTRACT 
Piperine is used in many different ways to influence our lives. The piperine, in the spicy food, stimulates 
perspiration, which causes a cooling effect of the body. Thus very helpful during hot summer. Piperine (1-
peperoyl piperidine),  an amide  alkaloid, is found in various Pipper species and posses antioxidant, antiplatelet, 
anti-inflammatory, antihypertensive, hepatoprotective, antithyroid, antitumor, antiasthmatic activities. It also 
believed to be a fertility enhancer. Piperine act as absorption enhancer of many drugs and nutrients from 
gastrointestinal tract by various mechanisms and a potent inhibitor of drug metabolism by inhibiting various 
metabolizing enzymes. This review article gives an account of bioavailability enhancing property of piperine. 
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expression. Piperine also produces Antioxidant, 
Anti-platelet, Anti-inflammatory, Antihypertensive, 
Hepatoprotective, Antithyroid, Antitumor, 
Antiasthmatic activities and found to be Fertility 
Enhancer2. 
Bioavailability is affected by gastric emptying time, 
intestinal transit time, blood flow through GIT, 
gastrointestinal contents and pre-systemic 
metabolism through luminal enzymes, gut wall 
enzymes, bacterial enzymes, and hepatic enzymes. 
Some drugs show poor oral bioavailability because 
a drug must not only penetrate the intestinal 
mucosa, it must also run the gauntlet of enzymes 
that may inactivate it in gut wall and liver. Piperine 
modulates membrane dynamics and lipid 
environment and increases permeability at site of 
absorption Molecular structure of piperine is 
suitable for enzyme inhibition and it inhibits various 
metabolizing enzymes like cytochrome bs, NADPH 
cytochrome, CYP3A4, UDP-glucose 
dehydrogenase (UDP-GDH), aryl hydrocarbon 
hydroxylase (AAH) and UDP-glucuronyl 
transferase. Structural modification of piperine 
provides selective inhibitors of various cytochrome 
p450 enzymes. Inhibition of these enzymes by 
piperine results in enhanced bioavailability of drugs 
and nutrients like oxytetracyclin, metronidazole, 
ampicillin, norfloxacin, ciprofloxacin, acefotaxime, 
amoxicillin trihydrate, curcumin, beta-carotene, 
carbamazepine, gallic acid, nimesulide, tiferron, 
nevirapine, pentobarbitone, phenytoin, resveratrol, 
vasicine and sparteine by different mechanisms3. 
The bioenhancing property of piperine was first 
utilized in the treatment of tuberculosis in human.  
Piperine which is used in combination with 
antiretroviral agents for the treatment of HIV-1 
infection4. And   it also showed effect on 
chemotherapeutic agents. Piperine   increases the 
bioavailability of curcumin, the active principle of 
Curcuma longa5.   
History  
In the 1920’s, Bose, an acknowledged author of 
“Pharmacographia Indica,” reported an enhanced 
antiasthmatic effect of an Ayurvedic formulation 
containing vasaka (Adhatoda vasica) when 
administered with long pepper. The term 

bioavailability enhancer was first coined by Indian 
Scientists at the Regional Research laboratory, 
Jammu who discovered and scientifically validated 
piperine as the world’s first bioavailability enhancer 
in 19796

. 

Need for bioavailability enhancers 
Lipid solubility and molecular size are the major 
limiting factors for molecules to pass the biological 
membrane and to be absorbed systemically 
following oral or topical administration. Several 
plant extract and phytoconstituents, having 
excellent in vitro bioactivity, demonstrate less or no 
in vivo actions due to their poor lipid solubility or 
improper molecular size or both, resulting poor 
absorption and poor bioavailability. And also, when 
individual constituents are isolated from the plant 
extract there is loss of specific bio-activity. 
Bioenhancers reduce the dose, shorten the treatment 
period and thus reduce drug resistance problems. 
Due to economy, they make treatment cost 
effective, minimize drug toxicity and adverse 
reaction. Secondary beneficial effects include 
reduced requirement of raw material for drug 
manufacture7. 
Bioenhancers should have the following 
properties: 

• Nontoxic to humans or animals 
• Should be effective at a very low 

concentration in a combination 
• Should be easy to formulate 
• Enhance uptake/absorption and activity of 

the drug molecules8. 
Mechanism of action of Piperine as a 
bioenhancer  

Different mechanisms for the bioenhancer activity 
of piperine have been proposed including- DNA 
receptor binding, modulation of cell signal 
transduction and inhibition of drug efflux pump. In 
general, it inhibits drug metabolizing enzymes, 
stimulates absorption by stimulating gut amino acid 
transporters, inhibits the cell pump responsible for 
drug elimination from cells and inhibits intestinal 
production of glucuronic acid, thus permitting a 
more active form of drug to enter the body9. It may 
increase the absorption of drug in the GIT, or inhibit 
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enzymes responsible for drug metabolism, 
especially in the liver when the drug passes through 
the liver after absorption from GIT. Oral 
administration of piperine in rats strongly inhibited 
the hepatic arylhydrocarbon hydroxylase (AHH) 
and UDP-glucuronyl transferase activities. Some 
other mechanisms include- making target receptors 
more responsive to drugs, acting as receptors for 
drug molecules, increasing GIT vasculature by 
vasodilation to increase absorption of drugs, 
modulation of the cell membrane dynamics to 
increase transport of drugs across cell membranes10. 
Thermogenesis 
Piperine, potentially, improve the process of 
nutrient absorption by enhancing thermogenesis. 
The theory of food-induced thermogenesis relates to 
the autonomous nervous system. The autonomous 
nervous system includes two main receptors in the 
gastrointestinal tract, the alpha and beta adrenergic 
receptors. Most of the food or thermonutrient 
induced thermogenesis is facilitated by beta 
receptors, which include a compound known as 
cyclic adenosine 3’, 5’ monophosphate (cAMP). 
The role of cAMP as a "second messenger" to the 
hormonal and enzymatic actions in the body is well 
recognized. The demand for fresh nutrients to 
sustain the metabolic processes rapidly increases, 
when thermogenesis occurs. Piperine stimulates the 
release of catecholamines, thermogenic hormones, 
whose action is made possible by the presence of 
cAMP. But, the nature of the thermogenic response 
mediated by catecholamines is relatively short-
lived11. 
Effect on P-Glycoprotein  
Piperine inhibited P-glycoprotein (P-gp) mediated 
efflux transport of [3H]-digoxin across Caco-
2(human colon carcinoma cell lines) cell 
monolayer. Oral piperine   increased intestinal P-
glycoprotein, reduced liver P-glycoprotein and 
kidney P-glycoprotein in rats. Piperine modulate 
cellular P-glycoprotein activity at sub-cytotoxic 
concentration3. 
Piperine and Curcumin 
The medicinal properties of curcumin obtained from 
Curcuma longa Linn., cannot be utilized effectively 
because of its poor bioavailability as a results of 

rapid metabolism in the liver and intestinal wall.  
Figure No.2 shows the enhancement of 
bioavailability of curcumin by 2,000% upon 
concomitant administration of piperine, through 
inhibition of hepatic and intestinal glucuronidation 
in both animals and humans without adverse 
effects13. 
Effect on anti-tubercular drugs 
In patients with pulmonary tuberculosis piperine 
enhances bioavailability of rifampicin. Piperine is 
the first and most potent bioenhancer to rifampicin 
by about 60%. Therefore adding bioenhancer 
Piperine reduces the dose of rifampicin from 450 to 
200 mg. This reduces dosage, cost and toxicity of 
rifampicin. Rifampicin considered to be a most 
potent anti-tubercular drug, primarily metabolised 
in liver microsomal enzyme system. Piperine 
increases bio-availability of rifampacin by 
inhibiting Cytochrome P-450 enzymes thus 
decreasing metabolism of drug. Piperine improves 
intestinal permeability and inhibits P-glycoprotein 
and thereby prevents efflux of absorbed drug from 
enterocytes. It also has potential immune-
modulatory activity and has protective efficacy 
against Mycobacterium tuberculosis. Protective 
immunity against Mycobacterium tuberculosis 
requires the generation of cell-mediated immunity. 
Secretion of Th-1 cytokines by antigen- specific T 
cells plays important role in protective granuloma 
formation and stimulates the antimicrobial activity 
of infected macrophages. Piperine demonstrated 
augmentation of Th-1 response. Thus piperine can 
be synergistically combined with rifampicin to 
improve its therapeutic efficacy in immune-
compromised TB patients. Rifampicin when 
combined with piperine exhibited a significantly 
lower mutation frequency. Piperine   increases the 
bioavailability of anti-tubercular drugs like 
rifampicin, isoniazid, and pyrazinamide. In 
addition, use of piperine along with anti-tubercular 
drugs may prevent hepatotoxicity and increase 
compliance of patients with these drugs. Risorine is 
a formulation containing rifampicin (200 mg), 
isoniazid (300 mg), and piperine (10 mg)15. 
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Effect on other drugs / nutrients’ bioavailability 
Piperine have a thermogenic action on intestinal 
epithelial cells is proposed to increase the rate of 
beta carotene absorption. Piperine markedly 
increased the mean plasma concentration, AUC, 
elimination half-life and decreased elimination rate 
constant of carbamazepine. And it potentiated the 
effect of gallic acid and also provides a more 
pronounced therapeutic potential in reducing 
beryllium induced hepatorenal dysfunction and 
oxidative stress consequences. Piperine potentiated 
the antinociceptive and anti-inflammatory action of 
nimesulide. Co-administration improves therapeutic 
index of nimesulide with piperine, which is 
suggestive of decreasing the frequency of adverse 
effect than seen with nimesulide alone. Co-
administration of tiferron and piperine played a 
beneficial role in reducing beryllium induced 
systemic toxicity at relatively low doses. 
In a placebo controlled study, bioavailability of 
nevirapine was increased when administered with 
piperine to healthy volunteers. Piperine potentiated 

pentobarbitone sleeping time in a dose dependent 
manner and it also increase levels of pentobarbitone 
in blood and brain. Intrgastric co-administration of 
Epigallocatechin-3-gallate (EGCG), from green tea 
and piperine to mice, increased the plasma Cmax 
and AUC by 1.3 fold compared to mice treated with 
EGCG alone. Through inhibition of glucuronidation 
piperine increased the Cmax and degree of exposure 
of resveratrol and thereby enhance the 
bioavailability. This causes decrease the dose of 
resveratrol. When vasicine (an alkaloid of adhatoda 
vasica) given orally with powdered long pepper, the 
bioavailability of vasicine was enhanced by more 
than 200%. Piperine co-administered with sparteine, 
enhanced the bioavailability of sparteine by more 
than 100%. Also PA-1[4-ethyl5-(3,4 
methylenedioxyphenyl)-2E,4E-pentadianoic acid 
piperidine], a piperine analogue has  a concentration 
dependent inhibition of NADPH-associated O-
demethylation, O-deethylation as well as N-
demethylation reactions in rat liver microsomes, 
which prevent first pass elimination of drug2. 

 

 
Figure No.1: Structure of Piperine 

 
CONCLUSION 
In conclusion, Piperine is an absorption enhancer of 
many drugs and nutrients from gastrointestinal tract 
by various mechanisms and a potent inhibitor of 
drug metabolism by inhibiting various metabolizing 
enzymes. 
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ABSTRACT  

Statins helps to reduce cardiovascular events in patients with cardiovascular disease. This review was undertaken 

to examine the current evidence for the effect of statins in patients with coronary artery disease. Statins are 

effective in both primary and secondary prevention of coronary heart disease (CHD), and other conditions. The 

present study is mainly focused on prescription pattern of statins in coronary artery disease. The different statins 

prescribed are Atorvastatin, Rosuvastatin, Simvastatin and Lovastatin. Statins are first-line agents in most 

cardiovascular disease situations.  

 

KEY WORDS 

Cardiovascular disease, Cholesterol, Secondary Prevention, Statins. 

 

INTRODUCTION 

A safe and effective drug therapy mostly is possible only 

when patients are well informed about the medications 

and their use. Every member of the healthcare team 

should practice rational drug therapy. Rational drug use 

means patients receive medications appropriate to 

their medication, in doses that meet their own 

individual requirements, for an adequate period of time 

and at the lowest cost to them and their community. 

Lack of knowledge about drugs, unethical drug 

promotions and irrational prescribing habits of 

clinician’s leads to irrational prescribing of drugs. (1). 

Accurate diagnosis, proper prescribing, correct 

dispensing, suitable packing and patient adherence are 

the five important criteria for rational prescribing of 

drugs (2). Elevated cholesterol levels are a proven risk 

factor for cardiovascular diseases (CVDs) including 

coronary artery disease. Observational studies give an 

idea about the relationships between increased 

cholesterol and mortality, CVD, and decreased quality 

of life. The 3-hydroxy-3-methylglutaryl coenzyme A 

(HMG-CoA) reductase inhibitors (Statins) reduce 

atherogenesis (3). Prescribing patterns and drug 

utilization studies help the prescribers to create 

awareness about the problems and to provide feedback 

about rational use of drugs (4). Therefore, the study on 

prescribing pattern definitely improve the quality of 

prescription writing, so study of drug prescribing 

pattern is relevant in the present scenario (5). 

 

CLASSIFICATION OF STATINS 

• Statins are classified according to the below 

criteria 

• How they are obtained 

• Liver metabolism 

• Physiochemical properties 

• Specific activity (6). 

 

EFFECTS OF STATINS ON PATIENTS WITH CORONARY 

DISEASE 

Statins are responsible for reducing serum low density 

lipoprotein by inhibiting 3-hydroxy –methyl glutaryl 

coenzyme A (HMG CoA reductase). Statin therapy 

before percutaneous coronary intervention (PCI) has 

been shown to reduce the incidence of periprocedural 

myocardial necrosis and to improve outcomes. 

Intensive lipid-lowering therapy with statins not only 

improves survival rates and clinical outcomes but also 
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reduces the progression of atherosclerosis a meta-

analysis showed that statin pretreatment in patients 

with stable angina resulted in a relative reduction in 

procedural myocardial necrosis and overall major 

adverse cardiac events (7). 

 

 

Table 2: Statin Equivalent Dosages 

% LDL Reduction 
(approx.) 

Atorva-
statin 

Fluva-
statin 

Lovastatin 
Prava-
statin 

Rosuvastatin 
Simva-
statin 

10–20% — 20 mg 10 mg 10 mg — 5 mg 
20–30% — 40 mg 20 mg 20 mg — 10 mg 
30–40% 10 mg 80 mg 40 mg 40 mg 5 mg 20 mg 
40–45% 20 mg — 80 mg 80 mg 5–10 mg 40 mg 
46–50% 40 mg — — — 10–20 mg 80 mg* 
50–55% 80 mg — — — 20 mg — 
56–60% — — — — 40 mg — 

* 80 mg dose no longer recommended due to increased risk of rhabdomyolysis 
Starting Dose 

Starting dose 10–20 mg 20 mg 10–20 mg 40 mg 
10 mg; 
5 mg if hypothyroid, 
>65 yr, Asian 

20 mg 

If higher LDL 
reduction goal 

40 mg if 
>45% 

40 mg if 
>25% 

20 mg if 
>20% 

— 
20 mg if LDL >190 
mg/dL (4.87 mmol/L) 

40 mg if 
>45% 

Optimal timing Anytime Evening 
With 
evening 
meals 

Anytime Anytime Evening 

Source: Wikipedia, 2012b. 

 

STATINS: MECHANISM OF ACTION 

HMG CoA reductase inhibitors competitively inhibit 

the activity of HMG CoA reductase, the rate-limiting 

enzyme in cholesterol synthesis which results in to 

active site and produces the action. (8) 

INHIBITING CHOLESTEROL SYNTHESIS 

Statins inhibit HMG CoA reductase there by inhibit the 

pathway for synthesizing cholesterol in liver.Statins 

with short half  

lives are taken at night to maximize their effect. (9) 

OTHER EFFECTS 

As noted above, statins exhibit action beyond lipid-

lowering activity in the prevention of atherosclerosis. 

1. Improve endothelial function 

2. Modulate inflammatory responses 

3. Maintain plaque stability 

4. Prevent thrombus formation. (10) 

 

CONCLUSION 

CAD is markedly more common in men than in 

women. Hypertension and diabetes were commonly 

associated with coronary artery disease. The 

prescribing pattern can be improved by reducing the 

number of drugs per prescription. The study of 

prescription pattern provides an important 

framework for necessary modifications required to 

achieve decreased cellular concentration. Statins have 

similar structure of HMG CoA, which fits in patient 

oriented, cost effective and rational prescriptions. 

 

REFERENCE 

1. Pharmacy communication In Hassan WE editor 

Hospital Pharmacy Lea and febiger, Phildelpia, 5th 

edition 1985; 154-1594. 

2. The rational use of drugs: report of the conference of 

experts. Nairobi, 25-29 November 1985. Geneva, 

world health organization, 1987. 

3. Edward J. Mills, Beth Rachlis, Ping Wu, Philip J. 

Devereaux, Paul Arora, Dan Perri. Journal of the 

American College of Cardiology. 2008; 52(22):1769-81. 

4. Pradhan SC, Shewade DG, Shashindren CH, Bapna IS. 

Drug utilization studies. National Med J India. 1988; 1: 

185-189. 

5. Shah B, Mathur P., Surveillance of cardiovascular 

disease risk factors in India: the need and scope, Indian 

Journal of Medical Research, 2010; 132: 634 - 42.  

6. Statins: mechanism of action and effects, 

NicolaeSimionescu" Institute of Cellular Biology and 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


          

 
 

 
International Journal of Pharmacy and Biological Sciences                                                              Rosmin Jacob* et al 

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 
 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

22 

Pathology, Bucharest, Romania. J.Cell.Mol.Med. Vol 5, 

No 4, 2001 pp. 378-387. 

7. World Health Organization, Cardiovascular diseases, 

Available at: 

http://www.who.int/mediacentre/factsheets/fs317/e

n/index. html, Accessed February 2009.  

8. Cilla DD, Gibson DM, Whitfield LR, Sedman AJ (July 

1996). "Pharmacodynamic effects and 

pharmacokinetics of atorvastatin after administration 

to normocholesterolemic subjects in the morning and 

evening". Journal of Clinical Pharmacology. 

9. Miettinen TA (March 1982). "Diurnal variation of 

cholesterol precursors squalene and methyl sterols in 

human plasma lipoproteins". Journal of Lipid 

Research. 23 (3): 466–73. 

10. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto 

AM, Kastelein JJ, Koenig W, Libby P, Lorenzatti AJ, 

MacFadyen JG, Nordestgaard BG, Shepherd J, 

Willerson JT, Glynn RJ (2008). 

 

 

 

 

 

 

 

 

 

*Corresponding Author: 
Rosmin Jacob* 

Email: stjamespharmacyproject@gmail.com 

 
 

 

 
 

http://www.ijpbs.com/
http://www.ijpbsonline.com/
mailto:stjamespharmacyproject@gmail.com


 

www.iajpr.com 

 

P
ag

e7
8

5
4

 

                                               Indo American Journal of Pharmaceutical Research, 2017               ISSN NO: 2231-6876 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

PRONIOSOMAL GEL A NOVEL APPROACH FOR DRUG DELIVERY: A REVIEW 
 

Lakshmi Radhika K
*
, Dineshkumar B, K. Krishnakumar

*
 

Dept. of Pharmaceutics, St James College of Pharmaceutical Sciences, Chalakudy, Kerala. 

St James Hospital Trust Pharmaceutical Research Centre (DSIR Recognized), Chalakudy, Kerala. 

 

Corresponding author  

Lakshmi Radhika K 

St James Hospital Trust Pharmaceutical Research Centre (DSIR Recognized), 

Chalakudy, Kerala. 

stjamespharmacyproject@gmail.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copy right © 2017 This is an Open Access article distributed under the terms of the Indo American journal of Pharmaceutical 

Research, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ARTICLE INFO  ABSTRACT 

Article history 

Received 13/03/2017 

Available online 

31/03/2017 

 
Keywords 

Vesicular Drug Delivery, 

Proniosomes, 

Nonionic Surfactant, 

Niosome. 

 One of the most important ways for non-invasive delivery of drugs is human skin. But some 

high molecular weight (> 500 Dalton) compounds can’t cross the skin. Such type of 

compounds require some novel techniques. Vesicular systems like liposomes, niosomes, 

proniosomes are mainly used for this purpose, they have the ability to transfer the high 

molecular weight compounds across the skin. This article mainly describes the significance 

of Proniosomes. Proniosomes are the water-soluble carrier particles covered with a nonionic 

surfactant. It has the potential advantages over liposomes and niosomes. The Proniosomal gel 

is one of the new vesicular system used for transdermal drug delivery. Proniosomal gel is a 

semisolid crystalline product of nonionic surfactant. This review provides an overview of 

preparation, formulation, evaluation of proniosomes and which are the herbal drugs 

formulated as a proniosomal gel. 

Please cite this article in press as Lakshmi Radhika K et al. Proniosomal Gel A Novel Approach for Drug Delivery: A Review. 

Indo American Journal of Pharmaceutical Research.2017:7(03). 
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INTRODUCTION 

Nanotechnology has brought new changes in the field of science, which leads to the development of novel dosage forms such 

as liposomes, niosomes and proniosomes. Proniosomes are defined as the dry formulation of water-soluble carrier particles covered 

with nonionic surfactants upon hydration, they form niosomes. Proniosomes are formulated in such a way that, they can overcome the 

limitations of niosomes such as physical instabilities, aggregation, fusion etc. Various routes can be used for the administration of 

pronisomes like oral, buccal, intravenous, topical and transdermal etc. Proniosomal gels are one of the recent vesicular drug delivery 

systems for transdermal drug delivery. It is a mixture of nonionic surfactant, cholesterol and lecithin. The non-ionic surfactants are 

preferred in the proniosomal preparation is mainly due to they have the ability to enhance solubility and bioavailability of poorly 

water soluble drugs
[1]

.  

The proniosomal gel (Translucent in nature) is formed by the Addition of small quantities of gelling agent to the dry 

proniosomes. Proniosomal gel provides many advantages like greater physical and chemical stability, high reflux through the skin, 

better percutaneous absorption. Due to these properties, various types of drugs are formulated as proniosomal gel
[2]

. 

 

Structure of proniosomes 

Proniosomes are microscopic lamellar vesicles, combine with non-ionic surfactants (Span, Tween etc) and cholesterol 

followed by the addition of an aqueous media. The arrangement of the nonionic surfactants are in such a way that the hydrophilic 

portion phase outward and the hydrophobic ends are in opposite direction to form a bilayer
[3]

. 

 

 
 

Figure 1
[4]

: structure of proniosome. 

 

Advantages of proniosomes 

 Avoid stability problems like fusion, aggregation, sedimentation and leakage on storage.  

 Requires no special condition for storage. 

 Sterilization, transportation & distribution is easy. 

 Improve bioavailability of poorly water soluble drugs.   

 Hydrophilic and lipophilic drugs can be formulated as proniosomes.  

 Due to depot formation, controlled and sustained release of drugs takes place. 

 Biodegradable, biocompatible to the body. 

 Prevent the hydrolysis of encapsulated drugs which reduce shelf life of the product 
[5]

. 

 

Formulation of proniosomal Gel 
The main components are:- 

 Surfactants 

 Cholesterol 

 Drug 

 Aqueous Phase 

 Solvent 

 Phosphatidyl Choline
[6]

 

 

Surfactants 

Non-ionic surfactants are mainly used for the preparation of proniosomes, due to:- 

 It increases solubility and bioavailability of poorly water soluble drugs 

 Less toxic, Less irritating to skin  

 Maintain near physiological pH.  
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The selection of the surface active agents mainly depends upon- 

HLB (Hydrophilic Lipophilic Balance) 

The surfactant which has HLB value between 4 to 8 is used for the preparation of proniosomal formulations. Tween and span 

are most commonly used non-ionic surface active agents, the encapsulation efficiency of the span is high compared to tween. These 

surface active agents are amphiphilic in nature(consist of hydrophilic and hydrophobic groups). Because of their amphiphilicity, they 

are used as solubilizers, wetting agents, emulsifiers and permeability enhancers
[7]

. 

 

Chemical structure 

Chemical structure of surfactants influences drug entrapment efficiency. The drug encapsulation efficiency increases with 

increasing the alkyl chain length. 

 

Phase transition temperature(Tc) 

Phase transition temperature is the another factor which influences the entrapment efficiency. Many studies reported that 

tween having less phase transition temperature compared to span. So that span 

provides the high encapsulation  for the drug compared to tween
[8]

. 

Example for non-ionic surfactants: Fatty alcohol, Cetyl alcohol, Stearyl alcohol, Alkyl ethers, Alkyl esters or alkyl amides
[9]

. 

 

Cholesterol 
Cholesterol is another component used for the proniosome preparation. It influences the solubility, permeability of the 

vesicle and prevents leakage of the drug from the membrane. It is mainly due to the interaction between the cholesterol and non-ionic 

surfactants. The entrapment efficiency increasing with increasing the cholesterol level to a particular limit, after this level the 

entrapment efficiency lowers. This is mainly because the added cholesterol molecule fits into the bilayers, that formed by combining 

the surfactant monomer units. This results increased rigidity and decreased the permeability of the niosomal membrane as compared 

to cholesterol without preparation. If further increases the cholesterol level it will compete with the drug for the accommodation in 

bilayers. That will change the regular structure of the vesicular membrane
 [10]

.  

 

Lecithin 

Lecithin acts as a stabilizer in the proniosomal preparation. They are generally named according to their source of origin. If it 

is obtained from soya beans and egg yolk is known as soya lecithin, egg lecithin respectively. One of the most important constituents 

of lecithin is phosphatidylcholine. Lecithin plays as a permeation enhancer. They enhance the percentage of drug entrapment due to 

high phase transition temperature. 

 

Aqueous phase and solvents 

Ethanol, Propanol, Isopropanol, Butanol are the alcohols used in the proniosome preparation. Ethanol is the most commonly 

used in the preparation because it gives the highest vesicle size due to its greater solubility in water. Alcohols which forms vesicles is 

of different size, they follow- 

 

Ethanol > Propanol > Butanol > Isopropanol. 

 

Phosphate buffer pH 7.4 & 0.1% glycerol is used as the aqueous phase in preparation of proniosomes. pH of the hydrating medium 

also play an important role in entrapment efficiency
[11]

. 

 

Drug 

The selection of the drug in the preparation of proniosomal formulation depends upon following criteria:- 

1) Drugs which have low solubility in water 

2) Drugs have high dosage frequency.  

3) Short half-life drugs. 

4) Drugs have high ADR
 [12]

. 

 

Carriers 
Maltodextrin and sorbitol are the first choices for proniosome preparation. Sorbitol is a hexahydric alcohol related to 

mannose. Among these two carriers, maltodextrin is most commonly used because it increases encapsulation efficiency. Preparation 

of proniosomes with maltodextrin as a carrier was found to be found to be safe, non-toxic and easy to prepare. Other examples of 

carriers are  glucose monohydride, magnesium aluminum silicate, sucrose stearates, mannitol,  microcrystalline cellulose, spray dried 

lactose etc
[13]

 . 
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Types of proniosomes 

Proniosomes are mainly 2 types- 

 Dry Granular Proniosomes 

 Liquid Crystalline Proniosomes 

 

Dry granular proniosomes  

According to the carrier used and method of preparation, the dry granular proniosomes are again classified into: 

 

Sorbitol-based proniosomes:- 

It is a dry formulation, in which sorbitol is used as a carrier, which is covered with nonionic surfactants, upon hydration in 

hot water they converted into niosomes. 

 

Maltodextrin-based proniosomes:- 

The fast slurry method is used for the preparation of maltodextrin based proniosomes. Maltodextrin is a polysaccharide and it 

has high solubility in water used as a carrier in proniosome preparation. Maltodextrin particles are used to increase the surface area. 

The higher surface area results in thinner surfactant coating which is suitable for rehydration process
[14]

. 

 

Liquid crystalline proniosomes 

Liquid crystalline pronisomes mainly used for the transdermal drug delivery. Aluminium foil(as backing membrane) along 

with plastic sheet is present in a transdermal patch
[15]

. 

 

Preparation of Proniosomal gel 

The different methods and compounds are used for the preparation of proniosomes. Among these methods, Coacervation 

phase separation is most commonly used technique for proniosomal gel preparation.  

 

SLOW SPRAY COATING METHOD 

Accurately weighed the quantity of the carrier material transfer into a round bottom flask and keep it in a rotary evaporator. 

After that spraying the required quantities of Surfactant and Cholesterol mixture onto the carrier and evacuate. Then keep the round 

bottom flask in a water bath under 65-70
0
C for 20 minutes. Repeat the procedure with the remaining quantity of the surfactants, and 

continue the evaporation to get a free flowing proniosome powder. Then this powder mixed with the suitable gelling agent [1-2%]. 

 

SLURRY METHOD 

In this method, Prepare the stock solution of surfactant and cholesterol in a suitable solvent. Transfer this mixture into round 

bottom flask containing the drug. If the surfactant is not loaded properly add chloroform, then evaporate the solvent at 50-60
0
C|600 

mm Hg pressure. After the evaporation, the free flowing proniosome is formed. To this add suitable gelling agent to obtain 

proniosomal gel
[16]

. 

 

COACERVATION PHASE SEPERATION TECHNIQUE  

It is the most commonly used method for the preparation of proniosomal gel. In this method accurately weighed the quantity 

of drug along with surfactant, cholesterol, lecithin is taken in a wide mouth glass vessel. Then add sufficient quantity of solvent 

(ethanol) and heat the mixture in a water bath at a temperature of 50-60
0
C. The open end of the glass vial is covered with a lid to 

prevent the evaporation of the solvent. To this mixture add aqueous phase phosphate buffer pH 7.4. Warm the mixture over a water 

bath at 50-60
0
C until the drug dissolved completely in a surfactant mixture completely. The proniosomal gel is formed by either cool 

the mixture at room temperature or add a suitable gelling agent to the heated mixture and cool it on ice bath
 [17, 18]

. 
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Figure 2: preparation of proniosomal gel by coacervation phase separation method
[19]

. 

 

 

HERBAL DRUGS FORMULATED AS PRONIOSOMAL GEL 

Several technological advances have been made in the drug delivery to overcome problems associated with the permeation of 

the drug through the skin. The most recent method is to formulate drug as a Proniosomal gel. It has several advantages over other 

conventional routes. Due to these advantages many synthetic drugs like antimicrobial, antihypertensives, anti-inflammatory, NSAID’s 

formulated as a proniosomal gel. To reduce the side effects of this modern medicine, various natural plant extracts can be used for 

different activities. Herbal novel drug delivery system which is one of the promising tool for drug delivery, so that many researchers 

focuses in that field. There are mainly three reasons for using the herbal medicines, they are- 

 

1. Modern medicines failed to treat common health conditions 

2. Many natural agents are able to produce better results than drugs or surgery without the side effects.  

3. Peoples highly concerned about the safety of drugs
[20]

. 

 

The first plant material formulated as a proniosomal gel is Withania somnifera (commonly known as Ashwagandha). It is 

one of the most commonly used medicine in Ayurveda.  Ashwagandha root is used for several health disorders like arthritis, 

adenopathy, asthma, hypertension. The most important component present in this plant is withanolides, they are responsible for the 

anti-inflammatory activity. The Coacervation Phase separation method is used for the preparation of the Withania somnifera 

proniosomal gel. As a result of this method, the proniosomal gel gives high entrapment value, prolonged drug release and significant 

anti-inflammatory property. The anti-inflammatory activity of the Withania somnifera leaf extract proniosomal gel is tested by 

carrageenan induced rat hind paw method and it is compared with a standard, diclofenac.  This study shows that the proniosomal 

formulation is very stable and effective drug delivery system for Withania somnifera leaf extract
[21]

.  

Another herbal material that is used for the Preparation of proniosomal gel is Neem seed oil. A research is conducted in 2012 

on Preparation and evaluation of proniosomal gel of neem seed oil. This article mainly focuses on the formulation of neem seed oil 

containing proniosomal gel and evaluate their properties as topical drug delivery system. Here the proniosomal gel was prepared by 

the slurry method and the antimicrobial studies conducted by agar well diffusion method.  Neem seed oil consists of several 

terpenoids, alkaloids, steroids, flavonoids, glycosides. Apart from that it also consists of nimbidin, nimbinin, nimbin, azadiron, 

nimbicetin etc are also present. Neem has antibacterial, antifungal, antiviral, antiseptic properties. The proniosomal gel of neem seed 

oil mainly used in following conditions like pimple, acne, burns, cut etc.  The formulated proniosomal gel of Neem seed oil was 

evaluated and give results like uniform drug distribution, drug entrapment and microbiological data. The anti microbial activity of 

neem seed oil is evaluated against Gram positive and Gram negative organism.  Based on the results obtained from the anti microbial 

study, shows that neem seed oil proniosomal gel is highly effective and it can be used for various topical treatments
[22]

. 
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Guggul lipid(Commiphora wightii belongs to the family Burseraceae) is the another naturally occurring material used for the 

preparation of proniosomal gel. The major constituent present in the guggul lipid is guggulsterone. The guggul lipid mainly acts as a 

hypolipidemic agent. Apart from that it also has antimicrobial, anthelmintic, anti-inflammatory, antiarthritic and antioxidant 

properties. A research is conducted by Goyal C et al on the topic Preparation and evaluation of Guggul lipid-loaded Proniosomal gel 

for anti-inflammatory activity. Here, the proniosomal is prepared by coacervation phase separation method. And the resulting 

formulation is evaluated for encapsulation efficiency, drug release, particle size, anti-inflammatory properties. According to the 

results obtained from the evaluation, shows that the entrapment efficiency of guggul lipid proniosomal gel has faster release initially, 

followed by a slow sustained release of the drug. Carrageenan-induced rat hind paw edema model is used to check the anti-

inflammatory activity, it shows that the proniosomal gel possesses approximately good anti-inflammatory activity but not as good as 

modern medicine. So that the studies are going on regarding the proniosomal gel formulation with permeation enhancers, that  may 

provide a proniosmal gel with good anti-inflammatory activity than commercial NSAIDs
[23]

. 

Curcumin is the another drug formulated as a proniosomal gel. A research is conducted on the topic Proniosomal formulation 

of curcumin, this research mainly focuses on the anti-inflammatory and anti-arthritic activity of curcumin proniosomal gel. 

Curcuminoids are the oleoresins obtained from the ethanolic extract of Turmeric. Many studies show that curcumin has a wide range 

of therapeutic applications like anti-microbial,  anti-inflammatory, antidiabetic, anti-HIV, anticancer,  antispasmodic, antioxidant, 

antiamoebic etc. Curcumin has many problems like less bioavailability, poor solubility in the acid medium while taking orally. This 

can be avoided by formulating curcumin as transdermal drug delivery system. Then the formulated proniosomal gel compared with a 

standard gel.  This study shows that the formulated proniosomal gel of curcumin has good anti-inflammatory and anti-arthritic 

activity
[24]

. 

 

CONCLUSION 

Proniosomes are one of the most important delivery system among the vesicular drug delivery systems with greater 

advantages over the other conventional dosage forms. Proniosomal drug delivery system is found to be very effective for the delivery 

of drugs through transdermal or topical route because it has the wide range of applications like nontoxicity, effective drug release and 

greater penetration through the skin. Proniosomes that is obtained as dry form, able to convert into different formulations like the 

tablet, capsule, gel etc. This review also gives the information about herbal drugs used for proniosomal gel preparation. The 

researches are going on in the field of the herbal novel drug delivery system. Incorporation of the phytochemicals in modern dosage 

form helps to improve patient compliance and avoid repeat administration. 
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ABSTRACT 

Anti-fungal agents like flucanazole, itraconazole, ketoconazole, clotrimazole etc. are used to treat 

various superficial and systemic fungal infections. Oral and parenteral administration of the 

antifungal drugs are associated with various side effects including headache, nausea, vomiting, 

abdominal pain, gastric ulceration and bleeding. Hepatic and renal toxicity was also observed in 

patients on high and prolonged use of drugs. Film forming hydrogels are the dosage form for the 

topical delivery of drugs and it can bypass the side effects related to the conventional dosage forms 

and can provide effective topical release of the drugs. These film forming gels are novel approach 

for providing sustained release with increased residence time, therapeutic effect and patient 

comfort. 

Keywords:  Antifungal agents, film forming hydrogel, topical drug delivery. 
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INTRODUCTION 

Fungal infections are one of the most common disease that affects our body, mainly skin. It has 

been estimated that about 40 million people are suffering from fungal infection around the world 
1
. 

The pathogens responsible for superficial infections include dermatophytes, yeasts, and molds. 

Dermatophytes are the most frequently encountered causative agents of SFIs, which are generally 

classified according to the body site affected. Superficial and subcutaneous fungal infections affect 

the skin, keratinous tissues and mucous membranes
2
. A wide range of antifungal agents are 

utilizing for effective management of various dermatological infections including both superficial 

and deep fungal infections. Treatment approaches include topical and oral antifungal agents. There 

are various types of formulations like tablets, creams, shampoos and gels are available on market 

to treat the fungal infections. 

Topical administration of antifungal agents are superior over systemic therapy due to its 

advantages such as targeting of drugs to the site of infection and reduction of the risk of systemic 

side effects. In topical administration, the drug absorption into the systemic circulation is 

prevented or minimized. Thus, the systemic side effects of drugs are avoided. Besides, topical 

preparations have better patient compliance due to their non-invasiveness . Topical agents that are 

conventionally used for the treatment of skin fungal infections are usually formulated as creams, 

lotions or gels. Depending upon the agent being delivered they either act as fungicidal or 

fungistatic. Another advantage of topical formulation is that it avoids drug-drug interactions, 

which are more common in case of oral administration
3
. For the localized treatment of an anti 

fungal agent to be effective, it should remain at the site of application for prolonged period of time. 

But it will not be adhered to the applied part due to sweat, movements, clothing, etc. that have 

limited the effectiveness and residence time of conventional topical formulations for treatment of 

fungal infections of skin. Hence, a composition that adheres to skin surface infected and provides 

localized delivery of an antifungal agent is needed.  

The film-forming hydrogel (FFH) is a dosage form which transform from the hydrogel into film-

type after application to the infected site by solvent evaporation. These are hydrophilic polymeric 

networks that may retain large amount of water and exhibit a semi-solid morphology. This 

formulation has the advantages of both hydrogel and film types. Film forming hydrogels proves to 

be effective dosage form for the topical delivery of drugs and it can bypass the side effects related 

to the conventional systems like gastric ulceration and bleeding. They preserve the active drug for 

a long time, and are biocompatible in nature 
4
. They also prolong the drug release from the 
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formulation and reduce frequency of drug administration which will results in improved patient 

compliance. 

MECHANISM OF ACTION OF ANTIFUNGAL AGENTS 

Fungal diseases are called mycosis and they can be divided into five groups
5
 based on the level of 

penetration into the body tissues:- 

Superficial mycosis  

These are caused by fungi that grow only on the surface of the skin or hair. Superficial mycoses 

are limited to the outermost layers of the skin and hair. 

Cutaneous mycosis or dermatomycosis 

This includes infections such as athlete's foot and ringworm. Cutaneous mycoses extend deeper 

into the epidermis, and also include invasive hair and nail diseases.  

Subcutaneous mycosis 

It penetrates below the skin to infect the subcutaneous, connective, muscle and fascia. These 

infections are chronic and can be initiated by piercing trauma to the skin which allows the fungi to 

enter. Its treatment is difficult and at some times may require surgical interventions. 

Systemic mycoses due to primary pathogens 

It originates primarily in the lungs and may spread in to other organ systems.  

Systemic mycoses due to opportunistic pathogens 

These are infections of patients with immune deficiencies who would otherwise not be infected. 

Examples include AIDS, immunosuppressive therapy, and metastatic cancer etc. 

Antifungal drugs are used to treat mycoses. Depending on the nature of the infection, a topical or 

systemic agent may be used. A broad classification of antifungal drugs based on mechanism is 

given in Table 1. 

Table 1: Classification of antifungal drugs
 6 

Anti fungal drug class Examples Mechanism of action 

Polyenes 

 

Amphotericin B, Nystatin Interacts with sterols in cell 

membranes forming channels that 

leak cellular contents 

Antibiotic Griseofulvin Inhibits mitosis (sliding of 

microtubules) in fungi 

Azoles Fluconazole, Ketoconazole, 

Itraconazole Etc. 

Inhibits ergosterol biosynthesis at 

the level of  C 14 -demethylase 

Allylamines Terbinafine Inhibit ergosterol biosynthesis at 

the level of  squalene epoxidase 

Thiocarbamate Tolnaftate Inhibit ergosterol biosynthesis at 

the level of  squalene epoxidase 

Antimetabolite Flucytosine Inhibit DNA and RNA synthesis 
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via conversion of 5-fluorocytosine 

to 5-fluoricil 

Profens Flurbiprofen, Ibuprofen Direct damage to fungal 

cytoplasmic membrane 

Topical Delivery of Antifungals via Skin  

The skin is a well organized membrane which covering an area of about 2 m
2
 of  average human 

adult body with an average thickness of 0.5 mm having three main layers, which are epidermis, 

dermis, hypodermis. Stratum corneum is the outermost layer of the skin formed by dead and 

keratinized cells which  forms the principle barrier for the permeation of drugs through skin
7
.  

 

Figure 1: Structure of skin
8 

Following topical administration drugs should penetrate into the skin layers to ensure effective 

drug concentrations. Types of the formulations as well as the physico-chemical characteristics of 

drug molecules are the main factors affecting topical drug delivery. In topical administration, the 

entry of drugs into systemic circulation is prevented or minimized. Thus, the systemic adverse 

effects of drugs are avoided. Besides, topical preparations have better patient compliance due to 

their non- invasiveness and, they can be self-administered. The greatest challenge in case of 

dermal drug delivery is stratum corneum, and in order to improve its permeability, new 

formulation approaches have to be investigated
9
. 

Film Forming Hydrogel 

The film-forming hydrogel (FFH) is a dosage form which transform from the hydrogel to film-type 

after application to the site by solvent evaporation. This formulation has the advantages of both 

hydrogel and film types
10

. The term hydrogel describes three-dimensional network structures 

obtained from a class of synthetic and/or natural polymers which can absorb and retain significant 
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amount of water 
11

. The formulation on contact with the skin will form a semi occlusive film over 

the skin, thereby concentrating the active ingredient of the formulation in a matrix of the polymer. 

The film-forming polymers used for topical administration include polyvinyl pyrrolidone (PVP), 

polyvinyl alcohol (PVA), HydroxyPropyl cellulose (HPC), HydroxyPropyl Methyl cellulose 

(HPMC), eudragit etc
 12

. 

Hydrogel materials possess many specific properties like ability to contain water, stability in 

aqueous media and softness etc. that make them attractive for a wide range of applications such as 

tissue engineering, wound healing, controlled drug release, contact lenses etc
13

. Hydrogels, due to 

their high water content possess a degree of flexibility similar to natural tissue 
14

. 

 

Figure 2: Transformation of gel into film 

Liu X et al designed transparent film forming hydrogel of tolterodine
 
using carbopol 980, Hydroxy 

propyl cellulose, HPMC and tween 80 as matrices and evaluated their effects on stratum 

corneum
15

. They showed sustained release over 24 hrs. An et al. 
16 

investigated a transdermal 

hydrogel on the basis of polyvinyl alcohol and polyisobutylene that solidified into a substantial 

film on the skin. The formed film was able to provide a sustained release of testosterone over 24 

hours. 

Film Forming Hydogel in Topical Drug Delivery  

Usually topical formulations are more convenient for treating the skin infections. But the applied 

medicament may wiped off, due to clothes or any other reason. Thus there is a need to develop to 

novel drug delivery system which is in a gel form in a tube or container, but when applied to skin 

surface converts or transform into a film. Initially, gels provide a immediate drug release and after 

transformation into film prolonged drug release can be maintained
 17

.  
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Figure 3: Formation of Film(courtesy: Google images) 

hydrogel adhere to skin because of hydration of skin and presence of hair follicles and sweat gland 

contain aqueous channels increases the skin surface hydration
18

.   

 

Figure 4: formation of film on skin 

These film forming hydrogels are novel approach helpful in providing sustained release with 

increased residence time, therapeutic effect and patient comfort. This new drug delivery system 

has many advantages over the conventional formulations in terms of many biopharmaceutical 

parameters.  

CHARACTERISTICS OF HYDROGEL
19

 

The most important characteristic features of hydrogel include its water holding capacity and 

permeability. Firstly polar hydrophilic groups gets hydrated upon contact with water which leads 

to the formation of primary bound water. As a result the network swells and it exposes the 

hydrophobic groups which are also capable of interacting with the water molecules which leads to 

the formation of hydrophobically-bound water(‘secondary bound water’). Primary and secondary 

bound water are often combined and called ‘total bound water’. Then this network will absorb 

additional water (free/bulk water) and this additional swelling is opposed by the covalent or 

physical cross-links, which leads to an elastic network retraction force. Thus, the hydrogel will 

reach an equilibrium swelling level. The additionally absorbed water will fill the spaces between 
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the network chains. Depending on the nature and composition of the hydrogel the next step is the 

disintegration/dissolution( if the network chain or cross-links are degradable). 

Biocompatibility
20

 is the third most important characteristic property required by the hydrogel. 

Hydrogel as well as its metabolites formed upon degradation will be compatible with the immune 

system and will be non toxic in nature. 

ANTIFUNGAL FILM FORMING HYDROGELS 

Topical therapy is an attractive choice for the treatment of the superficial infections due to its 

advantages such as targeting of drugs to the site of infection and reduction of the risk of systemic 

adverse effects. Systemic therapy is usually reserved for infections of the nails, extensive 

cutaneous infections or those which have not responded to topical therapy. Systemic treatment has 

the side effects like gastric irritation, diarrhea, nausea, vomiting and stomach pain, headache, 

fever, renal impairment and anemia
 21

. 

Conventional topical formulations like gel, cream etc. are unable to retain the drug over the skin 

for a prolonged period and hence necessitate longer treatment duration or have to be supplemented 

by oral therapy. For effective topical delivery of an antifungal agent that is applied to the surface 

of the skin, it must get partitioned firstly from the vehicle into the stratum corneum, and then into 

the local tissues including the viable epidermis, dermis, subcutaneous tissue and appendages. This 

is problematic since antifungal compounds are generally hydrophobic and a new method is needed 

to perform this partitioning to deliver therapeutically effective concentrations of active agent in 

situ. For effective delivery of drugs via dermal route, much effort has been invested in providing 

chemical enhancers for drug penetration, such as DMSO. Many of these substances cause irritation 

and are not desirable due to their toxicity. Hence, there is a need for improved formulations for 

topical delivery of antifungal agents that would minimize the systemic exposure of the 

medicament. The need for multiple applications a day is frequently associated with poor patient 

compliance. Thus, prolonging the contact time of active substances to the skin and thereby 

reducing the application frequency is subject of intensive research.  

 The concepts of film forming formulations are novel. Film forming formulations may be 

solutions, gels or emulsions. Film forming formulations are defined as non-solid dosage forms 

which produce a film in situ after application on the skin or any other body surface. Such 

compositions can either be liquids or semisolids with a film forming polymer as basic material for 

the matrix. The formed film can provide a sustained drug release to the skin. Incorporation of the 

drug in a film forming gel would facilitate prolonged contact of the drug on the skin and the film 

formed on drying can improve its skin retention ability, thereby improving the topical treatment of 
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fungal skin infections. This approach  not only sustain the release of drug , but also helps for drug 

targeting to the skin, thereby improving patient compliance by reducing application frequency
 
.    

Vij NN et al, developed and evaluated film forming gel containing anti fungal agent terbinafin 

hydrochloride for prolonged dermal delivery using polymers eudragit and hydroxyl propyl 

cellulose . The optimized formulation showed drug release of 99.84% and antifungal activity in 

terms of efficacy as 99.44%
 22

. 

METHOD OF PREPARATION 

The general methods
 23

 to produce physical and chemical gels are described below. 

Physical cross-linking 

There has been an increased interest in physical or reversible gels due to its ease of production and 

the advantage of not using any cross-linking agents. The various methods to obtain physically 

cross-linked hydrogels are: 

Heating/cooling a polymer solution:   

The gel formation is due to helix-formation, association of the helices, and forming junction zones. 

Carrageenan in hot solution above the melting transition temperature is present as random coil 

conformation which upon cooling transforms into rigid helical rods. In presence of salt (K+, Na+, 

etc.), due to screening of repulsion of sulphonic group (SO–3), double helices further aggregate to 

form stable gels Some of the examples are polyethylene oxide-polypropylene oxide, polyethylene 

glycol-polylactic acid hydrogel. 

 

Figure 5: Gel formation due to aggregation of helix upon cooling a hot solution of 

Carrageenan. 

Complex Coacervation:  

Complex coacervate gels can be formed by mixing of a poly anion with a poly cation. The 

principle behind this method is that polymers with opposite charges stick together to form soluble 

and insoluble complexes depending upon the pH and concentration of the respective solutions. 

One such example is coacervating poly anionic xanthan with poly cationic chitosan.  
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Chemical cross-linking 

Chemical cross-linking involves the use of a cross-linking agent to link two polymer chains. 

Natural and synthetic polymers can be cross linked through the reaction of their functional groups 

(OH, COOH, and NH2) with cross-linkers (e.g. glutaraldehyde, adipic acid dihydrazide).  

Chemical cross-linkers: Glutaraldehyde, epichlorohydrin etc have been widely used to obtain the 

cross linked hydrogel. Example is hydrogel prepared by cross-linking of corn starch and polyvinyl 

alcohol using glutaraldehyde as a cross-linker.  

Grafting cross linking 

To improve the mechanical properties of a hydrogel, it can be grafted on surface coated onto a 

stronger support. In this technique free radicals are generated onto a stronger support surface and 

then monomers are polymerized directly onto it and as a result a chain of monomers are covalently 

bonded to the support. A variety of polymeric supports can be used for the synthesis of hydrogel 

by using grafting techniques. Starch grafted with acrylic acid by using N-vinyl-2-pyrrolidone is an 

example of this kind of process. 

Radiation cross-linking 

Radiation cross-linking is a widely used technique as it does not involve the use of chemical 

additives. It can retain the biocompatibility of the biopolymer and also the modification and 

sterilization can be achieved in single step .Hence it is a cost effective process to modify 

biopolymers having their end-use specifically in biomedical application. The technique mainly 

depends on producing free radicals in the polymer following the exposure to the high energy 

source such as gamma ray, x-ray or electron beam. 

CONCLUSION 

The prevalence of fungal infections are increasing rapidly. Conventional topical formulations are 

not able to provide prolonged drug release and are also associated with various side effects 

including gastric ulceration, bleeding etc. Film forming hydrogels are effective dosage form for the 

topical delivery of drugs  and  it can bypass the side effects related to the conventional antifungal 

agents. Also it remains adhered to the effected part for a longer period without getting rubbed off 

.Thus it can provide sustained drug release and improve patient compliance. 
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Abstract 

Rheumatoid arthritis is a chronic, inflammatory autoimmune disease causing synovial proliferation and joint destruction. Topical 

preparations are generally used for the treatment of rheumatoid arthritis. Film forming hydrogels are the dosage form for the topical 

delivery of drugs and it can bypass the side effects related to the conventional system like gastric ulceration and bleeding. It will 

provide effective topical release of the drugs. These film forming gels are novel approach for providing sustained release with 

increased residence time, therapeutic effect and patient comfort. 

 

Keywords: rheumatoid arthritis, film forming hydrogel, topical delivery 
 

 

Introduction 

Inflammation will occur by the release of certain chemicals 

from tissues and migrating cells. Prostaglandins (PGs), 

leukotrienes (LTs), bradykinin, histamine, interleukin-1 and 

platelet-activating factor are strongly implicated [1]. 

Inflammation of joints is termed as rheumatoid arthritis. The 

joints become swollen in these condition. Symptoms of 

rheumatoid arthritis are treated by anti-inflammatory drugs, 

which will reduce the synthesis of prostanoids by inhibiting the 

cyclo-oxygenase enzyme [2]. The formation of PGs and LTs are 

prevented by corticosteroids by releasing lipocortin. Lipocortin 

will inhibit phospholipase A2, which will reduces the release of 

arachidonic acid and there by inflammation will be suppressed 
[3]. 

The drugs such as NSAIDs will used for the treatment of 

inflammation. NSAIDs are responsible for the suppression of 

COX enzymes, which will resulting in reduction of the 

production of prostaglandins, thus controlling inflammation. 

Some anti-inflammatories that are selectively inhibit COX 1 or 

COX 2 enzymes. Only COX 1 inhibits the formation of 

thromboxane. COX 1 inhibition is associated with increased 

risk of gastrointestinal bleeding and damage [4]. The adverse 

effects of COX 1 inhibitors can be minimized by the use of 

COX 2 inhibitors. These inhibitors include piroxicam, 

naproxen, meloxicam and nimesulide, diclofenac (first-

generation selective COX 2 inhibitors) [5], and celecoxib, 

etoricoxib, valdecoxib, parecoxib and lumiracoxib (second-

generation, selective COX 2 inhibitors) [6, 7]. 

 

Drugs 
The drugs used to treat rheumatoid arthritis can be classified 

mainly into 3 groups [8]. 

 

Drugs that decrease 

pain & inflammation 

Disease-modifying 

anti-rheumatic drugs 
Biologics 

Ibuprofen Methotrexate Infliximab 

Naproxen Leflunomide Anakinar 

Ketoprofen Sulfasalazine Rituximab 

Flurbiprofen Azathioprine Adalimumab 

Film Forming Hydrogel 

 

 
 

Fig 1: Transformation of gel in to film 

 

The film forming hydrogel is placed on the skin to deliver a 

certain dose of medication through the skin and into the 

bloodstream. Film provides a controlled release of medication 

into the patient [9]. Film forming formulations are the non-solid 

dosage forms that produce a substantial film after application 

on the skin. These type of compositions can either be semisolids 

or liquids with a film forming polymer. The formed film is 

responsible providing a sustained drug release to the skin [10, 11]. 

Film forming gel will facilitate prolonged contact on skin with 

drug. The film formed after evaporation would improve its skin 

retention ability and improving the topical treatment of various 

diseases. This approach will enhance percutaneous absorption, 

but may even allow for drug targeting to the skin. It also 

enhances drug efficacy and improving patient compliance. 

Frequent application is not needed in case of film forming 

hydrogels [12, 13]. Hydrogel is a polymeric material and having 

the ability to swell and retain a certain fraction of water within 

its structure. Due to their large water content they will possess 

degree of flexibility very much similar to natural tissue. The 

hydrophilic functional groups are attached to the polymeric 

matrix, from this they will attain the ability of hydrogels to 

absorb water [14]. The natural Hydrogels were replaced by 

synthetic hydrogels. Synthetic hydrogels has long life, high 
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capacity of water absorption, and high gel strength compared to 

natural hydrogels. Synthetic polymers usually have well-

defined structures that can be modified to yield better 

functionality and degradability [15]. From purely synthetic 

components, Hydrogels can be synthesized. It is stable in the 

various conditions of temperature. Hydrogels have been widely 

used as a drug carrier and the combination of natural and 

synthetic polymers will provide biological acceptability and 

mechanical stability. In practice, to achieve more swelling, it is 

common to use synthetic polymers that are water-soluble. 

Hydrogels may be synthesized by various ways. These include 

polymerization (one step procedure) and parallel cross-linking 

of multifunctional monomers, as well as synthesis of polymer 

molecules having reactive groups and their subsequent cross-

linking, possibly also by reacting polymers with suitable cross-

linking agents (multi step procedure) [16, 17, 18].  

 

Film forming hydrogel in topical drug delivery 

Topical therapy more effective for the treatment of 

inflammatory diseases due to its advantages such as targeting of 

drugs to the site of inflammation and reduction of the risk of 

systemic side effects. There are various types of formulations 

are available to treat the inflammatory diseases, but they have 

some problems. These problems necessitate the development of 

such system that can overcome problems associated with 

conventional system. Film forming Hydrogel could be a better 

option that avoids the complications of existing systems. They 

preserve the active drug for a long time, biocompatible in nature 

and can be easily modified. Different types of combinations of 

polymers are made into hydrogel formulations. The film-

forming polymers used for topical administration, are polyvinyl 

pyrrolidone (PVP), polyvinyl alcohol (PVA), HydroxyPropyl 

cellulose (HPC), Hydroxy Propyl Methyl cellulose (HPMC), 

various grades of Methacrylates and Ethyl Cellulose etc []. The 

pharmaceutical industry has been developing hydrogel 

according to drug delivery system in an advanced manner [19]. 

Usually topical formulations are more convenient for treating 

the inflammatory diseases instead of using NSAIDs. But the 

applied medicament may wiped off, due to clothes or any other 

reason. Thus there is a need to develop to novel drug delivery 

system which is in a gel form in a tube or container, but when 

applied to skin surface converts or transform into a film. 

Initially, gels provide a drug release and after transformation 

into film prolonged drug release was maintained [20]. These film 

forming gels are helpful in providing sustained release with 

improving patient compliance. This new drug delivery system 

having a change over the conventional in terms of many 

biopharmaceutical parameters. Film forming hydrogels having 

the capacity to hold water and they are biocompatiable [21, 22]. 

 

 

Fig 2: Formation of film on skin 

 

Conclusion 

The risk of rheumatoid arthritis will increasing day by day. The 

oral treatment of NSAIDs will cause gastric irritation and 

kidney damage. Film forming hydrogels are the most effective 

dosage form for the topical delivery of drugs. Also it remains 

adhered to the effected part for a longer period without getting 

rubbed off. Thus it can provide sustained drug release and 

frequent reapplication is not required. It will provide better 

patient compliance. 
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Risk factors, burdens and management of 

osteoarthritis: A review 
 

Thalitha Tomy, K Krishnakumar and L Panayappan 
 
Abstract 
Osteoarthritis is chronic degenerative disease of the joints with major clinical features as joint pains and 
stiffness, leading to decline in physical activities. It is most common musculoskeletal disorder affecting 
millions of people. Age, sex, genetics factor, obesity, nutritional factor, bone mass, joint associated risk 
etc. are the major risk factors of osteoarthritis. Disabilities, mortalities and economic burdens are the 
impact of osteoarthritis. This article explains various risk factors, socio-economic burdens and prevention 
and management methods of osteoarthritis 
 
Keywords: Osteoarthritis OA, Body mass index BMI, Cardiovascular disease CVD, Non-steroidal anti-
inflammatory drug NSAID 
 
1. Introduction 
Osteoarthritis is chronic degenerative disease of the joints with major clinical features as joint 
pains and stiffness, leading to decline in physical activities [1]. Osteoarthritis is most common 
musculoskeletal disorder and it became the fourth leading cause of year lived with disability in 
world wide. It mainly affects the hand and large weight bearing joints, such as the knee and the 
hip. Its prevalence’s increases with progression of age, frequency of occurrence is more in 
women than men. Aetiology of osteoarthritis is multifactorial; age, sex, genetics factor, 
obesity, nutritional factor, bone mass, joint associated risk etc. Early detection and education 
of patient helps to prevent progression of damage at same time improve lifestyle of society 
also reduce financial and social burdens [2]. 

 
Risk Factors of Osteoarthritis 
Personal Level Risk Factors 
1. Age: It is important risk factor for OA. Ageing mainly affects the ability of joint to protect 
itself from biochemical stress, sometime it may be due to changes in articularcartilage. As 
progression of age chance for getting OA is very high [3]. 

 
2. Genders: Women’s are more chance for getting osteoarthritis as compared to men. Risk 
will be high at stage of menopause. Estrogenic supplementation was found to be significant 
role to decrease rate of osteoarthritis (hip, knee) [3]. 

 
3. Obesity: Obesity is modifiable risk factor for osteoarthritis. Obesity increases the 
progression of disease especially in the case of knee and hip. Weight reduction can improve 
the pain and functioning of joints. Therefore, weight reduction can lower the disease burden 
and morbidity associated with osteoarthritis [3]. 

 
4. Genetics: Heredity character has got very strong association for the development of 
osteoarthritis. From studies, it is shown that expression of micro RNAmiR-127-5p was 
observed in knee osteoarthritis [4]. 

 
5. Diets: Low level of vitamin D, C& k are the common risk factor for the development of 
knee OA. 
Because of antioxidant effect of micronutrients provide protection against tissue injury [4]. 

 
Joint Associated Risk 
1. Anatomical Abnormality: Hip osteoarthritis is more linked with local anatomical 
abnormalities than knee osteoarthritis [4]. 
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2. Injuries: It is one of the commonly seen risk factor OA 
especially for knees, mainly due to meniscal damage, direct 
injury of articular cartilage. Occupational knee OA and 
previous history of knee injury are the serious risk factors [4]. 
 
3. Jointloads And Alignment: Misalignment of 
metatarsophalangeal joint is associated with osteoarthritis of 
metatarsal, knee and hip joints [4]. 

 
4. Occupation and Activites 
Physical activity and OA is highly linked to each other. 
Person with repetitive and high impact of physical activities 
has high risk of getting hip and knee OA. Person with higher 
level of participation in sports also reason for OA [4]. 

 
The Burdens of Oa 
Disability: Limitation in various activity particularly in 
walking, carrying object, difficulty in dressing are serious 
burden of OA, because of that human assistance is essential 
for arthritic patient. Therefore, to reduce the burden, promote 
the use of assistance device such as walking aids [5]. 
 
Mortality: Patients with OA have higher risk of mortality 
than normal population. The major cause of mortality is due 
to CVD including respiratory disease, hypertension, high 
cholesterol levels, low high-density lipoprotein levels, renal 
impairment and diabetes, dementia. CVD IS usually seen in 
patient with severe walking disability and women with hip 
OA due to less physical function. Therefore, health care 
professional should give more attention to decrease walking 
disability by promoting use of walking devices, rehabilitation 
programs also through joint replacements [5]. 

 
Economic Burden: OA becomes major public burden in our 
society. The economic impact of OA mainly includes direct 
and indirect cost. Direct costs include cost of drugs, medical 
care, hospitals and research, and indirect costs include lost 
work productivity due to chronic or short-term disability [6]. 

 
Prevention and Management 
OA patients have to suffer pain and loss of function. The main 
aim of OA management is that to reduce the level of pain, 
inflammation, disability and slow down degradation, also 
improve the function. Among these prevention is better than 
management [7]. 

 
Primary Prevention 
1. Weight control: BMI>30kg/m2 can be considered as 

obesity, it becomes one of the major risk factor. 
Reduction of weight through diet and physical exercise 
can lower the risk of developing OA. 

2. Occupational injury prevention: Avoid repetitive joint 
injury  

3. Sports injury prevention: By taking necessary prevention 
such as warming ups, use of proper equipment’s to 
reduce injury. 

4. misalignments: Improper alignment lead to OA, through 
proper treatment like orthotic or bracing decrease risk [7]. 

 
Secondary Prevention 
Secondary prevention helps to early diagnosis and to 
minimize disease progression at early stage by the use of 
biochemical markers [7]. 

 

Tertiary Prevention 
The main objective is that 
1. minimizes the complication of disease. 
2. Improve the quality of life. 
3. lower the level of pain and disability [7]. 
 
Management 
Non-Pharmacological Therapy 
 Education 

Patient education is important part of management. Health 
care professional should give idea about different aspects of 
disease process, benefits and risk of treatment [8]. 
 

 Reduction Of Adverse Mechanical Factors 
Obesity is one of the modifiable risk factor for the 
development and progression of knee and hip OA, because of 
that weight reduction is effective in the prevention of primary 
and secondary OA. Weight reduction improves pain and 
functioning of joints, it mainly achieved by diet control and 
regular exercise. Patient with lower limb osteoarthritis should 
use footwear, raised heels are completely avoided [8]. 
 

 Assistive Device 
Assistance device such as cane, wheeled walkers help to 
reduce the mechanical loading and pain in patient with knee, 
hip OA. They should be educated about proper use of cane. 
Knee brace can be recommended to patient with OA and also 
in the case of mild to moderate valgus misalignment [8]. 

 
Ice and heat treatment 
Periodic application of heat and cold treatment is commonly 
recommended in combination with other treatment especially 
for the patient with knee OA, and is found to be safer and 
more economical. Cold treatment is useful after exercise and 
in acute phase of pain, which reduce the inflammatory 
oedema and further damage. Heat treatment mainly 
recommended after the stabilization of initial swelling and 
oedema phase [8]. 

 
Therapeutic Exercise 
Therapeutic exercise is the form of physical activity which 
mainly done under the presence of appropriative health care 
professionals for obtaining specific treatment goals. 
Benefits of physical activity and exercise 
1. It slows down disease progression, which increases the 

rate of remodelling, muscle strength. 
2. It helps in reducing pain 
3. It improves the functional limitation by improving 

walking speed.[8] 

  
Non-Steroidal Anti- Inflammatory Drugs 
Pharmacological approach of symptomatic treatment helps to 
control joint pain and improve joint function. It mainly 
includes oral administration of paracetamol, NSAID, opioid 
intra- articular corticosteroid injection [8]. 

 
Surgery 
Patient who suffer persistent pain and reduced function of 
joints are more preferred for joint replacement surgery. Most 
of patients undergo total knee arthroplasty to improve the 
function and reduce the symptoms [8]. 

 
Conclusion 
Osteoarthritis is chronic degenerative disease of the joints. It 
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mainly affects the hand and large weight bearing joints, such 
as the knee and the hip. It prevalence’s increases with 
progression of age. Its frequency of occurrence is more in 
women than men. Obesity is also a reason for the progression 
of disease. Person with repetitive and high impact of physical 
activities has a high risk of getting disease. Pain, limitation in 
functioning of joints, higher risk of cardio vascular diseases, 
and increased economic costs are the major burdens of 
osteoarthritis. so prevention methods such as weight control, 
prevention from occupational and sports injuries are primary 
steps to avoid disease. For the managements, non-
pharmacological methods such as patient education, use of 
assistance device, Cold and heat treatment, therapeutic 
exercise under the guidance of health care professional, 
pharmacological treatments, some severe cases surgeries also 
useful 
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Abstract 

The transdermal drug delivery system is one of the novel drug delivery system which overcome the problems arises from 

conventional dosage forms. Transdermal drug delivery has a major role in increasing patient compliance and avoiding first pass 

metabolism. It is one of the alternative method for oral route of drug administration. This review gives valuable information about 

the TDDS like its advantages, disadvantages, types of TDDS, different methods for formulation, and different methods of 

evaluation of transdermal patches. 
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Introduction 

Transdermal drugs are self-contained discrete dosage form 

that is used to deliver a drug into the systemic circulation 

across the skin. It provide a means to sustain drug release as 

well as reduce the intensity of action and thus reduce the side 

effects associated with its oral therapy. Transdermal patches 

were developed in the 1970’s and the first transdermal 

system, Transderm Scop (ciba, now Novartis) was approved 

by Food and Drug Administration (FDA) in 1979 for 

prevention of nausea and vomiting associated with travel, 

particularly by sea [1]. 

 

Definition 

A Transdermal patch is a medicament adhesive patch that is 

placed on the skin to deliver a specific dose of medication 

through the skin and into the bloodstream [2]. 
 

 
 

Fig 1: Transdermal patch 

 

Advantages 

1. Avoidance of first pass metabolism of drugs.  

2. Reduced plasma concentration levels of drugs, with 

decreased side effects.  

3. Reduction of fluctuations in plasma levels of drugs, 

Utilization of drug candidates with short half- life and low 

therapeutic index.  

4. Reduction of dosing frequency an enhancement of patient 

compliance.  

5. Transdermal medications deliver a steady infusion of a 

drug over an extended period of time. 

6. It increases the therapeutic value of many drugs via 

avoiding specific problems associated with the drug like 

GI irritation, lower absorption, decomposition due to 

‘hepatic first pass’ effect.  

7. Easy elimination of drug delivery during toxicity. 

 

Disadvantages 

1. Possibility of local irritation such as erythmea, itching, 

and local edema at the site of application. 

2. The number of drugs that can be delivered in this manner 

is limited because of low permeability of the skin [3]. 

 

Conditions in which the transdermal patches are not used  

 The transdermal patch is not suitable when, treatment of 

acute pain. 

 Where rapid dose irritation is required. 

 Where the required dose is equal to or less than 30 mg/24 

hours. 

 

Limitations 

 TDDS cannot deliver ionic drugs. 

 TDDS cannot achieve high drug levels in blood/plasma. 

 It cannot develop for drugs of large molecular size. 

 TDDS cannot deliver drugs in a pulsatile fashion. 

 TDDS cannot develop if drug or formulation causes 

irritation to skin [4]. 

 

Care taken while applying transdermal patch 

 The part of the skin where the patch is to be applied 

should be properly cleaned. 

 The patch should not be cut, because it destroys the drug 

delivery. 

 The old patch should be removed before applying new 

patch. 

 Don’t touch the adhesive layer before application by hand 

itself or by other things it may produce changes in release 

rate & bioavailability. 

 Then the patch is placed accurately to the site of 

application [5]. 
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Uses of transdermal patches 

1) It is an alternative method of drug delivery when the 

patient has intolerable side effects (including constipation) 

and who is unable to take oral medication (dysphagia). 

2) Where the pain control might be improved by reliable 

administration. This might be useful in patients with 

cognitive impairment or those who for other reasons are 

not able to self-medicate with their analgesia. 

3) It can be used in combination with other enhancement 

strategies to produce synergistic effects [6]. 

 

Types of transdermal patches 

i) Single-layer Drug-in-Adhesive  
The adhesive layer of this system also contains the drug. In 

this type of patch the adhesive layer not only serves to adhere 

the various layers together, along with the entire system to the 

skin, but is also responsible for the releasing of the drug. The 

adhesive layer is surrounded by a temporary liner and a 

backing. 

 

ii) Multi-layer Drug-in-Adhesive 

It is similar to the single-layer system in that the drug is 

incorporated directly into the adhesive. The multi-layer 

system is different however that it adds another layer of drug-

in-adhesive, usually separated by a membrane (but not in all 

cases). This patch also has a temporary liner-layer and a 

permanent backing [7]. 

 

iii) Drug Reservoir-in-Adhesive 

Unlike the Single-layer and Multi-layer Drug-inadhesive 

systems the reservoir transdermal system has a separate drug 

layer. The drug layer is a liquid compartment containing a 

drug solution or suspension separated by the adhesive layer. 

This patch is also backed by the backing layer.  

 

iv) Drug Matrix-in-Adhesive 

The Matrix system has a drug layer of a semisolid matrix 

containing a drug solution or suspension. The adhesive layer 

in this patch surrounds the drug layer partially overlaying it 
[8]. 

 

v) Vapour Patch 

In this type of patch the adhesive layer not only serves to 

adhere the various layers together but also to release vapour. 

The vapour patches are new on the market and they release 

essential oils for up to 6 hours. The vapour patches release 

essential oils and are used in cases of decongestion mainly. 

Other vapour patches on the market are controller vapour 

patches that improve the quality of sleep. Vapour patches that 

reduce the quantity of cigarettes that one smokes in a month 

are also available on the market [9]. 

 

Various methods for preparation of TDDS 

i) Circular teflon mould method (Baker and Heller 1989) 

Solutions containing polymers in various ratios are used in an 

organic solvent. Calculated amount of drug is dissolved in 

half the quantity of same organic solvent. To this solution 

plasticizer is added. The total contents are to be stirred and 

then poured into a circular teflon mould. And rate of solvent 

vaporization controlled with placing inverted glass funnel on 

teflon mould. The solvent is allowed to evaporate for 24 hrs. 

The dried films are to be stored in a desiccators [10]. 

ii) Asymmetric TPX membrane method (Berner and John 

1994) 

A prototype patch can be fabricated by a heat sealable 

polyester film (type 1009, 3m) with a concave of 1cm 

diameter used as the backing membrane. Drug sample is 

dispensed into the concave membrane, covered by a TPX 

{poly (4-methyl-1-pentene)} asymmetric membrane, and 

sealed by an adhesive21 [11]. 

 

iii) Mercury substrate method 

In this method required amount of drug is dissolved in 

polymer solution along with plasticizer. The above solution is 

to be stirred for some time to produce a homogenous 

dispersion and it is keep aside until air bobbles removed 

completely and then poured in to a glass ring which is placed 

over the mercury surface in a glass petri dish covered with 

inverted funnel to control solvent evaporation. The dried 

films are to be stored in a desiccators [12]. 

 

iv) “IPM membranes” method 
In this method drug is dispersed in a mixture of water and 

propylene glycol containing carbomer 940 polymers and 

stirred for 12 hrs in magnetic stirrer. The dispersion is to be 

neutralized and made viscous by the addition of 

triethanolamine. If the drug solubility in aqueous solution is 

very poor, Buffer pH 7.4 can be used in order to obtain 

solution gel. The formed gel will be incorporated in the IPM 

membrane [13]. 

 

v) “EVAC membranes” method 

In order to prepare the target transdermal therapeutic system, 

1% carbopol reservoir gel, polyethylene (PE), ethylene vinyl 

acetate copolymer (EVAC) membranes can be used as rate 

control membranes. If the drug is not soluble in water, 

propylene glycol is used for the preparation of gel. Drug is 

dissolved in propylene glycol; carbopol resin will be added to 

the above solution and neutralized by using 5% w/w sodium 

hydroxide solution. The drug (in gel form) is placed on a 

sheet of backing layer covering the specified area. A rate 

controlling membrane will be placed over the gel and the 

edges will be sealed by heat to obtain a leak proof device [14]. 

 

vi) Aluminium backed adhesive film method 

If the loading dose is greater than 10 mg transdermal drug 

delivery system may produce unstable matrices. Aluminium 

backed adhesive film method is a suitable one. For it’s 

preparation, chloroform is used as the choice of solvent, 

because most of the drugs as well as adhesive are soluble in 

chloroform. The drug is dissolved in chloroform and adhesive 

material will be added to the drug solution and dissolved. A 

custom made aluminum former is lined with aluminum foil 

and the ends blanked off with tightly fitting cork blocks. 

 

vii) Glass Substrate Method 

The polymeric solutions are kept a side for swelling then 

required quantity of plasticizer and drug solution are added 

and stirred for 10 min. Further, it is set-a side for some time 

to exclude any entrapped air and is then poured in a clean and 

dry anumbra petriplate. The rate of solvent evaporation is 

controlled by inverting a glass funnel over the petriplate. 

After overnight, the dried films are taken out and stored in a 

desiccators [15]. 



 
International Journal of Advanced Science and Research 

3 
 

Evaluation of transdermal patches 

Physicochemical evaluation 

Thickness: The thickness of transdermal film is determined 

by travelling microscope, dial gauge, screw gauge or 

micrometer at different points of the film. 

 

Uniformity of weight 

Weight variation is studied by individually weighing 10 

randomly selected patches and calculating the average weight. 

The individual weight should not deviate significantly from 

the average weight [16]. 

 

Drug content determination 

It can be determined by completely dissolving a small area (1 

cm 2) of polymeric film in suitable solvent of definite 

volume. The solvent is selected in which the drug is freely 

soluble. The selected area is weighed before dissolving in the 

solvent. The whole content is shaken continuously for 24 h in 

a shaker incubator followed by sonication and filtration. The 

drug in solution is assessed by appropriate analytical method 
[17]. 

 

Content uniformity test 

The test is carried out by performing assay to find out the 

content of drug material contained in polymeric film of the 

patch. If 9 out of 10 patches have content between 85% to 

115% of the specified value and one has content not less than 

75% to 125% of the specified value, then transdermal patches 

pass the test of content uniformity [18]. 

 

Moisture content 

The prepared films are weighed individually and kept in a 

desiccators containing calcium chloride at room temperature 

for 24 h. The films are weighed again after a specified 

interval until they show a constant weight [19]. The percent 

moisture content is calculated using following formula, 

 

% moisture content = (Initial weight – final weight )*100  

Final weight 

 

Flatness 

A transdermal patch should possess a smooth surface and 

should not constrict with time.For flatness determination, one 

strip is cut from the centre and two from each side of patches. 

The length of each strip is measured and variation in length is 

measured by determining percent constriction. Zero percent 

constriction is equivalent to 100 percent flatness [20]. 

 

Folding Endurance 

It involves determining the folding capacity of the films 

subjected to frequent extreme conditions of folding. Folding 

endurance is determined by repeatedly folding the film at the 

same place until it break. The number of times the films could 

be folded at the same place without breaking gives the folding 

endurance value [21]. 

 

In-vitro drug release studies 

The paddle over disc method (USP apparatus V) can be  

employed for assessment of the release of the drug from the 

prepared patches 

 

 

In-vitro skin permeation studies 

An In vitro permeation study can be carried out by using 

diffusion cell. Full thickness abdominal skin of male wistar 

rats weighing 200 to 250 g. Hair from the abdominal region is 

to be removed carefully by using an electric clipper; the 

dermal side of the skin was thoroughly cleaned with distilled 

water to remove any adhering tissues or blood vessels, 

equilibrated for an hour in diffusion medium or phosphate 

buffer pH 7.4 before starting the experiment pared patches [22, 

23]. 

 

In-vivo studies 

In-vivo evaluations are the true depiction of the drug 

performance. The variables which cannot be taken into 

account during in-vitro studies can be fully explored during 

in-vivo studies. In-vivo evaluation of TDDS can be carried out 

using: Animal models and Human volunteers [24]. 

 
Table 1: Transdermal patches available in the market currently 

 

Brand name Drug Indication 

Alora Estradiol Postmenstrual syndrome 

Androderm Testosterone Hypogonadism in males 

Catapress Clonidine Hypertension 

Habitraol Nicotine Smoking cessation 

Minitran Nitroglycerine Angina pectoris 

Nicoderm Nicotine Smoking cessation 

Testoderm Testosterone Hypogonadism in males 

 

Conclusion 

The transdermal drug delivery system has been used as safe 

and effective drug delivery devices since 1981.It has been 

designed as an alternative, safest, and easy route for systemic 

drug delivery. It promises to eliminate needles for 

administration of a wide variety of drugs in the future. This 

article gives valuable information about the formulation and 

evaluation of transdermal patches. We can overcome the 

challenges associated with current popular drug delivery by 

formulating the drug as transdermal patches. Some advanced 

techniques are also developed in TDDS, so TDDS is the next 

generation of drug delivery system. 
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Abstract—Amlodipine is used in coronary artery disease, lower blood pressure, stork prevention, heart attack, kidney disease. Amlodipine 

belongs to a class of drug known as calcium channel blockers. Hydrochlorthiazide is a class of medication called diuretics. Losartan potassium 

is help protect to kidney from damages due to diabetes. It is a antagonist of angiotensin type I receptor with antihypertensive activity due to the 

reduced pressure effect of angiotensin II. The three drugs are used to treat high blood pressure and mainly highlight analytical study method. 

Techniques like UV spectrophotometry, High performance liquid chromatography, High performance thin layer chromatography, Ultra 

performance liquid chromatography etc. have been used for analysis Specrophotometry and High performance liquid chromatography methods 

have been used most widely. 

 

Keywords— Amlodipine, Hydrochlorthiazide, Losartan potassium, UV specrophotometry, HPLC, HPTLC, and UPLC. 

 

I. INTRODUCTION  

mlodipine besylate (AM) is a long acting 

dihydropyridine calcium channel blocker effective 

in the treatment of angina pectoris and 

hypertension. Chemically it as 3-Ethyl-5-methyl(±)-2-[(2-

amino ethoxy)methyl]-4-(2-chlorophenyl)-1,4-dihydro-6-

methyl-3,5 pyrinedicarboxylate, monobenzene sulphonate. 

(Figure 1). Amlodipine inhibits the movement of calcium ions 

in to vascular smooth cells and cardiac muscle cell thereby 

inhibits the contraction of cardiac muscle and vascular smooth 

muscle cells 
[1]

. 

Hydrochlorthiazide (HT) is a diuretic often used along 

with antihypertensive agents in the management of high blood 

pressure and it is also used in swelling due to fluid buildup. It 

is chemically 6-chloro-3,4-dihydro-2H-1,2,4-benzothiazide-7-

sulfonamide 1,1-dioxide(Figure2). It reduces blood volume by 

acting on the kidney to reduce sodium reabsorption in the 

distal convoluted tubule. Additionally hydrochlorthiazide is 

believed to lower peripheral vascular resistance 
[2]

. 

Losartan potassium (LP) is the potassium salt of losartan, a 

non-peptide angiotensin receptor antagonist with 

antihypertensive activity. Losartan, selectively and 

competitively binds to the angiotensin ll receptor (typeAT1) 

and blocks the binding of angiotensin to the receptor. It is 

chemically 2-butyl-4-chloro-1-[p-(0-lH-tetrarol-5-ylphenyl) 

benzyl] imidazol-5-methanol monopotassium salt (figure3). 

Losartan potassium is mainly used in the treatment of 

hypertension and progression of diabetic nephropathy. The 

chemical structure is shown in Figure 3. The above three drugs 

are used in combination in the treatment of high blood 

pressure 
[3]

.  

Different methods have been reported for estimation of 

Amlodipine, Hydrochlorthiazide and Losartan potassium 

individually or in combination with other drug. In the present 

work, some of the recently published analytical methods for 

simultaneous estimation of Amlodipine, Hydrochlorthiazide 

and Losartan potassium are reviewed.   

II. ANALYTICAL METHODS FOR ESTIMATION OF 

AMLODIPINE, HYDROCHLORTHIAZIDE AND LOSARTAN 

POTASSIUM  

UV Visible Spctrophotometry 

UV specrophotometric method based on simultaneous 

equation method and area under curve has been reported. 

Apart from these uv spectrophotometric by chemometric 

approach has also been reported. Simultaneous equation 

method is based upon solving simultaneous equation 

constructed using the absorbance measured at 3 wavelengths 

236.5, 254 and 271nm, which are the absorption maxima of 

corresponding drugs. In the area under the curve method range 

of wavelength in which anyone of the drug has substantial 

absorption was selected. Area in this range is used for the 

estimation of the particular drug, accordingly 231.5-241.5nm 

for AML, 249-259nm for HCTZ, 266-276 nm for LOS have 

been chosen 
[4]

. Specrophotometric method for simultaneous 

estimation of Amlodipine, Hydrochlorthaizide and Losartan 

potassium using chemometric tool has also been developed. 

Chemometric tool used was either Classical least square ( 

CLS), Multiple linear regression (MLR), Principal component 

regression(PCR) or Partial test squares(PLS). Chemometric 

based method seem to be better analytical method for 3 drug 

combination with large difference in the dose and absorbtivity 
[5]

.  

III. CHROMATOGRAPHIC METHODS  

High Performance Liquid Chromatography  

Many High performance liquid chromatography (HPLC) 

method were reported for the simultaneous estimation of 

A 
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Amlodipine, Hydrochlorthiazide and Losartan potassium. 

Mobile phase is used were the mixture of Acetonitrile in water 

or methanol in water, with or without buffer. The almost all 

the method flow rate was kept at the 1ml/min. The most of the 

method detector wavelength used is about 200-230nm., Which 

is isobestic point of Amlodipine, and Hydrochlorthiazide. In 

one of the methods Telmisartan is used as internal standard to 

increase the accuracy of the method 
[4]

. Among the reported 

method lowest run time of 7.2 minute has been achieved by 

using mobile phase, Acetonitrile and potassium dihydrogen 

phosphate buffer with flow rate 1ml/min. A comparative 

account of the reported HPLC method is given in table 1. 

 
TABLE 1. Comparative account of the reported HPLC method 

SL. 

No 
Drugs Column Mobile phase 

Detector 

wavelength 
Flow rate 

Retention 

time 
Reference 

1 
Amlodipine, 

Hydrochlorthiazide and 

Losartan potassium 

Kromasil C8 

(4.6x250mm) 

Phosphate buffer:ACN 

(57:43 % v/v) 
232nm 

1.0 UP TO 6.3 
MIN THEN 1.3 

ml/min 

AML-5.12 
HCTZ-305 

LOS-8.0 

4 

2 
Amlodipne, 

Hydrochlorthiazide and 

losartan potassium 

C8 column 

(150mmx4.6mm) 

Acetonitrile and buffer  

(700:500 v/v) 
254 1.0 

AML-8.89 
HCTZ-2.34 

LOS-4.78 

6 

3 

Amlodipine, 

Hydrochlorthiazide and 
Losartan potassium 

Hypersil Gold 

Column 
250x4.6 mm 

Methanol: water (95:5% v/v) 230 0.8 

AML-7.3 

HCTZ-3.9 
LOS-2085 

7 

4 

Amlodipine, 

Hydrochorthiazide and 

Losartan potassium 

C18 Column 
250x4.6mm 

Acetonitrile : water 

potassium dihydrogen 
phosphate buffer (60:40 % 

v/v) 

230 1.0 

AML-5.8 

HCTZ-4.9 

LOS-7.2 

8 

 

High Performance Thin Layer Chromatography  

HPTLC is a fast separation technique and flexible and to 

analyze a wide variety of samples. This technique is very 

advantageous it is simple to handle and requires a short time to 

analyze. It is suitable for qualitative and quantitative analysis. 

Chromatographic with the advancement of the technique, high 

performance thin layer chromatography (HPTLC) emerged as 

an important instrument in technique method is summarized in 

Table 2. 

Ultra Performance Liquid Chromatography  

Ultra performance liquid chromatography (UPLC) is a new 

category of separation technique it is a principles of liquid 

chromatography. Combination of UPLC with a tandem mass 

spectrometer (MS/MS) appears to be a suitable approach that 

gives sensitivity and selectivity for the rapid determination of 

an analysis at low concentration in complex matrices. The 

technique has been applied to the method development and 

validation of Amlodipine, Hydrochloride and losartan 

potassium in bulk and in pharmaceutical dosage form. That 

has several advantages, including rapid analysis, a simple 

mobile phase, simple sample preparation and improved 

sensitivity and short time. The chromatographic technique 

method is summarized in Table 3. 

 
TABLE 2. Chromatography methods-High performance liquid chromatography (HPTLC) 

S.No Drugs Stationary phase Mobile phase Detector Reference 

1 
Amlodipine, hydrochorthiazide and 

Losartan potasium 
Silica gel plate 

Chloroform:Methanol:ACN:Formic acid 

(7.5:1.3:0.5:0.03v/v/v/v/) 
254 9 

 
TABLE 3. Ultra performance liquid chromatography (UPLC) 

S. No Drugs Column Mobile phase Flow rate Reference 

1 Amlodipine, hydrochlorothiazide and losartan potasium C18 2.1x50mm ACN:ammonium acetate (98:2 % v/v) 0.4 ml 10 

 

Stability Indicating Method 

Stability indicating analytical method also been reported 

for Amlodipine, Hydrochlorthiazide and Losartan potassium 

combination. The separation was achieve using C18 column 

(150mmx4.6mm), Methanol: orthophosphoric acid (65:35% 

v/v) as a mobile phase, flow rate (0.8ml/min) at room 

temperature. Stress conditions used were treating with 0.1N 

HCL (Acid stress), 0.1N NaOH (Alkaline stress), 5%v/v 

hydrogen peroxide (oxidative stress) for 24 hrs. Samples for 

photolytic stress are placed in a transparent glass vial and 

placed in a UV chamber for 24 hrs. In developed analytical 

method the degradation product did not interfere with analytic 

signals.  Stress studies indicated that hydrochlorthiazide is not 

susceptible to degradation under acid, oxidative stress, light 

(UV) stress conditions. However, in alkaline conditions (0.1N 

NaOH), the drug was unstable and the degradation peak eluted 

later accompanied with a drastic peak distortion and increased 

tailing. Except for alkaline conditions, drug content was 

within the range 98.04-98.84% for all stress conditions which 

indicate its stability also the analytical method is specific to 

differentiate the degradation peaks. Stress studies on 

amlodipine besylate indicated that it was stable under acidic, 

oxidative stress and light (UV) conditions. However, in 

alkaline conditions (0.1N NaOH), the drug was unstable. It 

was seen that degradation peak eluted later and accompanied 

with a peak distortion, increased tailing. In all the stress 

conditions, the drug content of amlodipine besylate was within 

95.19-99.11% which indicating the stability and also the 

analytical method is specific and differentiate the degradation 
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peaks. In case of stress studies Losartan potassium indicated 

that it was stable under acidic, oxidative stress and light (UV). 

In alkaline conditions (0.1N NaOH), the drug was unstable 

and the degradation peak eluted later. In all stress conditions, 

the drug content of Losartan potassium was within 96.96-

98.23% indicating the stability and also the analytical method 

is to specific and differentiate the degradation peaks 
[11]
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Fig. 3. Chemical structure of Losartan potassium 

IV. CONCLUSION 

The review of literature survey reveal that various 

analytical methods available for estimation of Amlodipine, 

Hydrochlorthiazide and Losartan potassium. Whether reported 

by one of the methods Telmisartan is used as internal standard 

to increase the accuracy of the method. Among the reported 

method lowest run time of 7.2 minute has been achieved by 

using mobile phase, Acetonitrile and potassium dihydrogen 

phosphate buffer  with flow rate 1ml/min. HPLC method is 

frequently used because of high sensitivity , specificity, and 

better separation efficiency. However there is no report based 

on scientific approach using Design of Experiment. Which 

may give better experimental parameters. These 

chromatographic methods are rapid and far more economical. 

The presented information is useful for the researchers.  
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INTRODUCTION 

Hypertension is defined as having persistent, elevated 

systolic blood pressure (140mm Hg or above) and/or 

diastolic blood pressure (90 mm Hg or above).
[1]

 

Untreated treated hypertension leads to increased risk of 

morbidity and mortality due to cardiovascular, 

cerebrovascular, or renal diseases.
[2]

 The success of the 

treatment depends on Physicians’ role in making proper 

treatment choices and optimizing doses of medicines 

prescribed. Patient adherence to prescribed anti-

hypertensive medication is also an important factor in 

achieving blood pressure goal. To achieve the treatment 

target there should be coordination between the health 

professionals and patients to achieve the treatment 

target.
[3]

 Medication adherence is defined as ―the extent 

to which the medication-taking behavior of a patient 

corresponds with agreed recommendations from a health 

care provider‖.
[4]

 It is a very important factor in 

achieving blood pressure control. Patients that were 

adherent to their hypertension treatment were often 

significantly less likely to have elevated blood 

pressures.
[5,6]

 In chronic conditions such as hypertension, 

poor adherence to medications leads to poor health 

outcomes and huge medical cost on drug-related 

morbidity.
[7]

 The methods for measuring medication 

adherence are direct and indirect methods. Indirect 

method, measure the concentrations of a drug or its 

metabolite in blood or urine. It is achieved by the use of 

a biologic marker added to the drug formulation. These 

approaches are expensive and burden to the health care 

provider. The indirect methods include, asking the 

patients about how they take prescribed medication, 

assessing clinical response, performing pill counts, 

ascertaining the rates of refilling prescriptions, collecting 

patient details by questionnaires, using electronic 

medication monitors, measuring physiologic markers, 

keeping a patient medication diary. These methods will 

help the healthcare provider for estimating the 

medication adherence indirectly without pain.
[8]

 There 

are several self-reporting questionnaires have been 

developed to measure patients’ adherence to prescribed 

medicines. Among Morisky Medication Adherence Scale 

is most frequently used medication adherence 

questionnaire.
[9]

 Another self-reporting tool is Hill-Bone 

Compliance to Blood Pressure Therapy Scale, contains 

14 questions, including eight that assess medication-

taking behaviors in hypertensive patients. High reliability 

and validity has been reported for these two tools of 

adherence measurement.
[10]

 The factors that affect 

patients’ adherence include, demographic characteristics, 

severity of disease, complexity of the drug regimen 

(number of drugs and daily doses prescribed), drug 

classes (due to tolerability and side effects of 

medication), patients’ forgetfulness and lack of 

understanding of the nature of disease.
[11] 

 

Adherence to Hypertension Treatment 

Hypertension is a chronic disease, therefore; patients are 

expected to take their medications for life long. Drug 

treatment of hypertension needs patient compliance with 
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their medications and they should return for a refill when 

medications are stocked out. The proper appointment 

keeping for follow up visits with their clinician and adopt 

proper actions to lower their blood pressure.
[12,13,14]

 

Compliance to treatment at the individual level improves 

the quality of life by preventing complications. 

According to the health care system, compliance towards 

the treatment reduces the need of hospitalizations and 

decreased workload on staff. Moreover, satisfactory 

outcomes of treatment can help boost the morale of the 

attending clinician.
[15]

 Non-Adherence with prescribed 

medications leads to increases the risks of developing 

complications. The increased longevity, both the 

incidence and the complications of the disease are 

simultaneously increasing thus spelling the urgent need 

to orchestrate increased population sensitisation to 

compliance with prescribed medication and lifestyle 

modification regimens consistent with lowering blood 

pressure. Such population-based measures would help 

prevent avoidable complications and improve the quality 

of life of hypertensive patients.
[16,17] 

 

Factors Influenceing Medication Adherence 

Non-adherence to pharmacological therapy, especially in 

patients with chronic health conditions, is a growing 

concern worldwide, which constitutes a major barrier to 

safe, cost-effective and effective use of drugs.
[18]

 Various 

factors that affect medication adherence include, poor 

provider-patient communication, lack of knowledge 

about a drug and its use,fear of adverse effects of the 

drug, long term drug regimens, complex regimens that 

require numerous medications with varying dosing 

schedules, cost and access barriers.
[19]

 It has also been 

observed that patient non-adherence varies between and 

within individuals, as well as across time, recommended 

behaviors and diseases. Adherence to drug therapy varies 

with patient age and knowledge about the disease. In 

children, adherence to drug therapy is depend on an adult 

caregiver.
[20]

 Non adherence to the treatment occur when 

the medication regimen is complex it could include 

improper timing of drug administration, or 

administration of numerous medications at frequent 

times during the day. These behavioral factors of patient 

results in a decreased therapeutic outcome. Most 

common reason of deviations from the prescribed 

treatment regimen is omitted of doses (rather than 

additions) or delays in the timing of doses.
[21,22]

 Patients 

most often become non-compliant for chronic diseases, 

like hypertension, where they do not have any unpleasant 

symptoms even without strict compliance to medication 

regimen. Estimates of medication non-adherence 

illustrate that the non-adherence percentage is greatest 

when the patients are symptom free.
[23]

 A Patient’s 

ability to read and understand medication instructions is 

one of the major factors that influences adherence. 

Patients with low literacy may have difficulty 

understanding instructions; this lead to decreased 

adherence and poor medication management.
[24]

 Gender, 

age, knowledge about the disease and medication, 

personality, and cultural factors influence adherence. For 

instance, women may be better at adherence to their 

medication regimens than men.
[25]

 On the contrary, some 

various studies show that common demographic factors 

such as age, marital status, gender, race, income, 

occupation, number of dependents, intelligence, level of 

education or type of personality have been great role in 

medication adherence.
[26] 

 

Methods to Improve Medication Adherence 

There are different methods are involved to improve the 

medication adherence. They are, 

 

1) Level of prescribing  

 Introduce a collaborative approach with the patient 

at the level of prescribing  

 Simplify medication taking regimen. 

 

2) Communicating with the patient 

 Inform the common side effects of the medicine.  

 Use medication adherence improving aids like, 

medication calendars or schedules that specify the 

time to take medications, drug cards, medication 

charts or medicine related information sheets or 

specific packaging’s such as pill boxes and special 

containers indicating the time of dosing.  

 Provide behavioral support. 

 Collaborate the patient medication regimen into 

his/her daily regimen. 

 

3) During follow ups 

 Schedule appropriate follow up. Monitoring the 

medication adherence should also be a criteria while 

scheduling patient follow up.  

 Check medication adherence during follow up. 

Measure adherence by various methods which may 

be dependent on the patient as well as drug 

characteristics. Check the effectiveness of 

medication adherence aids used, if any. This should 

be done by physicians as well as pharmacists.  

 Find out difficulties and barriers related to 

adherence 

 

Patient-health care professional, especially patient-

physician or patient-pharmacist communication is central 

to optimizing patient adherence.
[27] 

 

Methods to Measure Medication Adherence 

Direct and indirect methods are two methods to measure 

the medication adherence. Direct methods include, 

measurement of level of a drug or its metabolite in blood 

or urine. It is determined by adding a biological marker 

to the drug formulation. Direct approaches are one of the 

most accurate methods of measuring adherence.
[28]

 

Indirect methods include, various patient questionnaires, 

patient self-reports, pill counts, rates of prescription 

refills, assessment of the patient’s clinical response, 

electronic medication monitors, measurement of 

physiologic markers, as well as patient diaries. Each 

method has its own advantages and disadvantages. 

Among the various methods, questioning the patient, 
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patient diaries and assessment of clinical response are 

relatively easy to use, but questioning the patient can be 

susceptible to misrepresentation and tends to result in the 

health care provider overestimating the patient’s 

adherence. Pill counts, i.e. counting the number of pills 

that remain in the patient’s medication bottles is a 

common method to measure adherence. Though this 

method is simple, it has many disadvantages that the 

patients can switch medicines between bottles and may 

even discard pills before the hospital visits in order to 

appear to be following the regimen.
[29,30]

 Rates of 

refilling prescriptions are an accurate measure of 

adherence. Since refills of prescription are measured at 

several points in that time to check the medication 

adherence.
[31,32]

 Electronic monitor is a method used to 

measure the adherence. It is capable of recording the 

time of opening bottles. The main disadvantage is that 

the measure of adherence is not accurate as the patients 

may open the container and not take the medication, take 

the wrong amount of medication or take multiple doses 

out of the container at the same time.  

 

Pharmacist Role In Improving Medication Adherence 

Among Hypertensive Patients 

The role clinical pharmacist in improving medication 

adherence is very important, the pharmacists—through 

counselling, medication therapy management, disease-

state management, and other means—can play a pivotal 

role in patient care. It include, 

 Provide information to hypertensive patients about 

the disease condition and the medication. 

 Identifying the risk factors in each individuals and 

talking with them about lifestyle modifications to 

lower BP 

 Educating patients on the importance of multiple 

medication may be needed, how they work together 

and why adherence to their therapies is so important; 

and, providing self-monitoring equipment to patients 

with hypertension and teaching them how to use 

them properly. 

 Giving the information to hypertensive patients that, 

how each drug lowers blood pressure.  

 Provide patient’s compliance aids like patient 

information leaflets etc, to assist them in adhering to 

their therapy.  

 Talking with patients about refilling about anti-

hypertensive drugs in pharmacies.  

 Advising patients to carry a personal medication 

record (PMR) and develop a relationship with their 

pharmacist to help with medication therapy 

adherence.  

 Working closely with patients and their physicians 

when patients require medication therapy changes. 

 Reminding patients to take their medication every 

day as prescribed.  

 Cautioning patients to see how they react to therapy 

before they drive, use machinery, or engage in other 

tasks requiring alertness.  

 Talk to their physician if they experience any type of 

side effects or symptoms get worse.
[33]

 

 

CONCLUSION 

In hypertensive patients, medication adherence is very 

important in achieving blood pressure control. The 

adherence to the therapy reduces the complication 

associated with the hypertension. Direct and indirect 

methods are two methods to measure the medication 

adherence. There are number of factors that influences 

medication adherence they are, patient related, provider 

based and factors that are related to the health care 

system. The better communication between the 

pharmacist and patient improve the medication 

adherence. The pharmacist has great role in improving 

medication adherence and to achieve the target goal. 
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ABSTRACT 

Midodrine Hydrochloride is a Anti hypotensive used for the elevation 

of supine blood pressure. Midodrine involves the constriction of the 

blood vessels and increasing the blood pressure. Midodrine 

hydrochloride is a prodrug which forms an active metabolite 

Desglymidodrine which activates alpha adrenergic receptors of the 

arteriolar and venous vasculature thereby increasing the vascular tone 

and correspondingly blood pressure. Many analytical methods have 

been reported for the estimation of Midodrine hydrochloride in bulk 

and marketed formulations. High performance Liquid 

Chromatography, Ultra Violet Spectrophotometry, High Performance 

Thin Layer Chromatography etc. have been employed in the analysis. 

High Performance Liquid Chromatography and Ultra Violet 

Spectroscopy is been used most widely. 

 

KEYWORDS: Midodrine Hydrochloride, High Performance Liquid Chromatography, 

Stability Indicating Analytical Methods. 

 

INTRODUCTION 

Midodrine Hydrochloride(MD) is an Antihypotensive/Vasopressor agent. Its chemical name 

is 2-amino N-[2-(2,5-dimethoxyphenyl)-2-hydroxy-ethyl]-acetamide. Melting Point is 200 to 

203°C.pKa value is 7.8(0.3% aqueous solution). pH is 3.5 to 5.5(5% aqueous solution). It is 

readily soluble in water and sparingly soluble in methanol. It is an odorless white crystalline 

powder. It is mainly used in the treatment of orthostatic hypotension. It is also used in the 
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treatment of Cirrhosis and Hepato renal syndrome. Marketed brands are Bramox, Gutron, 

Amatine. 

 

Many analytical methods have been reported for Midodrine Hydrochloride in formulation, 

Biological samples as well as in stability samples. The methods are mostly based on Ultra 

violet spectrophotometry(UV) and High Performance Liquid Chromatography(HPLC). In the 

present work, some of the most recently published works on the estimation of Midodrine 

Hyrochloride have been reviewed. 

 

ESTIMATION OF MIDODRINE IN BIOLOGICAL SAMPLES 

Reverse phase HPLC method have been reported by Barth etal. The estimation was carried 

out by using C18 column, Mobile phase is Acetonitrile 40mmol/L, Formic acid in 60:40 v/v 

and 1.4 ml/min flow rate. The experiment is carried out at 25± 2°C. Sample preparation is by 

Liquid-Liquid extraction using ethyl acetate as extraction solvent. The method was found to 

be linear in the range 0.4 – 40 µg/ml.
[4] 

 

Yoshida etal have developed a method for the estimation of Midodrine hydrochloride and its 

metabolite desglymidodrine in culture medium plasma using similar C18 column but the 

mobile phase used was Acetonitrile: Methanol: Water(10:30:60 v/v) with fluorescence 

detection using 400nm excitation wavelength and 485 nm emission wavelength. Here also the 

sample preparation was done by Liquid-Liquid Extraction using ethyl acetate as solvent. The 

elution has been carried out at 23 ±3°C and 1.4 ml/min flow rate and the detection was 

carried out by Ultra violet detection at 290 nm. The method was found to be linear from 0.4 -

40 mcg/ml.
[5]

 Bio-analytical methods for the estimation of Midodrine Hydrochloride are 

given in table 1. 

 

Table 1. 

Parameters/Attributes Method 1 Method 2 

Column 
Lichsorber 100 Reverse Phase 

18 column(250x4.6mmx5mm) 

TSK Gel ODS-

120T(1250x4.6nm id X 5µm 

Particle size 

Mobile Phase 
Acetonitrile(40mmol/L): 

Formic Acid(60:40%v/v) 

Acetonitrile: Methanol: Water 

(10:30:60%v/v) 

Buffer - - 

Flowrate 1.4 ml/min 1.0ml/min 

Temperature 25  23±3°C 

Retention Time 
2.2 min(Shaken Conditions) 

1.9 min(Static Conditions) 
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Linearity 0.4-40.0 mcg/ml  

Sample Preparation 
Liquid-Liquid Extraction 

using Ethyl acetate as solvent. 

Liquid-Liquid extraction from 

plasma. 

Resolution 1.52  

Reference 4 5 

 

STABILITY INDICATING ANALYTICAL METHODS 

Stability indicating analytical methods (SIAMs) are essential for the stability studies in order 

to estimate Midodrine hydrochloride in the presence of degradation product in stability 

samples. Sattar et al has been reported the HPLC methodfor selective determination of 

Midodrine in the presence of oxidative degradation product. They have used C18 column, 

0.05 M potassium dihydrogen phosphate: acetonitrile (80:20%v/v) as mobile phase. The 

buffer is adjusted to pH 7 using sodium hydroxide. The elution was carried out at ambient 

conditions at the flow rate of 1ml/min. The eluent is monitored by UV detector at 290nm. For 

method development, Stress degraded samples were prepared by refluxing with 2M HCl for 

13 hours. Under the chromatographic condition, Midodrine hydrochloride eluted at 2.1 min 

and its degradation product eluted at 3.7 min.
[6] 

 

Stability indicating analytical methods has been reported by Jain etal. Stress degraded 

samples were prepared by refluxing with 0.1 N NaOH for 30 min or 0.1N HCl for 30 min. 

For oxidative degradation, the sample is heated with 30% Hydrogen peroxide solution for 30 

min at 80°C, whereas for hydrolytic degradation, the sample is heated with water at 30min at 

80°C. The chromatographic separation has been carried out by using C18 column. 

Acetonitrile: 0.02% Triethylamine (pH 3) in the ratio of 38:62%v/v at 0.6ml/min flow rate. 

The detection is carried out at 289nm.Retention time of Midodrine Hydrochloride is 3.564 

min. Alkaline hydrolyzed sample exhibited these additional peaks at 7.216 min, 8.369 min & 

10.458 min whereas in oxidative hydrolysis, 2 actual peaks are found, one at 4.346 min & 

other at 5.927 min whereas in Acid degradation, No additional peaks found indicating the 

sample is stable at these conditions.
[7] 
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Table 2. 

PARAMETERS METHOD 1 METHOD 2 

COLUMN 
Zorbax C18 column 

(250mmX4.6mm : 5 µm) 
C18(250mm X 46m)5µm 

MOBILE PHASE 

0.05 M Potassium 

Dihydrogen phosphate: 

Acetonitrile 80:20v/v) 

Acetonitrile: Buffer 

BUFFER 
Sodium Hydroxide 

pH(7.0±0.1) 
Triethylamine(0.02%)pH 3 

FLOW RATE 1 ml/min 0.6 ml/min 

DETECTION UV (290nm) UV(289nm) 

TEMPERATURE Ambient Room Temperature(25±2°C) 

STRESS CONDITION 

Acid Degradation by 

refluxing with 2M HCl for 13 

hours & Neutralized. 

Alkaline Hydrolysis (0.1N NaOH)30 

min. 

Acid Hydrolysis (0.1N HCl)-30 min 

Oxidative degradation 100ml 30% 

Hydrogen peroxide - 80°C-30 min. 

Hydrolytic Degradation 100ml 

water-  80°C-30 min 

RETENTION TIME 
Midodrine – 2 min 

DMAE -  3.7 min 

Alkali : 7.216 min 

8.369 min 

10.458 min 

Acid  : 3.564 min 

Oxidative : 4.346 min 

5.927 min 

Hydrolysis : 3.569 

 

LINEARITY 30-150µg/ml 19.98 – 99.9 µg/ml 

REFERENCE 6 7 

 

HPTLC is a rapid separation method to analyze wide variety of drugs. The method has 

advantage over other chromatographic methods and the analysis time is short. It is used in 

both quantitative and qualitative purpose. Stability Indicating Analytical Method using High 

Performance Thin Layer Chromatography(HPTLC) has been reported by Salunke et al. The 

separation is carried out using precoated Aluminium Silica Gel plates (Merck 60F254). The 

Mobile phase used is Methanol: n-Butanol: Water (2:2:6%v/v). Rf value of Midodrine was 

found to be 0.30±0.002.
[8]

 HPTLC method for the estimation of Midodrine Hydrochloride are 

given in table 2. 
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Table HPTLC (Table 2). 

PARAMETERS/ATTRIBUTES METHOD 

COLUMN 
Merck TLC Aluminium sheets precoated 

with silica gel 60F254 

MOBILE PHASE Methanol: Water: n-Butanol (2:2:6) 

Rf VALUE 0.30±0.2 

LINEARITY 400-1200ng/band. 

STRESS CONDITION 

Acid & Base hydrolysis 

Oxidation 

Thermal Degradation 

Photolytic degradation 

Hydrolysis 

CHAMBER 10 X 10 cm Twin trough chamber 

REFERENCE 8 

 

ULTRA VIOLET METHODS. 

The reported Ultra violet methods are Direct Ultra Violet spectrophotometry, Area under 

curve(AUC) method or First order derivative method. In Direct UV spectrophotometry, the 

absorbance is measured at 289nm, the absorption maxima of Midodrine hydrochloride in 

water.
[1]

 Different methods based on measuring the Area under curve have been reported. In 

all the methods, Water is used as the solvent. The difference is only the range of wavelength 

selected for analysis. The range selected are 285 to 295 nm, 200-400nm,278-299nm. The 

linearity was found to be about 10-90mcg/ml. Derivative spectrophotometry is based on the 

measurement of the response at 312nm of first derivative ultraviolet spectra. Here also, Water 

is used as the solvent and the method is linear from 19.98-99.90 mcg/ml. A comparative 

account of ultraviolet spectrophotometry methods for the estimation of Midodrine 

Hydrochloride are given in table 4. 

 

Table UV(Table 4). 

PARAMETERS/ 

ATTRIBUTES 
METHOD 1 METHOD 2 METHOD 3 

METHOD 
(A) Absorbance Maxima Method 

(B) Area Under Curve(AUC) Method 

Area Under 

Curve Method 

First Order 

derivative method 

λ Selected 
(A) 289nm 

(B) 285-295nm 
289 nm 312nm 

Solvent Used Water Water Water 

Linearity 10-90mcg/ml 12-84mcg/ml 19.98-99.90mcg/ml 

Reference 3 1 2 

 

 

 



www.wjpr.net                              Vol 7, Issue 14, 2018.                                    

 

265 

Krishna et al.                                                       World Journal of Pharmaceutical Research 

CONCLUSION 

The present review highlights on various analytical methods reported on Midodrine 

Hydrochloride. HPLC/HPTLC/UV Spectrophotometry methods were used for the analysis of 

the drug. HPLC methods are most commonly used for the analysis both in Bio analysis and 

Stability indicating methods. Amongst the reported methods, lowest run time of 3.564min has 

been achieved by using mobile phase Acetonitrile and Triethylamine buffer of concentration 

0.02% w/v with flow rate 0.6ml/min. However there is no report based on scientific approach 

using Design of Experiment which may give better experimental parameters The 

chromatographic methods are more specific, sensitive and economic than other methods. The 

presented information is useful for the researchers. 
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ABSTRACT 

The development of nanoscience and its various technologies has tremendously helped to develop 

many dosage forms for various complicated diseases. This is a unique technology for the drug 

delivery containing micro porous beads loaded with drug material inside them. The nano sponge 

like materials are produced in order to improve the targeting characteristic along with a comfort to 

diminish the treats of ailments by using  mostly available drugs and their by helping to prevent 

most of the drug-protein degradation in the body. The development of these tiny discrete, porous 

and a colloidal mesh structure called as „nanosponges‟ are preferable for topical, oral, inhalational 

deliveries. They are very small micronized structures of less than 1 µm. They act like a controlled 

and targeted material with an ease formulation and have a maximum stability. These micro 

molecules are synthesized from water soluble and bio erodible polymers. This tiny structure can 

stick, adhered or localizes to specific target receptors to produce controlled response. These 

materials must be focused in future and is a well promising material to be used in pharmaceutical 

sector. Their performance to entrap drugs or even to become complex for a desired release onto the 

site of action within a specific time without alteration in temperature is an advantage. In this 

review a brief summary of sponges with the introduction, advantages, disadvantages, preparation, 

loading, evaluation, and conclusion are discussed with a motto to include them in future drug 

developments. 

Keywords: Nanosponges, nanotechnology, synthesis, preparation. 

 

 

 
 

*Corresponding Author Email: stjamespharmacyproject@gmail.com 

12 February 2018, Accepted 08 March 2018 
 

  

 
 Journal home page: http://www.ajptr.com/ 

mailto:stjamespharmacyproject@gmail.com
http://www.ajptr.com/


Rashee et. al.,  Am. J. PharmTech Res. 2018;8(2)  ISSN: 2249-3387 

www.ajptr.com  2 

 

INTRODUCTION 

Controlled drug delivery along with a targeting mechanism is the most frustrating problem which 

is affecting the pharmaceutical and development sectors. So for this the invention of 

nanotechnology has become an advantage for the development of new dosage forms. In 

development of nano species, many drawbacks are affecting during the development of nano 

materials inside drug therapy. The invention of these discrete particles is very important and plays 

significant role in overcoming various problems affecting currently. Such one type of nano 

particles are called “nanosponges”. They look like red blood cell and protect the body.  These 

molecules are produced in many forms such as injections and topical since they are of tiny size
 [1]

. 

The sponges are very small sized, which is a non collapsible material with an average range of 

about 1 µm merged inside to a porous surface
 [2]

. A pictorial representation on nanosponges is 

shown in figure 1.They are capable of circulating through the direction of blood flow. Since they 

are specific in targeting on receptors and adhesive in nature and capable for better release
 [3]

. The 

sponge can be of porous structures or may be non porous depending on the polymers used. They 

help to improve main problems like less bioavailability, poor solubility, stability etc
 [4]

. 

Nanosponges are known to move rapidly throughout the body, making them efficient in scanning 

and killing toxins by binding less soluble drugs with prolong release and preventing against protein 

degradation. The polymers for nanosponges are prepared from organic and inorganic cross linking 

materials. And some can be even encapsulated by complex or inclusion and even non inclusion 

molecules to form complexation
[5]

. The complexes moieties with inclusion shows less 

administration through the nanosponges .They are injected by coating in a Hydrogel to prolong and 

stabilize life, and keep the nanosponges by moving around the body.
 
The below shows the 

chemicals used during the preparation of nanosponges (table1).This materials emphasizes for 

entrapment of active molecules and helps to diminish the side effects
[6]

. They enhance the stability, 

elegance, and flexibility. They are more over non-irritating moieties, non-mutagenic, non-

allergenic, and non-toxic. They are capable to have extended release even at a prolonged action up 

to 24 hours. They also allows introduction of immiscible liquid solvents for a better material 

production and later these liquid can be lyophilized to produce powders
 [7]

.  
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Figure 1: A pictorial representation of tiny discrete particles of nanosponges. 

Advantages of Nanosponges 
[8]

 

1. They must be stable over a pH 1 to 11. 

2. They should stable at the temperature up to 130˚ C. 

3. They are more compatible among vehicles and ingredients. 

4. They must be self sterilized with pore size of 0.25μm. 

5. There should not be any penetration of microbes. 

6. These formulations are stable and flow in nature and must be cost effective. 

Disadvantages of nanosponges: 

1. They must be carefully synthesized. 

2. The manufacturing must be done in safer environments. 

3. The stickiness of the powder makes the final product contaminated. 

4. Always sterile must be passed. 

5. They depend on loading capacities and are synthesized as tiny molecules. 
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FEATURES OF NANOSPONGES:
 [9] 

The main beneficial quality for these tiny structures includes aqueous solubility that promotes less 

soluble drugs with better systemic delivery. They are highly amphoteric in nature that can hold 

even lipophilic and hydrophilic moieties. They help to remove impurities inside water, like a 

nanomediator for carrying drug molecules for biological purposes. They have better entrapment 

properties and less toxicity. They are more stable and most elegance with appropriate flexibility. 

They help in less irritability and non mutagenic in nature and even non allergic. They can be used 

as extended release or even as continuous release materials for around 12 or 24 hr by incorporating 

immiscible liquid .Even the conversion of  liquid to powders makes the entity to sub micron 

spherical particles with a size range of 1 µ or 10 µs. They are better stabilized and also prevents 

from air, oxygen with an improved shelf life .They have more therapeutically properties depending 

on the dose of the drug. 

PREPARATION OF NANOSPONGES: 

Nanosponges  made from hypercross-linked β-cyclodextrins:
[10]

 

Nanosponges are made from materials that makes a non porous molecules that  are carriers called 

cyclodextrins for drug release. These cyclodextrins are a hyper-cross-linking agents  that forms a 

numerous networks in nano networks, or can be even a spherical shaped with many networks of 

protein channels, pores etc. These crosslinkers stabilizes the sponge with specific surface charge 

density, porosity and pore sizes based on the molecules contained in them.  The cross linkers help 

to retain the nanosponges at different acidic and even neutral pH. 

The nanosponge is prepared by adding Dimethyl Formamide (DMF) in a round bottom flask and 

accurately weighed 17.42g of β-cyclodextrins are allowed for complete dissolution. Then add 

9.96g of carbonyl imidazole derivative and allowed to react for 4 hrs at 100˚c after the completion 

of condensation reaction de ionized water along with grounded hyperlinked CDs are added to 

remove excess DMF. By placing it on Soxhlet extraction with ethanol makes the unreacted 

moieties and the byproducts to eliminate. The extraction provides a white colored powder obtained 

by drying in an oven for 60˚c and then powdered in a mortar .The fine powder can be added in to 

water for dispersion and suspended later for lyophilization.  

Emulsion solvent method: 
[11]

  

The main polymers used in this method are ethyl cellulose and polyvinyl alcohol in varying 

proportions. The dispersed phase is formed by adding ethyl cellulose and the available drug which 

is dissolved in 20ml of dichloromethane. The drop wise addition of continuous phase is by 

prepared by dissolving polyvinyl alcohol in 150 ml of distilled water. Then the mixture is allowed 
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to stir for 1000rpm for about 2 hrs. The obtained nanosponges are collected, filtered and dried in 

oven for around 1 day and stored in desiccators.     

Solvent used method:
[12]

   

The above used polymer is used along  with a suitable polar aprotic solvent such as 

Dimethylformamide, dimethylsulfoxide etc and mix proportionally. Then  to this mixture cross-

linkers available are added, with a ratio of 4: 16. A temperature is maintained  from 10°C for 

reaction of polymers for 2 days. Most of the carbonyl cross linkers (Dimethyl carbonate & 

Carbonyldiimidazole) are used. After the reaction, the product kept to cool at room temperature, 

then add the mixture with distilled water for  recovering  and filtered under air oven and  

purification is done by soxhlet apparatus added with ethanol for further extraction. Again go for 

drying under vacuum and powdered mechanically to get a homogeneous white powder. 

4. Ultrasound-assisted synthesis:
 [13] 

In this procedure nanosponges can be obtained by using polymers with carbonyl cross-linkers in 

the absence of solvent and kept for sonication. These developed nanosponges will have uniform 

spherical in dimension .Mix the polymer and the cross-linker in a sufficient quantity is taken in a 

flask. The flask filled with water and heats it to 90°C for utrasonication. The mixture is kept for  5 

hours for continuous sonication. Then the mixture is cooled and washed the product with distilled 

water.  And allowed to purify  it with soxhlet extractor using ethanol. The final product obtained is 

dried at 25˚c and whitish powder is collected and store from humidity. 

LOADING OF DRUG INTO NANOSPONGES:
 [14] 

To obtain the desired drug treatment  the particle size must be below 500nm. These nanosponges 

are suspended in water and sonicated to prevent lumps and then centrifuged to obtain the colloidal 

particles.  The supernatant layer is separated and freeze dried. The prepared liquid suspension of 

nanosponge can be dissolved in certain amount of the drug with constant stirring kept for 

complexation. From them, the undissolved ones are separated by centrifugators. Thus obtaining 

white crystals after freeze drying. This crystal structure of nanosponges can mediate complexation 

process with many drugs. Various studies have contributed that paracrystalline moieties shows 

different loading properties at different concentrations. 

EVALUATION OF NANOSPONGE: 

Particle size determination: 
[15] 

The free flowing powders are obtained by reducing the particle size of molecules at the time of   

polymerization. Particle size analysis can be determined by laser light diffractometry.  A graph is 
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plotted with its cumulative percentage of expected drug release of the sponges by plotted against 

time and the effect of particle size of drug release is determined. If the  particle shows  more than 

30 m ,which can impart grittiness and if it is between 10 and 25 m  it is best used in topical 

application.
 

FTIR (Fourier Transform Infrared Analysis) :
[16]

  

The FTIR analysis is used to find out the combining bonds of polymer and drug interactions .The 

drug samples and drug sponges are determined by taking IR samples at a range of   400-4000 cm-

1
.Helium gas is used as a purge for the detector to minimize the moisture content and high signal 

and IR readings are taken by the use of carbon black as references. The chemical vibrations, 

coupled vibrations, additional bands etc are determined. 

Compatability studies by using DSC: 
[17] 

A 5 mg of drug samples are accurately weighed in aluminium pans and covered by heating at a 

temperature of 15˚C/min with atmospheric nitrogen at 25-430˚C.The compatibility of drug and 

polymer can be determined.
 

Solubility studies: [
18]

 

The solubility studies are done by phase solubility method. The inclusion complex molecules are 

used for the study. From the degree of complexation. The solubility effect of the sponges are 

determined
]
.  

IR spectroscopy:  

The compatibility of drug and polymer interaction can be determined spectroscopically. The 

different states of the molecules are used in the study .The interaction of compounds with the 

sponge material shows variations in spectrum. IR spectroscopy can be used only for limited 

compounds and depends on the chromophores
[19]

. 

X-ray diffractometry : 

Powder X-ray diffractometry is used for mainly the inclusion complexed solid moieties. 

Depending upon the diffraction pattern taken by sponges it indicates many physical nature of the 

drug. The addition of peak pattern or broadening indicates the complexation. From the peaks it is 

easier to differentiate the uncomplexed and complexed species
 [19]

. 

Polydispersibility index (PDI):
[20] 

It is an index defined as change in range of particle width or spreading of size range  distribution of 

particles .It is found by using a scattering dynamic instruments for determining polydispersion and  

different size ranges. 
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PDI=d/d average 

d = width of distribution                 

D average   = average size of particle 

Microscopic studies:  

The microscopic evaluation of nanosponges can be determined by two studies like (SEM) 

Scanning Electron Microscopy and (TEM) Transmission Electron Microscopy to innovate the 

morphological features of nanosponges. This study enables to find out the extend of crystallinity of 

many formed inclusion complexes 
[21]

.  

Zeta potential: 

The zeta potential helps to determine surface charge and nature of nanosponges which is 

determined by the instrument zeta sizer.
 [22]

. The potential charge near to 30Mv is beneficial for the 

study. 

Morphology and surface topography :
[23]

 

The morphology and surface topography of the nanosponges is determined by coating with gold–

palladium which kept in room temperature with an argon gas. 

Determination of loading efficiency and production yield: 
[23] 

 
The loading efficiency (%) of the sponges can be calculated from an equation:

 

Loading efficiency   =    actual drug content / Theoretical yield× 100 

The practical yield of the sponges can be determined from the initial weight of the sponges and to 

the last weight of sponges.   

Production yield = Practical mass of  nanosponges/ Theoretical mass(polymer +drug) ×100 

Determination of true density:
[24] 

The density of the nanosponges can be determined using an ultra-pycnometer under helium gas 

and then carrying out a mean repetition and then the mean value is determined. 

Polymer/drug composition
 [25]

: 

 The selection of polymer is determined by entrapment of the vehicle into dispersed polymers with 

different electrical charges. The degrees of hydrophobicity or lipophilicity is determined to study 

the release profiles. Various polymer combinations are determined for release profiles studies. 

Resiliency:
 

The viscoelastic properties of sponges can be produced by making them to beadlets which is softer 

as required for the final formulation. Addition of crosslinkers makes the release profile shorter. 

Hence required sponges can be selected and studied and optimized in accordance by adjusting the 

release of crosslinkers with the polymers with respect to time
[26]

 . 
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Compatibility studies
 [27]: 

Compatibility are studied by thin layer chromatography (TLC) and Fourier Transform Infra-red 

spectroscopy (FT-IR). The effect of polymerization on crystallinity of the drug  is carried by 

powder X-ray diffraction (XRD) and Differential Scanning Colorimetry (DSC). For DSC 

experiment, around 5 mg of polymer samples is weighed in the Al beakers and sealed and heated 

at the rate of 15 C/min over a temperature range 25–430˚ C in the presence of nitrogen gas. 

Dissolution tests: 

The dissolution of sponges can be determined from dissolution apparatus USP XXIII attached with 

a basket made of 5m mesh size of stainless steel, at a speed of 150 rpm. The dissolution medium is 

maintained in sink conditions depending upon the solubility rate of drugs used. The corresponding 

is samples withdrawn from the dissolution medium are analyzed by spectrometry. 

APPLICATIONS OF NANOSPONGES: 

1. To improve the poor solubility of drugs: 

Poor solubility is one of the basic problem to tackle during design and development of materials.  

The poorly solubility of drugs can affect the efficacy of the formulation. Nanosponge acts as a 

carrying system, to encapsulate the molecules into its core and tries to improve the solubility along 

with of the formulation. β-cyclodextrin nanosponge technique is the current method for improving 

solubility 
[29]

. 

2. Antiviral application: 

The nanosponges are targeted moieties so can target all over the body especially the lungs and 

nose. Many viral diseases like RTI are caused due many viruses like rhino,influenza etc.So these 

sponges can entrap the drug moieties as a carrier and enable specific targeting through nasal 

routes. Eg: Zidovudine
[30] 

3. Cancer delivery: 

The targeting delivery enables the cancer to cure and to improve efficacy with better 

bioavailability to the diseased area. Many injections are available containing nanosponges for 

breast cancer, colon cancer, brain cancer, lymph carcinoma, lung cancer etc. Commonly 

Cyclodextrin-based nanosponges (NS) are preferred and which has increased solubility and 

controlled and targeted release. Eg :Camptothecin is an antitumour drug with less solubility 

conversion to sponges improved the chemical nature of the drug and enhanced therapeutically 

effect.
[31] 
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Table 1: Various chemicals used for the preparation of nanosponges 

Polymers   Copolymer    

poly (valero lactone-allyl hyper 

cross linked  polystrenes 

carbonyldiimidazole, 

valero lactone) 

diphenyl carbonate 

epichloridine 

glutarldehyde 

cyclodextrins and its derivative 

like methyl cyclodextrines 

poly(valerolactone –allyl Valero 

lactone oxepanedione) 

carboxylic acid 

dianhydride  

CONCLUSION: 

The nanosponges are the systems used in nanosciences, which are microscopic and circular 

moieties where many polymers can be used and introduced with most of the drugs to make them in 

many forms including gels, creams, lotions etc. The sponges can include as either lipophilic or 

hydrophilic drugs in a  predictable manner at the target site. If we control the ratio of polymer and 

cross-linker during the formulation step the particle size and release rate can be obtained. The 

molecules contained inside the sponges helps with many advantage like less toxicity, improved 

stability, etc which are modified. So they are very effect in topical, inhalational oral deliveries 

introduced as sprays or injections in to the body. The developed nanosponges are taken from 

bioerodible polymers so it retains in the skin and penetrates through skin in a controlled and 

targeted manner. The small sizes of these nano materials help to travel along the flow of blood and 

produces better distribution all over the body. The nanosponge can follow a better healthcare in the 

future which can be a tremendous resource for preventative care .So it is a future promising with 

improved patient compliances and acceptability due to its prolong and safe actions .So they are 

quite interested in modern medical and research areas. 
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INTRODUCTION 

Nanotechnology is the field of science that deals with the 

treatment of individual atoms, molecules or compounds 

into structures to produce materials having special 

properties. It involve the study of extremely small 

structures whose dimensions in the nanometer scale 

length (1-100nm).[1] The advancement in the 

nanotechnology and its application to pharmaceuticals 

and medicine has revolutionized the twentieth century. 

The polymeric nanoparticle are those where the drug is 

dissolved, entrapped, encapsulated or attached to a 
nanoparticle matrix.[2] This can be divided into 

Nanosphere and nanocapsule (figure 1). Nanospheres are 

matrix particles whose entire mass is solid.[3] These 

spherical particulate systems are characterised by a size 

between 10-200nm in diameter. These exhibit some new 

enhanced size dependent properties when compared to 

larger spheres of same material. Basically in 

nanospheres, the drug is being dissolved, entrapped, 

encapsulated or attached to the matrix of polymer. Here 

the drug is uniformly dispersed to form homogeneous 

structure. Nanospheres can be biodegradable or non-
biodegradable. Some of the biodegradable   Nanosphere 

includes modified starch nanospheres, gelatin 

Nanosphere, polypropylene dextran Nanosphere, 

albumin Nanospheres and polylactic acid nanospheres. 

They can also be crystalline and amorphous. The 

administration of medication via these systems offers 

high advantageous since they can be ingested or injected. 

Also site specific delivery of drugs can be used for organ 

targeted release of drugs.[4]
 

 

Thus the Nanosphere offers high potential to formulate 

diverse range systems that can give new patent life to 

known effective pharmacophores.[5] 

 

The   main   objective for designing the nanospheres as a 

targeted drug delivery system is to: 

 Control the particle size.  

 Release of therapeutically  active agents to achieve 

the site specific action at the therapeutically optimal 

rate and dose regimen.[6] 

 

ADVANTAGES OF NANOSPHERES 

 Due to their ultra tiny volume the nanospheres can 

easily pass through the smallest capillary vessels.
 

 Nanospheres can be used to target the organs like 

liver, spleen, lungs, spinal cord as they easily 

penetrate the cells and tissue gap.[7]
 

 The duration in the bloodstream can be prolonged 

since they avoid rapid clearance by phagocytes. 

 Nanospheres can be formulated for controlled 

release action. 

 Reduction of toxicity. 
 They can be administered via oral, nasal, parenteral 

route. 

 Site specific targeting by attaching the ligands to the 

surface of the spheres.[8]
 

 

DISADVANTAGES OF NANOSPHERES 

 It is difficult to handle nanospheres in liquid and dry 

form. 

 They are prone to particle aggregation due to smaller 

size and larger surface area. 

SJIF Impact Factor 4.897 

Review Article 

ISSN 2394-3211 

EJPMR 

 

 

 

EUROPEAN JOURNAL OF PHARMACEUTICAL 

AND MEDICAL RESEARCH 
www.ejpmr.com 

 

ejpmr, 2018,5(4), 192-198 

 

*Corresponding Author: Dr. Smitha K. Nair 

Department of Pharmaceutics, St James College of Pharmaceutical Sciences, Chalakudy Thrissur District, Kerala.  

Mail id:  

ABSTRACT 

Delivering of a therapeutic agent to the desired site is a major challenge in treating many diseases. With the 

emergence of Nanotechnology, it offers drugs in the nano meter size range which has the advantage of enhancing 

the performance of a wide variety of drugs. Nanosphere is the division of polymeric nanoparticle having size range 

10-200nm. They have got many advantages including targeted drug delivery. It can enclose variety of drugs, 
enzymes, genes and is characterised by a long circulation time. This review briefly explains about formulation 

aspects including the polymers used for its preparation, different techniques for formulating nanospheres. Also 

about the characterisation parameters used for the nanospheres. It also gives an idea about the various applications 

of nanospheres for tumour targeting, brain targeting, gene delivery etc. 

 

KEYWORDS: Nanotechnology, Nanosphere, Targeted drug delivery. 

  

http://www.ejpmr.com/


Nair et al.                                                                        European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

 

193 

 Due to smaller size and larger surface area drug 

loading and subsequent burst release of drug is 

limited.[9]
 

 

POLYMERS USED TO DESIGN NANOSPHERES 

Various kinds of polymers are used to prepare the 
polymeric nanoparticle including nanospheres (table 

1).[10] Both biodegradable polymers and their co-

polymers such as Di-block, Tri-block, and multi-block or 

radial block copolymer structures have been used to 

prepare them and to encapsulate the active ingredients. 

Also the polymer must be compatible with our body i.e.; 

they should be non-toxic and non-allergent. The polymer 

of natural origin used for the preparation of nanospheres 

include albumin, gelatin, sodium alginate, chitosan.[10] 

Also synthetic polymers can be used such as poly(lactide 

co-glycolide) (PLGA), poly (methyl methacrylate), 

polyethylene glycol etc. 

 

MECHANISM OF DRUG RELEASE
[11] 

The delivery of the drug at the tissue site from these drug 

carriers can be achieved by: 

o Rupture or degradation of polymer at the site of 

delivery due to enzymatic degradation which result 

in release of drug from the entrapped inner core. 

o Swelling of polymer by hydration resulting in 

release of drug (figure 2)[11] 

o Dissociation of drug from the polymer causing 

subsequent release of drug from the swelled 
polymeric nanoparticle. 

 

PREPARATION METHODS FOR NANOSPHERES 

Various preparation methods can be adopted for the 

preparation of nanospheres. The different methods 

include: 

 Polymerisation(Emulsification polymerisation) 

 Solvent displacement method (nanoprecipitation 

method) 

 Solvent evaporation method 

 Salting out 

 Controlled gellification method 
 Desolvation technique 

 Ionic gelation method 

 

Polymerisation method
[12] 

Generally it includes interfacial polymerisation and 

emulsification polymerisation. In this method polymer 

like polymethylmethacrylate and polycyanocrylate are 

emulsified i.e. emulsification polymerisation and 

interfacial polymerisation of polyalkylcyanoacrylate. 

Monomers are polymerized to form the nanospheres in 

an aqueous solution. After the completion of the 
polymerisation, the drug can be incorporated by 

dissolving in the polymerization medium or via 

adsorption onto the nanospheres (Figure 3). The obtained 

nanospheres are purified, centrifuged and finally freeze 

dried. 

 

 

 

Solvent displacement method 

The solvent displacement method is also known as 

nanoprecipitation method. This method is based on 

displacement of the semi polar solvent followed by the 

interfacial deposition of a polymer. (Figure 4). The 

technique involves dissolving polymer in a water 
miscible solvent(organic). This solution is then added to 

an aqueous phase in the presence or absence of a 

surfactant which can induce precipitation of polymer and 

thus formation of nanospheres can occur.[13] 

 

Solvent evaporation method 

The polymer is dissolved in a suitable organic solvent 

and then the drug is dispersed into the previous solution. 

This mixture is then emulsified using suitable 

emulsifying agent (e.g. gelatin, PVA) to form o/w 

emulsion. The formed emulsion is then subjected to 

solvent evaporation via continuous mixing or increasing 
temperature or by reducing pressure. (Figure 5).[13] 

 

Salting out 

The polymer is dissolved in a suitable organic solvent. 

This is then added to an aqueous phase (that contains 

suitable emulsifier and high concentration of salts) under 

mechanical shear stress to induce emulsification. The 

salts used include magnesium chloride hexa hydrate 

(60%w/w) or magnesium acetate tetra hydrate (1:3 

polymer ratios). Pure water is then added to the formed 

o/w emulsion under mild stirring to enhance diffusion of 
organic solvent into aqueous phase to form nanospheres. 

Finally purified by centrifugation or cross flow filtration 

to remove salting out reagent. [13] 

 

Controlled gellification method
 

This method is used to prepare sodium alginate 

nanospheres. Suitable amount of calcium chloride is 

added to sodium alginate solution to induce gellification. 

Then to this add poly-l-lysine in order to form a 

polyelectrolyte complex. The obtained nanospheres 

suspension was then stirred for 2hr. Finally the 

nanospheres are separated via centrifugation.[14] 

 

Desolvation technique 

The desolvation technique can be used to prepare 

nanospheres from natural polymer like albumin. Here the 

polymeric solution was prepared with polyethylene 

glycol solution (PEG). The drug after mixing dissolving 

with ethanol was added drop wise to prepared polymeric 

solution under magnetic stirring. After that suitable cross 

linking agent is added and cross linking process is 

continued for about 12hr. Finally the obtained 

suspension was centrifuged and lyophilised.[15] 

 

Ionic gelation method 

Ionic gelation or coacervation method can be used to 

prepare nanospheres from natural polymers like gelatin, 

sodium alginate, chitosan. In this method the aqueous 

solution of polymer and drug is taken. Due to the 

electrostatic interaction of the two aqueous phases, they 
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form a coacervate having the particle size in nanometer 

range.[16] 

 

CHARACTERISATION OF NANOSPHERES 

1. Particle size and distribution 

The particle size and distribution are one of the most 
important characteristics of nanoparticle systems. It 

determines the in vivo distribution, biological fate, 

toxicity and targeting ability. It is done by various 

methods including Scanning electron microscopy (SEM), 

Transmission electron microscopy (TEM) and Photon 

correlation spectroscopy. The shape and surface 

morphology of dried nanospheres done using SEM 

(Figure 6). The results obtained by photon-correlation 

spectroscopy are usually verified by SEM or TEM.[17] 

 

2. Zeta potential analysis 

The zeta potential is used to characterise the electrical 
potential and surface charge property of nanospheres. 

These are influenced by the composition of the particle 

and the dispersed medium. The zeta potential 

measurement is also useful to know about charge 

stability and particle aggregation. It is determined by 

using zetasizer.
[18] 

 

3. Estimation of drug entrapment efficiency (EE %) 

and drug loading (DL %) percentages 

Nanospheres suspension after centrifugation, washing, 

re-centrifugation and subsequent filtration, an aliquot 

from the supernatant is taken and diluted with methanol. 

The free drug can be estimated from the filtrate using uv-

visible spectrophotometer. Amount of entrapped drug 

was calculated by subtracting the amount of free drug 

from the total amount of drug added in the 

formulation.[19] 

 

 

EE (W/W)% =       Amount of entrapped drug              × 100 

                              Total amount of the drug added 

 

DL (W/W)% =         Amount of  entrapped drug                    × 100 

                           (amount of polymer + entrapped drug) 

 

4. Fourier transform infrared (FT-IR) spectroscopy 

analysis  

The chemical integrity and possible chemical interaction 

between drug and polymer can be estimated by FT-IR 

analysis using FT-IR spectrophotometer.[19] 

 

5. Differential scanning calorimetry (DSC) analysis  
The physical state of the drug inside the nanospheres can 

be assessed by the DSC analysis after lyophilisation of 

the investigated nanospheres. About 5 mg of each sample 

is placed separately into a sealed aluminium pan and 

heated under nitrogen atmosphere from 25˚C to 300˚C 

with a heating rate of 10˚C/min. An empty aluminium 

pan can be used as the reference pan.[20] 

 

6. In vitro drug release studies 

In vitro release of drug from the selected nanospheres 

formulations as well as the free drug suspension can be 
evaluated by dialysis bag diffusion technique using a 

thermo-stated shaking water bath.[20] 

 

7. Drug release kinetics 

In vitro release data obtained are analyzed kinetically to 

find out the mechanism of drug release from 

nanospheres. The data thus obtained can be fitted for 

zero-order, first-order, Higuchi, Hixsoncrowell erosion 

equation, and Korsmeyer-Peppas equation.[21] 

 

8. Stability study 

The stability studies are done to evaluate the effect of 
storage conditions on various physicochemical 

parameters of Nanosphere formulations. These studies 

are helpful in determining the suitable storage 

conditions. The selected Nanosphere formulations are 

subjected to both room temperature and refrigerated 

temperature for about 6 months and they are assessed for 

changes in physicochemical parameters.[21] 

 

PHARMACEUTICAL APPLICATIONS 

Nanospheres have got wide range of applications in the 

field of medicine. Nanospheres can be used in controlled 
delivery of pharmacological agents to the target site thus 

reducing the dose, the frequency of drug administration 

and consequently the side effects. The targeting action of 

nanospheres can be applied for tumour targeting, brain 

targeting, gene targeting. 

 

1. Nanospheres for targeting tumour 

Nanospheres have gained much attention for their 

potential to deliver chemotherapies in cancer treatment. 

They can deliver a concentrate amount of drug at the 

tumour site by enhancing permeability or active targeting 
by ligands present on the Nanosphere surface. (Figure 

7).[22] 

 

As the drug distribution is limited to target organ, they 

reduce the drug exposure to healthy tissues thus reducing 

toxicity. Inside a tumour, nanospheres target receptors on 

the blood vessels and on the cancer cells themselves. 

When the nanospheres are bound it begins to release 

their drug, which is engulfed by the cancer cells as a 

result, the drug can attack the cancer cell from inside. 

Various anticancer drugs are available (figure 8). But one 

of the drawbacks is that nanospheres have a greater 
tendency to be captured by liver at the time of 

biotransformation thus reducing the amount of drug 

reaching the tumour.[22] 
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2. Nanospheres for oral drug delivery
[23] 

The delivery of bioactive molecules like proteins and 

peptides is very difficult due to their susceptibility to GI 

degradation by digestive enzymes. Polymeric 

nanoparticle like Nanosphere allows encapsulation of 

these bioactive molecules and protects them against 
enzymatic and hydrolytic degradation.  

 

3. Nanospheres targeting to epithelial cells 

Targeting  the epithelial cells to to improve the 

interaction of nanospheres with adsorptive enterocytes 

and M-cells of Payer’s patches in the GI tract can be 

achieved  by either utilizing specific binding to ligands 

or receptors or those based on nonspecific adsorptive 

mechanism.  The surface of enterocytes and M cells 

display cell-specific carbohydrates, which may serve as 

binding sites to colloidal drug carriers containing 

appropriate ligands.[24] 

 

4. Treatment of autoimmune diseases 

Nanospheres also show much promise to treat 

autoimmune diseases like lupus, multiple sclerosis and 

Type 1 diabetes.[25] 

 

5. Nanospheres for brain targeting  

The blood brain barrier (BBB) present in the central 

nervous system is made up of impermeable endothelial 

cells and tight junctions. The BBB only permits transport 

of selective molecules. With the advancement in 
nanotechnology an improved drug delivery to the brain 

can be achieved. Nanospheres can target drug to BBB, as 

they interact with the receptor transport system present in 

BBB. So the drugs which cannot easily cross the BBB 

can pass easily with the help of nanospheres. The drugs 

used for brain targeting include: 

 Leu-enkephalin 

 Valproic acid 

 Dipeptide kytorphin 

 Tubocurarine 

 Doxorubicin 

 Tacrine[26] 

 

6. Nanospheres for gene targeting 

Delivering genes to host cell will tends to initiate 

immune response. This can be achieved via vaccines 
based nano medicines. Such vaccines produce both cell 

mediated and humoral immunity. Nanospheres   loaded 

with plasmid DNA could also serve as an efficient 

Sustained release gene delivery system due to their rapid 

escape from the degradative endolysosomal compartment 

to the cytoplasm compartment. This gene delivery 

strategy can be used to facilitate bone healing by 

incorporating therapeutic genes such as bone 

morphogenic protein.[27] 

 

7. Nanospheres for cosmetics  

Biodegradable polymer loaded nanospheres like PLGA 
nanospheres can be used for cosmetics formulations. 

Cosmetics are available for skin whitening, antiaging, 

sensitive skin protection and hair growth.[28] 

 

8. Nanospheres for Nutraceuticals
[29] 

Many dietary supplements have low bio availabilities 

when taken orally due to several interacting reasons. 

Also when it is given orally, its bioavailability and, 

ultimately, its efficacy depend on the solubility and 

absorption in the gastrointestinal tract. Nanosphere 

delivery systems can now be used to deliver dietary 
supplements and nutraceuticals and thus providing 

improved bio stability, bioavailability, bioactivity and 

efficacy. So the advantages for developing such 

formulations include: 

 Improvement of cellular transport 

 Release of the active component inside the cell. 

 Site-specific targeting 

 Longer half-life in the body 

 Minimal side effects and enhanced therapeutic value 

 

Table 1: Polymer used for nanospheres preparation. 

TYPE OF POLYMER EXAMPLES ABBREVIATION 

Synthetic homopolymer 

 Poly(acrylate) and poly)methacrylate) 

 Poly(lactide-co-glycolide) 

 Poly(n- butylcyanoacrylate) 

 Poly(lactide) 

 Poly methyl methacrylate 

Eudrajit 

PLGA 

PBCA 

PLA 

PMMA 

Natural polymers 

 Chitosan 

 Agar 

 Albumin 

 Gelatine 

 Sodium alginate 

 

Colloid stabilizers 

 Dextran 

 Pluronic F68 

 Poly(vinyl)alcohol 

 Tween 80 

F68 

PVA 

Copolymers 

 Poly(lactide)-poly(ethylene glycol) 

 Poly(lactide-co-glycolide)-

poly(ethylene glycol) 

PLA-PEG 

 

PLGA-PEG 
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Figure 1: Polymeric nanoparticle. 

 

 
Figure 2: Mechanism of drug release. 

 

 
Figure 3: Polymerisation. 

 

 
Figure 4: Solvent displacement. 
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Figure 5: solvent evaporation. 

 

 
Figure 6: Microscopic image of nanospheres by SEM. 

 

 
Figure 7: Tumour targeting mechanism. 

 

 
Figure 8: Anticancer drugs. 

CONCLUSION 

The combination of nanotechnology and polymers are 

extremely useful in various applications which led to 

development of polymeric nanoparticle like 

Nanospheres. Nanospheres can be prepared by various 

methods. Of these several methods solvent displacement 

method is the best one. They have been widely used as a 
targeted drug delivery system. So they can target tumour 

cells, brain cells etc. Therefore nanospheres have the 

ability to convert poorly soluble, poorly absorbed drugs 

into better deliverable drugs. 
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ABSTRACT 

 

Anaesthesia means total or partial loss of sensation to touch or pain and it caused by 

administering anaesthetic drugs to provide surgery. The anaesthetic drug which 

administered for medical or surgical process may be general, regional or local and it 

depend upon the method of administration and the body area affected. Anaesthesia is 

generally safe, but complications may occur. General anaesthesia carries highest risk and 

local anaesthesia carries lowest risk. Any allergic reactions to the anaesthetic drugs can 

be life threating and can be occur with any type of anaesthesia. Generally local 

anaesthetic drugs having few adverse reactions like nausea, vomiting and also be 

soreness at the injection site. Regional anaesthesia has high risk of complications including 

hypotension, back ache and head ache, inability to urine, and paralysis of the affected 

area. General anaesthesia affects the entire body and cause greatest number of 

complications such as sore throat, drowsiness, dizziness and damage to teeth; but most 

side effects clear up within 24 hours. General anaesthesia also carries some serious 

complications such as stroke, heart attack, brain damage and death. The main aim of 

this paper to highlight the complications of different types of anaesthesia during surgery. 
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INTRODUCTION 

Anaesthesia means „loss of sensation‟. 

Anaesthetics are the medications that 

provide anaesthesia. Anaesthetics are 

mainly used to induce sleep, it help to 

prevents pain and discomfort and 

enables the medical procedure to be 

performed during tests and surgical 

operations. Different states of anaesthesia 

include amnesia, immobility in response 

to noxious stimulation, attenuation of 

autonomic responses to noxious 

stimulations, analgesia, and 

unconsciousness. There are mainly three 

types of anaesthesia including General 

anaesthesia, Local anaesthesia, and 

Regional anaesthesia. General 

anaesthetics are drugs which used to 

produce reversible loss of all sensation 

and consciousness. Local anaesthetics 

are drugs which cause reversible loss of 

the senses and pain in restricted areas of 

patient‟s body upon topical application 

or local injections [1]. Regional 

anaesthetics are the drugs which 

administered directly in or around the 

spinal cord. Blocking the nerves of the 

spinal cord and so it also called as spinal 

anaesthesia, which is commonly used in 

many surgical procedures and it has 

particular advantages that it is a very 

safe and simple method and that only 

very small dose of drug may produce 

profound effect. 

Anaesthesiologist has improved upon 

techniques which help to reduce pain 

during surgery and at the same time 

increasing the safety of patient. 

Combined spinal-epidural, continuous 

epidural infusions, walking epidurals and 

patient controlled epidural analgesia 

(PCEA) are  

 

some newer techniques which available. 

Anaesthesia can be maintained with 

oxygen, air and isoflurane.Laryngoscope 

and endotracheal intubation is 

performed after confirming adequate 

muscle relaxation by using neuromuscular 

monitoring. Oxygen saturation, end-tidal 

CO2, non-invasive blood pressure and 

heart rate are monitored during induction 

and throughout the surgical procedure. 

The anaesthetic techniques are 

standardized for all patients. All patients 

are monitored continuously. Mainly 

patient‟s vital parameters are monitored 

continuously throughout the 

perioperative period where anaesthesia 

is administered.Anaesthesiologists do not 

receive formal training in crisis 

management, although they are called 

upon to manage life-threatening crises at 

a moment‟s notice. And the ultimate 

utility of this training for anaesthesiologist 

cannot easily determined, the course 

appeared to be a useful method for 

addressing important issues of 

anaesthesiologist performance [2]. 

 

TYPES OF ANAESTHESIA 

There are Mainly Three Types of Anaesthesia 

 

 GENERAL ANAESTHESIA 

General anaesthetic agents are unique 

because they produce unconsciousness as 

a therapeutic goal. All general anaesthetics 

produce their central nervous system effects 

through a common mechanism. The main 

goals of general anaesthesia are amnesia, 

unconsciousness, and immobilization. 

General anaesthetic drugs include inhaled 

gases and intravenous agents. Physicians 

used general anaesthetics for inducing 

unconsciousness and it has been 

considered to be non-specific drugs with 
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widespread effects on the CNS.The general 

anaesthetics classified into three groups 

based on their relative potencies for 

different clinical endpoints. Group 1 consists 

of etomidate, propofol, and barbiturates, 

intravenous drugs that are much more 

potent to produce unconsciousness than 

immobilization. Group 2 include the gaseous 

anaesthetics nitrous oxide, xenon, and 

cyclopropane, along with ketamine; and 

clinically, these drugs induce significant 

analgesia, while their potency as hypnotics 

and immobilizers are relatively weak. Group 

3 consists of the volatile halogenated 

anaesthetics: halothane, enflurane, 

isoflurane, sevoflurane, and desflurane; and 

these drugs produce amnesia, hypnosis and 

immobility in a predictable manner [3]. 

 

General anaesthetics can be used in a 

general anaesthetic procedure without the 

aid of any other drug; And these drugs by 

themselves can achieve all the essential 

goals of general anaesthesia, therefore can 

be used as a sole drug for surgical 

anaesthesia. As general anaesthesia carries 

highest risk, monitoring the stages and 

depth of anaesthesia is important. Modern 

general anaesthesia techniques use 

combination of an analgesic, a hypnotic 

and a muscle relaxant. Depending upon 

the general anaesthetic procedure and on 

the patient, the concentration of each drug 

has to be titrated independently and, 

several functional variables such as muscle 

relaxation, suppression of responses, 

hypnosis have to be monitored 

independently to ensure the therapeutic 

goals of the general anaesthetic procedure 

are being achieved [4].    

 

 REGIONAL ANAESTHESIA 

Regional anaesthesia allows surgical 

procedures to be done on a region of the 

body without patient being unconscious. 

Mainly 2 types of regional anaesthesia 

include: 1) peripheral nerve blocks, which 

block sensations of pain from the area of 

the body supplied by the nerve and is 

injected near a specific nerve or bundle of 

nerve. This type is most commonly used for 

surgery on the arms and hands, the legs 

and feet, the groin, or the face. 2) Epidural 

and spinal anaesthetics, helps to block 

sensations of pain from an entire region of 

the body, such as lower abdomen, the hips, 

or the legs; and it is injected near the spinal 

cord and major nerves [5]. 

 

Regional anaesthesia offers benefit to the 

patient that they are staying awake. And 

for anaesthetist, regional anaesthesia offers 

some advantages like cardiovascular and 

respiratory stability, rapid postoperative 

recovery, and preservation of protective 

airway reflexes. Regional anaesthesia 

techniques has some drawbacks such as 

pain at puncture site, fear of needles, and 

recall of the procedures; and these factors 

stress the importance of sedation and that 

offers analgesia, anxiolysis, and 

amnesia.Sedation is a part of management 

of patient who receiving a regional block 

and awake during surgery; and the main 

aim include patient comfort, freedom from 

specific discomfort and amnesia for both 

block and surgical operation, to meet the 

patient‟s preference and safety. And 

sedation has been shown to increase 

patient satisfaction during regional 

anaesthesia and this sedative effect can be 

enhanced by the addition of adrenaline. 

The pharmacodynamics and 

pharmacokinetic properties of sedatives are 

shows that sedation is safe and effective. 

And if sedatives are contraindicated, 

hypnosis may be useful in suitable patients 

by an experienced specialist. New models 
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of administration are on development and it 

improved the quality of sedation [6]. 

 

 LOCAL ANAESTHESIA 

Local anaesthetics provide a reversible loss 

of sensation in a specific region. Local 

anaesthetics reduce pain, and are safer 

than general or systemic anaesthetics; 

therefore, they are used whenever possible. 

In addition, they are relatively easy to 

administer and are readily available. The 

mechanism of local anaesthetics involves 

the inhibition of polarization of the nerve 

membrane by interfering with both Na+ and 

k+ currents. The action potential is not 

propagated because the threshold level is 

never attained [7]. 

 

Local anaesthesia is used during minor 

surgical procedure in a small site to prevent 

pain without changing the patient‟s 

awareness. This anaesthetic is usually 

applied topically or subcutaneously. Local 

anaesthesia helps to reduce post-operative 

pain and it also facilitates mobilization of 

the patient and helps to decrease post-

operative complications.Many studies have 

indicated that the use of local anaesthetics 

provide cytotoxicity and can induce 

apoptosis. The types of local anaesthetics 

and the induction rates of apoptosis remain 

unclear. And there are some study results 

shows that, not only the lipophilicity but also 

another factors are correlated with the 

toxicity of local anaesthetics [8]. 

 

COMPLICATIONS RELATED TO ANAESTHESIA 

 

 SPECIFIC COMPLICATIONS OF 

GENERAL ANAESTHESIA 

Anaphylaxis 

Anaphylaxis can be occurs due to any 

anaesthetic agent and in all types of 

anaesthesia. The severity of the reaction 

may very depend upon the types of 

anaesthesia but the features may include 

rash, urticarial, bronchospasm, hypotension, 

angio-oedema, and vomiting. It may 

prevent by careful pre-operative 

assessment and by using general 

anaesthetic charts.Patients who are 

suspected of an allergic reaction should be 

referred for further investigations such as 

provocation testing or skin prick testing to 

determine the exact cause of allergic 

reaction[9]. If necessary, the patients should 

be referred to local immunologists. 

Anaphylaxis needs to be recognised and 

managed immediately. 

 

Aspiration pneumonitis 

If unconsciousness level of patient is 

increased, it may leads to unprotected 

airways. If the patient vomits, they may 

aspirate the vomitus contents into their 

lungs, leads to lung inflammation along with 

infection. Fasting for several hours prior to 

the procedure and cricoid cartilage 

pressure of anaesthesia is the technique 

used to reduce the risk of aspiration 

pneumonitis and aspiration pneumonia. 

Some other techniques also used to 

reducing aspiration pneumonitis, which 

include the use of metoclopramide to 

enhance gastric emptying and increasing 

the pH of gastric contents by using proton 

pump inhibitors such as ranitidine[10]. 

 

Peripheral nerve damage 

This can occur as the result from nerve 

compression due to anaesthesia. This may 

occur with all types of anaesthesia. The 

most common cause of it is exaggerated 

positioning for prolonged period of time. 

Both the anaesthetist and surgeon should 

be aware of this complication and the 

patients should be moved on a regular 

basis, if possible. The severity of this may 
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varies and recovery may be prolonged. The 

ulnar nerve and the common peroneal 

nerve are most commonly affected and 

rarely, the brachial plexus may be affected. 

Injury to nerve can be avoided by 

preventing extreme postures for lengthy 

periods during surgery. If nerve damage 

occurs, then patients should be followed up 

and further investigations such as 

electromyography are required[11]. 

 

Damage to teeth 

Damage to teeth is most common cause of 

claims made against anaesthetists, so now it 

is a common practice to check the teeth in 

the anaesthesiologist‟s pre-operative 

assessment. The tooth most commonly 

affected is upper left incisor [12]. 

 

Embolism 

Embolism due to anaesthesia is potentially 

fatal but is rare. Air embolism is occurs 

commonly during neurosurgical procedures 

or pelvic operations. In pre-operative 

period, prophylaxis of thromboembolism is 

starts with thromboembolic deterrents and 

low molecular weight heparin [13]. 

 

 SPECIFIC COMPLICATIONS TO 

REGIONAL ANAESTHESIA 

Post dural puncture headache 

The post dural puncture headache (PDPH) is 

one of the most common complications of 

neuraxial block. The reason for PDPH include 

any breach in dura mater, which may 

follow a spinal anaesthetic, an epidural 

“wet tap”, diagnosis lumber puncture, or 

migration of epidural catheter. PDPH is 

persistent leakage of cerebrospinal fluid 

(CSF)through the dural defect as faster than 

that of CSF production.The transdural leak 

leads to decreased CSF volume and 

pressure.The basic clinical diagnosis is 

usually presents 48-72hrs after the 

procedure, typically bilateral,fronto-

occipital extending up to neck and 

shoulders.Pain is usually associated with 

nuchal stiffness and backache.Severe 

complication of PDPH is subdural 

hematoma but is rare.The risk factors 

include young age, female sex,pregnancy 

and prior history of PDPH [14]. 

The treatment of PDPH could be 

conservative or invasive.The conservative 

measures include bed 

rest,hydration,analgesics,abdominal binders 

and caffeine,and will help to decrease 

downward traction,increase CSF 

production,constrict the intracranial vessels 

and provide the symptomatic relief. The 

invasive treatment is epidural blood 

patch,which is considered as the most 

effective treatment for complete resolution 

of most of the symptoms.Aseptically 

withdrawn autologous blood is injected in 

the same space or one space below until 

the patient experiences lumber discomfort 

or until 20ml has entered in epidural 

space.Use of smaller and non-cutting 

needle may help to decrease the 

incidence of PDPH. 

 

Cardiac Arrest 

Different studies over two decades in many 

countries states that the incidence of 

cardiac arrest during regional anaesthesia 

during perioperative period is about 1.5-

6.4/10000cases. Neuraxial block contributes 

to cardiac arrest involve a circulatory 

aetiology. Initially, cardiac arrest was 

contribute by sedation during spinal 

anaesthesia, and another causes include, 

decrease in preload associated with 

neuraxial block resulting in a shift in cardiac 

autonomic balance towards the 

parasympathetic system leading to 

bradycardia.Three mechanisms have been 

proposed mainly, including activation of the 
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low-pressure baroreceptors in the right 

atrium, the receptors within the myocardial 

pacemaker cells, and mechanoreceptors in 

the ventricle. In addition, bradycardia may 

developed due to high sympathetic level 

may directly favour vagal tone; sedation, 

hypoxemia, hypercarbia, and chronic 

medications such as [beta]-adrenergic 

antagonists. 

Intravascular fluid administration, 

administration of mixed [alpha]-and [beta]-

agonists, and vagolytic therapy have 

advised to decrease the frequency and 

improve the survival associated with 

cardiac arrest during neuraxial block[15]. 

 

Transient Neurological Symptoms 

Transient neurological symptoms (TNS) can 

be defined as the development of severe 

radicular back pain with no sensory or 

motor deficit and no signs of bowel and 

bladder dysfunction. The symptoms resolved 

within one week after resolution of an 

uneventful, lidocaine spinal anaesthetic. 

The aetiology of TNS is not well defined; 

however, up to 30% of patients with TNS 

report severe pain, but there is no evidence 

that this pain is associated with any 

neurological pathology. The symptoms of 

TNS disappeared spontaneously by the fifth 

postoperative day. The use of lidocaine for 

spinal anaesthesia increased the risk of TNS 

development. 

As compared to lidocaine, spinal 

anaesthesia with bupivacaine, prilocaine, or 

procaine have less chances for developing 

TNS. Freedman‟s study identified some other 

risk factors include out- patient status, 

obesity, and lithotomy position [16]. 

 

Spinal or Epidural Hematoma 

Epidural or Spinal Hematoma is a disastrous 

complications of central neuraxial blocks 

but is rare. The incidence of hematomas has 

been estimated is about 1:150,000 for 

epidural blocks and 1:220,000 for spinal 

anaesthetics. Spinal hematoma is 

particularly catastrophic as it may go 

unnoticed until there is permanent 

neurologic compromise. 

The reasons for increased incidence of 

spinal haematoma include female gender, 

increased age, traumatic needle/ catheter 

placement, indwelling epidural catheter 

placement during, immediate preoperative, 

intra-operative, and post-operative low 

molecular weight heparin administration.  

The patient usually feels the symptoms of 

sudden new onset sharp back and leg pain 

with numbness, weakness, bladder 

dysfunction, and bowel dysfunction. When 

spinal haematoma is suspected, 

immediately neurologic imaging (MRI and 

CT scan) and neurologic consultation 

should be taken. Good neurological 

recovery has been seen in patients who 

have undergone surgical decompression 

within 8-12hrs [17]. 

 

 SPECIFIC COMPLICATIONS OF LOCAL 

ANAESTHESIA 

Pain at Injection 

Pain during administration of local 

anaesthetic solution can be caused by 

many reasons, mainly due to two factors; 

related to solution and related to 

practitioner. Factors depending on solution 

are mainly pH, and temperature. Solution 

having low pH may irritate the tissue, and in 

warm temperature of solution feels more 

comfortable than cold. So the cartridge 

can be warmed in practitioner‟s hand or in 

warm water before injection are useful to 

reduce pain. 

The practitioner related factors relate to 

technique used during administration. Fast 

injection and high injection pressure cause 

rapid swelling of tissue and pain; so this can 
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be avoided by slower injection. Aggressive 

insertion of the needle may tear soft tissues, 

blood vessels, nerves, or periosteum and 

cause more pain. And inadequate injection 

site can lead to intramuscular or intraneural 

injection. When the needle penetrates a 

nerve, the patient may feel a sudden 

electric shock in the distal area of nerve. 

Pain after intramuscular injection is mainly 

due to fibrosis or inflammation inside the 

muscle[18]. 

 

Haematoma 

Haematoma is caused by penetrating the 

vessel with needle or by an intravascular 

injection, which causes trauma to the 

affected blood vessels and this trauma 

causes bleeding into tissues and formation 

of a haematoma. Many areas intraoral are 

highly vascular and target nerves are 

followed by large vessels. Blood pressure in 

an artery that has been damaged, which 

provides large haematoma. Different parts 

of maxillary artery can be affected in the 

IAN-block, the second division block, 

posterior superior alveolar nerve block and 

infraorbital anaesthesia. Ocular paralysis 

and temporary blindness can be caused by 

penetration of anaesthetics to the orbital 

area.  

It is important to use adequate techniques, 

anatomical landmarks and to avoid 

relocating needle to different sides inside 

the tissue. Haematoma formation can be 

avoided by careful aspiration before 

injecting anaesthetic and by gentle 

removal of needle. Haematomas can be 

large and can appear rapidly in the 

infraorbital space. It is important to inform 

the patient and re-evaluate the possibilities 

of continuing the treatment[19]. 

 

Trismus 

Intramuscular injections of anaesthesia can 

cause haematoma formation inside the 

muscle and fibrosis, which leads to trismus. 

Trismus can also cause by multiple injection 

to same area, by a large haematoma or 

infection close to the area. Needle fracture 

in the muscle inserting to styloid process 

may cause a painful and severe trismus, 

which is usually disappears within a few 

days without any further treatment. 

In severe cases, treatment such as heat 

therapy, analgesics, soft diet, muscle 

relaxant or physiotherapy should be 

considered. Trismus can also be caused by 

infection, so always need antibiotics or even 

a surgical intervention to heal. The painful 

trismus can be avoided by following 

methods like careful insertion of needle and 

bone contact before injection, and 

awareness of anatomical landmarks and 

muscles also useful [20].  

 

CONCLUSION 

Anaesthesia has some complications and 

risk while administering during a surgical 

procedure. There is some specific 

complications depends upon the type of 

anaesthesia used and also depend upon 

the patient‟s health, and the medicine 

administered. Anaesthesiologists are 

responsible to provide techniques to reduce 

complication during anaesthesia. The 

proper knowledge about the suspected 

complications of anaesthesia helps to 

produce proper clinical decision making 

and risk management.  
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ABSTRACT 

For the estimation of ofloxacin and ornidazole many analytical methods are reported 

including spectrophotometric method and HPLC method.The present study includes with 

simultaneous equation method, absorption ratio method, derivative spectrophotometric 

method and method based on Q –analysis using uv visible spectroscopy. And  in the case 

of HPLC  method C18 reverse phase column have been used except one method the 

phenyl column have been used.A comparative HPLC method is used in the studies and 

compared the result obtained.C18 reverse phase coluymn is used in almost all studies.And 

here the studies explained about the simple simultaneous equation spectrophotometric 

method as well as the  most sophisticated HPLC method.1 

 Keywords : Ofloxacin,Ornidazole,HPLC,UV- spectrophotometry. 
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INTRODUCTION   

Ofloxacin chemically is (±)-9-fluoro-2,3-

dihydro-3-methyl-10-(4-methyl-1-piprazinyl)-

7-oxo-7H-pyrido [1,2,3-de]-1,4-benzoxazine-

6-carboxylic acid. It is a broad spectrum 

antibacterial agent, belonging to the 

group of fluoroquinolones. It is used in the 

treatment of urinary tract infection, 

conjunctivitis, gonorrhoea, respiratory tract 

infection and skin infection. Ofloxacin is 

administered along with cefixime or 

ornidazole for the treatment of infection. 

Several analytical techniques have been 

used for the determination of ofloxacin in 

dosage forms as well as in biological fluids 

such as spectrophotometry and HPLC 

methods1.Many analytical methods has 

been reported for the simultaneous 

estimation of ofloxacin and ornidazole 

including spectrophotometric methods 

and hplc methods. A review of various 

analytical methods available for the 

estimation of ofloxacin and ornidazole is 

presented here2. 

Spectrophotometric  methods 

Many analytical methods have been 

reported which are commonly used for 

multicomponent sample analysis by 

spectrophotometry These methods 

includes simultaneous equation method, 

absorptionration method derivative 

spectrophotometric method and method 

based on Q -analysis. 

Two derivatives spectrophotometric 

method have been reported  for the 

simultaneous estimation of ofloxacin and 

ornidazole. Both the methods used the 

zero crossing wavelength in first derivative 

spectra.In one method the zero present 

wavelength choosen are 322nm and 

260nm for ofloxacin and ornidazole 

respectively. In another method 78nm and 

293.6nm have been used for the estimation 

of ofloxacin and ornidazole respectively. In 

both the method 0.1M hcl is used the 

linearity of the all tobe above 0.5mg /ml to 

10 mg/ml ofloxacin and 2mg- 30 mg/ml for 

ornidazole.In case of absorption ratio 

method ofloxacin is estimated from the 

ratio of 266nm and 287nm where as the 

ornidazole was estimated from the ratio of 

absorbance at 271 -280 nm using 0.1 N Hcl 

as solvent. 

Many simultaneous equation has been 

reported in one method phosphate buffer 

PH 6.8 is used as a solvent and the 

wavelength. Chosen  for analysis are 

488nm and 319nm.the linearity was found 

tobe 5- 20mcg/ml for ofloxacin and 10-50 

mcg/ml for ornidazole in the second 

method the analysis is carried out by 

methanol as solvent and the wavelength 

choosen are 294.6nm and 310.8nm. In this 

method the linearity was found tobe 2 

mcg /ml – 10mcg/ml for ofloxacin and 5 

mcg/ml – 25 mcg/ml for ornidazole.The 

third method is based on  of 

measurementof absorbance at 287nm- 

319nm in phosphate buffer, ph 6.8 or ph 

7.4. the estimation is also in 0.1m 

hydrochloric acid and measuring the 

absorbance at 494 nm and 277 nm.The 

concentration range is 1 – 8 mg/ml 

ofloxacin 4- 24 mg/ml for ornidazole. 

A method based on Q analysis is also been 

reported the method is based on 

measuring the absorbance at 286.1nm the 
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ƛmax of ofloxacin , is 319.2nm the  ƛmax of 

ornidazole and 494nm the isobestic point. 

The absorbance values at these 

wavelength are used for to analysis for the 

of the concentration of the each drug.3 

The simultaneous equation method has 

been reported for the estimation of 

ofloxacin and ornidazole in dissolution 

media (0.01N hydrochloric acid).this is 

based on the measurement of 

absorbance of 293.4nm and 

319.6nm.Under similar  condition 

multicomponent analysis of softcore of the  

instrumentation that also been used for 

estimation .the linearity was found tobe 2- 

12 mcg/ml for  ofloxacin and 5 – 13 

mcg/ml for ornidazole.A similar method 

based on simultaneous equation and the 

multicomponent analysis made  of the 

instrument is also reported.Since there is 

solubility problem for ofloxacin and 

ornidazole in water hydrotropic 

solubilisation techniques has been used to 

dissolve these drugs in aqua’s medium 

using sodium benzoate as hydrotropic 

reagent.This will avoid the use of organic 

solvent the resulting solution is estimated by 

simultaneous equation method , Q analysis 

or absorption ratio method.2 

 

A comparative account of the reported spectrophotometric method of uv spectroscopyin the table 1. 

Method 1 1.First 

derivativ

e 

2. 

Absorpti

on ratio 

 

1. First derivative-323nm and 

260nm for ofloxacin and 

ornidazole 

2. Absorption ratio method- 266nm and 

287nm for ofloxacin and 271 nm 380nm 

of ornidazole 

0.1N

Hcl 

 

1.92-

9.6mcg/mlforofl

oxacin 

4.8 -24 mcg/ml 

for ornidazole 

2 

Method 2 

 

1. First 

derivativ

e 

 

Wavelength is 278nm for ofloxacin 

293.6nm for ornidazole 

0.1N 

Hcl 

0.5-10mcg/ml 

for ofloxacin 

2-30mcg for 

ornidazole
3
 

3 

Method 3  

    Q analysis 

286.2nm,319.2nm,294nm(isobestic 

point) 

Distill

ed 

water 

1-15mcg for 

ofloxacin 

1-13mcg for 

ornidazole
4
 

4 

Method 4 Simultaneous 

equation 

method 

288nm  and 319nm for ofloxacin and 

ornidazole 

Phosp

hate 

buffer 

ph-6.8 

5-25 mcg for 

ofloxacin 

10- 50 mcg for 

ornidazole
5
 

7 

Method 5 Simultaneous 

equation 

method 

294.6nmfor ofloxacin and 310.8 for 

ornidazole 

metha

nol 

2-10mcg/ml 

ofloxacin and 5-

25 mcg/ml 

ornidazole
5
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Many HPLC methods has been reported 

for the simultaneous estimation of ofloxacin 

and ornidazole .in almost all the method  

C18 reverse phase column have been 

used except one method the phenyl 

column have been used. 

Similarly in almost all the methods 

acetonitrile is used as the mobile phase 

with phosphate buffer except in one 

method ammonium acetate is used as 

buffer.As well as the concentration of 

buffer solution.The run time has 

represented by retention time of second 

peak varies from 4.4 minutes to 10.4 

minutes.Shortest run time is achieved with 

acetonitrile and phosphate buffer.5 

 

 

A comparative account of HPLC method is given in table 2. 

 

method column Mobile phase Buffer Temperat

ure 

Flow 

rate 

Retenti

on time 

Ornidaz

ole 

Retentio

n time 

Ofloxaci

n 

Theoretic

al plates 

refe

renc

e 

Method1 C18 

column  

Water,acetonitr

ile 

 25 degree 

celcius 

1.0ml/

min 

2.6 

minute 

4.8minut

e 

Ofloxaci

n /5000- 

more 

than1.4 

ornidazol

e/8000- 

more 

than 1.1 

5 

Method 

2 

Zorbas 

eclipse c18 

acetonitrile 0.3Ndis

odium 

hydroge

n 

phospha

te 

 1ml/mi

n 

2.580 4.397 Ofloxaci

n-1689 

Ornidazo

le 3370 

6 

Method3 Enerek c 

18 

sscoloumn 

Triethyl amine 

, 

acetonitrile,buf

fer 

Potassiu

m 

dihydro

gen 

phospha

te in 

1000ml 

water 

45 degree 

celcius 

1.5 

ml/min 

6.333 9.710 Ofloxaci

n-12383 

Ornidazo

le-11876 

6 

Method 

4 

C18 

column 

Acetonitrile, 

methanol 

0.025M 

phospha

te buffer 

 1ml/mi

n 

4.04 5.83 Ofloxaci

n-10221 

Ornidazo

8 



 

                              2018 September Edition |www.jbino.com | Innovative Association 

J.Bio.Innov7 (5), pp: 698-703, 2018 |ISSN 2277-8330 (Electronic) 

 

   Benny et al., 

le- 15012 

Method 

5 

Kromasil 

C18 

column 

Acetonitrile 

phosphate 

buffer 

Phospha

te buffer 

Ambient 1ml/mi

n 

2.773 5.44 Ofloxaci

n-1869 

Ornidazo

le-3212 

10 

Method6 RP 18 Acetonitrile,mi

xed phosphate 

buffer 

Phospha

te buffer 

ambient 1ml/mi

n 

2.84 4.39 Ofloxaci

n-3988 

Ornidazo

le-3217 

11 

Method 

7 

Zorbas 

thermal 

column 

Acetonitrile 

and buffer 

Phosphat

e buffer 

ambient 1ml/mi

n 

2.703 5.113 Ofloxaci

n-2000 

ornidazo

le -5000 

 

Method 

8 

C18 

column 

Acetonitrile 

phosphate 

buffer 

Phosphat

e buffer 

ambient 1ml/mi

n 

2.773 5.448   

Method 

9 

RP C18 

column 

Phosphate 

buffer and 

acetonitrile 

Phosphat

e buffer 

ambient 0.9ml/

min 

8.72 14.67   

Method 

10 

Thermo 

hypersil 

phenyl 

column 

Phosphate 

buffer,acetonitr

ile 

Phosphat

e buffer 

ambient 1ml/mi

n 

5.66 10.37 Ofloxaci

n-4343.3 

Ornidaz

ole- 

3745.04
1

3
 

 

Method 

11 

Intersil 

ODS C18 

column 

Ammonium 

acetate buffer, 

acetonitrile 

Ammoni

um 

acetate 

buffer 

ambient 1ml/mi

n 

4.292 8.921   

Method 

12 

ODS c18 

column 

1ml triethyl 

amine, 1000ml 

double distilled 

water 

acetonitr

ile 

ambient 1ml/mi

n 

5.06mi

n 

7.50min Ofloxaci

n- 8389 

Ornidaz

ole-9881  

11 

 

CONCLUSION: 

A large number of analytical methods has 

been reported for the simultaneous 

estimation of ofloxacin and ornidazole 

ranging from simple simultaneous equation 

spectrophotometric method to most 

sophisticated HPLC method. 
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INTRODUCTION 

Cellulitis is an acute infectious process that represents a 

serious type of skin and soft tissue infection. Cellulitis is 

an infection of the dermis, epidermis and superficial 

fascia. Most commonly caused by staphylococcus 

aureus, β-hemolytic streptococci. Cellulitis is an acute, 

pyrogenic, spreading infection. It is a common infection 

of the skin and subcutaneous tissue characterized by 

erythema, warmth, swelling and pain. The skin and soft 

tissue infections including cellulitis are located most 

frequently on the upper extremities. Acute cellulitis with 

mixed aerobic and anaerobic pathogens may occur in 

diabetics, following traumatic injuries, at site of surgical 

incisions to the abdomen or perineum, where host 

defenses have been otherwise compromised. The number 

of hospitalizations due to cellulitis is substantially 

increased in the last few years. Cellulitis is a very 

dangerous disease because of its tendency to spread 

infection through blood or lymph and deep penetration in 

to the structure causing severe forms of necrotizing 

fasciitis. Cellulitis is very serious disease that can be 

prevented by suitable preventive methods. Proper 

diagnosis and identification of preventable risk factors 

can reduce infection related morbidity and cost, thus 

improve patient management.
[1]

 

 

 
Figure no: 1 Cellulitis of lower limb. 
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ABSTRACT 

Cellulitis is a common skin and subcutaneous tissue infection. Cellulitis is an acute spreading pyrogenic 

inflammation of the dermis, epidermis and superficial fascia. The number of hospitalizations due to cellulitis is 

substantially increased in the last few years. The majority of cellulitis cases are caused by staphylococcus aureus 

and β-hemolytic streptococci. The diagnosis based on clinical manifestations and culture & sensitivity test help to 

proper treatment of cellulitis. The treatment is done by using antimicrobial agents according to CREST guidelines. 

In recurrent cases a prophylaxis methods are used. This review aims to help the healthcare professionals for the 

treatment of cellulitis using the appropriate antibiotics. It help to decrease the antibiotic resistance and better 

management of cellulitis patients.  

 

KEYWORDS: Cellulitis, Risk factors, CREST guidelines, Antibiotics.  
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Etiology 
Cellulitis develops as a result of bacterial entry via 

breaches in the skin barrier. Cellulitis is caused by 

different types of organisms. The majority of cases are 

caused by staphylococcus aureus and β- hemolytic 

streptococci.  

 

Table 1: Types of bacteria causing cellulitis.
[2]

 

Different types of cellulitis  Organism 

Typical cellulitis Streptococcus pyrogenes 

Typical cellulitis- pus forming Staphylococcus aureus 

Cat or dog bite Pasteurella multocida 

Fresh water exposure Aeromonas hydrophila 

Salt water exposure Vibrio vulnificus 

Puncture wound Pseudomonas aeurogenosa 

Face, arms & upper torso 

infection 
Hemophilus influenza 

 

Epidemiology 
The exact prevalence of the disease is uncertain it affects 

all racial and ethnic groups and occurs in men and 

women in equal chances. It is more common in middle 

aged individuals and older adults. The presence of 

foreign body such as an intravenous catheter, also 

increases the risk of developing cellulitis. Approximately 

4 million patients were hospitalized for cellulitis between 

1998 and 2006.
[3]

 

 

Pathophysiology 

Cellulitis is a skin and subcutaneous tissue infection that 

occurs when bacteria enter into the dermis, through 

breaks in the skin such as fissure, cut, insect or animal 

bite and puncture wound. Cutaneous barrier disruption 

can be caused by toe web space bacteria, fungal foot 

infections (Eg:-tinea pedis), pressure ulcer and venous 

leg ulcers. The bacteria entered through breaks in the 

skin produce hyaluronidase enzyme and it enzymatically 

breaks down the glycosamino glycan component of a 

connective tissue of dermis. It allows the organism to 

spread and produce the signs & symptoms of cellulitis. 

The histological features of cellulitis are nonspecific and 

include dermal edema, lymphatic dilation and diffuse, 

heavy neutrophil infiltration around blood vessels.
[4]

 

 

Clinical Manifestation 

It is typically found in the lower extremities, although it 

can appear on any area of the skin and is often found in 

the upper extremities in patients who are intravenous 

drug users. The signs and symptoms help to diagnose the 

disease and differentiate cellulitis from other skin 

diseases. 

 

Table 2: Clinical presentation of cellulitis.
[5]

 

Signs Symptoms 

Erythema Fever  

Edema  Chill  

Warming  Malaise  

Tenderness  Pain  

Inflammation  lymphangitis 

Lesions  

Risk Factors  

Systemic and local risk factors are associated with the 

development of cellulitis. The main risk factors for 

developing cellulitis infection are exposed cuts, wounds 

or scrapes on the skin even small ones. 

 

Risk factors for developing cellulitis 

 Injury :-  Any cut, fracture, burn or scrape that 

makes an entry point for bacteria. 

 Weak immune system:- Conditions such as 

leukemia, diabetes and AIDS leave you more 

susceptible to infections by decreasing your 

immunity. Certain medications such as 

corticosteroids also can weaken the immune system. 

 Skin conditions:- Skin disorders such as eczema, 

athlete’s foot, toe – web intertrigo, varicose veins, 

psoriasis and shingles can cause breaks in the skin 

and give bacteria an entry point. 

 History of cellulitis :- Patients with previous history 

of cellulitis are more prone to develop it again.
[6]

 

 Chronic swelling of your arms or legs 

(lymphedema) :- Swollen tissue may crack, leaving 

your skin vulnerable to bacterial infection.
[7]

 

 Intravenous drug use:- People who inject illegal 

drugs have a higher risk of developing cellulitis. 

 Bites:- Bites from insects, animals or humans also 

lead to cellulitis. 

 Obesity:- Obesity increases the risk of developing 

cellulitis and having recurring episodes. 

 Other factors:- old age, smoking, alcohism, body 

posture in the job (Eg;-sitting). 

 

Diagnosis 
Several skin infections can easily be confused with 

cellulitis but must be recognized early to facilitate 

initiation of appropriate therapy. 

 Clinical manifestation:- The diagnosis is done by 

using the physical examination is the main step of 

diagnosis. The differential diagnosis of the cellulitis 

from the other skin diseases is very important in the 

management. 

 Blood test:- C reactive protein and white blood cell 

count are indicators of bacterial infections including 

cellulitis, but it is not a specific test for cellulitis. 

 Culture and sensitivity test:- The blood cultures, 

cultures from skin biopsies, aspirations and wound 

swab cultures are used to identify the pathogens and 

proper antibiotic use in the therapy.
[8]

 

 Imaging techniques:- Imaging techniques are useful 

when there is suspicion of an underlying abscess 

associated with cellulitis, necrotizing fasciitis or 

when diagnosis of cellulitis is uncertain. Ultra sound 

scanning and MRI are commonly used for diagnosis 

of cellulitis. It helps for the management of cellulitis 

by detection of occult abscess, prevention of 

invasive procedures and providing guidance for 

further imaging or consultation.
[9]

 

 Medical history of patient:- The history of the 

patient is very important, if they are taking any 

immunosuppressant drugs and in the case of patients 
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with diabetes, hypertension and Deep Vein 

Thrombosis (DVT). 

 

Complication  

 Blood infection (septicemia) 

 Bone infection (osteomyelitis) 

 Inflammation of lymph vessels (lymphangitis) 

 Endocarditis  

 Meningitis  

 Shock  

 Gangrene
[10]

 

 

Management 

The management of cellulitis can be done by 

Pharmacological and Nonpharmacological methods. The 

effective management of cellulitis can reduce infection 

related morbidity and cost, thus improve patient 

management. 

 

Management of locally effected area should include the 

following:- 

 Adequate analgesia to ensure pain relief 

 Monitoring and management of pyrexia 

 Consider hydration by oral or intravenous route 

 Recording of the site or limb effected 

 Mark the extent of erythema present on admission 

 Give antibiotics to decrease the inflammation 

 

Nonpharmacological management 

 Clean the wound site, if any (with debridement of 

dead tissue if necessary) 

 Resting the affected limb or area, and elevating it 

 Apply moist heat to minimize the edema and to 

promote suppuration & drainage 

 Surgery – hypodermectomy 

Pharmacological management  

The use of simple clinical diagnostic criteria should be 

encouraged and should avoid over diagnosis and 

inappropriate antibiotics. Cellulitis presents as the acute 

and progressive on set of red, hot, swollen, painful and 

tender area of the skin. Oral antibiotic therapy is suitable 

for majority of patients.  

 

According to CREST guidelines, the classification of 

patients can serve as a useful guide to the admission and 

treatment decisions. 

Class I:- Patients have no signs of systemic toxicity, have 

no uncontrolled co-morbidities and can usually be 

managed with oral antimicrobials on an outpatient basis. 

Class II:- Patients are either systemically ill or 

systemically well, but with co-morbidity such as 

peripheral vascular disease, chronic venous insufficiency 

or obesity, which may complicate or delay resolution of 

their infection. 

Class III:- Patient may have a significant systemic upset 

such as acute confusion, tachycardia, tachypnoea, 

hypotension or may have unstable co-morbidities that 

may interfere with a response to therapy or have a limb 

threatening infection due to vascular compromise. 

Class IV:- Patients have sepsis syndrome or severe life 

threatening infection such as necrotizing fasciitis.
[11]

 

 

The laboratory investigations are useful in the treatment 

of the cellulitis. All patients have raised white cell count 

and elevated ESR or C-reactive protein levels like all 

other infections. The laboratory test that can be done in 

the class II and III patients are given in the table 3. 

 

 

 

Table 3: The normal laboratory Investigations that can be done for the patients. 

 

The drug therapy can be done according to the class of 

patients included 

 Class I patients usually managed with oral 

antimicrobials in an outpatient basis 

 Class II patients are suitable for an short term (up to 

48 hrs) hospitalisation and discharge on outpatient 

parenteral antimicrobial therapy (OPAT), where this 

service available. 

 Class III and class IV patients require hospitalisation 

until the infected area is clinically improving, 

systemic signs of infection are resolving and co-

morbidities are stabilized. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Class II-IV Selected patients 

FBC Blood cultures only Class III or Class IV infections 

ESR/CRP Streptococcal serology only in refractory cases where diagnosis is in doubt. 

Culture any skin break/ 

ulceration/ blister fluid 

Skin biopsy where differential diagnosis   includes other non-infectious 

inflammatory lesions 
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Table 4: Suitable Drug Therapy for Typical Cellulitis in CREST guidelines. 

 First line Second line 

Class I Flucloxacillin 500mg qds po 
Penicillin allergy: 

Clarithromycin 500mg bd po 

Class II 

Flucloxacillin 2g qds IV 

               or 

Ceftriaxone 1g od IV 

      (OPAT only) 

Penicillin allergy: 

Clarithromycin 500mg bd IV 

                Or 

Clindamycin 600mg tds IV 

Class III Flucloxacillin 2g qds IV 

Penicillin allergy: 

Clarithromycin 500mg bd IV 

                 Or 

Clindamycin 900mg tds IV 

Class IV 

Benzylpenicillin 2.4g 2-4 hourly IV + 

Ciprofloxacin 400mg bd IV + 

Clindamycin 900mg tds IV 

(If allergic to penicillin use Ciprofloxacin and Clindamycin only) 

 

In human bite cases, cover for anaerobes as well as 

staphylococci and streptococci is essential and provided 

with co-amoxiclav monotherapy. 

 

Most cases of uncomplicated cellulitis can be 

successfully treated with 1-2 weeks of therapy and 

complicated cases may require more prolonged therapy. 

The patients can be discharged from the hospital in the 

following conditions 

 Pyrexia settling 

 Co-morbidities stable 

 Less intense erythema 

 Falling inflammatory markers 

 

Suitable agents consider for oral switch therapy is 

Flucloxacillin 500mg qds. If penicillin allergy occurs, 

consider Clarithromycin 500mg bd or clindamycin 

300mg qds. The new drugs like dalbavancin and 

oritavancin are long acting antibiotics that create 

opportunities for early hospital discharge. 

 

The antibacterial prophylactic therapy prevents recurrent 

cellulitis. The prophylaxis considering for 1-2 years in 

patients with predisposing conditions, who have atleast 

two episodes of cellulitis at the same site and the therapy 

include Pencillin V 250mg bd or Erythromycin 250 mg 

bd for up to 2 years.
[12]

 

 

Patient Education  

 Take all your medicine as prescribed 

 Take care of your skin. Any measure that prevent 

injury to your skin will help to prevent cellulitis. 

 Use pain relievers as needed. 

 Use support stoking to prevent fluid buildup. 

 Use moisturizers to keep your skin from dryness and 

cracking. 

 Take care of your feet may, especially if you have or 

other condition that may increase the risk of 

infection. 

 Topical antibiotics should not be used in the 

management of cellulitis.
[13]

 

 

CONCLUSION 

Cellulitis is a common and expensive problem 

worldwide. It generally responds to relatively simple and 

inexpensive antibiotics. The recurrent cellulitis is 

common and can be minimized by optimizing the risk 

factors such as lymph edema and skin damage. The 

appropriate use of antibiotics can cure the cellulitis and 

reduce the recurrence of the disease. Proper diagnosis 

and identification of preventable risk factors can reduce 

the infection related morbidity and cost, thus improve the 

patient management. 
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Abstract: In this article, my humble effort is to highlight the upcoming challenges in 

the field of effective pain management with utmost precision and care. Inadequately 

treated pain is a serious public health problem both in the developed and in developing 

countries. Although there is a tremendous change in knowledge and resources for pain 

management, ineffective pain management continues to pose a significant challenge to 

patient care.  Nevertheless, Pain management become ineffective due to certain barriers 

related to the patient, health care professionals, health care system and in every field of 

medication  

Keywords: Barriers, Pain management, Effective, Patient. 

 

INTRODUCTION 

Humans have always known the pain and continue to seek relief from it. The 

impact of pain in society is great and pain is the primary reason any patient seeks 

medical care. Not all health providers receive adequate training in this area and new 

information is not widely disseminated and understood. Pain management is enhanced 

only when a multidisciplinary approach is applied. Pain is so subjective that many 

clinicians define pain as whatever the patient describes it to be.  

 

              The aim of medicine is to preserve and restore health as well as to relieve 

suffering. Understanding pain is essential for achieving both these goals. Pain is 

universally understood as the most common condition that brings a patient to seek 

medical attention [1]. 

               

Various assessment tools are employed to 

evaluate pain. They are also used to evaluate the 

response to treatment. However, effective pain 

management does have certain barriers. Here we look 

into the barriers and ways to overcome them so as to 

ensure effective pain management. 

 

Patient related barriers 

Patients don’t want to give trouble to the 

doctors because they want to be a good patient. Some 

may feel pain as inevitable part of their disease or 

doesn’t want to recognize that their disease is 

progressing, hence they may not complain about their 

pain [2].  

 

All patients are not treated in the same 

manner. Disparities are seen between racial and ethnic 

lines, and between men and women. Racial and ethnic 

minorities are particularly at high risk of inadequate 

pain relief [3]. It is observed that some individuals tend 

to tolerate more pain when compared to others and 

thus have higher pain reaction threshold. Increase in 

the intensity of pain could indicate worsening of the 

disease condition. 

 

Most patients fail to communicate effectively 

to the physician regarding their pain. Patients are at 

times apprehensive if they would become addicted to 

medications when taken for a prolonged period of 

time. There may also be concerns about the side effects 

of medications [4, 5].
 
The patient should be told to 

notify the physician promptly in case of any side 

effects, so as to manage the condition effectively. They 

may also fear about becoming tolerant to certain 

medications. Some medications do not have a ceiling 

effect and then the dosage can be increased safely until 

infinity. Thus a patient suffering from chronic or 

intractable pain is required to be working with a well-

versed pain specialist who will closely assess the 

patient's condition. Ineffective communication is one 

of the significant patient-related barriersn[6]. 

Ineffective pain assessment could be due to various 

factors which include dementia, patients with learning 

difficulties, children who are unable to speak, patients 

in critical care units, intubated patients etc[7].
 

 

Strategies to overcome patient related barriers 

The patients and their caregivers should be 

educated on the proper use and storage of medications. 

Awareness of the different types of pain and strategies 
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to overcome them is essential. Pain management 

strategies include both pharmacological as well as non-

pharmacological interventions. Non-pharmacological 

strategies in pain management include distraction, 

massage, positioning, cold or heat compressors etc 

while the pharmacological options for pain 

management include analgesic medications [8].
 

 

Health care professionals related barriers 

Knowledge gap, negative attitudes toward 

prescribing opioids, inadequate assessment skills and 

negligence in prescribing are the barriers that clinicians 

can unwittingly commit during their clinical 

encounters with patients [9]. Moreover anxiety about 

the regulation of controlled substances, concerns about 

the side effect of analgesics as well as fear of 

becoming addicted or tolerant to analgesics are factors 

contributing to ineffective pain management. Therefore 

there is an indication for improved training in pain 

management at all levels of professional education 

[10]. 

 

The effective management of pain should be 

left to able-hands who specialize in this field. 

Assessment of pain should be done using standardized 

and validated tools. Assessment of chronic or 

intractable pain should be done by a specialist. The use 

of drugs in pain control aims to keep the patient free 

from pain. The main principles of choosing analgesics 

to achieve efficacy are based on the WHO (World 

health organization) analgesic ladder [11].
 
Apart from 

the primary health condition, apprehension regarding 

the side effects of medications leads to non-adherence. 

The staged approach to the prescribing analgesia 

allows the flexibility for different intensities of pain. 

 

Dosing of analgesic drugs is based upon the 

body weight of the patient. Long-acting opioids reduce 

the dosing frequency. The oral route is often optimal 

and preferred route. It is convenient, flexible and 

produces steady blood concentration of the drug 

consumed. Co-operation among all healthcare 

providers is necessary to achieve effective pain 

management. 

 

Strategies to overcome health care professional’s 

barriers 
Improving the quality of pain management 

services should reduce many of the complexities 

involved in pain care. There is a need for an increase in 

the number of efficient health professionals with 

advanced expertise in pain care. Clinicians usually 

have a little skill and training with pain medications 

particularly opioids so that improving the knowledge 

of pharmacology especially dosages, side effect and 

duration of action is needed. Regular review of patient 

satisfaction data can be used as a quick measure of 

pain care quality. 

 

 

Health care system related barriers 

Within the healthcare system, there are a 

variety of tools for the assessment of pain. It is also 

important to be up to date with current evidence and to 

use validated assessment tools to optimize the pain 

assessment and its management.  

 

The organization within which pain 

management takes places often imposes a number of 

restrictions which may hinder the effective 

management of pain. These can relate to accountability 

for pain management, hospital policies regarding drug 

administration and availability of resources. The 

hospital national policies can also influence the 

availability of analgesics. Other healthcare system-

related barriers include: 

 Lack of access to policies and clinical practice 

guidelines for pain management  

 High staff turnover rates 

 Inadequate education training and staffing 

 Poor communication between doctors and nurses 

cause a delay in pain treatment 

 Inadequate and ineffective communication with 

palliative care team
 
[12] 

 

The financial status of the patient may also 

hinder the pain management services. In some cases, 

the most appropriate treatment might not be 

reimbursed by insurance companies or may be 

considered too costly to approve. In these cases, the 

patient might get substandard or older treatments that 

may not even effective. Another problem is the 

restrictive regulations for controlled substances. Many 

medications when first approved were used for a 

specific purpose as the time progress specific 

medications are found to be effective in other problems 

and therefore are not recognized by the health care 

system for these alternative uses. Also, the high cost of 

new medications that do not have a generic equivalent 

are kept out of insurance agencies formularies, this 

makes a physician chose a less appropriate or older 

alternate or no alternative at all. 

 

Strategies to overcome health care system related 

barriers 
Consistent assessment and documentation of 

pain using an individualized approach is recommended 

by a number of organizations. Clinicians should be 

familiar with a variety of pain assessment tools and 

understand the necessity for the regular assessment of 

pain based on the needs of the patient. Pain 

management policies have been developed by a 

number of regulatory agencies, which provide 

voluntary and mandatory guidelines about pain 

management in healthcare organizations. A balanced 

approach to pain and its management is a key concept 

for healthcare organizations and clinicians.  
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A hospital should have a multidisciplinary 

policy and procedures for assessment of pain, 

prescribing or ordering analgesics, and pain 

management algorithms. There should be an auditing 

system to measure the effectiveness of pain 

management by healthcare professionals
 
[13]. 

  

CONCLUSION 

Every individual seeks relief from pain. Drugs 

for pain management play an important role in the 

reduction of pain but various other factors influence 

effective pain management. Adequate pain relief is a 

reasonable and reachable goal for every patient once 

barriers in achieving this goal are recognized, 

addressed and overcome. Individual health providers, 

in cooperation with the informed patient, have to apply 

current knowledge regarding pain management to their 

daily practices to overcome these barriers. Despite the 

growing evidence-based clinical guidelines, pain is still 

inadequately treated. This can be attributed to lack of 

knowledge among health professionals and lack of 

guidelines. Education of patient and healthcare 

professionals and adherence to clinical guidelines are 

of paramount importance for effective pain 

management.  
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Abstract 

Diabetic foot infections are common in patients with diabetes which leads to hospitalization and it is the most frequent 
cause of non-traumatic lower extremity amputation. Diagnosis of foot infections based on clinical signs and symptoms 
of inflammation. Infected lesion culturing discloses the pathogen and their susceptibilities. The predominant pathogen 
responsible for infection is gram-positive cocci, especially Staphylococci and also Streptococci. Gram-negative bacilli 
and anaerobes are mainly found in chronic or previously treated wounds. The infected wounds require antibiotic 
therapy, the agents, and duration of treatment are predicted based in the severity of infection and initial management 
of diabetic foot infection should do by empirical therapy which based on the susceptibility data. Preventive measures 
to control diabetic foot infections are patient education on foot care, glycemic control, use of prescription footwear, 
intensive care from a podiatrist, and evaluation of surgical interventions indicated. This article explains about 
Pathophysiology classification, assessing the severity and treatment of diabetic foot infections. 

Keywords: Diabetic foot infection (DFI); Diabetes; Infection 

1. Introduction

A diabetic foot infection (DFIs) is a syndrome characterized by local findings of inflammation or purulence occurring at 
the site below the malleoli in a person with diabetes. Foot infections in diabetic patients usually start with skin 
ulceration. Peripheral neuropathy, impaired immunity and peripheral arterial disease are the major reason for DFIs. 
Gram-positive bacteria such as Staphylococcus aureus and beta-hemolytic Streptococci are pathogen isolated from mild 
and moderate infections. In case of severe and chronic infections are often polymicrobial. Pain, edema, and purulent 
drainage, anorexia, vomiting, fever and worsening of glycemic control are the signs and symptoms of infection. The 
diabetic foot infections treatment should done by proper selection of antibiotic therapy and wound care. Initial 
empirical therapy is done which is based on susceptibility data. It should focus on gram-positive cocciand it is sufficient 
for mild and moderate infection. Broad spectrum therapy is required in severe diabetic foot infections [1]. The objective 
of this review is to describe the pathophysiology, classification, assessing the severity and treatment of diabetic foot 
infections. 

2. Pathophysiology

The infections usually occur in the site of skin trauma or ulceration. Major predisposing factor for DFI is neuropathy, 
vasculopathy, and immunopathy. Peripheral neuropathy occurs early in the pathogenesis of diabetic foot complications 
and is considered the most prominent risk factor for diabetic foot ulcers. Peripheral neuropathy which leading to skin 
breaks and ulcerations, which then become colonized with skin flora and ultimately infected. Motor neuropathy causes 
muscle weakness and intrinsic muscle-imbalance leading to digital deformities such as hammered or clawed toes and 
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results in elevated plantar pressure due to metatarsophalangeal joint instability. Autonomic dysfunction cause changes 
in microvascular blood flow and arteriolar-venous shunting, diminishing the effectiveness of perfusion and elevating 
skin temperatures. With the loss sweat gland function, the diabetic foot becomes dry and keratinized which cracks and 
fissures more easily, leading to a portal for infection [2]. 

Foot ischemia, related to peripheral vascular disease, is common in patients with a DFI but rarely the primary cause of 
foot wounds, the presence of limb ischemia increases the risk of a wound becoming infected. 

In immunopathy have the impairment in the host defenses includes defects in leukocyte function and morphologic 
changes to macrophages. Bagdade et al., demonstrated that leukocyte phagocytosis was significantly decreased in 
patients with poorly controlled diabetes, and improvement of microbicidal rates was directly related to the correction 
of hyperglycemia. Diabetic patients poorly tolerate the infection adversely affects diabetic control. This cycle causes 
uncontrolled hyperglycemia, further affecting the host’s response to infection [3]. 

3. Microbiology of diabetic foot infections 

Aerobic gram-positive cocci such as Staphylococcus aureus and the Beta-hemolytic Streptococci are the most common 
pathogens that found in acute infection [4].Serious infections in hospitalized patients are caused by aerobes and 
anaerobes [5]. Chronic infections are caused by Enterococci, various Enterobacteriaceae obligate anaerobes, 
Pseudomonas aeruginosa, and sometimes, other Non-fermentative gram-negative rods [6]. Gram-negative bacilli, mainly 
of Enterobacteriaceae, are found in patients with chronic or previously treated infections. Pseudomonas species found 
in wounds that have been soaked or treated with wet dressings or hydrotherapy. Enterococci are obtained from patients 
who have previously received a cephalosporin. Obligate anaerobic species are isolated from wounds with ischemic 
necrosis or that involve deep tissues. Antibiotic-resistant organisms, especially methicillin resistant S. aureus, are found 
from patients who have previously received antibiotic therapy; they are often acquired during the previous 
hospitalization [7]. 

4. Risk factors for diabetic foot infections 

The risk factors for diabetic foot infection (DFI) are wounds that penetrated to the bone, wounds with a duration >30 
days, recurrent wounds, wounds with traumatic etiology and the presence of peripheral arterial disease. Neuropathy 
and history of the previous amputation is significant risk factors for infection. The risk of infection more in walking 
barefoot, the risk of hospitalization and amputation was greater in patients with DFI compared to those without [8]. 

5. Classification of diabetic foot infection 

Several classification systems have been developed for the assessment of DFI. The Infectious Disease Society of America 
(IDSA) and International Working Group on Diabetic Foot (IWGDF) have developed guidelines which classify DFI, and 

thereby guide for proper therapy. The classifications include four progressive levels of infection (Table 1). 

Table 1 Classification of the diabetic foot infection [9] 

Clinical manifestation of infection IWGDF grade/IDSA 
classification 

No systemic or local signs of infection. 1 (Uninfected) 

Local infection involving only the skin or subcutaneous tissue ( without involvement of 
deeper tissues and without signs of a systemic inflammatory syndrome); any erythema 
present extends 0.5 to  ≤ 2 cm around the wound 

2 (Mild infection) 

 

Local infection with erythema >2 cm around the wound, or involving structures deeper 
than skin and subcutaneous tissues(e.g. Abcess, osteomyelitis, septicarthritis, fasiitis) 
and no sign of a systemic inflammatory response syndrome. 

3 (Moderate infection) 

 

Local infection with signs of a systemic inflammatory response syndrome. 4 (Severe infection) 
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6. Diagnosis and clinical presentation of diabetic foot infection 

Diagnosing a DFI begins with the clinical suspicion through a comprehensive history and physical examination, 
validated by complete laboratory evaluation, microbiology assessment, and diagnostic imaging. Patients present with 
complaints ranging from local to systemic signs of infections. Local signs of infections are pain/tenderness, erythema, 
edema, purulent drainage. Systemic sign of infection are anorexia, nausea, vomiting, fever, chills, night sweats, and 
change in mental status and worsening of glycemic control. Almost about two-thirds of patients with a diabetic foot 
infection have the peripheral vascular disease, and patients lost their protective sensation. Infections most affect the 
forefoot, especially the toes and metatarsal heads, particularly on the plantar surface. Severe deep infection indicated 
by the presence of systemic signs or infection [10]. 

Laboratory values are essential in DFI. DFI patients have increased WBC, erythrocyte sedimentation rate (ESR) and C-
reactive protein level (CRP). These are markers of inflammation which are elevated in response to inflammation and 
infections. Culture and sensitivity test is required for the selection of proper antibiotics.  Plain film radiography, 
magnetic resonance imaging (MRI) are used to determine the osteomyelitis and also bone scans, such as the white blood 
cell labeled indium-111, Technetium-99m HMPAO, and Sulfur Colloid Marrow Scan [11]. 

7. Assessing severity of infection 

Assessing severity of infection is important in DFIs which influence the proper antibiotic selection, the route of 
administration, and also help in determining the need for hospitalization. Assessing severity of infection also help in 
determining the potential necessity, timing of surgery and necessity of amputation [12].Clinical features help to define 
the severity of infection (Table 2) 

Table 2 Clinical characteristics that help to define the severity of an infection [13] 

Feature  Mild infection Severe infection  

Presentation Slowly progressive  Acute or rapidly progressive  

Ulceration Involves only skin  Penetrates to subcutaneous tissues  

Tissues involved Epidermis, dermis  Fascia, muscle, joint, bone  

Cellulites  Minimal (<2 cm 
around ulcer rim) 

Extensive, or distant from ulceration  

Local signs Limited inflammation Severe inflammation, crepitus, bullae, 
necrosis or gangrene  

Systemic signs  None or minimal Fever, chills, hypotension, confusion, 
volume depletion, leucocytosis 

Metabolic control  Mildly abnormal 
(hyperglycemia)  

Severe hyperglycemia, acidosis, 
azotemia, electrolyte abnormalities  

Foot vasculature  Minimally impaired 
(normal/reduced 
pulses) 

Absent pulses, reduced ankle or toe 
blood pressure  

Complicating features  None or minimal 
(callus, ulcer) 

Eschar, foreign body, puncture wound, 
abscess, marked edema, implanted 
metalwork or other prostheses   

8. Treatment of diabetic foot infection 

8.1. Surgery, podiatry and revascularization  

Moderate to severe DFI require surgical management it includes aggressive incision, drainage, and debridement of non-
viable soft tissue and bone. The severity of amputation increased with severity of the infection. Minor amputation is the 
removal of a portion of foot distal to the ankle joint and major amputation is proximal to ankle joint. Early surgical 
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management of DFI may reduce the necessity of major amputations. Emergency surgery needed for severe infection in 
an ischemic limb, necrotizing fasciitis, gas gangrene, and an infection associated with compartment syndrome [14]. 

Podiatric care is aimed at debridement of callus and necrotic tissue, caring for nails, treatment of blisters and selecting 
proper footwear. 

Vascular assessment is required in patients with a diabetic foot wound. Patients with clinically compromising arterial 
insufficiency of the foot require revascularization, if feasible. This may be done by either endovascular or open methods 
[15]. 

8.2. Antimicrobial therapy 

Antibiotic therapy is required for treating DFI. Initial antibiotic therapy selected empirically, and it is based on the 
presenting clinical features, assessment of infection severity and by knowledge of antibiotic resistance pattern. 
Antibiotic coverage should include S.aureus for the treatment of mild infections. If the prevalence of methicillin- 
resistance among S. aureus isolates is high or if the infection is more than mild, anti-MRSA therapy is needed. The 
antibiotics selected for severe or previously treated DFI should include extended coverage for gram-negative bacilli and 
Enterococcus species. 

Anti-anaerobic therapy is essential for gangrenous and foul-smelling wounds. Cost of therapy, potential side effects, 
bioavailability, frequency and route of administration are important in selection of the treatment regimen. Initial 
parenteral and broad-spectrum therapy is needed for severe infections. Reassessing of patient should do after 24 to 72 
hours after initiating empirical antibiotic therapy. Evaluate the response and modify the antibiotic regimen if indicated 
[16]. 

Table 3 Antibiotic regimen based on the recent IDSA guidelines [17] 

Severity of 
infection  

Expected pathogens  Potential antibiotic agents  Administration 
route  

Duration of 
treatment  

Mild  Staphylococcus aureus 

Streptococci  

Cephalosporin’s Clindamycin, 

Co-amoxiclav 

Oral  1-2 week 

 

Moderate  Similar to those for mild 
infections, plus 
Enterobacteriaceae 

Co-amoxiclav, 

combination of quinolone+ 

clindamycin 

Oral or     
parenteral (to 
start) 

2-3 weeks 

 

Severe 

 

All pathogens, may be 
anaerobes and 
Pseudomonas  aeruginosa 

Piperacillin-tazobactum, 

cefepime, carbapenem 

Parenteral, with 
oral switch when 
stable  

2-3 week  

Recent Rx 
with 
antibiotics  

Consider P. aeruginosa, 

MRSA 

Piperacillin-tazobactum, 

cefepime, carbapenem 

Parenteral 2-3 week 

Bacteremic Most often S. aureus but 
others possible 

Based on culture and sensitivity 
results 

Parenteral 

 

2-3 week 

 

Osteomyelitis 

 

S. aureus, streptococci, 
Enterobacteriaceae 

Based on bone culture, if possible Oral (perhaps after 
initial parenteral) 

4-6 week 

(if not surgically 
resected) 

8.3. Topical therapy and wound dressing in DFI  

In general, DFUs with heavy exudates need a dressing that absorbs moisture, whereas dry wounds need topical 
treatments that add moisture. Topical antimicrobial agents as well as antimicrobial impregnated wound dressings (e.g. 
those containing sliver and iodine) useful for preventing and treating the mild infections. Antibiotic therapy in DFI 
impaired by the presence of biofilm. Eradicating the bacteria in a biofilm may require physical removal and is often 
combined with topical agents; they are hypochlorous acid, cadexomer iodine, and systemic agents such as 
fluoroquinolones and rifampicin [18]. 
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8.4. Other therapies 

Maggot debridement therapy, antibiotic-impregnated beads, granulocyte colony stimulating factor and hyperbaric 
oxygen therapy and also the application of negative pressure wound therapy have been used for the diabetic foot 
infection [19]. 

9. Prevention 

The best method to prevent diabetic foot infection is the early detection of neuropathy before its complications. Patients 
with diabetes should undergo a systemic foot examination at least once a year if the risk for a foot ulcer. Preventive 
measures are educating the patient about proper foot care, glycemic control, use of prescription footwear, smoking 
cessation, podiatric care, and evaluation of surgical interventions as indicated [20]. 

10. Conclusion 

Diabetic foot infections increase the risk of morbidity, hospitalization, and amputations. Early recognition, classification, 
diagnosis, and treatment of foot complications are needed to optimize outcomes in patients with diabetes. It is 
important to accurate classification of DFI to guide the treatment regimens. The infected wound requires proper 
antibiotic therapy, and the agents and duration of treatment should be predicted based on the severity of the infection. 
Initial antibiotic therapy should select empirically, and it is based on the presenting clinical features, assessment of 
infection severity and by knowledge of antibiotic resistance pattern. Clinical failure of appropriate antibiotic therapy 
occurs due to patient non-adherence, antibiotic resistance, undiagnosed deep abscess or osteomyelitis, or severe tissue 
ischemia. 
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INTRODUCTION 

Asthma and Chronic obstructive pulmonary disease 

population are growing faster now a days. Both are 

characterized by airway inflammation & airway 

obstruction and also leads to recurrent hospital 

admissions. Asthma and COPD are two respiratory 

diseases which uses inhalers mostly. Asthma is a chronic 

disease characterized by recurrent attacks of 

breathlessness and wheezing. Asthma is more prevalent 

in children and elderly now a days. Inhaler therapy for 

these conditions have lot of advantages over systemic 

therapy which includes less number of side effects, 

quicker onset of action etc. The patients should be given 

proper training regarding inhaler usage to ensure 

optimum therapy. Asthma and other chronic airway 

diseases can be effectively treated by inhaler therapy. 

Inhaler devices are of different types such as metered 

dose inhalers (MDI) or dry powder inhalers (DPI). The 

outcome of inhaler therapy largely depends on 

appropriate   use of inhaler not the type of inhaler device 

used. Appropriate use of inhaler means correct usage of 

inhalation technique. A poor inhalation technique may 

reduce lung drug deposition; and more the mistakes in 

the inhalation technique the lower the benefits on lung 

function. But sometimes children faces difficulties in 

inhaler usage.
[1]

  

 

Bronchial Asthma 

Bronchial Asthma is a chronic inflammatory condition of 

the lungs characterized by widespread narrowing of the 

airways due to spasm of the smooth muscle, edema of 

the mucosa, and the presence of mucus in the lumen of 

the bronchi and bronchioles. It is a reversible 

condition.
[2] 

 

Epidemiology 

According to WHO, India has 15-20 million asthmatics 

prevalence of asthma in last 6 decades has increased 

from 2%-25% among rural residents and from 2%-15% 

among urban residents in India. Peoples in the low and 

middle income countries have higher Asthma population 

than higher income countries and its prevalence is 

estimated to be increasing faster in those countries.
[3]
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ABSTRACT 

The correct use of inhalers can reduce the occurrence of Asthma and COPD to an extent. The Aim is to assess steps 

in use of inhaler devices in respiratory diseases & to evaluate the relationship of inhaler usage with quality of life. 

Main objectives of the study were to assess the inhalation technique & quality of life in patients who have 

respiratory diseases mainly Asthma & COPD, To educate patients on proper usage of inhalers and To evaluate 

association of inhaler use with respiratory disease control, hospital visits .A prospective observational study was 

conducted among110 patients diagnosed with respiratory diseases like Asthma& COPD and are using inhalers in 

the pulmonology and general medicine department of a 450 bedded tertiary care hospital, for a period of 10 months 

to assess the steps of inhaler use and its relationship with quality of life in the given population. Both male & 

female patients with age greater than 18 who diagnosed with Asthma & COPD & are using inhalers. Patients who 

are not using inhalers and Patients in emergency departments and out patients and also Patients with age less Than 

18 were excluded from the study. Clinical pharmacist played an important role to improve quality of life through 

patient education. Hence by effective drug therapy, correct use of inhaler, and adequate pharmacist intervention 

Quality of life of Asthma and COPD patients can be improved and thus their recurrent visits to hospitals also 

reduced. 

 

KEYWORDS: Asthma, inhaler, usage, errors. 
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Chronic Obstructive Pulmonary Disease (COPD) 

Chronic obstructive pulmonary disease is a disease state 

characterized by airflow limitation. COPD, or chronic 

obstructive pulmonary disease, is a chronic, ongoing, 

progressive disease of the lower respiratory tract in the 

lungs. It is treatable and can be prevented, but airflow 

persistently remains decreased. The hallmark of the 

disease is difficulty with breathing that slowly gets worse 

over time.
 

 

Etiology: The major reasons for COPD includes 

1. Tobacco smoking 

2. Occupational exposure to chemical fumes, dust and 

gases. 

3. Natural ageing process of lungs 

4. Genetic factors 

5. Air pollution 

6. Socio-economic status.
[4]

 

 

Appropriate inhaler use can be determined by comparing 

actual use with the advised regimen by the prescriber. 

Several studies have shown that, children should have 

proper compliance with inhalation corticosteroids for its 

effectiveness. Overuse of bronchodilators has also been 

increased and some parents are confused about the 

corticosteroid inhaler that is used for maintenance 

therapy and bronchodilator inhaler which is used for 

reliving symptoms. The parents were asked about how 

they assessed the number of remaining doses and how 

they cleaned the device after use. Questionnaires can also 

be necessary to determine the level of knowledge of 

children and their parents associated with the correct use 

of inhaler and also to identify inconsistencies between 

uses of inhalers with prescriber’s advice.
[5]

  

 

QOL score card and respiratory disease questionnaire are 

tools to measure health related quality of life in asthma 

patients, the questionnaire is a disease specific 

questionnaire. Respiratory disease questionnaire was 

developed to measure health problem of patients and 

QOL score card was used to assess their improvement in 

quality of life.
[6]

 

 

OBJECTIVES 

 To assess the inhalation technique in patients who 

have respiratory diseases mainly Asthma & COPD. 
 

 To educate patients on proper usage of inhalers.
 

 To evaluate association of inhaler use with 

respiratory disease control, hospital visits & quality 

of life of patients.
 

 

MATERIALS AND METHODS 

A prospective observational study was conducted among 

Asthma and COPD patients to assess the steps of inhaler 

use and its relationship with quality of life in the given 

population. The study was carried out in the 

pulmonology and general medicine department of a 450 

bedded tertiary care hospital attached with a drug 

information Centre (DIC). A total of 110 patients 

diagnosed with respiratory diseases like Asthma& COPD 

and are using inhalers were enrolled in the study. The 

study was carried out for a period of 10 months. 

 

Study criteria 

Inclusion Criteria 

 Both male & female patients diagnosed with 

respiratory diseases like Asthma & COPD, who are 

using inhalers. 

 Patients with age greater than 18 diagnosed with 

Asthma & COPD & are using inhalers. 

 Patients admitted in general medicine & 

pulmonology wards, who are using inhalers. 

 

Exclusion Criteria 

 Patients who are not using  inhalers 

 Patients in emergency departments and out patients. 

 Patients with age less than 18. 

 

Data collection and analysis 

The Patient details were collected from the medical 

records The further information were collected by 

direct patient interview. Patient awareness to 

inhalational technique will be assessed using self-

designed respiratory disease control questionnaire 

Documented data was analyzed. The data was fed 

into Microsoft excel and Effectiveness of counseling on 

quality of life of patients with respiratory disease was 

analyzed using paired t test. Chi-square test was applied 

to analyze the association of inhaler use and quality of 

life. 

 

RESULTS AND DISCUSSION 

1. Smoking habit  

Distribution of patients based on smoking habit N=110 

 

Table 1: Distribution based on smoking habit. 

Smoking habit Number of patients (n) Percentage % 

Non smoker 62 57 

Ex smoker 36 32 

Current smoker 12 11 

 

The pattern of distribution for smoking habit among 

study population is shown in the table (1). among the 

study population 57.27% were non- smokers (n=63), 

31.81% were ex-smokers(n=35), 10.90% were current 

smokers(n=12). 

 

2. Type of inhaler used 

Distribution of patients based on type of inhaler used. 
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Table 2: Distribution based on type of inhaler used. 

Type Of Inhaler Used Number of  patients (N) Percentage % 

PMDI 71 64.54 

DPI 22 20 

PMDI With Spacer 19 17.27 

N=110  

 

The study population is distributed based on type of 

inhaler used as shown in table (2). Most of the patients 

64.54%(n=71) uses PMDI type of inhaler. About 20% 

that is n=22 were using DPI type inhalers. And only 

17.27% (n=19) were using PMDI with spacer type.  

 

3. Inhaler drug therapy regimen 

  
Fig. 1: Distribution based on number of inhalers 

used. 

 

The study population undergone Distribution of patients 

based on number of inhalers. Most of the patients 73.6% 

i.e n=81 are using only one inhaler. But about 26.36% 

(n=29) were using more than one inhalers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Categorization of inhaled drugs 

 
Fig. 2: Categorization of inhaled drug. 

 

Figure (2) reveals that majority 35.45% (n=39) were 

having Fluticasone +Salmetrol and also Levosalbutamol 

+ipratropium 30.90% were also frequently prescribed in 

n=34patients. Budesonide+ipratropium. 13.63% (n=15), 
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Formetrol+ budesonide20.90% (n=23), levosalbutamol 

12.72% (n=14), 7.27% Fluticasone (n=8), Tiotropium 

bromide13.63% (n=15) were also prescribed. Fluticasone 

+Formetrol 1.8% and Formetrol+ ipratropium 3.63% 

were the least prescribed drugs. 

 

5. Category of co- prescribed drugs 

 
Fig. 3: Distribution of co-prescribed drugs. 

 

Percentage of co-prescribed drugs used is shown in 

figure (3). Proton pump inhibitors 76.36% (n=84) was 

the most commonly used drugs with inhalers. Antibiotics 

are used by 38.18% (n=42), 46.36%(n=51) are using anti 

diabetics, 32.72% cough syrups (n=36), 44.54% (n=49) 

are using antihypertensive33.63% (n=37), was prescribed 

with dyslipidemics, 25.45% of asthma population are 

using CVD (n=28). 

 

6. Distribution of patients on correct steps of inhaler 

usage 

Distribution of patients who done the inhaler usage steps 

correctly. 

 
Fig. 4: Distribution based on inhaler usage steps. 

 

All (100%) of the patients were done first two steps and 

seventh step correctly. Fourth (87%), n=96 and fifth 

(79%), n= 87steps were done by most of the patients. 

Very few patients were done (n=15) third step (13.63%) 

and sixth step n=12 (10.9%) correctly. 

 

Effectiveness of counseling on quality of life of 

patients with respiratory disease 
To find the significant difference between the mean pre-

test and post-test. Quality of life score, paired‘t’ test was 

used. The following null hypothesis was stated. H03: The 

mean posttest quality of life score will be significantly 

less than the mean pretest quality of life score. 

 

 

  

 

Table 3: Mean, Mean difference and‘t’ value on pre-test and post-test quality of life scores. 

Parameter Mean Standard deviation Mean difference ‘t’ value p value 

Pre-test 10.96 1.75 
10.37 58.596* <0.001 

Post-test 21.34 1.74 

N=110 

t109 = 1.659, p<0.05*Significant  

 

The data in the table 7 shows that the mean post-test 

quality of life score (10.96 ± 1.75) was greater than the 

pre-test quality of life score (21.34 ± 1.74). The 

calculated’ value 58.596 was greater than the table value 

(t109 = 1.659) at 0.05 level of significance. The p value 

obtained is <0.001. Hence the null hypothesis was 

rejected and the research hypothesis was accepted. 

Therefore the counseling was effective since there was a 

significant increase in the mean quality of life score 

before and after counseling. 

 

 

 

Association of inhaler use score with quality of life 

score  
To find the association of inhaler use score with quality 

of life score, Chi square test was used. The following 

null hypothesis was stated. 

 

H08: There will not be any significant association of 

inhaler use score with quality of life score. 
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Table 4: Association of inhaler use score with quality of life score. 

Parameter χ
2 
value df Table value of χ

2
 p value Inference 

QOL Score 14.456 3 7.815 0.002 *S 

  

χ
2 

at 0.05 level of significance NS- Not Significant, S*- 

Significant.  

 

Data in the table 8 shows that the χ
2 

value obtained for 

quality of life score and inhaler use score is 14.456 

which was greater than the table value at 0.05 level of 

significance. The p value obtained (0.002) was less than 

0.05. Hence the null hypothesis is rejected and the 

research hypothesis is accepted for these variables. 

Therefore there was a significant association of quality 

of life score with inhaler use score. That means patients 

recurrent hospital visits reduced due to correct use of 

inhaler devices. 

 

CONCLUSION 

Study indicate that inhalers can be used to deliver 

medications to the lungs effectively. Giving one or more 

doses of a short acting bronchodilator via inhaler with a 

spacer and face mask is better than giving the same 

medication by nebulizer in most patients. The pre-study 

scores was lesser, shows very few patients were having 

appropriate information about the way of handling the 

inhalation devices, and that is increased by giving 

adequate counselling with patient information leaflet. 

From the pre study and post study score values we can 

conclude that patient awareness about both the drug, 

disease and quality of life has improved by effective 

patient counselling. Clinical pharmacist played an 

important role to improve quality of life through patient 

education. Hence by effective drug therapy, correct use 

of inhaler, and adequate pharmacist intervention QOL of 

Asthma and COPD patients can be improved and thus 

their recurrent visits to hospitals also reduced. 
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Original Article

INTRODUCTION
The development of green synthesis of silver nanoparticles is evolving 
in the field of nanotechnology. The research on silver nanoparticles is an 
emerging field of pharmaceutical sciences due to its huge applications.  
The known application of silver and silver nanoparticles including topical  
ointments, creams containing silver has been used for the treatment of 
burn wounds. Many methods has been reported for synthesis of silver  
nanoparticles such as reduction in solutions, chemical and photochemical  
reductions in reverse micelles, thermal decomposition of silver, electro
chemical, sonochemical, radiation assisted and microwave assisted 
methods. Recently, biological methods has been reported for synthesis of 
silver nanoparticles such as silver nanoparticles synthesis using micro
organism, enzymes and plant extracts. The biological methods is envi
ronmentally friendly, cost effective, suitable for large scale production 
and this method offers numerous benefits over chemical and physical  
methods such as there is no need of high energy, high pressure, tempe
rature and no use of chemicals.1,2 Among various known synthesis  
methods, plant extract mediated silver nanoparticle synthesis is widely  
preferred as its costeffective, environmentally friendly and safe for human  
therapeutic uses.3 Some research studies has been reported to use silver 
nanoparticles as an anticancer agents. The role of silver nanoparticles as  
an anticancer agent could open a new doors in the field of pharmaceutical 
as well as medical sciences.4

Greensynthesized silver nanoparticles (AgNPs) from methanolic extracts  
of Vitex negundo L. (at a concentration 20 µg/mL) showed 50% inhibition  

of the cell viability of human colon cancer cell lines (HCT 15).5  

Synthesized AgNPs from whole plant of Acalypha indica showed cytotoxic  
properties against MDAMB231 cells (human breast tumor cells).6  
Synthesis of AgNPs from Andrographis echioides leaves (at a concentration  
31.5 µg/mL) inhibited the growth of MCF7 cells (human breast adeno
carcinoma cell line).7

In the present study, we report for the first time synthesis of silver  
nanoparticles, reducing the silver ions of silver nitrate by the aqueous  
extract of Hydnocarpus Pentandra leaves. Morphological characterizations  
are performed using SEM analysis. The optical absorption spectrum 
of silver nanoparticles was recorded using UVVis spectrophotometer. 
Antioxidant activity of synthesized AgNPs were performed using DPPH 
method and also silver nanoparticle toxicity efficacy against MCF7 
breast cancer cell line were evaluated.

MATERIALS AND METHODS
Materials
Fresh leaves of Hydnocarpus Pentandra were identified and collected 
from Chalakudy, Thrissur, and authenticated by Dr. Jalaja S Menon, 
Kerala Agricultural University, Thrissur, Kerala. The voucher specimen 
was numbered (KAU/05/HP/SJCOPS/2015) and kept in our research 
laboratory for the reference. Silver nitrate was obtained from the Nice 
Chemicals Ltd, Ernakulum, and Kerala. 
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ABSTRACT
Objective: To synthesize silver nanoparticles from leaves extract of Hydno-
carpus Pentandra (H. Pentandra) and test the anti-cancer activity of syn-
thesized silver nanoparticles against breast cancer cell line (MCF-7 cells). 
Method: Ten milliliter of leaves extract was mixed with 10 mL of aqueous 
1 mM silver nitrate solution and kept in an incubator shaker system at 37 ºC 
for 24 hours. During this period, yellowish to reddish-brown color changes  
was observed. Characterization of silver nanoparticles using UV-vis spectro-
photometry and SEM analysis were performed. Antioxidant activity of silver  
nanoparticles was performed using DPPH method. Anti-cancer activity  
of silver nanoparticles was tested using in vitro cytotoxicity test with 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide against MCF-7 
breast cancer cells. Results: UV-vis spectral analysis indicated the sliver  
surface plasmon resonance band at 438 nm. SEM analysis showed that  
silver nanoparticles to be spherical in shape with a size in the range of  
141 nm to 202 nm. The synthesized silver nanoparticles exhibited antioxidant 
activity at dose dependent manner using DPPH method. The synthesized  

silver nanoparticles efficiently reduced the viability of MCF-7 breast cancer  
cells in a dose dependent manner. Conclusion: It has been demonstrated 
that the leaves extract of Hydnocarpus Pentandra could produce silver  
nanoparticles and the silver nanoparticles are quite stable in solution.  
Further studies are needed to characterize the mechanism involved with 
anti-cancer activity of the silver nanoparticles.
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carefully removed from the wells, and DMSO was added to each well and 
kept on a rocking platform for efficient mixing and extraction of formazan  
dye from the cells by DMSO. After 30 minutes, the absorbance of the 
DMSO was measured at 570 nm, in a multiwell spectrophotometer. 
The average absorbance of the “control” wells was taken as 100% and all 
other absorbance values were calculated based on this and plotted on the 
graph. The percent viability of cells was calculated by using the following 
formula.

ODof Test
Percentage Viability 100

ODof Control
= ×

A graph was plotted against the % viability Vs dilution of the sample. The 
results were given as the mean ± SD of three independent experiments.

Statistical Analysis
The experiments were carried out in triplicates analysis of the data were 
performed by excel sheet. The results were expressed as mean ± standard 
error.

RESULTS 
Green synthesis of silver nanoparticles using 1 mM silver nitrate was 
shown in Figure 1. The fresh solution of H. pentandra leaves was yellowish  
in colour. However, after addition of silver nitrate and exposing to room 
temperature for 24 h, the solution turned to reddish brown due to formation 
of silver nanoparticles.

UV-Vis spectra analysis
Formation of synthesized silver nanoparticles was confirmed by using 
UVVisible spectral analysis and indicated that silver surface plasmon 
resonance band at 438 nm (Figure 2).

SEM Analysis
SEM studies was employed to visualize the size and shape of silver nano
particles. In Figure 3, SEM images were obtained with 10% of Hydnocarpus  
pentandra leaves solution. The SEM (JEOL model JSM6390 LV) used 
SEM grids which were prepared by placing a small quantity of sample 
powder on a copper coated grid and drying under mercury lamp. The 
silver nanoparticles and their morphological dimensions in the SEM 
analysis indicated that the average size was from 141 nm to 202 nm with 
interparticle distance. The shapes of synthesized silver nanoparticles 
were confirmed to be spherical (Figure 3).

Anti-oxidant activity by DPPH method
1,1diphenyl2picryl hydrazyl (DPPH) is stable free radical which get  
reduced by accepting hydrogen or electron from donor. Synthesized  
silver nanoparticles with varying in concentrations (25 µg/ml, 50 µg/ml  
and 100 µg/ml) indicated remarkable scavenging activity when compared  
with standard ascorbic acid. DPPH scavenging activity of synthesized  
silver nanoparticles was found to have antioxidant activity in a dose  
dependent manner. The antioxidant potential of silver nanoparticles  
may be presence of functional groups adhere to nanoparticles from leaf 
extract (Figure 4).
The in-vitro cytotoxic effects of silver nanoparticles were performed 
against MCF7 breast cancer cell line and viability of tumor cells was  
confirmed using MTT assay. The silver nanoparticles were able to reduce  
viability of the MCF7 cells in a dosedependent manner. After 24 h  
treatment, the silver nanoparticles at a concentration 25 µg/ml, 50 µg/ml  
and 100 µg/ml showed toxicity to MCF7 breast cancer cells in a dose  
dependent manner and reached to 87 % of dead cells after 24 h incubation.  

Synthesis of silver nanoparticles 
The fresh leaf of Hydnocarpus Pentandra solution was prepared by taking 
10 g of washed and finely cut leaves in 300 mL Erlenmeyer flask along 
with 100 mL of sterilized distilled water and boiled the mixture for 5 min 
before finally decanting it. The extract was filtered through Whatman 
filter paper no 1 and stored under refrigeration condition. The filtrate 
was treated with 1 mM silver nitrate solution in an Erlenmeyer flask 
and incubated at room temperature. As a results, a brownyellow colour 
changes occurred in the solution due to formation of silver nanopar
ticles. It indicated that aqueous silver ions could be reduced by aqueous 
extract of H. Pentandra to produce stable silver nanoparticles in water.

Characterization of synthesized silver nanoparticles
Synthesis of silver nanoparticles solution with leaves extract of  
H. Pentandra was observed by UVVis Spectroscopy. The bioreduction 
of precursor silver ions in the solutions was monitored by sampling of  
aliquots (1 mL) of aqueous component and measured the UVVis spectra  
of the solution. Shimadzu UVVis spectrophotometer in 200 nm to 600 nm 
range was operated at a resolution of 1 nm. 

Scanning Electron Microscope (SEM) Analysis
SEM is a type of electron microscope that images a sample by scanning  
it with a highenergy beam of electrons in a raster scan patterns. Synthe
sized silver nanoparticles were subjected to Scanning Electron Micro
scope (JEOL model JSM6390 LV) analysis. Thin films of the sample was 
prepared on the copper grid by dropping a small quantity of sample on 
the grid and then the films on the grid was allowed to dry under mercury 
lamp for 5 mind. Then it was fixed in to sample holder and placed in 
a vacuum chamber of the scanning electron microscope and observed 
under low vacuum and SEM images were recorded.

In-vitro anti-oxidant activity 
The antioxidant activity was determined using the 2, 2diphenyl1picryl  
hydrazyl (DPPH) free radical scavenging method. The free radical scav
enging ability of synthesized silver nanoparticles against DPPH free  
radical was evaluated. 1ml of 0.1mM DPPH in ethanol was prepared.  
To that prepared solution synthesized silver nanoparticles varying in 
concentrations (25 µg/ml, 50 µg/ml and 100 µg/ml), 1ml ethanol and 
0.95 ml Tris HCl were added. The mixture was left for 30 minutes and 
the absorbance was measured at 517 nm. Ascorbic acid was used as stan
dard drug. The DPPH free radical scavenging activity was subsequently 
calculated using following formula:

Control OD SampleOD
%DPPH radical scavenging 100

Control OD
−

= ×

MTT assay for screening of anti-cancer activity: The 3(4,5–dimeth
ylthiazol2yl)2,5 diphenyl tetrazolium bromide) dye reduction assay  
was conducted to diagnose the cytotoxicity study of the synthesized  
silver nanoparticles. MCF7 cells were plated onto 48 wells plates, 18 hours  
before the commencement of the test. Growth medium used was DMEM 
with 10% Fetal Bovine Serum. The plates were incubated in an animal 
cell culture incubator, maintained at 370C with 5% carbon dioxide. The 
wells achieved 70% confluency at the time of testing. The original growth 
medium in the 48 well plates was removed and the sample (synthesized 
silver nanoparticles with varying in concentrations (25 µg/ml, 50 µg/ml 
and 100 µg/ml) were added to the wells. The plates were returned to the 
incubator for 24 hours. At the end of 24 hours, the media in the wells 
were carefully removed and fresh complete growth media was added. To 
each well, MTT solution (5 mg/ml of MTT dissolved in PBS) was added 
and replaced in the incubator for 3 hours. After 3 hours, the medium was  
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nanoparticles showed dark yellowishbrown colour in the aqueous  
solution due to the surface plasmon resonance phenomenon.8 The  
present study indicated that use of the plant extracts for the synthesis of 
silver nanoparticles with potent anticancer activity.
The silver nanoparticles were characterized by UVVisible spectroscopy. 
Reduction of silver ions in the aqueous solution of silver nitrate during 
the reactions with active constituents present in the plant leaves extracts  
was observed by UVVisible spectroscopy indicated that presence of  
silver nanoparticles in the solution was correlated with the spectra of  
UVVisble. The plant leaves extract were mixed with the aqueous solution  
of silver ions, the colour of the solution was changed into dark yellow
brown colour due to surface plasmon resonance phenomenon and this 
indicated silver nanoparticles formation. The silver nanoparticles were 
formed with cubical uniform shape. The shape of the silver nanoparticles 
can change their electrical as well as optical properties.9 The SEM study 
indicated that relatively spherical shape of nanoparticles were formed 
with the diameter in the range of 141 202 nm. Similar phenomenon 
was reported by Ponarulselvam et al 2012.10 Antioxidant activity can be 
evaluated by scavenging of the stable DPPH radical. This model is exten
sively used as it is less time consuming than the other methods. DPPH 
can accept an electron and hydrogen radical and can get converted into 
a stable diamagnetic molecule. DPPH contain an odd electron, and so 
it has a strong absorption at 517nm. When this electron becomes pairs  
off, the absorption decreases stoichiometrically with respect to the electron  
taken up. Such change in the absorbance produced in this reaction has 
been widely applied to assess the capacity of numerous molecules to act 

Table 1: Percentage viability measured against MCF-7 cells after treat-
ment with silver nanoparticles for 24 h using MTT assay

Cancer Cell Treatment Dead (%) Viable (%)

Incubation Period 24 h 24 h

MCF7 and DMEM 2.00 ± 0.80 98.00

MCF7 and 1 mM silver nitrate 25.00 ± 1.24 75.00

MCF7 and 10 % H. pentandra Leaves 36 ± 2.30 64.00

MCF7 and 25 µg/ml AgNPs 58.00 ± 1.80 42

MCF7 and 50 µg/ml AgNPs 75.00 ± 3.24 25

MCF7 and 100 µg/ml AgNPs 87.00 ± 1.70 13

Figure 1: (A). Hydnocarpus pentandra leaves extract as the control; (B). 1 mM 
silver nitrate solution; (C). Synthesized AgNPs.

Figure 4: In vitro anti-oxidant activity by DPPH method.

Figure 2: UV-Vis absorption spectrum of reduction of silver ions to silver 
nanoparticles Synthesized after 24 h reaction.

Figure 3: SEM analysis of silver nanoparticles synthesized from Hydnocarpus 
pentandra.

In addition, the toxicity of silver nanoparticles showed much higher than 
that of silver nitrate (25 % dead cells) as shown in Table 1.

DISCUSSION
The development of easy, reliable and ecofriendly method could help to 
increase research interest on synthesis of silver nanoparticles in the field  
of pharmaceutical sciences. Reduction of silver ions to silver nanopar
ticles during exposure to the plant extracts due to colour change. Silver  



Kumar et al.: Green synthesis of AgNPs

Journal of Young Pharmacists, Vol 10, Issue 1, Jan-Mar, 2018 19

as free radical scavengers.11 Niramathi et al., showed that free radical  
scavenging activity of the AgNPs on DPPH radicals was found to  
increase with increase in the concentration.12 In present study, synthesized  
AgNPs have hydrogen donating ability or can scavenge free radicals.  
The antioxidant study of AgNPs showed the dosedependent radical 
scavenging ability.
In this study, we have employed dose dependent approach to evaluate the 
toxicity of the green synthesized AgNPs on human breast cancer (MCF7)  
cell line. The viability of MCF7 cells considerably decreased with  
increasing the dosed of the AgNPs. The mortality data results obtained 
in the present study indicated to predict the potential of AgNPs not only 
because of the cytotoxicity effects, but also relation of the potential for 
tumor reduction against MCF7. The cytotoxicity activity of AgNPs are  
the result of physicochemical interaction of silver ions with the functional  
groups of intracellular proteins of the cancer cells.13 However, more  
detailed study on mechanism of action of AgNPs need to be investigated 
with experimental proofs, the AgNPs seem to have considerable future. 

CONCLUSION
It has been demonstrated that the leaves extracts of H. pentandra are 
capable of producing silver nanoparticles extracellularly and AgNPs are 
quite stable in solution. The biosynthesized AgNPs showed considerable  
antioxidant activity and excellent anticancer activity against breast cancer  
cells (MCF7). The present study data indicated that green synthesized 
AgNPs could be considered alternative medicine for cancer therapy. 
However, further studies are needed to characterize the mechanism of  
action and toxicity of synthesized AgNPs involved with anticancer  
activity in an in vivo animal model.
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razolium bromide); DPPH: (2,2diphenyl1picrylhydrazyl).
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Antibiotics are the key drugs for the treatment of infectious disease and are the 

commonly prescribed drug. The over use or misuse of these antibiotics can lead to 

antibiotic resistanse. Antibiotic resistance will remain a major threat in our present 

world. It leads to higher medical costs,high dose instead of small dose,increased length 

of hospital stay,and increased mortality.So we need a solution to overcome or 

prevention of antibiotic resistance. Pharmacist plays an important role in the health 

care team and promotes the quality of life of patient because they are considered as 

medicine expertise and should know the upto date knowledge about antibiotics and 

their clinical action. The aim of this paper to highlight the prevention and pharmacist 

role in the inappropriate antibiotic use in outpatient care. 

 

INTRODUCTION: 

Antibiotics are medicines used to treat and 

prevent the infections caused bacteria. 

Antibiotics have been around since 1928,the 

Alexander Fleming invented Penicillin[1],the 

first compound with antibiotic potency,main 

aim of these drug to treat bacterial 

infections.Then the year1932 antibiotic 

sulfonamide was discovered,it proved to be 

more effective against the infections like 

pneumonia and UTI. The main mechanism 

of antibiotics,it is a broad spectrum and 

killing the infective microorganisms.                                                                                      

Many of the antibiotics are unnecessarily 

prescribed for viral infection such as 

common cold,flu.Thus using antibiotics to 

treat these viral infection is considered 

misuse or overuse of antibiotics. The 

antibiotics are the second leading prescribed 

drug for treating infectious disease.Their 

over use or misuse of these drugs can lead to 

the risk of antibiotic resistance[2].Antibiotic 

resistance occur when bacteria change in 

response to use of these medicines. 

Antibiotic resistance will lead to increased 

length of hospital stay,higher cost of 

medicines and increased mortality[3].Other 

factors considered to be resistance include 

incorrect diagnosis, un necessary 

prescription,self prescription or self 

medication[4],use of antibiotics as livestock 

food additives and use of meat that comes 

from animals treated with 
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antibiotics[5].Antibiotics are over use/over 

prescribed in outpatient care because 

prescribers prescribes drug before culture 

sensitity and other laboratory 

settings.Resistance can be reduced by 

reducing the use of antibiotics. 

Risk associated with over use/misuse of 

antibiotics: 

 Increase the condition of antimicrobial 

resistance 

 Increase the chance of more severe 

disease 

 Increase the duration of disease 

 Increase over all health care cost 

 Increase risk and complication 

 Increase morality rate 

 Increase  the chance of adverse drug 

reaction 

 Increase the length of hospital stay 

Causes of antibiotic resistance 

Over use 

 The main reason overuse/misuse is 

due to patient administer the 

antibiotic without prescription. 

 Condition in which antibiotic are 

over use 

 The condition of viral respiratory 

tract infection in children should not 

be used with antibiotics.If it is 

bacterial infection treated with 

antibiotics. 

 Viral counjuctivitis should not be 

treated with antibiotic. 

 The condition like common cold,flu 

should not be treated with 

antibiotics,it is a viral infection. 

 Eczema should not be treated with 

oral antibiotics,because it is a dry 

skin condition treated with lotion[6] 

Inappropraite prescribing: A reduction in 

antibiotic use will reduce 

resistance.Inapproriate prescribing can also 

cause promotion of resistant bactria.Some of 

the studies shown that antibiotic is needed 

but , choice of antibiotic, duration of therapy 

and its dose was incorrect in approximately 

50% cases[7].Incorrectly prescribed 

antibiotics,patient didn’t get the therapeutic 

effect and also cause potential complication 

of antibiotic therapy[8].Antibiotic resistance 

can even cause genetic alterations.Prescribe 

only antibiotics who are expected to benefit 

from the treatment. 

Use of antibiotics in agriculture purpose 

and live stock: Antibiotics are used in 

agriculture purpose because promote growth 

and prevent disease[9].Antibiotics are widely 

used in both developing and developed 

countries.Some of the antibiotics like 

tetracycline are used in fruits as pesticides. It 

is also injected in livestock because for 

improving  health of animals and produce 

large yields.When the time we consume 

animal meat as food, transfer resistant 

bacteria to humans and produce antibiotic 

resistance to humans. 

Prevention and control of antibiotics 

resistance: Steps can be the taken at all 

levels of society to prevent the antibiotic 

resistance 

Individual 

Take as Advised, Take antibiotics as 

prescribed by Doctor. It is necessary to take 

them in recommended dose,frequency and 

duration,follows correct instructions from 

prescribers eg: if it is take on an empty 

stomach or after food for the correct action 

of the drug, Tell your Doctor, Talk to your 

doctor if you are,Allergic to any medicines, 

Pregnant or breast feeding, Having Liver or 

Kidney problem, This will help the doctor to 

select the drug which are suitable for 

you.Keeping them safe, Keep antibiotics 

away from children and away from heat and 

sunlight, Never demand antibiotics.Never 

share or use others antibiotics[10]Prevent the 
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infections by avoid the close contacts of sick 

patients,wash the hand regularly,and prepare 

the food hygienically. 

Health professionals: Prescribe antibiotics 

only when they are needed,and for the 

condition, Give the correct informations to 

patients how to take the antibiotics eg: if it is 

take before food or after food, Prevent the 

infection by instruments used  by Doctors 

should be clean, Advice vaccination for 

prevention of disease, Prescribe antibiotics 

after culture sensitivity test and other 

laboratory tests, Prescribe antibiotics for 

only bacterial infection ,not viral infection 

such as common cold[11] 

Agriculture purpose: Use antibiotics only 

prescribed by veterinary doctor, Don’t use 

antibiotic for growth purpose and prevention 

of disease for healthy animals.Take 

Vaccination, Maintain hygiene and prevent 

infection 

Directions for proper use ofantibiotics: 

Tips for proper use of antibiotics 

Complete the full course of the antibiotic-

It is important to take antibiotic as 

prescribed by the Doctor. Never stop the 

course before if you feel better,drug may not 

kill the bacteria .You may become infection 

again and remaining bacteria may become 

resistant to the antibiotic that you have to be 

taken,so high dose of antibiotic is need. 

Do not skip doses-Antibiotics are required 

to be used at regular time interval for the 

entire duration of treatment to cure the 

infection. Skipping dose is not advisable. If 

you missed a dose take as soon as you 

remember ,donot take double dose. 

Do not self-medicate: Selection of 

antibiotics as well as dosages and duration 

depends on the infection.So don’t self 

medicate 

Do not save antibiotic: Never take leftover 

antibiotics because may be this medicine is 

not suitable for present condition,taking the 

wrong medicine can delay getting the 

appropriate treatment and may allow your 

condition to worsen. 

Do not use expired medicines: Don’t use 

antibiotic after the expiry date. In general 

antibiotics have shorter shelf life than others 

Role of pharmacist in inappropriate use 

of antibiotics in outpatient care 

Pharmacist plays an important role in the 

healthcare team and promotes the quality of 

life of patient because they are considered as 

medicine expertise and should know the 

upto date knowledge about antibiotics and 

their clinical action.The role of pharmacist 

include communication and educate the 

patients the importance of antibiotics. 

 To check the prescription is rationals 

 Check that each antibiotic has an 

infection 

 Check the dose of antibiotics based 

on patient age,weight  

 Counselling and advice to the 

patients include, 

 Adverse effects of antibiotic 

and consequence about 

incomplete dosage 

 Complete full course of 

antibiotics. Do not ask 

prescribers for antibiotics  

 Use antibiotics as prescribed 

 Do not share antibiotics 

 Never save antibiotics for 

later, Do not skip the 

antibiotics, Do not buy 

antibiotics over the counter 

Advice on self limiting infections against 

bacterial and viral disease, Duration of 

symptoms, Symptoms which require 

medical attention. 
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Promote vaccination –This will help the 

people for reduce and prevent the primary 

infection.This will help reduce the use of 

antibiotics[12],[13]Education-The most 

important role of pharmacist is educator. 

Provide information about the antibiotic 

resistance and appropriate use of antibiotics. 

Pharmacist educating the public about the 

infection control practices such as personal 

hygiene,hand 

hygiene,immunization[14],[15].Provide 

information leaflet 

CONCLUSION:  

       Irrationational prescribing of antibiotics 

may cause severe adverse effects in humans. 

Antibiotic resistance is one of the important 

threats in the present world. Improving the 

outpatient prescribing practices will 

minimizing the antibiotic resistance. 

Reducing the use of antibiotic will also 

reduce the resistance. Pharmacist  play a 

important role in working with pharmacist 

and prescribers to reduce it. As pharmacist 

we can overcome the problem by 

prescribing them in a rational manner. 
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ABSTRACT  

Inhaled therapy for these conditions has a lot of advantages 

over systemic therapy which includes less number of side 

effects, quicker onset of action etc. The effectiveness of 

inhalation depends on the ability of children to use the 

medication properly. The correct use of inhalers can reduce the 

reoccurrence of asthma to an extent. When inhaler alone is used 

the drug will be spread over mouth, throat, stomach and lungs. 

But if children are using spacer along with the inhaler, most of 

drug will be directly deposited in lungs more than other parts of 

the body. Anyway, studies on inhaler usage in children have 

proven that correct use of inhaler has been a real boon to them 

to get relief from asthma attacks. If the inhaler is used not in a 

correct way and misuse that will be a curse. The burden of 

asthma on children is immense. The choice of inhaler devices is 

mandatory to ensure that medications are effective to reach the 

airways of children with asthma. This review article highlights 

usage of inhaler devices and dose counting in children. 
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INTRODUCTION 

Asthma and COPD are two respiratory diseases which uses inhalers mostly. Asthma is a 

chronic disease characterized by recurrent attacks of breathlessness and wheezing. Asthma is 

more prevalent in children now a day. Inhaler therapies for these conditions have lot of 

advantages over systemic therapy which includes less number of side effects, quicker onset of 

action etc. The effectiveness of inhalation depends upon ability of children to use the 

medication properly. The correct use of inhalers can reduce the reoccurrence of asthma to an 

extent in children. Poor inhaler technique can lead to decreased lung drug deposition that 

results in reduced asthma control in children.
 [1] 

The child and their parents should be given proper training regarding inhaler usage to ensure 

optimum therapy. Asthma and other chronic airway diseases can be effectively treated by 

inhaler therapy in children. Inhaler devices are of different types such as metered dose 

inhalers (MDI) or Dry powder inhalers (DPI).The outcome of inhaler therapy largely depends 

on appropriate use of inhaler not the type of inhaler device used. Appropriate use of inhaler 

means correct usage of inhalation technique. A poor inhalation technique may reduce lung 

drug deposition; and more the mistakes in the inhalation technique the lower the benefits on 

lung function. But sometimes children faces difficulties in inhaler usage. 
[2]

 

Appropriate inhaler use can be determined by comparing actual use with the advised regimen 

by the prescriber. Several studies have shown that children should have proper compliance 

with inhalation corticosteroids (ICS) for its effectiveness. Overuse of bronchodilators has also 

been increased and some parents are confused about the corticosteroid inhaler that is used for 

maintenance therapy and bronchodilator inhaler which is used for relieving symptoms. The 

parents were asked about how they assessed the number of remaining doses and how they 

cleaned the device after use. Questionnaires can also be necessary to determine the level of 

knowledge of children and their parents associated with the correct use of inhaler and also to 

identify inconsistencies between uses of inhalers with prescriber’s advice.
 [3] 

The drugs used for inhalation in treatment of asthma includes corticosteroids like 

Beclomethasone propionate, Budesonide, Fluticasone propionate etc. Anticholinergic drugs 

like Ipratropium bromide, Tiotropium bromide etc. Beta two sympathomimetic drugs like 

Salbutamol, Salmeterol, Formoterol etc.
 [4] 
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INHALER DEVICES IN CHILDREN; USAGE AND CLEANING 

Metered dose inhalers (MDI):- In metered dose inhalers, the active drug is suspended under 

high pressure in Freon propellants and when device is actuated, small diameter particles leave 

at the mouthpiece at very high velocity. 

Steps in using MDI:- 

1. Remove cap on the mouthpiece. 

2. Hold inhaler upright and shake well. 

3. Breathe out gently as far as comfortable.  

4. Put mouthpiece in your mouth and close lips around it to form a good seal. 

5. Start to breathe in slowly through your mouth and at the same time press down firmly on 

the canister. 

6. Hold your breath for up to 10 seconds, then remove inhaler from your mouth. 

7. Breathe out gently away from mouthpiece, replace cap. 

8. Repeat steps 3-6 if second dose is required, wait 1 minute between puffs. 

Cleaning of MDI:- 

Metered dose inhalers must be cleaned on a regular basis to prevent building up of 

medication and blockages. Mouthpiece must be cleaned for at least once per week. 

 Remove drug canister and cap from the mouthpiece. Never wash the canister or immerse 

it in water. 

 Run warm tap water through the top and bottom of the plastic mouthpiece for 30-60 

seconds. 

 Shake off excess water and allow the mouthpiece to dry completely. 
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 If you need the inhaler before the mouthpiece is dry, shake off inhaler to remove excess 

water, replace the canister, and test spray two time s that should be done away from the 

face.
[5]

 

Dry powder inhalers (DPI):-They are single dose inhalers. But are less convenient one than 

MDI. Many children have difficulties in loading and splitting of capsules. 

Types of DPI: 

 Single dose devices – In this type of device, the person has to place a single capsule in the 

device slot before each treatment. Capsule should not be swallowed. 

 Multiple dose devices – It contains up to 200 doses. 

Steps in dry powder inhaling:- 

1. Open the device. 

2. Slide the lever until it clicks. 

3. Keep device level while inhaling. 

4. Exhale deeply away from the mouthpiece.  

5. Put mouthpiece between teeth and close lips around. 

6. Inhale deeply and forcefully. 

7. Hold breath for 10 seconds. 

8. Inhaler is removed from the mouth without exhaling into it. 

9. Breathe out slowly. 

Cleaning of DPI: -Dry powder inhalers should not be washed with soap and water. The 

mouthpiece can be cleaned with a dry cloth approximately once per week.
 [6] 

Spacers: - The use of spacers to mouthpiece of MDI ensures that the aerosol particles have 

slower velocity when they reach patients. Spacer is a holding chamber which is made up of 
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plastic mainly in shape of a football or hollow tube. It makes easy inhaling through a metered 

dose inhaler. 

Usage of metered dose inhalers along with spacers:- 

1. Remove cap, hold inhaler upright and shake well. 

2. Insert inhaler upright into the hole in the spacer. 

3. Breathe out gently as far as comfortable. 

4. Put mouthpiece on spacer between teeth without biting and close lips to form good seal. 

5. Hold spacer level and press down firmly on canister to release one puff. 

6. Breathe in slowly and deeply then hold breathe for about 10 seconds or as long as 

comfortable .breathe in and out normally for 4 breathes. 

7. Remove spacer from mouth and breathe out gently. Repeat steps 3-6 if 2
nd

 dose is 

required .you need to shake the canister again and ideally wait 1 minute between puffs. 

8. Remove inhaler from spacer, and replace cap. Check patient knows how to clean spacer 

each month. 

Cleaning the spacer:- 

We considered only cleaning the spacer with soap and water, and letting it dry in the air will 

be correct. Do not touch its inner surface with hands.
 

NEED OF SPACER IN CHILDREN 

When inhaler alone is used, the drug will be deposited and will spread over mouth, throat, 

stomach, and lungs. But if children are using spacer along with the inhaler, most of drug will 

be directly deposited in lungs more than other parts of the body it reduces the problems 

related to MDI. Children can also use them effectively during attacks. A spacer holds the 

medicine in its chamber after it has been released from the inhaler that will allow the child to 

inhale slowly and deeply once or twice. 
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A spacer is given for a child who has difficulty in squeezing the canister and inhaling at the 

right time. it is mainly used for children less than five to six years. Spacers are also provided 

for all children who use inhaled glucocorticoids .many spacers are available in the market but 

larger one having a capacity of 100-700 ml spacers is found to be more effective than smaller 

ones. Proper inhaling technique and frequent cleaning are also important.
 [7] 

 

COMMON MISTAKES DURING INHALATION TECHNIQUE  

 Forgot to shake inhaler before use. 

 After MDI activation, waiting for a time less than 5 minutes.  

 Not pressing spacer mask on face. 

 Not holding breath for 5 seconds after inhalation. 

 When two doses are needed, doing activation of inhaler for two times before inhaling 

through spacer. 

 Not rinsing the mouth after using ICS inhaler. 

 Making less than five inhalations through spacer.
[8]
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The most common mistakes in inhaler usage include not shaking the inhaler before use which 

was the most frequently made mistake .Some children used their bronchodilator ‘as needed’ 

instead of daily and few children used their bronchodilator ‘daily’ instead of ‘as needed’. 

Some were using inhaled corticosteroids as needed .some did not use the prescribed 

bronchodilators .Using more than one inhaler at a time is one of the most frequent reason for 

inappropriate use .Parents decide when and how the inhaler to be used in case of the children. 

It indicates their important role in compliance with inhaler usage. Few children used their 

ICS in case of symptoms only, but ICS are used for long term maintenance therapy and 

should be administered daily.
 [9] 

DOSE COUNTING:- 

The methods for assessing an inhaler for remaining doses of drug includes looking on counter 

of inhaler ,spraying on dark background ,if inhaler floats in water ,it is empty ;and counting 

remaining doses with agenda.
[10] 

CONCLUSION 

Unfortunately, many children with asthma do not use the inhaler technique properly.  

Children can learn proper inhaler technique by giving proper training and practice. However, 

studies indicate that inhalers can be used to deliver medications to the lungs effectively, even 

in infants. Giving one or more doses of a short acting bronchodilator via inhaler with a spacer 

and face mask is better than giving the same medication by nebulizer in most infants and 

children. For children who suffer difficulty in timing their breath and spraying the medication 

,now a days there are inhalers that can automatically release the medication when the child 

breathes in .one of the disadvantage of this is that some children cannot be able to inhale 

forcefully enough to cause the drugs release, during asthma attacks. Depending upon the 

severity of child’s asthma ,the treatment includes daily visits by practitioner ,use of one or 

more medications ,avoiding asthma triggers ,monitoring of  symptoms .at each visit, the child 

or parent should demonstrate how they used the inhaler to check the correctness .any way 

studies on inhaler usage in children has proven that correct use of inhaler has been a real 

boon to them to get relief from asthma attacks .if the inhaler is used not in a correct way and 

misuse of inhalers like double use at a time ,double activation will be a curse .the burden of 

asthma on children is immense .the choice of inhaler devices is mandatory to ensure that 

medications are effective to reach the airways of children with asthma. 



www.ijppr.humanjournals.com 

Citation: Joycy George et al. Ijppr.Human, 2018; Vol. 12 (3): 55-62. 62 

REFERENCES 

1. Gilles J et al. Overview of delivery system issues in pediatric asthma. Pediatric Pulmonology 1997; 15:55-58. 

2. Kips JC, Pauwels R A. Asthma control: Where do we fail? European Respiratory Journal 2000; 16:797-798. 

3. Johannes HJM Uijen, Yannick JW Van Uijthoven, Johannes C Vander Wouden and Patrick JE Bindels. 

Adequate use of asthma inhalation medication in children: more involvement of the parents seems useful. Bio 

Med Central Journal 2009; 129-134. 

4. Chen SH, Yin TJ, and Huang JL: An exploration of the skills needed for inhalation therapy in school children 

with asthma in Taiwan. An allergy asthma immunology 2002, 89:311-315. 

5. Van BeerendonkI, MestersI, Mudde AN, Tan TD: Assessment of the inhalation technique in outpatients with 

asthma or chronic obstructive pulmonary disease using a metered dose inhaler or dry powder device .Journal 

Asthma 1998,35:273-279. 

6. Clayton S, F Child, S Davis. Inhaler devices for asthma: do we follow the guidelines? Arch Dis Child 2002; 

86:176-179. 

7. Callaghan C, Barry Spacer devices in the treatment of asthma.BMJ1997; 414:1061-1062. 

8. Masoli F et-al.: Global Burden of Asthma, 2004[http://www.ginasthma]. 

9. Pedersen Frost L, Arnfred T: Errors in inhalation technique and efficiency in inhaler use in asthmatic 

children.Allergy 1986, 41:118-124. 

10. Omran M, Russell.Continuing increase in respiratory symptoms and atopy in Aberdeen school 

children.BMJ 1996; 312-34 



                         

Available online at http://saspublisher.com/sajp/     148 

 

 

Scholars Academic Journal of Pharmacy (SAJP)         ISSN 2347-9531 (Print) 

Abbreviated Key Title: Sch. Acad. J. Pharm.                   ISSN 2320-4206 (Online) 

©Scholars Academic and Scientific Publisher       

A Unit of Scholars Academic and Scientific Society, India 

www.saspublisher.com 

 

Liquisolid Compact Technique for Improvement of the Dissolution Rate: A 

Review 
Athira T Vijayan

1
, K Krishnakumar

2
, B Dineshkumar

2
, Smitha K Nair

1* 

1
Department of Pharmaceutics, St. James College of Pharmaceutical Sciences, Chalakudy, Kerala, India 

2
St. James College of Pharmaceutical Research Centre (DSIR Recognised) Chalakudy, Kerala, India 

 

 

Review Article 

 

*Corresponding author 

Smitha K Nair 

 

Article History 

Received: 15.02.2018 

Accepted: 21.02.2018 

Published:30.03.2018 

 
DOI: 

10.21276/sajp.2018.7.3.7 
 

 

Abstract: The liquisoid compact technique is a promising technique to enhancing the 

dissolution of poorly water soluble drugs. About 40% of newly discovered drugs are 

poorly water soluble or water insoluble categories. Simple processing low cost and great 

potentials in industrial production are the main advanges of this technique. By using this 

technique, the liquid medications such as solutions or suspension of water insoluble drug 

can be easily converted in to powder with acceptable flow properties using suitable 

powder excipient. This review article is focused the formulation of liquisolid systems, 

classification of liquisolid systems, evaluation and its applications in the field of 

pharmaceutical sciences. 

Keywords: liquisolid compact, poorly soluble drug, coating material, formulation and 

evaluation. 

 

INTRODUCTION  

The limited solubility of drugs is a one of the challenging issue for industry, 

during the development of the ideal solid dosage form unit. Solubility is the important 

parameter for oral bioavailability. Different techniques are employed to enhance the 

dissolution of poorly soluble drugs like use of water-soluble salts and solid dispersion, 

increasing surface area by reducing particle size, pH adjustment, microencapsulation, co-

precipitation, lyophilization, inclusion of drug solutions or liquid drug in to soft gelatin 

capsule, solubilisation in a surfactant system [1]. 

 

Liquisolid compact technique is a novel and a 

successful tool to improve the solubility and dissolution 

of poorly water soluble drugs and consequently 

bioavailability [2]. The liquisolid technique is applied to 

formulate liquid medications (i.e, oily liquid drugs, 

suspensions or emulsion of water-insoluble solid drugs 

carried in non-volatile liquid vehicles) into powders 

suitable for tableting [3]. 

 

The liquisolid compact system (LS) is a 

powdered form of liquid drug formulated by converting 

liquid lipophilic drug or drug suspension or solution of 

water-insoluble solid drug in suitable non-volatile 

solvent systems, into dry looking, non-adherent, free-

flowing and readily compressible powdered mixtures by 

blending with selected carrier(cellulose, starch, lactose 

etc..) and coating materials(silica) [4].  

 

The liquisolid systems, even the drug might be 

in a solid dosage form, it is held within the powder 

substrate in solution or in a solubilized, almost 

molecularly dispersed state.  Due to their significantly 

increased wetting properties and surface area of drug is 

available for dissolution, liquisolid compacts of water-

insoluble substances is expected to display enhanced 

drug release characteristics and consequently improved 

oral bioavailability [5].  

 

CONCEPT 

The drug is dissolved in the liquid vehicle and 

incorporated into a carrier material which has a porous 

surface and closely mattered fibre in its interior such as 

cellulose; both absorption and adsorption take place. 

The liquid initially absorbed from the interior of the 

particle is captured by its internal surface. After 

saturation, adsorption of the liquid onto the internal and 

external surface of the porous carrier particle. Then, the 

coating material provides high adsorptive properties and 

large surface area which gives the desirable flow 

characteristics [6]. In liquisolid system, the drug is in 

solution form in liquid vehicle, and at the same time, it 

is carried by power. 

 

The wettability is one of the mechanisms for 

explaining the enhanced dissolution rate from the 

liquisolid compacts. Non-volatile solvent present in the 

liquisolid system facilitates decreasing the interfacial 

tension between dissolution medium and tablet surface 

[6]. When increasing the wettability and effective 

surface area for dissolution, liquisolid compacts may be 
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expected to produce enhanced release profiles of water-

insoluble drugs. Dissolution of a non-polar drug is one 

of the rate limiting step in gastrointestinal absorption, 

and the orally administered water-insoluble drug is in 

solution form, it produces better bioavailability and thus 

displaying enhanced dissolution rates [6,7] (fig.1) 

 

The drug release depends on the characteristics 

of drug, carrier and vehicle use. If any changing these 

variables, liquisolid technique can be used for 

enhancing or retarding the drug release [6, 7].   

 

Advantage 

 Production cost is low compared to soft gelatin 

capsules. 

 It is specifically for powdered liquid medications. 

 Optimized sustained release. 

 It is used in controlled drug delivery systems. 

 To minimize excipients in formulation compare to 

other formulations.  

 Industrial production is also possible. 

 Enhance bioavailability. 

 Omit the process approaches like nanonisation, 

micronization technique [8].  

 

Disadvantage 

 Formulation of high dose lipophilic drugs the 

liquisolid tablet is difficult. 

 High level of coating materials and carriers are 

required to maintain flowability and compatibility. 

 When increases the weight of each tablet above 

1gm which is very difficult to swallow. 

 Acceptable compression properties may not be 

achieved during compression liquid drug may be 

squeezed out of the liquisolid tablet resulting in 

tablets of unsatisfactory hardness [9]. 

 Mathematical calculations are required. 

 

Classification of liquisolid system 

A. Based upon the type of liquid medication contained 

 Powdered drug solutions. 

 Powdered drug suspensions. 

 Powdered liquid drugs. 

 Based upon the formulation techniques used 

 Liquisolid compacts. 

 Liquisolid microsystems. 

 

Powdered drug solution 
This preparation is not a solvent deposition 

technique so it does not involve drying or evaporation. 

since non-volatile solvents are used to prepare the drug 

solution or suspension, the liquid vehicle does not 

evaporate and the drug is carried within the liquid 

system which in turn, is dispersed throughout the final 

product based upon the consistency of the powder 

substrate, the quantity of solid drug dispersed in the 

liquid medication and the physicochemical properties of 

the liquid vehicle used the acceptable liquid-to-

powdered percent ratio will range from 2 to 52 [10]. 

Powdered liquid drugs 

The first two may be produced by conversion 

of drug solutions or (prednisolone solution in propylene 

glycol) or drug suspensions (e.g. gemfibrozil 

suspension in polysorbate 80), and the latter from the 

formulation of liquid drugs (e.g.clofibrate, valproic 

acid, liquid vitamin, etc.), in to liquisolid systems [10]. 

 

Liquisolid microsystems  

It is refers to the capsules is prepared by 

combining the drug with a coating material and with a 

carrier together with the inclusion of an additives 

example: PVP in the liquid medication wherein the 

resulting size may be as much as 5 times that of 

liquisolid [10]. 

 

Liquisolid compact system 

The powder is retaining only limited amount of 

liquid while maintaining acceptable flow and 

compression properties. Liquisolid compacts are 

prepared using previously outlined method to produce 

tablets or capsules, whereas the liquisolid micro 

systems are based on a new concept which to produce 

an acceptably flowing admixture for encapsulations 

[10]. 

 

Componants of liquisolid compact 

 

Ideal characteristics of components of liquisolid 

compact 

 Drug: poorly soluble, insoluble, liquid or lipophilic, 

solubility in high boiling point, water miscible 

solvent. 

 Carrier: good compressibility, coarser granular. 

 Coating materials: high surface area, good 

adsorptive properties. 

 Non-volatile solvent: water miscible, hydrophilic or 

lipophilic.  

 

Main four components of liquisolid compacts are 

follows 

 Non-volatile solvent 

 Disintegrant 

 Carrier material 

 Coating material 

 

Non-volatile solvent 

It should be inert, high boiling point, water 

soluble and not highly viscous organic solvent systems 

and having ability to solubilize the drug. The non-

volatile solvent is act as a binding agent in the liquisolid 

formulation. Various non-volatile solvents are used in 

liquisolid systems include polyethylene glycol 200 and 

400, glycerine, polysorbate 80, propylene glycol 

[10,11]. 

 

Disintegrants  

Disintegrants increases the rate of drug release, 

water solubility and wet ability of liquisolid granules. 
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Mainly used disintegrants are crospovidone and sodium 

starch glycolate [10,11]. 

 

Carrier materials 

It should be porous material produce sufficient 

absorption properties which contribute in liquid 

absorption. The carrier material can retain only certain 

amounts of liquid and it maintain acceptable flow and 

compression properties. When increasing the moisture 

contents of carrier material it will decrease powder 

flowability. E.g. microcrystalline cellulose such as 

avicel PH 102 and avicel PH 200, 20 [10, 11]. 

 

Coating Material 

Coating material is required for covering the 

surface and maintains the powder flowability. It 

covering the wet carrier particles and displaying a 

drylooking powder by adsorbing any excess liquid. 

Coating material include silica, aerosil200 and syloid 

[10,11]. 

 

Mechanism 
Three main mechanism are involved for 

enhancement of drug release they are, 

 

Increased drug surface area 

The surface area of drug available for drug 

release is much greater than that of drug particles within 

directly compressed tablets. The drug present in the 

system is completely dissolved in liquid vehicle and 

present in powdered substrate in solubilized, and 

molecularly dispersed state [12]. 

 

When increasing the drug content, the 

solubility limits also increases and increasing the 

fraction of undissolved drug in the liquid vehicle and 

release rate decreases. In liquisolid system release rate 

of drug is directly proportional to the fraction of the 

molecularly dispersed drug
 
[13]. 

 

Increased aqueous solubility of the drug 

The small amount of liquid vehicle in 

liquisolid system is not sufficient for increase the 

solubility of drug in aqueous dissolution medium. If the 

small amount of liquid vehicle act as a co-solvent and 

this less amount of vehicle is sufficient to increase the 

aqueous solubility of poorly soluble drug [14]. 

 

Increased wettability 

The non-volatile solvent present in the 

liquisolid system produce wetting of drug particles by 

decreasing the interfacial tension between tablet surface 

and dissolution medium. So the contact angle of 

liqusolid system is lowered when compared with 

conventional formulation thus improved wettability 

[15].
 
(fig. 2) 

 

Method of preparation of liquisolid compact  
Accurately weighed the calculated quantities 

of drug and non-volatile solvent in 20ml glass beaker 

and then heated to dissolve the drug in that solvent. 

Then the hot medication is incorporated into calculated 

quantities of carrier and coating materials. Mixing 

process is carried out by three steps. During the first 

stage, the system is blended at approximate mixing rate 

for one minute in order to evenly distribute liquid 

medications in the powder. In the second stage, the 

liquid/powder mixture is spread as a uniform layer on 

the surfaces of a mortar and standing for 5 min to allow 

drug solution to be absorbed in the interior of powder 

particles. In the third stage, the powder is scraped from 

the mortar surface by using aluminium spatula and then 

blended with sodium starch glycolate for another 30 

seconds in similar way. It gives liquisolid formulation 

to be compressed [16].
 
(Fig. 3) 

 

Evaluation of liquisolid compact 

 

Precompression Studies 

Flowability of liquisolid admixture is 

important for formulation of tablet dosage form. 

Therefore, it is very essential for study the flowability 

of these liquisolid powder admixtures prior to 

compression. Flowability can be evaluated by using 

various parameters such as Carr’s index, angle of 

repose, and Hausner’sratio [17].    

 

 Angle of Repose:  

The angle of repose of powder blend was 

determined by using fixed height funnel method. 

Angle of repose (𝜃) was calculated using the 

following equation:   

                           Ɵ= tan
-1

 h/r 

 

           Where “h” and “r” are the height and radius of 

powder cone [17] 

 

 Compressibility Index 
Carr’s compressibility index methods are mainly 

used to determining the compressibility index of 

the powder blend .The formula for Carr’s index is 

as below [11]. 

 

Carr’s index (%) = [(Tapped density − Bulk density) × 

100] /Tapped density 

 

 Hausner’sRatio 
Hausner’s ratio was calculated from the equation 

[17]. 

 

Hausner’s ratio = Tapped density /Bulk density 

 

Post Compression Evaluation 

 Content of uniformity 

 Weight variation 

 Hardness 

 Friability 

 Disintegration 

 In-vitro dissolution studies. 
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Tablet dimensions 
Thickness and diameter of the liquisolid 

compact were measured by using vernier calliper. Three 

tablets from each formulation were used, and average 

values were calculated [18].  

 

Tablet hardness 
Tablets have a sufficient hard to resist breaking 

during normal handling and disintegrate properly after 

swallowing. It is used to measure of mechanical 

strength. The hardness of the liquisolid compacts was 

evaluated using Monsanto hardness tester. It is 

expressed in kg/cm2[18]. 

 

Friability 

Tablet hardness is not an indicator for strength 

since some formulations compressed into very hard 

tablet tend to cap on attrition and losing their cap 

portions. Therefore friability is the method for 

measuring the tablets strengths. Roche friabilator was 

used for testing the friability. 20 tablets were weighed 

and placed in the Roche friabilator, and apparatus was 

rotated at 25 rpm for 4 min. After revolutions, the 

tablets were deducted and weighed again [18, 19]. 

 

Weight variation test 
The weight variation test is used measure to 

ensure if the tablet contains the proper amount of drug. 

Weight variation test was performed as per IP 2007. 20 

tablets were selected randomly and weighed. Average 

weight of the tablet was also determined. Not more than 

the two of the individual weights deviate from the 

average weight by more than 5% percentage deviation 

[18,19]. 

 

Drug content uniformity 

Twenty tablets were selected randomly and 

average weight was calculated. Then the tablets were 

crushed by using a mortar and accurately weighed 

amount of average tablet were taken from the crushed 

blend. Then, the samples was transferred to 100 ml 

volumetric flasks and then diluted up to the mark with 

using methanol. The content was shaken periodically 

and kept for one hour for dissolving the drug 

completely. Then the mixtures were filtered and 

appropriate dilutions were prepared. The drug content 

in each tablet was estimated at λmax238 nm against 

blank reference [18,19]. 

 

The drug content uniformity was calculated using the 

following formula, 

 

Practical Yield=Absorbance/slope×Dilution Factor 

 

% Drug content=Practical yield/Theoretical yield×100 

 

In vitro disintegration time 
The in vitro disintegration time of a tablet is 

determined by using disintegrating apparatus as per I.P. 

specification. 

I.P. specification: Place one tablet in each of 

the 6 tubes of the basket. Add a disc to each tube and 

run the apparatus using 1.2 pH buffer maintained at 

37°C ± 2°C as the immersion liquid. The assembly 

should be raised and lowered between 30 cycles/min 

[19]. 

 

In vitro dissolution studies 

In vitro dissolution study was carried out for 1 

hour by using USP type 2 (paddle) method with 900ml 

of 0.1 N HCl and distilled water as the dissolution 

media at required rpm and 37°C+0.5°C. 10 ml of the 

sample was withdrawn and filtered at periodic time 

intervals in minutes. 10ml fresh dissolution fluid is 

replaced to the baskets to maintain the constant volume 

(sink condition). The filtered samples are analysed by 

using UV/Visible spectrophotometer [19]. 

 

Differential Scanning Calorimetry (DSC) 

Differential Scanning Calorimetry is used to 

determine the interaction between excipients used in the 

formulation. This will also indicate the success of 

stability studies. When the drug is in the form of 

solution in liquisolid formulation it is the indication of 

complete disappearance of characteristic peaks and 

hence it is molecularly dispersed within the system [19]. 

 

X-ray diffraction (XRD) 

The X-ray diffraction (XRD) patterns are used 

to determining for drug, excipient used in formulation, 

physical mixture of the drug and excipient, finally for 

the liquisolid system. It measures the disappearance of 

constructive specific peaks of drug in the liquisolid 

formulation and retaining peaks of carrier material. It 

also indicates that the drug entirely converted from 

crystalline to amorphous form or in solubilized form in 

the liquisolid formulation. The amorphization or 

solubilization of drug in the liquisolid system 

contributes the consequent improvement in the apparent 

solubility and also the dissolution rate of the drug [19, 

20]. 

 

Fourier Transform Infrared Spectroscopy (FT-IR) 

FT-IR studies are performed to determine the 

chemical interaction between the drug and excipients 

used in the formulation. When the peaks present in drug 

formulation and absence of extra peaks indicates that 

there is no chemical interaction. The prepared liquisolid 

compact were subjected to FT-IR analysis and 

approximately minimum quantity of less than 4mg was 

subjected to this analysis
 
[19, 20]. 

 

PHARMACEUTICAL APPLICATION 

 Rapid release rate is obtained in liquisolid compact. 

 It is mainly used for water insoluble solid drugs or 

liquid lipophilic drugs. 

 Solubility and dissolution improvement. 

 

Liqusolid technique has widely used to 

improve the dissolution rate of low soluble drugs 
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(prednisolone, famotidine, valsartan, ketoprofen, 

clonazepam, etc.)[21]. The incorporation of high dose 

water in-soluble drugs into the liquisolid system by 

adding additives (PVP, HPMC and poly ethylene 

glycol) have the capability to increase the liquid 

absorption capacity of carrier and coating materials 

[22]. When load high dose of poorly water-soluble 

drugs into liquisolid system it will enhances the surface 

area and higher absorption capacity [23]. liquisolid 

compact technique was applied to enhance the 

dissolution rate of hydrochlorothiazide in comparison 

with solid dispersion technique [24]. The reduction of 

particle size and crystallinity and an enhancement of the 

wettability are the main mechanism for enhanced 

dissolution rate of tadalafil
 
[25].  

 

 Designing of sustained release tablets 

It is a promising technique for preparing 

sustained release formulations of different drugs [26]. A 

main advantage of applying liquisolid technique 

prolonging drug release is the possibility to attain zero 

order release kinetics [27]. Sustained release 

formulation is designed to release drug in 

predetermined rate for a certain period [27]. Main 

limitation is high tablet weight, it attributed to the high 

dose of drug used in the sustained release liquid 

medications [28]. The polysorbate 80 (Tween 80) plays 

an important role in sustained drug release. The 

plasticizer effect of Tween 80, glass transition 

temperature (Tg) of polymer that applied in the 

formulation could be reduced. Here the polymer chains 

coalescence better, which produce fine polymer 

network with low porosity and high tortuosity. During 

release period the drug surrounded and restricted by 

fine network and it prolong the release [29]. The 

presence of non- volatile co-solvent was crucial for 

prolonging dug release. The sustained release action of 

HPMC was amplified and release is achieved by 

changing the type of co-solvent [30]. The solubility of 

drug in liquid vehicle had a significant role on drug 

release profiles. Physicochemical properties such as 

formation of micelles, HLB and dielectric constant also 

affect the drug release [31].  

 

 Minimize the influence of pH variation on drug 

release 

The solubility of weak acid and weak base is 

directly dependent on the ionization constant of the 

compound and pH of the environment. The dissolution 

and bioavailability of these drugs influenced by the pH 

of gastrointestinal fluids. It then lead to a high degree of 

inter and intra variability in drug bioavailability and 

therapeutic effects [32]. A poorly soluble weak base 

(mosapride citrate) liquisolid tablets, it minimize the 

effect of pH variation on drug release along the 

gastrointestinal tract with bio- relevant media [32]. 

Using liquisolid technique to minimize the pH variation 

on the release of loratidine [33]. 

 

 Improve drug photo stability in solid dosage 

forms 

Loss of drug potency during photodegradation 

may result toxic degradation and cause potential side 

effect. Photostability study is one of the part of pre-

formulation studies for photosensitive drugs
 34

. Photo 

protective action of liquisolid technique mainly based 

upon the photo protective property of silicon dioxide 

due to its high refractive index
 

[35]. The photo 

protective effect of liquisolid tablets was inversely 

proportional to the excipient ratio (R). Liquisolid 

technique was proved to be a promising alternative to 

conventional coating for improving drug photostability 

in solid dosage forms. This technique has exhibited 

great potential in reducing the effect of pH variation on 

drug release and also improving the photostability in 

solid dosage forms [36]. 

 

 Bioavailability enhancement 

Due to significantly increased wetting 

properties and surface of drug available for dissolution, 

liquisolid compacts display enhanced drug release 

properties, and improved bioavailability. 

 

 Flowability and compressibility 

Excipients possessing large surface areas, fine 

particle size and granular grades produce good flow and 

compression properties. Drug existed in a molecular 

state of subdivision and systems are free flowing. Non-

adherent, dry looking powders. 

 

 
Fig-1: Concept of Liquisolid Compact 
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Fig-2: mechanism of increased wettability 

 

 
Fig-3: Method of Preparation 

 

CONCLUSION 

Enhancement of solubility and dissolution rate 

of poorly water soluble drugs is a major challenge for 

pharmaceutical scientists. Several techniques have been 

reported to improve drug solubility, among the 

liquisolid compact technique is one of the most 

promising approaches. This technique is also used to 

design sustained release dosage forms. Highest drug 

release rates are observed in liquisolid compact system 

and this system may be optimized by selection of liquid 

vehicle and carrier and coating materials. Finally this 

review is concluded that, various techniques are 

involved for the drug bioavailability enhancement, and 

this technique is the most promising approaches 

because it’s simplified manufacturing method, cheaper 

production costs and also the prospect of industrial 

scale up due to the good flow and compaction 

properties.  
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Abstract 

In critical care, medication errors are frequent, serious, and predictable. Critically ill patients have prescribed twice as many 

medications as patient outside of the intensive care unit (ICU) and nearly all will suffer a potentially life-threatening medication 

error at some point during their hospital stay.  

Medication errors (MEs) are the most common error in critical care. In fact, 78% of all serious errors in ICUs are due to 

medication errors. Therefore, detecting MEs are significant. Efforts should be taken to correct the wrong administration technique 

and inappropriate monitoring in order to improve the quality of care in the ICU and to reduce MEs. The beneficial technique to 

reduce such medication errors includes computerized prescribing, education and pharmacist input. This article provides a 

systematic review of medication errors in critical care, help to identify risk factors for medication errors, suggest strategies to 

prevent medication errors and manage their consequences. 
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Introduction 

Medication Errors are common in most health care systems 

and are reported to be the seventh common cause of death [1]. 

Medication errors can be defined as “preventable mistakes in 

prescribing or delivering medication to a patient, that is, an 

improper use of medicine or one that cause harm to a patient”. 

Of importance, medication errors are independent of the 

occurrence of patient injury. Medication errors can occur at 

any stage of the medication process, most occur at the stage of 

administration. Critically ill patients receive nearly twice as 

many medications as patients in other care units [2].  

The higher frequency of medication errors (MEs) in ICU 

wards is due to several reasons which include: 

 First, in comparison with the patients in other hospital 

units, ICU patients generally need more medications. 

 Second, most of the drugs in an ICU are administered 

intravenously. Drugs prepared for intravenous injection 

require calculations. 

 Third, because ICU patients are mostly in a low 

consciousness state, they are unable to report harmful 

effects. 

 Fourth, compared to other patients, ICU patients are, in 

general, weaker physiologically. The above mentioned 

reasons cause ICU patients to be considered highly 

vulnerable to medication errors [3].  

 

Classification: Medication Errors 

James Reason developed a well- recognized system for 

classification of human errors based on observations from 

industries. He classified errors into two groups according to 

the working system: active failures and latent conditions [4].  

Active failures are unsafe acts by people who are in direct 

contact with the patient which include: slips, lapses, and 

mistakes (Table 1). Slips and lapses are skill behavior errors 

when a routine behavioris misdirected or omitted. The person 

performs the wrong execution but he has the right idea. For 

example, lapse means forgetting to restart a heparin infusion 

postoperatively and slip is restarting the heparin infusion and 

knowing the correct infusion rate but entering an incorrect rate 
[5].  

Mistakes are due to perception, inference, judgment, and 

interpretations which are knowledge- based errors and occur 

due to incorrect thought processes or analyses. For example, 

the patient who diagnosed with heparin- induced 

thrombocytopenia is prescribed with heparin is a mistake. 

Situational factors such as fatigue, drugs, alcohol, stress, and 

multiple activities can divert attention and increase the risk of 

active failures [6].  

Latent conditions are due to reasons within the system. Latent 

failures occur when individuals make decisions that have 

unintended consequences in the future. Once latent conditions 

are identified, prevention requires an ongoing tenacious search 

and corrective actions. For example, institutions that use 

staffing models to routinely perform clinical duties above and 

beyond their normal responsibilities paradoxically risk 

introducing time pressures, fatigue, and low morale into their 

workforce [7].  

Errors can alternatively be classified as omission errors or 

commission errors (Table1). Errors of omission are the failure 

to perform an appropriate action. Errors of commission are the 

process of performing an inappropriate action. Most of the 

patient safety study pieces of literature focus on errors of the 

commission such as wrong drug or wrong dose [8].  
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Table 1: Definitions 
 

Medical error The failure of a planned action to be completed as intended or the use of a wrong plan to achieve an aim. 

Medication error Any error in the medication process, whether there are adverse consequences or not. 

Adverse drug event 
Any injury related to the use of a drug. Not all adverse drug events are caused by medical error, nor do all 

medication errors result in an adverse drug event. 

Preventable adverse event Harm that could be avoided through reasonable planning or proper execution of an action 

Near miss The occurrence of an error that did not result in harm 

Slip A failure to execute an action due to routine behavior being misdirected 

Lapse A failure to execute an action due to lapse in memory and a routine behavior being omitted 

Mistake A knowledge- based error due to an incorrect thought process or analysis 

Error of omission Failure to perform an appropriate action 

Error of commission Performing an inappropriate action 

 

Consequences of Medication Errors 

Medication errors are an important cause of patient morbidity 

and mortality in healthcare settings. Only 10% of medication 

errors result in adverse drug events. The IOM report 

highlights that as a result of medication errors 44,000 to 

98,000 patients die each year. A large portion of these is 

related to medications. Approximately 19% of medication 

errors are life- threatening in ICU and 42% are of sufficient 

clinical importance to warrant additional life- sustaining 

treatments. Many patients experiencing costly and prolonged 

hospital stay undergo greater human and societal burden and 

some patients never fully recovering to their premorbid status. 

In 1995 Bates and colleagues estimated that the annual cost of 

$2.9 million serious medication errors per hospital in 

America. Errors can harm patient, family, and public 

confidence in healthcare organizations [9].  

 

Risk Factors for Medication Errors 

The ICU brings together high- risk patients and an 

intervention from multiple health care professionals in a 

complex environment (Table 2).Patient illness severity is the 

single strongest predictor of an ADE. Critically ill patients 

have prescribed twice as many medications as patients outside 

of the ICU. Most of the medications in the ICU are 

administered as weight-based infusions and so these infusions 

require mathematical calculations, which increase the risk of 

error [10].  

Multicentered studies by Ridley and colleagues and Calabrese 

and colleagues founded that potassium chloride, heparin, 

magnesium sulfate, vasoactive drugs, sedatives, and 

analgesics are the medications with a high risk of error. 

Antibiotics are frequently prescribed in the ICU and errors 

have potential implications for both individual patients and 

population [11]. 

It is important to remember that compared with other patients 

critically ill patients have fewer defenses against adverse 

events. Their ability to participate in medical care is limited 

and they lack the physiological ability to tolerate additional 

injury. Finally, after the discharge from the ICU lack of 

continuity of care causes the patient at risk for errors and 

highlights the importance of communication with the future 

caregivers [12]. 

 
Table 2: Risk Factors For Medication Errors in the Intensive Care Unit Factors Specific Risk Factors 

 

Patient 

 Severity of illness 

Strongest predictor of ADE 

ICU patients more likely to experience ADE than patients in other units 

 Extreme of ages 

Increased susceptibility to ADEs 

Prolonged hospitalization 

Increased exposure and susceptibility to ADE 

 Sedation 

Patients unable to participate in care and defend themselves against errors 

Medications 

 Types of medications 

Frequent use of boluses and infusions 

Weight-based infusions derived from estimated weights or unreliable determinations 

Mathematical calculations required for medication dosages 

Programming of infusion pumps 

 Number of medications 

Twice as many medications prescribed as for patients in other units 

Increased probability of medication error and medication interactions 

 
 Number of interventions 

Increased risk of complications 

ICU environment 

 Complex environment 

Difficult working conditions make errors more probable 

High stress 

High turnover of patient and providers 

 Emergency admission 

Risk of an adverse event increases by approximately 6% per day 

 Multiple care providers 

Challenges the integration of different care plans 



International Journal of Pharmaceutical Science and Research 

25 

Prevention of Medication Errors 

By avoiding situational risk factors, optimizing the medication 

process safety, and providing strategies to prevent medication 

errors and mitigate their consequences, this can improve the 

medication safety. Several potential strategies have been 

shown to decrease medical error in the ICU (Table 3). To 

improve the safety of the medication process is the safest and 

most efficient means of improving patient safety. Strategies 

that have been shown to decrease the medication error 

include: medication standardization, computerized physician 

order entry (CPOE), barcode technology, computerized 

intravenous infusion devices, and medication reconciliation 
[13].  

 
Table 3: Strategies to Prevent Medication Errors 

 

Optimize the medication process 

1. Medication standardization 

2. Computerized physician order entry and clinical decision support 

3. Bar code technology 

4. Computerized intravenous infusion devices 

5. Medication reconciliation 

Eliminate situational risk factors 

1. Avoid excessive consecutive and cumulative working hours 

2. Minimize interruptions and distractions 

3. Trainee supervision and graduated responsibility 

Oversight and error interception 

1. Intensivist participation in ICU care 

2. Adequate staffing 

3. Pharmacist participation in ICU 

4. Incorporation of quality assurance into academic education 

 

Computerized Physician Order Entry (CPOE) 

CPOE targets the stages of prescription and transcription in 

the medication process. The technology permits clinicians to 

enter an electronic order into a computer system that is linked 

to a hospital clinical information system. The main advantage 

of CPOE include: they can track allergies, recommend drug 

dosages, and provide adjustments for patients with altered 

renal or hepatic function, and identify potential drug-drug 

interactions [14].  

There are some limitations for implementation which include 

provider willingness to adopt the technology, capital costs and 

worries about technical malfunctions and paradoxical 

increases in medication errors at the period of implementation. 

CPOE systems that interface with the pharmacy order 

verification system can be used to remove the problematic 

step of transcription, allows the pharmacists and nurses to 

focus more on clinical responsibilities. All of these 

advancements can help in improving safety and efficiency. 

CPOE technology shows the important distinction between 

error and harm; errors are the intermediate outcome, but the 

ultimate goal is to prevent patient harm. But currently, this 

CPOE technology is not widely used in the majority of ICUs 
[15].  

 

Bar Code Technology 

Bar code technology target the phase of administration in the 

medication process. Bar code technology for medication 

administration provides a double-check which helps to verify 

the medication, dose, route, patient, and dosing time. This 

technique will help to ensure that the correct patient gets the 

correct dose of the correct drug at correct dose by the correct 

route at the correct time. Administration errors have been 

reported to be reduced by 60% [16].  

 

Computerized Intravenous Infusion Device 

In case of intravenous medications, the computerized 

intravenous infusion devices allow the incorporation of both 

CPOE and bar code technology such that this will provide 

infusion rates, standardized concentrations, and dosing limits 

which will help to prevent intravenous medication errors [17].  

 

Medication Reconciliation 

Majority of patient medications are stopped when the patient 

admitted to the ICU. Most of these medications are not 

restarted when patient discharged from the ICU (88%) or 

hospital (30%). Medication reconciliation is the process that 

matches the patient’s current medication regimen in hospital 

against a patient’s long-term medication regimen. A combined 

medication reconciliation program will prevent drug 

withdrawal and which ensure that life-saving medications are 

restarted as soon as appropriate [18].  

Situational risk factors can change provider’s attention and 

which increase the risk of failures. These have to be 

minimized. Additional risk factors represent trainee 

supervision and graduated responsibility that needs to be 

managed. 

Clinical inexperience can also cause errors. When providers 

start in new environments, train them and then provide 

graduated supervision to develop experience [19].  

Physicians, nurses, and pharmacists are integral to medication 

error interception. It has been reported that the decrease in 

medication errors from 22% to 70% by the participation of an 

intensivist in patient care in the ICU, complications by 50%, 

ICU mortality, ICU length of stay, and hospital length of stay 

and to improve patient safety. Similarly, pharmacists have an 

important role in medication safety. First, all intravenous 

medications should be prepared using a standardized process 

and standardized medication concentrations by the 

pharmacists within the pharmacy department. Second, 

pharmacist participation in clinical rounds improves patient 

safety by reducing preventable ADEs by 66% and also 

shortening patient’s length of hospital stay, decreasing 
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mortality, and decreasing medication expenditure [20].  

 

Conclusion 

Drug errors in critical care are common and have serious 

deleterious effects on morbidity and mortality so the patient 

safety is an important health care issue because of the 

consequences of iatrogenic injuries. Medication errors in 

critical care were serious, frequent and predictable. In 

nonmedical settings, human factor research suggests that 

demanding greater vigilance from medical care providers may 

not result in meaningful safety improvement. A more 

promising way to reduce human error is the approach of 

identifying failures and redesigning faulty systems. 
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 ABSTRACT 

Nanoemulsions appeared as a novel drug delivery system which allows controlled or sustained 

release of drug and biological active ingredients. Nanoemulsion is a dispersion consisting of oil, 

surfactant and an aqueous phase, which is an isotropically clear and thermo-dynamically or 

kinetically stable liquid solution, usually with droplet diameter within the range of 1-100 nm. This 

review gives the idea about the nanoemulsions system and provides brief information about the 

method of preparation and evaluation of nanoemulsion as well as various pharmaceutical 

applications of nanoemulsions in drug delivery including parenteral and pulmonary drug delivery, 

cosmetics, cancer therapy, vaccine delivery, formulations for improved oral delivery of poorly 

soluble drug and in cell culture technology. 
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INTRODUCTION 

Nanotechnology is an important field of modern research dealing with design, synthesis and 

manipulation of particles ranging from 1-100 nm. Nanotechnology is emerging and is rapidly 

growing due to its applications in science and technology.
1
Nanoemulsions are the colloidal 

dispersions composed of an oil phase, aqueous phase, surfactant and co surfactant at appropriate 

ratios.
2 

(figure: 1). They are kinetically stable liquid-in-liquid dispersions with droplet sizes on the 

order of 100 nm.
3
 The Nanoemulsions are also referred as submicron emulsion(SME), ultrafine 

emulsions, mini emulsion .It is a appeared as a novel drug delivery system which allows sustained 

or controlled release of drug, biological active ingredient.
4  

These particles are solid spheres and 

their surface is amorphous and lipophilic with a negative charge and can be used to enhance the 

site specificity. They enhance the therapeutic efficacy of the drug and minimize adverse effect and 

toxic reactions of the drug.
5
 

 

Figure 1: Nanoemulsion Droplet 

The major advantages of nanoemulsions as drug delivery systems include increased drug loading, 

enhanced drug solubility and bioavilability, reduced patient variability, controlled drug release, 

and protection from enzymatic degradation. The nanoemulsions of natural products are used for 

several purposes. Three types of Nanoemulsions are most likely to be formed depending on the 

composition.
6
 

 Oil in water Nanoemulsions where oil droplets are dispersed in the continuous aqueous 

phase. 

 Water in oil Nanoemulsions where water droplets are dispersed in the continuous oil phase. 

 Bi- continuous Nanoemulsions where in microdomains of oil and water are interdispersed 

within the system. 

In all three types of Nanoemulsions, the interface is stabilized by an appropriate combination of 

surfactants and co-surfactant.
7
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Advantages of Nanoemulsion 
8 

 Increases the rate of absorption 

 Helps to solubilize lipophilic drug 

 Provides aqueous dosage form for water insoluble drugs 

 Increases bioavailability of active drug 

 Helpful in taste masking 

 Liquid dosage form increases patient compliance 

 Less amount of energy requirement 

 Improved physical stability 

 Non- toxic and non- irritant in nature 

Disadvantages Of Nanoemulsion 
9  

 Use of a large concentration of surfactant and co- surfactant for stabilizing the 

nanoparticles 

 Limited solubilizing capacity for high- melting substances 

 Stability of nanoemulsions is affected by temperature and pH variation 

 The surfactant must be nontoxic for using pharmaceutical applications 

Components of Nanoemulsion
10 

Main three components of Nanoemulsions ( figure : 2)are as follows: 

 Oil 

 Surfactant/Co-surfactant 

 Aqueous phase 

 Additives 

 

Figure 2: Components of nanoemulsions 

Nanoemulsions 

Aqueous 
phase 

Oil 
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Surfactan
t/ co-
surfactant 



Lonappan et. al.,  Am. J. PharmTech Res. 2018;8(2)  ISSN: 2249-3387 

www.ajptr.com  4 

 

Oils 

Oils may be used to solubilize the lipophilic drugs and increases the drug transport. Choice of oil 

component can modulate the topical drug delivery from O/W and W/O Nanoemulsions 
11

. 

Surfactant (Surface active agents) 

Surfactant molecules consist of two parts, polar and nonpolar region. They are classified according 

to the nature of polar group within the molecule into: anionic, cationic, non- ionic & zwitter ionic 

surfactant. Surfactant contribute significantly in the formulation of nanoemulsions by lowering the 

interfacial tension between two immiscible liquids and make them miscible 
12

. 

Cosurfactant 

A single surfactant alone may not be able to reduce the oil/water interfacial tension for preparing 

nanoemulsions, hence arises the need of cosurfactants. They reduce the interfacial tension by 

increasing the fluidity of the interface 
13

. 

Aqueous phase 

The stability of nanoemulsion and size of the droplets may be affected by the aqueous phase. The 

pH and presence of electrolytes in aqueous phase should be given the careful consideration. 

Additives 

Additives used to make the nanoemulsions last for longer periods. 

Factors to be considered in the formation of nanoemulsion 

 The dispersed phase molecules must be insoluble in the continuous phase 

 A flexible interface must be formed 

 The surfactant should be soluble in continuous phase 

 Components should be added in a controlled manner 

Table 1: Formulation ingredients of nanoemulsion 

Components Examples 

Oil Castor oil, Corn oil, coconut oil, Linseed oil, Olive oil 

Surfactants Polysorbate 20,Polysorbate 80, PEG, Sorbitan monooleate 

Co-surfactants Ethanol, Glycerine, Polyene glycol 

Emulgent Natural lecithin from plant and animal source, 

Phospholipids 

Tonicity Modifier Glycerol, Sorbitol, Xylitol 

Additives Lower alcohol(Ethanol), Propylene glycol, Sugars such as 

glucose, sucrose, fructose 

Antioxidants Ascorbic acid, Tocopherol 

 

Methods of Preparation Of Nanoemulsions 
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Various methods are used for the preparation of nanoemulsions including the high-energy and low-

energy emulsification methods and the combined methods are also used (figure:2). Among the 

high-energy methods, the commonly used are high pressure homogenization, high-energy stirring 

and ultrasonic emulsification. Among the low- energy emulsification methods, the attention is 

focused on the phase inversion temperature method, the emulsion inversion point method and the 

spontaneous emulsification method. Using a combined method, which includes the high-energy 

and low energy emulsification, it is possible to prepare the reverse nanoemulsions in highly 

viscous systems.
14 

High pressure homogenization method 

This method is performed by applying a high pressure over the system having oil phase, aqueous 

phase and surfactant or co-surfactant. The pressure is applied with the help of homogenizer and the 

two liquids along with surfactant, co-surfactants are made to pass through a small orifice at high 

pressure (500- 5000 psi) to produce nanoemulsions (figure: 3). Some problems associated with 

homogenizer are poor productivity, component deterioration due to generation of much heat.
15 

 

Figure 3: High pressure homogenizer 

Phase inversion method 

Fine dispersion is obtained by chemical energy resulting of phase transitions occur through 

emulsification method. Phase transition is brought about either by alteration in temperature at 

constant composition or keeping the temperature constant and altering the composition(figure: 4). 

A quick change in temperature (increase or decreasing HLB temperature by 25-30
0
C) prevents 

coalescence and produce stable nanoemulsions 
16

. 



Lonappan et. al.,  Am. J. PharmTech Res. 2018;8(2)  ISSN: 2249-3387 

www.ajptr.com  6 

 

 

Figure 4: Phase inversion method 

Send the figure in to JPG image 

Sonication Method 

In this method the droplet size of conventional emulsion are reduced with the use of sonication 

method (figure: 5). Only small batches of nanoemulsions can be prepared by this mechanism.
17 

 

Figure 5: Sonication method
 

Microfluidization method 

Microfluidizer is used in Microfluidization technology. This device uses a high pressure positive 

displacement pump (500- 20000 psi) to produce fine nanoemulsions. Coarse emulsion is made to 

pass repeatedly through the interaction chamber microfluidiser (figure: 6) till desired size of 

droplets is obtained.
18 
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Figure 6: Microfluidise 

Solvent displacement method 

In this method nanoemulsions can be prepared at room temperature by pouring the organic phase 

containing oil dissolved in a solvent like acetone or ethanol into aqueous phase having surfactants 

(figure: 7). A high ratio of solvent to oil is needed to prepare small sized droplets. This method 

requires additional effort for removal of the solvent.
19 

 

           
Figure 7: Solvent displacement method 

Spontaneous emulsification method 

Nanoemulsions can be produced by this method at room temperature without the use of any special 

device. Water is added stepwise into the solution of oil and surfactant at constant temperature and 

stirred gently to produce O/W nanoemulsions. The spontaneous emulsification method depends 

mainly on: interfacial tension, interfacial and bulk viscosity, phase transition region and surfactant 

structure and its concentration.
20 

Production with high amplitude ultrasound 

Figure 6: Microfluidiser 
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This method is a viable alternative to high pressure homogenization. Intense shear forces necessary 

for the nanoemulsification are generated by the ultrasonic cavitation (figure: 8). This method is 

used in the small scale production of nanoemulsions.
21 

 

Figure 8: High amplitude ultrasound method 

Evaluation Parameters Of Nanoemulsion
22 

Droplet size analysis:  

Droplet size analysis of nanoemulsion is measured by a diffusion method using a light-scattering, 

particle size analyser counter, LS 230. It is also measured by correlation spectroscopy that 

analyzes the fluctuation in scattering of light due to Brownian motion. Droplet size analysis of 

nanoemulsion can also be performed by transmission electron microscopy (TEM). 

Viscosity determination:  

The viscosity of nanoemulsion is measured by using Brookfield-type rotary viscometer at different 

shear rates at different temperatures. 

Dilution test:  

Dilution of a nanoemulsion either with oil or with water can reveal this type. The test is based on 

the fact that more of the continuous phase can be added into a nanoemulsion without causing the 

problem of its stability. Thus, an o/w nanoemulsion can be diluted with water and a w/o 

nanoemulsioncan be diluted with oil. 

Drug content:  

Pre-weighed nanoemulsion is extracted by dissolving in a suitable solvent, extract is analyzed by 

spectrophotometer or HPLC against standard solution of drug. 

Refractive index:  

Refractive index of nanoemulsion is measured by Abbes refractometer. 

pH: The pH of nanoemulsion can be measured by pH meter. 

Zeta potential:  

Zeta potential is measured by an instrument known as Zeta PALS. It is used to measure the charge 

on the surface of droplet in nanoemulsions .
23
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Applications of Nanoemulsions in Drug Delivery 

Nanoemulsions have been applied in various aspects of drug delivery such as parenteral drug 

delivery, pulmonary  delivery of drugs, formulations for improved oral delivery of poorly soluble 

drug, ocular and otic drug delivery, intranasal drug delivery (figure: 9). It is also applied in the 

field of cosmetics and transdermal delivery of drug, cancer therapy, vaccine delivery and cell 

culture technology. 

 

 

 

Figure 9: Different applications of nanoemulsions 

Parenteral Delivery: This is the most common and effective route of drug administration for the 

drug with low bioavailability and narrow therapeutic index. Nanoemulsions are more advantages 

for i v administration, due to the strict requirement of this route of administration, particularly the 

necessity for the formulation droplet size lower than 1 micrometer. Parenteral administration of 

nanoemulsions is used for a variety of purposes like fats, carbohydrates, vitamins etc. 

Nanoemulsions have a longer residence time in the body. Diazepam, Propofol, Prostaglandin E1 

are the some parenteral nanoemulsion formulation have been documented. Both O/w and W/O 

Nanoemulsions can be used for parenteral delivery.
24

 

Nanoemulsion formulations for improved oral delivery of poorly soluble drugs: 

Nanoemulsions formulations was developed to increase oral bioavailability of hydrophobic drugs. 

Nanoemulsions offer the several benefits for oral administration including increased absorption, 
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improved clinical potency and decreased drug toxicity. Nanoemulsions have been reported to ideal 

delivery of drugs such as steroids, hormones, diuretic and antibiotics.
25

 

Topical delivery:  

The nanoemulsions can achieve a level of topical antimicrobial activity that has only been 

achieved by systemic antibiotics. The nanoemulsions has board spectrum activity against bacteria 

and fungi. The use of nanoemulsions in transdermal drug delivery represents an important area of 

research in drug delivery, which enhances the therapeutic efficacy and bioavailability of the drugs. 

It also have many advantages  including high storage stability, low preparation cost, 

thermodynamic stability and good production feasibility.
26

 

Ocular delivery:  

For the treatment of eye diseases, drugs are essentially administered topically. O/W 

Nanoemulsions have been investigated for ocular administration, to dissolve the poorly soluble 

drugs, to increase absorption and to attain prolong release profile. Nanoemulsions increases the 

contact time of the drug in the eyes, this may increases the bioavailability and reduces the need for 

frequent administration leading to improved patient compliance.
27

 

In cosmestics:  

Nanoemulsions are used in cosmetics because there is no inherent creaming, sedimentation 

flocculation, that are observed with macroemulsion. Due to the lipophilic interior, nanoemulsions 

are suitable for the transport of lipophilic drug than liposomes and it support the skin penetration 

of active ingredients and thus increases their concentration in the skin. Another advantage of 

nanoemulsion is the small-sized droplet with its high surface area permits the effective delivery of 

the active ingredients to the skin. The incorporation of potentially irritating surfactants can be 

avoided by using high energy equipment during manufacturing. PEG- free nanoemulsions for 

cometics have also been developed and which exhibits good stability.
28

 

Antimicrobial Nanoemulsions:  

Antimicrobial nanoemulsions are O/W droplets and their size ranges from 200-600 nm. They are 

made by oil and water and are stabilized by surfactant and alcohol. The antimicrobial 

nanoemulsins has a broad spectrum of activity against bacteria like E.coli, Salmonella; viruses like 

HIV, Herpes simplex,etc. When nanoparticles fuses with the pathogens, they release part of the 

energy trapped within the emulsion and which destabilize the pathogen lipid membrane, resulting 

in cell lysis and death.
29 

Nanoemulsions in vaccine delivery:  
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Nanoemulsions used to vaccinate against Human immunodeficiency virus (HIV). There is recent 

evidence that HIV can infect the mucosal immune system. Therefore, developing mucosal 

immunity through the use of nanoemulsions may become very important in the future fight against 

HIV.
30

 

Nanoemulsions in cell culture technology:  

Cell culture are used to produce biological compounds like an antibodies or recombinant proteins. 

For optimization of cell growth, the culture medium can be supplemented with a large number of 

molecules. It has been very difficult to provide the media with oil-soluble substances that are 

available to the cells, nanoemulsions are a new method for the delivery of oil-soluble substances to 

human cell cultures.
31

 

Nanoemulsions in cancer therapy and targeted drug delivery: 

Another interesting application for the nanoemulsion formulations is the controlled and targeted 

drug delivery. Because of their submicron size, they can easily be targeted to the tumor area. The 

development of magnetic nanoemulsions is the innovative approach for cancer therapy. This 

methodology can be used for the treatment of cancer in the form of photodynamic therapy. 
32

 

Pulmonary drug delivery:  

The lung is an attractive target for drug delivery due to noninvasive administration via inhalation 

aerosols, avoidance of first-pass metabolism, direct delivery to the site of action for the treatment 

of respiratory diseases, and the availability of a huge surface area for local drug. Nanocarrier 

systems in pulmonary drug delivery offer the uniform distribution of drug dose in the nose, 

improved solubility of drugs, improved patient compliance and decreases incidence of side 

effects.
33

 

CONCLUSION 

Nanoemulsions provides several advantages for the delivery of drugs and improves the delivery of 

active pharmaceutical ingredients. Nanoemulsions also provides control drug release, increase 

drug solubility, increase bioavailability and reduce patient variability. They are applicable for 

almost all routes of delivery. Thus nanoemulsions of natural products hold promise in 

revolutionising the future of pharmaceuticals, cosmetics, food technology, agricultural and 

biotechnological fields. 
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ABSTRACT 
 

Surgical site infection is the greatest enemy to the success of a surgeon which is a dreaded 

complication that can result in poor outcomes, increased morbidity, prolonged hospital stay, 

escalation of hospital expenditure and mainly constrained relationship between the patient 

and the surgeon, placing an immense economic burden on the patient and the healthcare 

infrastructure. The origin of SSI is multifactorial, where Bacteria may get access to the 

surgical site through both endogenous and exogenous routes, predominantly exogenous 

contact during the first operative exposure. Staphylococcus aureus is the leading cause of 

SSI.  Implants give a niche for such organisms where biofilms offer a safe environment for 

their replication. Various modifiable risk factors are also there such as DM, Obesity, 

Malnutrition etc. The goal of this study was to find out whether nasal carriage of 

Staphylococcus aureus is a major risk factor for surgical site infection in orthopaedic surgery. 
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INTRODUCTION  

  

Surgical site infection is the greatest enemy to the 

success of a surgery. It is a dreaded complication 

following orthopaedic surgery that results in poor 

outcomes, increased morbidity, prolonged hospital 

stay, escalation of hospital expenditure following 

an otherwise excellent piece of craftsmanship 
[1]

. 

Many times this may lead to a constrained 

relationship between the patient and the surgeon. 

Moreover, it causes an immense economic burden 

on the patient and the healthcare infrastructure. 

Recent WHO statistics show that for every 100 

hospitalised patients at any given time, 7 in 

developed and 10 in developing countries acquire 

SSI
[2]

. These figures may be as high as 10-30% in 

centres dealing with critically ill patients. The 

pathogenesis of SSI is multifactorial. Bacteria can 

use the surgical site through both endogenous and 

exogenous routes. Strategies to cut SSI are 

preoperative patient optimisation, perioperative 

protocols, sterilisation and operation theatre 

environment and preparation protocols along with 

surgeon and operation theatre people preparation 

protocols, which based on an intricate 

understanding of the pathogenesis of SSI and the 

role of biofilms. 

Pathogenesis of SSI 

  

The source of the infective agent may be 

endogenous from commensal microorganisms or 

exogenous which includes apparatus, fomites, 

caregivers, etc. The route of infection is mostly 

through direct contact and less commonly via air or 

droplets 
[3]

. Staphylococcus aureus is the leading 

cause of orthopaedic SSI. Methicillin-

resistant strain (MRSA) is prevailed in both 

community and healthcare setting
[4,5]

. Gram-

negative bacilli originate from solutions, fluids and 

invasive devices and viruses originate from blood 

and blood products. Fungal infections in people 

involve Aspergillus spp and Candida albicans. 

Microorganisms coexist on almost all healthy body 

surfaces exposed to the environment
[6]

. The body’s 

innate and adaptive immunity prevent infection 

from these and these defenses are disrupted at 

surgical incision sites due to tissue injury and 

hematoma. Moreover implanted medical devices 

offer a comfort zone for such organisms. The 

interplay between the host defense, microbial 

virulence and exist an attachment surface find the 

progress of the infection. Once infection sets in, the 

antimicrobial therapy that being instituted controls 

the planktonic phase of these organisms which is 

the individually thriving, free-floating phase that 

induces acute illness
[7]

. Biofilms which are 

polymicrobial, sessile, community-based 

aggregations within a self-secreted 

matrix
[8,9]

 exhibiting a radically altered phenotype 

of growth, gene expression, and protein production 

compared to taxonomically same planktonic 

organisms
[10,11]

. Planktonic organisms are a 

transient population which is susceptible to host 

defenses and antimicrobial since biofilms offer a 

safe environment for microbial replication
[12,13]

 .  

 

Abiotic and devitalized biotic surfaces which are 

coated in host extracellular matrix adhere the 

planktonic microbes. As replication of these 

microbes proceeds, an altered host humoral 

response and quorum sensing compound induced 

altered microbial gene expression cause biofilm 

production, host immune cell lysis and localized 

tissue destruction. With further expansion as the 

nutrients become limited in supply a phase of 

lowered metabolic activity ensues which cause 

tolerance to antimicrobial agents that act via 

synthesis of cell walls, nucleic acids or proteins.  

 

Kim et al. reported that the patients themselves 

bring the microorganisms responsible for SSI
[14]

, 

primarily Staphylococcus aureus found in their 

anterior nares. Lee et al. found in their nested, 

matched case-control study that the most common 

causative microorganism of orthopedic SSI is 

staph. aureus  (MRSA), followed by coagulase-

negative staphylococci, and E. Coli
[15]

. Berbari et 

al. revealed that staph. aureus was the most 

common microorganism causing PJI
[16]

.
 
Whereas 

Phillips et al.  found in their prospective survey that 

deep prosthetic infections are most commonly 

caused by coagulase-negative Staphylococcus, 

followed by staph. aureus as well as enterococci 

and streptococci. Staph. aureus was identified to 

affect 50% of the cases of SSI after hip 

arthroplasty 
[17]

. Kalmeijer et al. also revealed that 

staph. aureus affected half of the cases of SSI after 

orthopaedic surgery; 36 % of all orthopaedic SSI 

cases were superficially incisional, and 71% of all 

orthopaedic SSI cases were deeply incisional
[18]

. 

Identification of pathogenic organism 

 

The identification of pathogenic organisms 

implicated in biofilms is however extremely 

difficult to isolate. Biofilms are having extremely 

small foci of organisms causing a large area of 

surrounding inflammation and may be easily 

missed during biopsies. It is also difficult to 

liberate the microbes from these biofilms and even 

if done, it may actually resemble the planktonic 

variety with a lot of different characteristics. 

Moreover, conventional cultures are unable to grow 

the sessile phenotypes especially the persisters 

thereby yielding false negative reports. Newer 

methods used for direct identification of microbes 

in biofilms using PCR, DNA array, RNA, FISH 

probes, ELISA, phase contrast microscopy, etc are 

still investigational. The acute symptoms of SSI are 

due to the rapid growth of planktonic organisms 

and the host responses, however, if abiotic or 
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compromised tissue surfaces are present soon the 

sessile or biofilm phase ensues which can only be 

eradicated with surgical removal of devitalized 

tissue and implant.  

Staphylococcus aureus 

  

Two strains of S aureus that cause orthopaedic SSI 

are the methicillin-sensitive and MRSA. They may 

colonize on the skin surface. MRSA is 

associated with increased morbidity, mortality and 

hospital stay. Nasal carriage is the commonest site 

of colonization of S aureus and it is strongly 

associated with skin carriage and such patients are 

two to nine times more likely to develop SSI 
[19]

. 

Several studies have shown it as the only 

independent risk factor in orthopaedic SSI
[20]

. 

Nasal screening has shown to detect 66% of 

carriers and joined nasal and perineal swabs have 

improved detection rates up to 82%. The most used 

protocol is topical intranasal mupirocin ointment 

twice daily and Chlorhexidine body washes for 5 

days immediately before surgery along 

with preoperative antibiotic prophylaxis and 

patients with MRSA additionally receive 

Vancomycin. 

  

Nasal carriage of S aureus is spotted as a risk factor 

for SSI approximately 4 decades ago in several 

excellent studies. 

 

Prevention of orthopaedic SSI: Once the risk 

factors for SSI in orthpoaedics are identified, rapid 

prevention of such risk factors can 

be done 
[20]

. Gheiti et al. added that the idea of 

improving the patients' health before surgical 

intervention is important to reduce the risk of SSI. 

They also emphasized screening 

for MRSA in orthopaedic patients, the necessity for 

smoking cessation, use of staples for wound 

closure instead of traditional suturing, blood 

transfusion only when indicated, and control of 

blood glucose  

level preoperatively and postoperatively 
[21]

.  

 

Rutan et al. recommended monitoring of the blood 

glucose every two hours during the surgery if 

the surgery lasts for more than two hours, 

especially if the patients' preoperative blood 

glucose level was more than 110 mg/dL and to set 

up protocol for monitoring blood glucose 

level postoperatively for the patients having blood 

glucose level of more than 180 

mg/dL 
[22]

.  Spahn suggested managing the anemia 

by iron and erythropoietin supplementation instead 

of allogenic blood transfusion in order 

to reduce postoperative complications such as 

SSI 
[23]

.  Daines et al. recommended to initiate the 

first dose of antibiotics within 60 minutes before 

making the surgical incision, discontinuing the 

prophylactic antimicrobial therapy within the first 

24 hours postoperatively, limiting the number of 

healthcare personnel exiting and entering the 

operating room to decrease the level of airborne 

microbial contamination and replacing prolonged 

wound drainage with irrigation 
[24

]. Namba et al. 

 focused on optimizing patient body weight and 

controlling diabetes mellitus to decrease rates of 

deep SSI after total knee arthroplasty 
[25]

. The 

preventive strategies for orthopaedic SSI are 

summarized in the table.  

 

Preventive strategies for orthopaedic SSI 

1. MRSA screening.  

2. Administering intranasal mupirocin for nasal 

carriers of staph. aureus.  

3. Using clindamycin and vancomycin fo patients 

with MRSA or for patients with β-lactam allergy. 

 4. Use of cefazolin or cefroxamine as antibiotic 

prophylaxis and adjusted according to obesity.  

5. Smoking cessation. 

 6. Optimizing patient body weight.  

 7. Using chlrohexidine to prepare patient skin 

preoperatively at night before the surgery and in 

morning of the surgery.  

8. Use of staples for wound closure.  

9. Use of clippers instead of razors for hair 

removal.  

10. Use of Chlorhexidine- alcohol rather than 

Povidone- iodine in cleansing surgical site. 

 11. Control of operating room traffic.  

12. Irrigation of wound needing prolonged 

drainage.  

13.  Establishing protocols for controlling blood 

glucose levels preoperatively and postoperatively. 

 14. Optimal timing of administering and 

discontinuing prophylactic antibiotic therapy.  

15. Blood transfusion only when indicated, 

treatment of anemia with iron and erythropoietin to 

replace blood transfusion as an option for anemia 

management.  

  

Diagnosis of surgical site infections 

The inflammation related to local procedural 

trauma causing pain and discomfort in the 

perioperative period may be confounding. The 

presence of clinical signs such as fever, erythema, 

warmth and incision site wound drainage may be 

important clues to the presence of infection. 

Chronic infection, on the other hand, is a diagnostic 

dilemma because the symptoms are typically 

indolent and less severe and in the presence 

of orthopaedic hardware differentiating infection 

from adverse local tissue reactions and mechanical 

or hardware failure can be challenging. Laboratory 

parameters such as leukocytosis and elevated C-

reactive protein levels and erythrocyte 

sedimentation rates can be useful in the chronic 

setting, however, these parameters are nonspecific 

in the immediate perioperative period when they 

can be elevated due to inflammation. 
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 Histologic and microbiologic analysis of soft-

tissue specimens is the definitive standard for 

diagnosis of postoperative infection but sampling 

may sometimes be complex, invasive or 

contaminated yielding a low sensitivity and 

specificity rates. Image-guided aspiration of soft 

tissue collection or biopsy are options but biopsy 

carries the risk of artificial introduction of infection 

apart from yielding low positive rates. Imaging is 

the cornerstone of diagnosis of SSI and apart from 

confirming the diagnosis, it also provides details 

about the extent, severity and any associated 

complications. It provides an objective and 

longitudinal method of monitoring treatment. Plain 

radiography though easily accessible, findings lag 

behind the clinical disease. The initial loss of fat 

planes is followed by signs of osteomyelitis 

appearing 7 to 10 days later and signs of chronic 

osteomyelitis appearing still later. The effects of 

surgery such as cortical irregularity and 

the periosteal reaction can mimic osteomyelitis on 

radiographic findings.   

 

Periprosthetic lucency on radiographs also can 

be due to aseptic loosening or 

infection. Arthrography with  

either ultrasonographic or fluoroscopic guidance 

can help evaluate joint infections. By taking two 

separate joint aspirates: a native sample if the fluid 

is present and a lavage sample using injected 

contrast material the incriminating organism can 

be detected. CT facilitates visualization of subtle 

erosive changes and periosteal reaction in acute 

osteomyelitis and bony sequester in chronic 

osteomyelitis that can be masked 

by postoperative changes and hardware on 

radiography [26]. Intravenous contrast material 

may help define focal sinus tracts and abscess 

which typically demonstrate thick, sometimes 

irregular rim enhancement although MRI better 

delineates soft tissue infections. Currently, MRI is 

the premier modality for 

diagnosing postoperative infection because of 

superior soft-tissue contrast and inherent ability to 

define the anatomic extent of osseous and soft 

tissue infection. In the postoperative setting, fat-

saturated, fluid-sensitive sequences such as short 

tau hyper inversion recovery(STIR) are 

used to identify edema patterns within soft-tissue 

and osseous structures and to differentiate 

simple cellulitis from more complicated soft-tissue 

and/or osseous infection 
[27]

. The absence of signal 

abnormality on STIR images almost excludes the 

presence of infection 
[28]

. Gadolinium-enhanced, 

fat-suppressed TI-weighted sequences can 

distinguish between edematous and necrotic tissue 

and can identify the presence and extent of fluid 

collections and sinus tracts. Even when 

osteomyelitis can be diagnosed using radiography 

and/or CT, MRI may be vitally important in the 

detection of an intraosseous abscess, which often 

requires surgical debridement and not simple 

intravenous antibiotic therapy. 

 

Diabetes mellitus and SSI  

 Hyperglycemia can adversely affect humoral and 

cell-mediated immunity impairing the neutrophil 

function. Glycated hemoglobin along with micro 

and macrovascular disease impairs tissue oxygen 

delivery, inhibition of fibroblast proliferation and 

collagen synthesis during wound 

healing. Perioperative hyperglycemia in non-

diabetics (2 or more measurements of 

≥200mg/dl) is also associated with incidence of 

SSI. The precise thresholds are not established but 

most guidelines 

recommend preprandial and postprandial levels 

of 90-

130mg/dl and 180mg/dl respectively and hba1c lev

els less than 7% in elective surgeries 
[ 29]

 . Fasting 

blood sugars and urine for ketones should 

be checked on the day of surgery. 

In emergency setting, random blood sugars should 

be optimized to less than 200mg/dl. 

 

CONCLUSION  

SSI in orthopaedic surgery is a major complication 

that results in physical limitations and delayed 

recovery from orthopaedic surgical intervention. 

Therefore it is important to show risk factors and 

causative agents for orthopaedic SSI so that proper 

prevention strategies can be implemented. The 

incidence rates of orthopaedic SSI ranged from 0.7 

% to 8%; even though it is a small percentage, 

it will reflect on hundreds of patients suffering 

from delayed healing, increased treatment costs and 

extended hospital stay. Orthopaedic SSI is caused 

by a number of microorganisms, the most prevalent 

of which is Staphylococcus aureus. Prevention 

of orthopaedic SSI requires evaluating patient's 

health status and establishing protocols and policy 

to manage the risk factors of orthopaedic SSI.
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Abstract: Novel drug delivery system (NDDS) refers to the approaches, formulation, 

technologies and systems for transporting a pharmaceutical compound in the body as 

needed to safety achieve its desired therapeutically effects.  Novel drug delivery system 

have got several advantages like   delivering drug at optimum dose , reduction in the 

production cost, better therapy. Nanomiemgel is one of the NDDS, which utilizes the 

“multi absorption mechanism” concept. It consist of two matrix namely, Nano emulsion 

and Nano micelle. There are several methods for the preparation of these two matrices. 

These novel drug delivery systems have broad applicability in the field of pharmaceutics.  

Keywords: NDDS, Nanomiemgel, Nano emulsion, Nano micelle. 

 

INTRODUCTION 

               Nanotechnology is the field that contain the studies related to Nano sized and 

nanostructured materials, their functions and performers with respect to medicinal and life 

science systems. The role of nanotechnology in the field of pharmaceutics has incredible 

changes in the way of understanding about the Nano drugs and the uses of nanoparticles 

as carrier of drug have become the basic criteria for the production and design of a drug. 

Nowadays most of the pharmaceutical companies are approaching to designing new 

pharmaceutical dosage forms of existing drugs rather than discovering a new drug 

product. Utilization of the existing resources of marketed and patented drug substances 

with known therapeutically effects, and modifying their pharmaco- therapeutically 

characterisation by incorporating a suitable drug delivery system has been the goal of 

recent pharmaceutical development [1]. 

 

Topical drug administration is the favoured 

route for local delivery of therapeutic agents due to its 

convenience and affordability [2]. Topical drug delivery 

is one of the attractive choice for the treatment of the 

cutaneous infections due to its advantages such as 

targeting of drugs to the site of infection and reduces 

the risk of systemic side effects [3]. One of the most 

promising drug delivery system in nanotechnology for 

enhancing skin permeation of the drugs is the micro 

emulsion and Nano emulsion system [4]. Nano 

emulsion are emulsions with thermodynamically stable 

transparent dispersion of oil in water stabilized by an 

interfacial film of surfactant and co-surfactant 

molecules with droplet size less than 

1000nm.Nanomiemgel is a novel drug delivery system 

which utilizes the Multi Absorption Mechanism 

(MAM) concept and broad applicability. Nanomiemgel 

consist of a two types of matrixes A and B. Matrixes A 

comprise the Nano emulsion and Matrixes B comprises 

Nano micelles [5].  

 

NOVEL DRUG DELIVERY SYSTEMS 

Novel drug delivery system (NDDS) refers to 

the approaches, formulations, technologies, and systems 

for transporting a pharmaceutical compound in the body 

as needed to safely achieve its therapeutic effects [6].
 
 

 

Table-1: Advantages of NDDS
 
[7] 

a) Availability of Versatile carriers 

b) Protection to drug molecules 

c) Biocompatible 

d) Interaction with skin components 

e) Loading of variety of drugs 

f) Modification in physicochemical properties 

g) Intact penetration 

h) Passive targeting 
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The conception of the concept of NDDS can be 

linked to the drug molecule as “Magic bullet” which 

can hit the particular site, only to exhibit the effect. 

 

 
Fig-1: Various mechanism of penetration of drug loaded NDDS across skin 

 

As shown in (Figure-1), these carriers interact 

with skin components and effectively deliver the loaded 

drug  depending on their compositional attributes to  the 

various layer of the skin by one or many processes [8].  

 

TOPICAL DELIVERY THROUGH SKIN 

Human skin is a well-organized membrane and 

it has main three layers, which are called as epidermis, 

dermis and hypodermis. (Figure-2) shows the anatomy 

of human skin, Stratum corneum, the outermost layer of 

skin, is an effective barrier for penetration of drugs in to 

the deeper layer of the skin [9].  Topical delivery is an 

attractive choice for the treatment of fungal infection 

due to it’s advantageous such as targeting of drugs to 

the site of infection and reduces the systemic side 

effects. 

 

 
Fig-2: Human skin Anatomy 

 

Skin disorders afflict millions of people daily. 

These can be categorized as bacterial, fungal, viral and 

autoimmune. Topical delivery to the skin surface is 

continually being explored for the local treatment of 

these diseases [10]. However resistance to permeability 

for most of the exogenous substances (drug /active 

moiety) represents a major challenge in designing the 

topical drug delivery system. Alteration in skin 

permeability and its barrier properties with the disease 

condition make it hard to fabricate an efficient topical 

drug delivery [11]. 

 

METHOD OF PREPARATION 

Nanomiemgel   mainly utilizes the Multi 

Absorption Mechanism concept and has high broad 

applicability .Nanomiemgel consist of two types of 

matrixes A and B. Matrix A comprises the Nano 

emulsion and matrix B comprises the Nano micelle. 
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 Preparation methods of Nano emulsion  

Various methods for their preparation 

including the high energy and low energy 

emulsification and the combined methods are reviewed. 

 

HIGH PRESSURE HOMOGENIZER 

In a high pressure homogenizer, the dispersion 

of two liquids (oily phase and aqueous phase) is 

achieved by forcing their mixture through a small inlet 

orifice at very high pressure (500 to 5000 psi), which 

subjects the product to intense turbulence and hydraulic 

shear resulting in extremely fine particles of emulsion. 

Advantage: produce Nano emulsion of extremely low 

particle size (up to 1nm). Disadvantage: high energy 

consumption and increase in temperature of emulsion 

during processing. 

 

MICROFLUIDIZATION 

Micro fluidization technology makes use of a 

device called “micro fluidizer”. This device uses a high 

pressure positive displacement pump (500 to 20000 

psi), which forces the product through the interaction 

chamber, which consists of small channels called micro 

channels. The products flow through the micro channels 

on to an impingement area resulting in very fine 

particles of sub-micron range. 

 

PHASE INVERSION METHOD 

Fine dispersion obtained by chemical energy 

resulting of phase transition occur through 

emulsification method. The adequate phase transition is 

produced by changing the composition of constant 

temperature or by changing the temperature at the 

constant composition. 

 

SONICATION METHOD 

In this method the droplet size of the 

conventional emulsion are reduced with the help of 

sonication mechanism. Only small batches of Nano 

emulsion can be prepared by this method [12]]. 

 

PREPARATION METHODS OF NANO-MICELLE 

Generally micelles are prepared by various 

methods which are divided in to major groups including 

simple dissolution method, dialysis method, oil in water 

emulsion, solvent evaporation method and 

lyophilisation or freeze drying method. 

 

DIRECT DISSOLUTION METHOD 

It is a frequently employed method for the 

micelle preparation from copolymers with relatively 

high water solubility. This   method involves dissolving 

the drug and blocks the copolymers directly in the 

aqueous media. This method is generally employed for 

moderately hydrophobic polymers such as poloxamers 

and formulates polyion complex micelles. 

 

DIALYSIS METHOD 

This method employed for the micelle 

preparation from amphiphilic copolymers with low 

water solubility. The drug loading procedure ia also 

useful for copolymers which require a common organic 

solvents to solubilize. In the case of water miscible 

organic solvents, the copolymers mixture can be 

dialyzed against aqueous medium (water) to produce 

micelles due of the organic solvents [13]. 

 

SOLVENT EVAPORATION METHOD 

In this method both the copolymers and active 

agent are dissolved in a common solvents or the mixture 

of the miscible solvents. The drug copolymers film is 

formed upon stirring and drying the mixture. Micelle is 

spontaneously formed when the film is reconstituted 

with warm water or buffer. The samples may be 

sonicated or passed through a high pressure extruder to 

prevent multimodal size distribution. 

 

LYOPHILIZATION METHOD 

This method is to formulating micelles by the 

dissolution of both the copolymers and the drug in a 

mixture of aqueous and organic solvent. 

Dimethylacetamide and tert-butanol have generally 

employed as a copolymers because of their high vapour 

pressure which offers by the rapid sublimation followed 

by lyophilisation. The micelles also demonstrate 

adequate shelf- life along with high water dispersidility 

[14]. 

 

NOVEL NANOMIEMGEL IN DRUG DELIVERY 

Nanomiemgel is a novel drug delivery system 

through a novel formulation strategy, which utilizes the 

multi absorption mechanism concepts and has high 

broad applicability. Nanomiemgel   is prepared by using 

two types of matrixes. The   two types of matrixes 

comprise Nano emulsion and Nano micelles. The Nano 

emulsion is prepared by high pressure homogenization 

method and Nano micelle was prepared by solvent 

evaporation method [15]. 

 

PHARMACEUTICAL APPLICATIONS 

In the novel drug delivery system, there are 

various novel carriers which have advantages over the 

conventional dosage forms. Conventional dosage forms 

show high dose and low availability, instability, first 

pass effect, plasma drug level fluctuations and rapid 

release of the drug.it minimize problem by enhancing 

efficacy, safety, patient compliance and product shelf 

life. 

 

NANOEMULSION 

Nano emulsion is more advantages for the iv 

administration. Both o/w and w/o Nano emulsion 

system can be used. The Nano emulsions are cleared 

more slowly than coarse particle emulsion and therefore 

have a longer residence time in body.  Parenteral Nano 

emulsion formulations such as carbamazepine, 

diazepam, dexamethasone etc are documented [16].
 

Nanoemulsion is mainly used as a vehicle system for 

brain targeted drug delivery. It can be loaded with drugs 

like risperidone, rizatriptan etc, are very useful in the 
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treatment of CNS disorders like Parkinson’s, migraine, 

meningitis [17].
 

Nanoemulsion is also increase the 

contact time of the drug in the eye. Its offers high 

ability of drug penetration in to deeper layers of the 

ocular structure and aqueous humor. Nano emulsion 

loaded with dorzolamide Hcl shows high therapeutical 

efficacy and prolonged effects [18]. 
 
Nano emulsion is 

mainly act as vehicle for targeted drug delivery of 

various aqueous insoluble anti-cancer drugs, 

photosensitizers and diagnostic agents for cancer 

therapy. Magnetic Nano emulsion is an innovative 

approach for cancer therapy. They can deliver 

photosensitizes like Foscan to the deep layers across the 

skin thereby reducing hyperthermia [19].
 

Nano 

emulsion was developed to increase oral bioavailability 

of hydrophobic drugs .High concentration of paclitaxel 

was observed in the systemic circulation when it is 

formulated in Nano emulsion forms [20].
 
Nano sized 

emulsion are able to easily penetrate the pores of the 

skin and reach the systemic circulation.it able to 

controlled the locally applied drug redistribution 

through cutaneous blood and lymph vessel system. W/o 

emulsion of caffeine, indomethacin, aceclofenac etc. 

have developed for transdermal drug delivery [21].
 

 

NANOMICELLE 

Nanomicellar approach can be used for topical 

delivery of different small molecules as well as several 

genes to the anterior segment of the eye. Its mechanism 

is that Polymeric and surfactant micelle improves 

penetration of topically applied drugs through the 

cornea and hence enhancing ocular bioavailability. 

Nano micelle entrapped with Dexamethasone is 

suggested as a potential colloidal drug carrier for ocular 

drug delivery [22].
 

Nanomicellar was developed to 

increase oral bioavailability of poorly water soluble beta 

blockers. carvedilol (CAR) is a poorly water soluble 

beta blockers. If it is encapsulated with Nano micelles 

could improve drug solubility, allowing the 

development of a paediatric liquid CAR formulation 

with commercially available polymers [23].
 

Nano 

micelle enhanced the anti-cancer effect of pure drug 

arenobufagin (ABG).Cellular uptake of ABG control 

specific clathrin-medicated endocytosis, it improve the 

drug pharmacokinetics with an increased area under the 

curve and decreased elimination clearance [24]. 

 

CONCLUSION
 

Conventional topical formulations are not able 

to provide prolonged drug release and also associated 

with many side effect like gastric irritation, nausea, 

vomiting, bleeding etc. the Nanomiemgel comprising 

Nano emulsion and Nano micelle enhanced the skin 

permeation by trans locating the nanoparticles across 

the deeper skin layers by improving the skin contact 

time and it forms a thin layer on the skin surface. It 

remains adhered to the effected part for a longer period 

without getting rubbing and it’s provide sustained drug 

release and improve the patient compliance. 
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ABSTRACT 

Studies indicate that written information is very effective in improving 

patient compliance and therapeutic outcome. Patient knowledge of less 

commonly known information, such as precautions, side effects, or 

special directions can be improved by using written information. One 

study suggests that patients may be more ready to report side effects to 

a health professional if they are included in the leaflet. Educating 

patients about prescription drug therapy is a very important content of 

health care. Several programs have been introduced to counsel patients 

about prescription drugs. An important component of many of these 

programs is the use of patient information leaflets. These leaflets can 

improve patients’ knowledge and satisfaction. For acute conditions, short-term PILs can 

improve adherence to treatment. For chronic diseases, invasive procedures or screening 

situations, their effect on adherence varies depending on how the PILs are given and the 

invasiveness of the intervention. This review article is focussed on the effect of PILs on 

patients, physicians, and therapy irrespective of the condition. 

 

KEYWORDS: Patient information leaflet, Therapy, Adherence. 

 

INTRODUCTION 

It is well known that patients forget or misunderstand much of what is discussed during a 

consultation.
[1]

 This was identified early as 1972 and recently as 1997.
[2] 

One study showed 

that an average, patients had forgotten half of what the doctor had told to them within 5 

minutes of leaving the consultation room. People may only retain about 20% of what they 
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hear, but this may increase by up to 50% if there is extra visual or written input. The humble 

leaflet remains the most widely used method for conveying health information.
[3]

 Since the 

1970s, various authors have investigated the use of Patient Information Leaflets (PILs) and 

they are helpful for patients, particularly as they improve recall of what was said during the 

consultation.
[4] 

Although more information is available on the internet, but the patients 

continue to ask for more written information. Although health-care institutions and the 

research community have developed guidelines to help create PILs,
 
the use of these is rarely 

reported by the medical and research community.
[5]

  

 

BEST USE OF LEAFLETS 

It has been argued that one of the most important aspects of a good leaflet is that it needs to 

be noticed.
 
The glossiest and the most colorful may perhaps have the highest profile. 

Evidence suggests that it is the one placed in the hand by the health professional that is 

noticed the most, read most and has the most benefit. Leaflets should not solely leave lying 

around in the hope that the right person may notice them and pick them up.
[6]

 Written 

information should be targeted at those who would most benefit from them as part of their 

planned health care programme, and those who give it should be confident of its quality. 

Although leaflets need to be simple to be understood by most of the people, a style which is 

too simple.
[7]

 One study showed that documents edited to make them easier to read often 

became less interesting, with readers preferring the original versions.
[8] 
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Figure 1: Theoretical model representing effect of PILS on patients and their 

physician. 

 

EFFECT OF PIL ON PHYSICIAN 

Patient information Leaflets should be distributed by the physician during the consultation. 

The simple act of giving some written information may enhance the doctor-patient 

relationship. They must be considered in the same way as a medical prescription.
[9]

 Improved 

education of patients may increase their self-reliance and reduce repeat consultations for a 

recurring problem. Three of four studies mentioned that the prescription of antibiotics in 

primary care showed significant reductions in the number of prescriptions for groups 

receiving leaflets.
[10]

 Among the reviews De Bon et al looked at the physician’s prescribing 

behavior, their behavior has a direct effect on the patient in the quality of care(reduction in 

the number of redundant prescriptions) and on public health (through costs incurred).
[11] 

For 

long-term treatments, physicians should follow other educational tools to supplement PILs. In 



www.wjpps.com                               Vol 7, Issue 6, 2018. 

 

 

583 

Anju et al.                                     World Journal of Pharmacy and Pharmaceutical Sciences 

a study of backache in general practice, the use of an educational leaflet was associated with 

a reduction in the number of patients re-consulting with backache.
[12] 

A more recent study 

showed that a leaflet issued to patients with respiratory infections reduced their re-

consultation rates. It will increase self-care, reduce prescribing and lower the physician 

burden on health services.
[13]

 Chadwick and Kemple suggest that some leaflets may be good 

homework for patients between consultations.
 
Giving a leaflet on depression to read before a 

follow-up appointment to discuss treatment. Ideally, the written leaflet to take home should 

have reflected what has been discussed in a consultation.
[14]

 Doctors may be reassured that a 

leaflet from a reputable source will consistently include a standard amount of information 

which has previously been thought through in detail.
[15]

  

 

EFFECTOF PIL ON PATIENTS 

PILs can improve the adherence of patients to treatment but patients want to be informed 

even if they do not ultimately follow recommendations.
[16] 

Patients look at written 

information that will help in decision making, starting with as to whether to follow a 

particular treatment or not. For common diseases such as acute otitis media, burns, low back 

pain PILs improve treatment adherence and adherence to lifestyle. Some authors state that 

improving the behavior of the patient is not the role of PILs and that the patient’s choice also 

should be considered.
[17]

 In the context of screening, PILs can lead to acceptance or 

potentially to refusal to undergo an examination. For example, one study showed that PILs 

could improve consent to screening with a prostate-specific antigen test but did not improve 

the acceptance of screening involving a digital rectal examination. Another study shows that 

before a colonoscopy, they were used for obtaining patient consent. An informed choice can 

lead a patient to not take a drug.
[18]

 Due to their potential influence in decision making, PILs 

must be thoughtfully provided and used with care. PILs can improve adherence to medication 

and advice PILs also decrease the number of repeat visits to the primary care physician. The 

effect of PILs on behavior depends on the clinical situation.
[19]

 For example, in the case of 

lower back pain the instructions given by the leaflet boosted patient confidence, and 

improved beliefs in the effectiveness and adherence to short-term exercises but did not 

improve the rate of attendance at appointments. Aujoulat et al. introduced the concept of 

behavioral kinetics in adhesion to treatment depending on the patient, the context, the 

pathology and the physician; the patient’s behavior can change over time.
[20]

 Thus, a single 

endpoint measurement for patients with chronic disease may fail to detect inappropriate 

behavior. Patients who want to know the medicine and who are not satisfied with a doctor’s 
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explanation were the most interested in reading PILs.
[21] 

In case of OTC drugs, the majority 

of patients paid greater attention to PILs. They say that using more medicines would make 

them read PILs. There was an interesting common statement that respecting the PILs depends 

upon the medication.
[22]

 Antibiotic PILs are well respected. Some of the patients also 

respected PILs in order to get the desired therapeutic outcomes. Good information leaflets 

can reduce anxiety and do not result in an increase of side effects from treatment. Written 

information also aids to recall of advice.
[23]

 This may improve compliance or concordance 

with treatment. Leaflets can be referred to by patients away from the stressful environment of 

the consultation room to refresh and review their knowledge at all stages of their condition. 

Evidence also suggests that information leaflets contribute to a better outcome of illness in 

better-informed patients.
[24]

  

 

EFFECT ON THERAPY 

For cancers, PILs decrease levels of anxiety.
 
It has been noted that for cancer patients, 

information must be tailored to the needs of the individual patient to achieve better outcomes. 

Drug PILs can even reduce the occurrence of side-effects. For patients who had suffered a 

stroke, Forster evaluated the effect of all types of information (PILs, information booklets, 

videos, educational sessions or reading lists) from 21 Randomized Clinical Trials. The 

information was classified into two categories: active or passive. The active information 

reduces the levels of anxiety and depression, without reducing the number of cases of 

depression. In contrast, passive information increased anxiety.
[25]

  

 

CONCLUSION 

PILs can improve patient’s knowledge, satisfaction and induce better adherence to treatment, 

diet and lifestyle advice. Both individual health professionals and health services have 

significant opportunities to improve health communication. Health professionals can actively 

guide and support patients to get high-quality sources of information. The main contexts for 

the use of PILs are in acute common conditions, where the patient can suffer from lack of 

information. For chronic diseases, invasive procedures or screening situations, the effect on 

behavior depends largely on the type of clinical situation and the invasiveness of intervention. 

The results of these studies indicate that patients most appreciate information on drugs that 

are given by the experts in personal contact. This review of reviews provides an overview of 

the effect of PILs on patients irrespective of their condition and also considering specific 

situations. It remains for research teams to work on the elaboration of generic scores 
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independent of the clinical situations so as to allow better comparison between PILs and to 

set clear guidelines for their usage.  
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I. INTRODUCTION 

 

Heterocyclic compounds have exhibited considerable 

significance in novel drug design. Compounds having five 

membered heterocyclic ring systems such as thiazole, oxazole, 

imidazole, oxadiazole and thiadiazole have demonstrated 

numerous bioactivities. Thiadiazole is a chemical moiety that 

contains two nitrogen atoms and one sulfur atom as 

heteroatoms. Thiadiazole ring exists in four isomeric forms 

which are 1,2,3-thiadiazole, 1,2,4,-thiadiazole, 1,2,5-

thiadiazole and 1,3,4-thiadiazole. 1,3,4-thiadiazole, a 

fascinating pharmacophore,  is a weak base because of the 

inductive effect exerted by the sulfur atom and possess 

relatively high aromaticity. Of these four isomeric forms 

1,3,4-thiadiazole have displayed a broad spectrum of 

biological activities such as antimicrobial, anticancer, diuretic, 

antioxidant, anticonvulsant and anti-inflammatory activity
(2)

. 
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N N

1,2,3 - thiadiazole 1,2,4 - thiadiazole 1,2,5 - thiadiazole 1,3,4 - thiadiazole

Figure 1: Isomeric forms of thiadiazole ring 

Number of drugs currently available in the market having 

1,3,4-thiadiazole nucleus are: methazolamide  and 

acetazolamide, diuretics that exert their action by inhibition of 

the enzyme carbonic anhydrase. Some other drugs of the same 

moiety are megazol, an antiparasitic drug and first-generation 

cephalosporins, cefazolin and cefazedone and azetepa an 

antineoplastic drug.  
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Abstract: Several thiadiazole derivatives were synthesized and their diverse biological activities have been studied over 

the years. Of these thiadiazole derivatives, 1,3,4-thiadiazole has proved to be a promising moiety in the novel drug 

development. They were synthesized by the cyclisation of various acylhydrazines and thiohydrazines. The derivatives 

disclose a number of biological activities such as antioxidant, anticancer, anti-inflammatory activities. This review is 

intended to study the synthesis, chemistry and biological activities of 1,3,4-thiadiazole  derivatives.   

 

Keywords: 1,3,4-thiadiazole, anticancer, antimicrobial, anti-inflammatory. 
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Figure 2: Drugs containing 1,3,4-thiadiazole ring 

 

 

II. SYNTHESIS OF 1,3,4-THIADIAZOLE 

 

1,3,4-thiadiazole derivatives are mainly synthesized from 

acylhydrazines and thiohydrazines. The cyclization of 

acylhydrazines gives 1,3,4-thiadiazole. The commonly used 

acylhydrazines are N,N’-diacylhyrazines and 

monoacylhydrazines. The thiohydrazines used for the 

synthesis of 1,3,4-thiadiazole are thiosemicarbazide, 

thiocarbazide, bithioureas, dithiocarbazates, and 

thioacylhydrazines. 

 

A. FROM ACYLHYDRAZINES 

 

The synthesis of 1,3,4-thiadiazole from acylhydrazines is 

mainly by the sulfuration of the acylhydrazines using 

phosphorous sulfide reagents like P2S5 and Lawesson’s 

reagent. But these methods have the disadvantages of 

formation of intractable byproducts and need a lot of hard 

conditions for the synthesis of 1,3,4-thiadiazole derivatives. 

R1 NH
NH R2

O

O

Diacylhydrazines

R1 NH
NH R2

S

S

R1 NH
NH2

S

R1 NH
NH2

O

S

N N

R1

R2

Acylhydrazines 1,3,4 - thiadiazole

Figure 3: Scheme for the general preparation of 1,3,4-

thiadiazole from acylhydrazines 

In acylhydrazines, acid hydrazides and carboxylic acids 

are used for the synthesis of 1,3,4-thiadiazole derivatives. In 

this synthetic method 1,3,4-thiadiazole derivatives are 

prepared by the reaction of carboxylic acid with 

propylphosphonic anhydride. The propylphosphonic 

anhydride (T3P) plays a role as coupling and cyclodehyration 

reagent.   

O

OH

R1
+ R2 NH

NH2

O

T3P

TEA

Lawesson's reagent or 

P2S5, 3 - 5hr

S

N N

R2

R1

 
Figure 4: Scheme for the preparation of 1,3,4-thiadiazole 

from carboxylic acid 

By using microwave irradiation method 1,3,4-thiadiazole 

derivatives are prepared from acid hydrazides. Aromatic and 

heterocyclic hydrazides are allowed to react with triethyl 

orthoformate, triethyl orthopropionate and triethyl 

orthobenzoate. This reaction is catalyzed by solid supported 

NafionNR50 and thionating agent phosphorus pentasulfide in 

alumina.
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Figure 5: Scheme for the preparation of 1,3,4-thiadiazole 

from acid hydrazides 

Synthesis of 1,3,4-thiadiazole is also performed by using 

N,N’-diacylhydrazines. The N,N’-diacylhydrazines undergo 

cyclization with phosphorous sulfides such as P2S5 and 

Lawesson’s reagent in solvents like DMF, dioxane, THF  

gives 1,3,4-thiadiazole derivatives. 



 

 

 

Page 154 www.ijiras.com | Email: contact@ijiras.com 

 

International Journal of Innovative Research and Advanced Studies (IJIRAS) 

Volume 5 Issue 6, June 2018 

 

ISSN: 2394-4404 

N
H

R1 NH

NH

R2

O

O

Lawesson's 

reagent

THF, reflux N
H

N
S

N

R1

R2

 
Figure 6: Scheme for the preparation of 1,3,4-thiadiazole 

from diacylhydrazines 

 

B. FROM THIOHYDRAZINES 

 

The widely used method for the synthesis of 1,3,4-

thiadiazole is from thiosemicarbazide or substituted 

thiosemicarbazide. The cyclisation of thiosemicarbazide or 

substituted thiosemicarbazide gives 2-amino-1,3,4-thiadiazole 

derivatives. 2-amino-1,3,4-thiadiazole derivatives are prepared 

by the reaction of carboxylic acid with thiosemicarbazide in 

the presence of an ionic liquid. By this method both mono and 

bicyclic 2-amino-1,3,4-thiadiazole derivatives can be 

synthesized.   
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S

N N

NH2

R

  
Figure 7: Scheme for the preparation of 1,3,4-thiadiazole 

from thiosemicarbazide 

Another thiohydrazine is thiocarbazide which is also 

known as carbonothioic dihydrazide used for the synthesis of 

1,3,4-thiadiazole derivatives by the same mechanism with that 

of thiosemicarbazide. Thiosemicarbazide gives 2-amino-1,3,4-

thiadiazole derivatives where thiocarbazide gives 2-

acylhydrazine-1,3,4-thiadiazole derivatives. Reaction of 

thiocarbazide with appropriate hydrazonoyl halide yield 

corresponding 1,3,4-thiadiazole derivatives.  
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Figure 8: Scheme for the preparation of 1,3,4-thiadiazole 

from thiocarbazide 

Dithiocarbazate is a thiohydrazine which is used for the 

synthesis of 1,3,4-thiadiazole. The acylation of dithiocarbazate 

with chloroacetylchloride followed by the dehydration gives 

corresponding 1,3,4-thiadiazole derivative. 
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Figure 9: Scheme for the preparation of 1,3,4-thiadiazole 

from dithiocarbazate 

 

 

III. PHARMACOLOGICAL ACTIVITIES OF 1,3,4-

THIADIAZOLE 

 

Many drugs are available in the market with 1,3,4-

thiadiazole nucleus. 1,3,4-thiadiazole derivatives possess wide 

range of biological activities like antimicrobial activity, anti 

inflammatory activity, antitumor activity, anticonvulsant 

activity and diuretic activity.  

 

A. ANTIOXIDANT ACTIVITY 

 

Antioxidants eradicate the free radical intermediates from 

oxidation reactions thus preventing oxidative damage and 

death of the cells. N-(2,4-Dimethylphenyl)-5-(4-nitrophenyl)-

1,3,4-thiadiazol-2-amine exhibited greater superoxide anion 

scavenging activity than the reference standard propyl gallate. 

Various (benzo)-imidazothiadiazoles and triazolothiadiazoles 

are compounds with significant antioxidant activity against 

various in vitro systems such as 2,2-diphenyl-1-picrylhydrazyl 

radical, superoxide radical, microsomal NADPH-dependent 

inhibition of lipid peroxidation (LP) levels and nitric oxide 

scavenging activity.  

 

B. ANTI INFLAMMATORY ACTIVITY 

 

Numerous non steroidal anti-inflammatory (NSAIDs) 

drugs are used as analgesic, antipyretic and anti-inflammatory 

agents. The COOH group in the NSAIDs is reported to be 

responsible for the anti-inflammatory activity. However some 

derivatives also show anti-inflammatory activity in the 

absence of COOH group which is replaced by the thiadiazole 

ring. Amir et al performed a characteristic change in the 

structure of the standard drug naproxen. The COOH group in 

naproxen was replaced by the N-(4-bromophenyl)-1,3,4-

thiadiazol-2-amine gave compound (1) that retained almost 

equal anti-inflammatory activity as naproxen. They also 

designed indomethacin derivatives by the replacement of 

COOH group with substituted amino-1,3,4-thiadiazole moiety 

gives compound (2) shows significant anti-inflammatory and 

analgesic activity.  
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Figure 10: 1,3,4-thiadiazole derivatives exhibiting anti-

inflammatory and analgesic activity 

Schenone et al synthesized a group of N-[-5-oxo-4-( 

arylsulfonyl)-4,5-dihydro-1,3,4-thiadiazol-2-yl]-amides and 

determined for their anti-inflammatory activity. The benzoyl 

sulfonamido series showed good activity. Among them 

compound (3a) and (3b) were the most active compound.  
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Figure 11: 1,3,4-thiadiazole derivatives exhibiting anti-

inflammatory activity 

Kadi et al evaluated new series of 5-(1-adamantyl)-1,3,4-

thiadiazole(4) derivatives for their anti-inflammatory activity. 

Derivative substituted with propionic acid at 2nd position of 

1,3,4-thiadiazoline-2-thiones, exhibit almost equal anti-

inflammatory activity at 20 mg/kg to that of Indomethacin (5 

mg/kg). 

 

 

Figure 12: 5-(1-adamantyl)-1,3,4-thiadiazole derivative 

having anti-inflammatory activity 

 

C. ANTICANCER ACTIVITY 

 

The compound with substitution on C-2 position of the 

1,3,4-thiadiazole ring plays an important role in exhibiting the 

cytotoxic activity. Replacement of phenyl group at C-2 

position with benzyl, 4-(dimethylamino) phenyl, 3,4-

dimethoxyphenyl and 4-benzyloxy group increased the 

antineoplastic activity. Compound (5) with 4-benzyloxy-3-

methoxyphenyl at C-2 position and 5-bromoindole at C-5 

position was found to be the most potent compound of the 

series. 

N
H

N
S

N

Br

O
CH3

O

(5)  
Figure 13: 1,3,4-thiadiazole derivative exhibiting anticancer 

activity 

 

D. ANTIMICROBIAL ACTIVITY 

 

Approximately all of the existing 1,3,4-thiadiazole 

derivatives exhibit greater antibacterial activity against Gram 

positive bacteria than Gram negative bacteria because of their 

differences in the structure of cell wall.    

There are numerous compounds bearing the thiadiazole 

ring that possess excellent antimicrobial activities. Several 

1,3,4-thiadiazoles synthesized by Moshafi et al. were 

evaluated for antibacterial activity against Helicobacter pylori 

in a disc diffusion test at 0.5 mg/disc. At this dose, compound 

6 gave a zone of inhibition of 30.9 mm in diameter, five times 

greater than that observed for the positive control 

metronidazole (6 mm). 
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CH3
CH3

CH3

N
+

O
-

O

(6)  
Figure 14: 1,3,4-thiadiazole derivative exhibiting anti 

H.pylori activity 

1,3,4-thiadiazole ring system that exhibits wide spectrum 

of antimicrobial activity. It has shown improved activity when 

attached with various chemical moieties such as quinoline and 

triazole. 

N

N

S

N

N

CH3

O

CH3

O

Cl

Cl

CH3

(7)       

N

N

S

N

N

CH3

O

CH3

O

Cl

F

F

(8)  
Figure 15: 1,3,4-thiadiazole derivative having antibacterial 

activity 

Hybrids of 1,3,4-thiadiazole and different quinolones such 

as ciprofloxacin, norfloxacin, gatifloxacin exhibited 30-60 

fold higher antibacterial activity than parent fluoroquinolones 

against Gram positive bacteria.  

A number of 1,3,4-thiadiazole derivatives revealed 

antitubercular activity. Various 1,3,4-thiadiazoles ( Ar = 5-

nitro-2-furyl, nitroimidazolyl and 5-nitro-2-thienyl; n = 0-2) 

exhibit antitubercular activity.
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Figure 16: 1,3,4-thiadiazole derivative having anti tubercular 

activity 

In general 1,3,4-thiadiazole derivatives have been 

reported to be less active against fungi. 

 

E. CARBONIC ANHYDRASE INHIBITORS 

 

The sulfamide group of sulfonamides is similar to the 

carbonate ion and can competitively inhibit carbonic 

anhydrases (CAs). Compounds containing a thiadiazole should 

also possess high inhibitory activity when bonded with a 

sulfamide group. From compound 10, some of the most 

widely used CA inhibitors were obtained, among which 

acetazolamide is the most potent inhibitor. Ilies et al. 

synthesized and evaluated several sulfonamides as inhibitors 

of CA. The affinity of compound 11 for CA increases 

significantly when substituted with sulfonamides 12 connected 

with 1,3,4-thiadiazole derivative. These results indicate that 

the thiadiazole ring has advantages over benzene in the 

context of CA inhibition. 

S

N N

NH2 S

NH2

O
O

(10)

S
NHS

NN

NH2

Y X

S

NH2

O O O

O

(11)

X = F, Cl, Br, I

Y = Cl, Br, I

 
 

               

 

 

 

 

 

 

 

 

 

 

Figure 17: 1,3,4-thiadiazole derivatives exhibiting carbonic 

anhydrases inhibition 

 

 

IV. CONCLUSION 

 

1,3,4- thiadiazole possess various types of 

pharmacological acivities. When the COOH group of NSAID, 

naproxen is replaced with 1,3,4- thiadiazole derivative anti-

inflammatory activity is retained. When the COOH group of 

indomethacin is replaced by 1,3,4-thiadiazole ring its activity 

was greater than the parent indomethacin. The 1,3,4-

thiadiazole nucleus possess anticancer activity. The 

replacement of phenyl ring at C-2 position with 4-benzyloxy 

group and 5-bromo indole substitution at C-5 increased the 

anticancer activity. The 1,3,4-thiadiazole ring system exhibits 

significant antimicrobial activity. The 1,3,4-thiadiazole 

derivative possess more antimicrobial activity than standard 

drug metronidazole against H.pylori. The potent carbonic 

anhydrase inhibitor acetazolamide contains 1,3,4-thiadiazole 

nucleus. Hence 1,3,4-thiadiazole  scaffold has potential for the 

design of wide  spectrum of  novel pharmacological agents.  
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ABSTRACT 

Symplocos Racemosa (Roxb.) known in Hindi as Lodhra, is a common, indigenous drug used 

by Ayurvedic practitioners. Although it is a popular drug, there are many pharmacological 

actions. The root, bark and leaves of this plant is traditionally used for the treatment of   

diarrhea,dysentery, liver diseases,uterine disease leprosy, liver complaints, uterine disorders, 

diarrhoea, dysentery and also in opthalmia and conjunctivitis.  Majority of 

phytopharmacological reports are on stem bark of the plant which include anti-cancer, 

hepatoprotective, anti-oxidant, anti-androgenic effect, anti-inflammatory, wound healing 

activity and anti-diabetic effects. Phytochemical studies indicated presence of many 

phenolic glycosides like symplocoside, triterpenoids like betulinic acid, acetyloleanolic acid 

and oleanolic acid and flavonoids like quercetin which might have contributes to protective 

effects. This review summarizes about various biological, chemical composition, 

pharmacological activity and it is our traditionally remedial gift from nature. 
 

No: of Tables: 1                                                                                                 No: of References: 30 
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INTRODUCTION  

In modern world, plant research works has 

been increased because of the immense 

potential of medicinal plants [1].The nature 

products obtain plant products can be a 

rich source used for many disease from 

ancient periods. The bioactive plants 

derived from different compounds 

apprehension for the use of synthetic drug 

created by influential pharmaceutical 

industries with their Sideffects are more 

dangerous than ailments. The widespread 

interest on Symplococaceae plants 

scientific work  can give tremendous 

information about the species Symplocos 

racemosa Roxb.They are evergreen trees 

and tall about 10-15m.They are mainly 

found in north and east india throughout 

the Himalayas . The  Symplocos genus 

comprises of 300-500 species of the 

Symplococaceae family . About 68 

species are found in India[2]. From ancient 

period to current  there are many 

ayurvedic preparatios  used  for the 

treatment of diarrhoea, dysentery, eye 

diseases, hemorrhagic gingivitis, uterine 

disorders, menorrhagia, bowel complaints, 

ulcers, snake bites, malaria, tumefaction 

and enteritis[3].  Currently modern science 

has much attention  paid to Symplocos 

species due to their diverse biological 

activities ,particularly anti-HIV activity 

,inhibitory activities against 

phosphordiesterase and anti-tumor 

applications.In  Symplocos species 

,Symplocos racemosa Roxb is an important 

plant which is used as a single drug or in 

multicomponent preparation .Unani 

medicine recently  used  as 

emmenogogue, aphrodisiac, and also act 

as  a potent solution can be used for 

inflammation and clearing uterus[4]. 

TAXONOMICAL CLASSIFICATION[5] 

Kindom: Plantae 

Division:Magnoliophta 

Class:Magnoliopsida 

Order:Ericales 

Family :Symplococaceae 

Genus:Symplocos 

SYNONYMS[6]:Lodhra, 

Akshibhais,Rodhra,Shavaraka,Tirita,Tilva,Ga

lava 

STRUCTURE AND CHEMISTRY 

It is an Evergreen trees, tall and bark often 

marked with white patches. Leaves are 

crowded in nature with elliptic-oblong or 

elliptic-lanceolate[7]. They are narrow at 

base, acute or acuminate at apex, 

glandular-serrate, crenate or subentire, 

glabrous on both side curves, polished and 

shining above the nerve pair[8] . Flowers are 

about 8-18 cm long axillary racemes, 

white, fragrant.  Fruit a drupe with ellipsoid 

to ovoid or oblong with 1-1.5 x 0.6 cm. 

Seeds are about 1-3, oblong and hard [9].S. 

racemose was pure source of 

phytochemicals which include flavonoids, 

phenols, tannins, saponins and 

glycosides[10]. It contains several flavonoid 

glucosides like symplocoside, symposide, 

leucopelargonidine-3 glucoside, ellagic 

acid, rhamnetin 3-digalactoside, 

triterpenoids like 19 α-hydroxy acetic acid-

3, 28-O-bis- β-glucopyranosides, betulin, 

lino-leic acid, β-sitosterol and α-amyrin  
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and alkaloids like oturine, loturidine, 

colloturine and harmine are seen as chief 

bio actives from the plant[11]. Most of the 

flavonoids and its respective compounds 

have been isolated from aerial parts of the 

plant while glycosides of different 

extracted from the polar fractions of the 

bark of the plant[12]. 

MICROSCOPIC CHARACTERIZATION 

                     Transvere section of mature 

bark with a wide cork of thin-walled, 

rectangular cells. Cork carnbium1-3 

layered.A number of stone cells towards 

inner sides , a number of stone cells 

scattered into the region having highly 

thickened walls with distinct pits [13]. Mainly 

it contains crystals of calcium oxalate and 

starch grains. Secondary phloem 

parenchyma, phloem fibres and stone cells 

,medullary rays[14]. 

TYPES OF SYMPLOCOS RACEMOSA   

              There are two major  varieties of 

Lodhra are Savara Lodhra and Pattika 

Lodhra. The second variety is described 

with synonyms like Krimka, Jirna, Brihat 

parna, Laksha, Prasadana, Tivita, Marjana, 

and Pattika. Thakurji reported Savara 

Lodhra as Symplocos racemose roxb and 

Pattika Lodhra as Symplocos crataegoids.  

Another species of Symplocos is Symplocos 

laurina, Symplocos paniculata ,Symplocos 

summuntia are also used under the name 

Lodhra[15].   

 

USES OF SYMPLOCOS RACEMOSA 

           Traditionally Lodhra  considered as a 

very useful drug in therapeutical aspect 

even years ago.Therefore we get the 

references of this particular in the great 

treatment like 

Charakasamhitha,Susruthasamhitha,Astan

gasangraha and inYogarathnakara.it is 

mainly used for snake bite and scorpion 

sting.In snake bite it is given internally in the 

form of choorna and kashaya[16]. Parts like 

bark and leaves are used for treatment of 

diarrhea ,dysentery, for spongy 

gum,bleeding ,leprosy,dropsy and also 

used in abortion,miscarriages,for ulcers of 
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vagina,uterine disorders. Highly extolled for 

the treatment of chyluria.it can be used as 

an main ingredient for promote maturation 

of malignant growths.In unani ,mainly used 

for arrests uterine haemorrhages,abnormal 

secretions,aphrodisiac[17].  

PHARMACOLOGICAL ACTIVITY OF 

SYMPLOCOS RACEMOSA 

ANTIOXIDANT ACTIVITY[18] : The 

investigation on  antioxidant activity with 

the help of measuring the level of lipid per 

oxidation,glutathione,catalase and protein 

content .The extract having tremendous 

activities in all antioxidant assays by 

reducing lipid peroxidation and catalase 

activity. 

ANTI-ACNE EFFECT[19]:The anti acne activity 

of ethanolic extracts where used and 

conducted .The symplocos racemosa bark 

was  tested by disc diffusion and broth 

dilution procedure .The final result indicates 

the  growth of propionibacterium acnes. 

ALZHEIMER’S DISEASES[20]:  Many 

compounds where  isolated from three  

new benzyl derivatives.The main 

derivatives are locoracemosides A,B and C 

from the extract  of bark .  The invitro 

studies was  conducted to show the  

inhibitory activity against alpha –

chymotyprin. 

ANTI-ANGIOGENIC ACTIVITY[21]:The activity 

of anti-angiogenic activity in bark was 

present .Antigiogenic activity exhibit by 

symplocomoside and symponsides 

,glycosides.The test shows that both 

isolated glycosides inhibit thymidine 

phosphorylase activity and associated 

angiogenesis. 

FEMALE REPRODUCTIVE DYSFUNCTIONS[22] 

 The test from the ethanolic extract of bark 

was used for  the treatment of female 

disorders. From the study ethanolic bark 

shows two different doses which  help in 

the treatment of female reproductive 

disorder induced by cold resistant 

stress[16].It was also mentioned the 

usefulness of symplocos  racemosa in 

uterine disorder 

ANTI CANCER ACTIVITY[23] 

The test with  chloroform, butanol and ethyl 

acetate bark extracts has cytotoxic 

activity determined by using the XTT salt 

based on cytotoxicity assay against one 

leukaemia and one cervical cancer cell 

line .It was also  reported butanol extract 

have highest cytotoxicity activity against 

hela cell line . 

HEPATOPROTECTIVE ACTIVITY[24] 

The evaluated study with ethanolic extract 

of bark on carbon tetrachloride can 

induce hepatic damage in rats. Ethanolic 

extracts shows  dose dependent  

restoration of serum enzymes , bilirubin , 

albumin , total proteins and antioxidant 

levels . It is an effective method for 

inducing hepatic damage and has an 

potential clinical application for the 

treatment of liver diseases. 

THERAPEUTIC AND OTHER ATTRIBUTES 

Therapeutically they are used for javara, 

daha, sotha,vrana .Currently used for 

fever, thirst, burning syndrome, 

inflammation, obstinate skin diseases, 

ulcers, worm infestation, polyuria, prusitus 

.In 1000 BC charaka and sushruta gave the 
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entire plant as as paste or decoction or in 

the form of cooked pot herb.They are 

given internally  for the purification of 

vitiated blood ,chronic skin diseases, 

poisoning edema , intrinsic hemorrhage 

and malasbsorption  syndrome.In classical 

period, the drug of choice for chronic skin 

disease and intermittent fever[25]. 

According to ayurvedic texts explains that 

main indication of lodhra is to maintain the 

pithi(Agni) andkapha(phelgum) in the 

body.Lodhra contains the contains  

astringent property so the formulations 

made from bark parts are  generally used 

to balance our body and ill effects in our 

body. Lodhra is specially used for 

improving the women health like 

menorraghia ,it is highly effective to relaxes 

the uterine tissues and act on the mucus 

membrane and also diseases like 

leucorrhoea[26]. its helps to detoxify the 

blood too and Lepa(paste) form is used for 

the treatment leprosy. The most 

advantage is powdered formation of bark 

lodhra is used for heals wounds[27] 

DOSAGE OF SYMPLOCOS RACEMOSA 

About 1 to 3 g of the dried powder form 

can be given .The drug decoction form of 

about 20 to 30 g can be given . total 

extract of the herb is an anti-malarial 

activity rodents [28].In swerchirin showed 

hypoglycemic properties and lignin and  

syringareinol have hepatoprotective 

activity. Its is an immunomodulator and 

even as nerve tonic .The whole plant is 

febrifuge and blood purifier[29]. 

Table No:1  
[30]

FORMULATION OF SYMPLOCOS RACEMOSA 

 

 

 

 

 

 

 

 

CONCLUSION 

Many ethno botanical claims have been 

confirmed through systematic in-vitro and 

in-vivo pharmacological studies on 

different extracts of stem bark and isolated 

constituents. However, systematic studies 

on the bio-markers are desirable to 

establish mode of action and to validate 

the traditional claim in clinical practice 

after proper safety assessment .From the 

scientific Research Symplocos has an huge 

biological potential The studies carried out  

on phytochemical and various biological 

properties gives evidence for use of this 

plant for various indication.Further research 

should be carried out for scientific base for 

possible role of plant to treat diseases such 

 

FORMULATION OF LODHRA                                                       

 

 

INDICATION 

 

Pushyanuga churna 

 

dysmenorrhea, irregularperiods ,menstrual                                                                                                               

Cramps and excessive menstrual bleeding 

Bruhat gangahara churna     

 

 

Diarrhea ,dynsentry and colitis 

 

Rodharasava (lodhrasava)                                                                     

 

menorrhagia,leucorrhoea,skin diseases,bleeding  

                                                                                                               

Piles 
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as HIV, Diabetes and skin diseases.The 

conservation data of genus Symplocos 

showed risk of extinction due to restricted 

distribution in the wild hence systematic 

techniques should be developed for the 

maintenance of this plant .Because its 

have tremendous benefits for human in 

current scenario. 
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Abstract 

Inflammatory mediators of the arachidonic acid cascade from cyclooxygenase (COX) and 

lipoxygenase (LOX) pathways are primarily responsible for many diseases in human beings. 

Chronic inflammation is associated with the pathogenesis and progression of cancer, arthritis, 

autoimmune, cardiovascular and neurological diseases. Traditional non-steroidal anti-

inflammatory agents (tNSAIDs) inhibit cyclooxygenase pathway non selectively and produce 

gastric mucosal damage due to COX-1 inhibition and allergic reactions and bronchospasm 

resulting from increased leukotriene levels. ‘Coxibs’ which are selective COX-2 inhibitors 

cause adverse cardiovascular events. Inhibition of any of these biosynthetic pathways could 

switch the metabolism to the other, which can lead to fatal side effects. Hence, there is 

undoubtedly an urgent need for new anti-inflammatory agents having dual mechanism that 

prevent release of both prostaglandins and leukotrienes. Though several molecules have been 

synthesized with this objective, their unfavourable toxicity profile prevented them from being 

used in clinics. Here, this integrative review attempts to identify the promising pharmacophore 

that serves as dual inhibitors of COX-2/5-LOX enzymes with improved safety profile. A better 

acquaintance of structural features that balance safety and efficacy of dual inhibitors would be 

a different approach to the process of understanding and interpreting the designing of novel 

anti-inflammatory agents. 

Keywords: Inflammation, Cyclooxygenase-2, 5-Lipoxygenase, Leukotrienes, Arthritis  
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1. Introduction 

Inflammation is a spontaneous protective response of the body to different intrinsic and 

extrinsic stimuli [1, 2]. Prolonged chronic inflammation is often associated with the pathogenesis 

and progression of cancer, arthritis, autoimmune, cardiovascular and neurological disorders [3-7]. 

The overproduction of mediators of arachidonic acid (AA) cascade particularly those of 

cyclooxygenase (COX) and lipoxygenase (LOX) pathways is primarily responsible for many 

inflammatory diseases in human beings [8, 9]. 

NSAIDs are extensively used for the treatment of different inflammatory conditions. They 

are used in short-term treatments for common pain as well as in long-term management of chronic 

inflammatory diseases such as osteoarthritis and rheumatoid arthritis [10]. Traditional NSAIDs 

(tNSAIDs) that are nonselective prostaglandin inhibitors are associated with a wide spectrum of 

adverse effects such as gastrointestinal bleeding, [11] stroke [12] and renal failure [13]. COX-2 

selective inhibitors (Coxibs) were introduced with an aim to overcome NSAID related GI toxicity. 

But these agents had enhanced cardiovascular risk due to reduction in endothelial prostaglandin 

I2 (PGI2) and increased levels of platelet aggregator thromboxane A2 (TXA2) [14]. Some Coxibs 

like Celecoxib and valdecoxib had to be withdrawn from the market due to their adverse 

cardiovascular side effects. Both tNSAIDs and Coxibs are coupled with greater risk of 

cardiovascular problems and stroke [15]. Hence, in spite of the advances in medicinal research 

over the past decades, there is still a dire need for new therapeutic agents to combat inflammation 

and to improve and ensure NSAIDs safety. 

Drugs acting on individual molecular targets have been found to produce undesired 

activity, toxicity and drug resistance. Whereas drugs that act on multiple targets concurrently are 

less prone to drug resistance and better at managing complex disease systems, they may produce 

better therapeutic profile [16]. Prostaglandins (PGs) from cyclooxygenase pathway and 

leukotrienes (LTs) from lipoxygenase pathway are both mediators of the inflammatory process 

generated from the same AA cascade [17]. Severe side effects of ‘Coxibs’ indicate that inhibition 

of any of the biosynthetic pathway could switch the metabolism to the other, which can lead to 

fatal side effects [18, 19]. Thus it is believed that compounds which could inhibit COX-2/5-LOX 

together will consequently shut off the production of mediators of inflammation from AA 

pathway. That is why, dual inhibition of COX-2/5-LOX enzymes established a rational method 

for the development of new anti-inflammatory (AI) agents with better safety profile. 

Dual COX- 2/5-LOX inhibition concept has also gained significance in a number of 

disease conditions such as cancers [20-23] and neurodegenerative disorders like Alzheimer’s and 

Parkinsonism disease [24, 25].  

In this review we endeavour to compile the molecules designed over the last three decades, 

with an objective to exert dual inhibition of COX-2/5-LOX enzymes. In particular, this review 

will thoroughly address the preclinical and clinical data in conjunction with Structure Activity 

Relationship (SAR) obtained so far to unveil the present status of the anti-inflammatory drug 

development. Although some reviews are available, this comprehensive and integrative review 

presents the exact picture of research works done until now on dual COX-2 and 5-LOX inhibition. 
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SAR identifies the appropriate pharmacophore for designing of novel AI agents with favourable 

therapeutic profile. 

2. Arachidonic acid cascade 

The term 'eicosanoids' designates a set of oxygenated fatty acids with twenty carbon atoms 

[26]. The major precursor for the production of eicosanoids is AA (all cis 5, 8, 11, 14-

eicosatetraenoic acid). The pathways that lead to eicosanoid synthesis are collectively known as 

the 'arachidonic acid cascade'. The 'arachidonic acid cascade' includes the cyclooxygenase and 

lipoxygenase pathways along with epoxygenase pathway [27]. A comprehensive description of 

COX and LOX pathways is summarized in (Fig. 1 and 2), as the novel targets for dual inhibitory 

AI therapy and chemoprevention concern these pathways. A variety of stimuli set free AA from 

membrane phospholipids that triggers the activation of cytosolic phospholipase A2 (cPLA2) and 

/or other phospholipases [28]. Prostaglandin endoperoxide H synthases 1 and 2 (PGHS-1and -2), 

also called cyclooxygenases-1 and -2 (COXs-1 and -2), are haeme containing bifunctional enzyme 

catalyzes the first committed step in PG and TX biosynthesis from AA. By subsequent 

oxygenation and reduction, COX-1 and/or 2 convert the free AA to endoperoxide PGH2. Being 

highly unstable, PGH2 is converted into corresponding biologically active PGs (PGD, PGE, and 

PGF2α), prostacyclins (PGI’s) and thromboxanes (TX’s) by specific synthases and isomerases 

(Fig. 1) [29-31]. Alternatively, free AA is metabolized by lipoxygenases (a family of iron 

containing non-haeme dioxygenases) so as to catalyze stereo specific molecular oxygen 

incorporation, [32] yielding hydroperoxy and hydroxyeicosatetraenoic acids (HPETE; HETE), 

followed by leukotrienes (LTs) and lipoxins through stepwise metabolic process (Fig. 2) [33, 34]. 

The mediators produced by 5-LOX, 12-LOX and 15-LOX are linked to allergic reactions, 

increased proliferation of cancer cells and pathogenesis of atherosclerosis [35, 36] respectively. 
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Fig. 1 Cyclooxygenase pathway. AA is liberated by cPLA2 from the phospholipid pools. The 

free AA is converted to PGG2 by the cyclooxygenase activity, and further reduced to PGH2 by 

peroxidase activity of COX-1/COX-2. Then PGH2 spontaneously decomposes to yield PGE2, 

PGD2, PGI2, PGF2α and TXA2 by specific synthases.   
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Fig. 2 Lipoxygenase pathway. LOX enzymes convert AA to specific HPETEs by oxygenation 

and further converted to respective HETEs by reduction. 5-LOX metabolizes 5-HPETE to 

LTA4, consequently to LTB4, LTC4, LTD4 and LTE4 by specific enzymes. Multistep synthesis 

of Lipoxin A4 is catalyzed primarily by 5-LOX and either 15-LOX or 12-LOX. 

3. Biological effects of COX and LOX 

Prostanoids and LTs are involved in the functioning of various biological systems as 

illustrated in Table 1. This part of the review briefly discusses the overall activity of metabolites 

produced by the activation of both COX-2/5-LOX enzymes which triggers, a series of astonishing 

biological effects [18, 31, 37-41]. Consequently these potent biological activities evidently 

confirm that PGs and LTs are imperative mediators of different inflammatory diseases and allergic 

disorders for example inflammatory bowel disease, ulcerative colitis, rheumatoid arthritis (RA), 

allergic rhinitis and asthma [42].  
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Table 1 Biological effect of various prostaglandins and leukotrienes on biological systems 

Biological System Mediators Effects 

PROSTAGLANDINS 

Gastrointestinal System PGE2, PGI2 

 

PGE2 

 

 

 Decrease gastric acid secretion 

 Increase gastric mucus secretion 

 smooth muscle contraction on longitudinal muscle 

 Smooth muscle relaxation on circular muscle  

Respiratory System PGI2, PGE2 

PHD2, PGF2α 

TXA2, PGF2α 

 Bronchodialation 

 Bronchoconstriction 

 Bronchoconstriction 

Cardiovascular System PGI2, TXA2 

 

TXA2 

PGE2, PGI2 

TXA2, PGF2α 

 Vascular homeostasis, thrombosis, platelet 

aggregation 

 Vascular permeability 

 Arterial vasodialation 

 Venous vasoconstriction 

Renal System PGI2, PGE2 

PGI2, PGE2 

PGE2 

TXA2 

 Medullary blood flow,  Pressure diuresis,  

 Renin release 

 Natriuresis, Diuresis 

 Vasoconstriction 

Immune System  PGE2, PGI2  Inhibit T and B lymphocyte activation and 

proliferation 

Central Nervous System PGE2 

PGD2 

PGE2, PGI2 

 Pyrogenic 

 Sleep  

Female Reproductive 

System 

 

PGE2, PGI2, PGF2α  Ovulation, implantation, Uterine smooth muscle 

contraction and Oxytocic action in parturition 

Male Reproductive 

System 

PGE1, PGE2, PGE3, 

PGF2α 
 Fertility  

LEUKOTRIENES 

Immune Response LTB4  Eosinophils, neutrophils, monocytes, lymphocytes 

chemotaxis 

 Eosinophils and neutrophils aggregation 

 Increase bone resorption in bone tissue 

 Increase of proliferation, activation, and 

immunoglobulin production by  B cells 

 Increase cytokine production and release by 

granulocytes 

Respiratory System LTB4 

 

LTC4, LTD4, LTE4 

 Mucus secretion and oedema 

 

 smooth muscle contraction 

 Mucus secretion and oedema 

 Stimulation of secretion of glycoproteins  

 Airway remodelling in chronic allergic 

inflammation 

Cardiovascular System LTB4, LTC4, LTD4, 

LTE4 
 Potent vasoconstrictor actions, proinflammatory 

activity 

Gastrointestinal system  LTD4>LTC4>LTE4  Smooth muscle contraction 

Micro-vascular system LTB4 

LTD4>LTC4>LTE4 
 Increase of permeability 

 Potent vasoconstriction leads to oedema  

 Increase permeability 
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4. Crystal structure of COX-2/5-LOX with substrate or inhibitors 

Crystal structures of enzyme-substrate complex provide insight into the mode of 

interaction between the active site of the enzymes and the substrates or inhibitors. It affords a 

clear understanding of how a drug gets access to the active site or the conformational changes 

involved in it. Crystal structures of COX-2/5-LOX with substrates or NSAIDs are discussed in 

the following section. 

4.1. Crystal structures of COX-2 

The COX isoforms are homodimers, with each monomer consisting of a signal peptide, 

an epidermal growth factor (EGF) domain, a membrane binding domain and a large C-terminal 

catalytic domain. The catalytic domain constitutes the majority of the COX monomer and it 

acts as the site of substrate binding and NSAID action. The catalytic domain comprises 80% 

(approximately 480 amino acids) of the protein and contains two distinct enzymatic active sites; 

cyclooxygenase and peroxidase active site. The peroxidase active site is found at the interface 

between the large and small lobes of the catalytic domain, and it consists of the positioned at 

the bottom of a shallow cleft. Peroxidase activity is not influenced by the cyclooxygenase 

activity whereas cyclooxygenase requires the group at the peroxidase site to undergo a two-

electron oxidation [26]. The cyclooxygenase active site is a long, narrow, dead-end channel of 

largely hydrophobic character extending from the base of the membrane binding domain 

through the helices A, B, and C to the centre of the catalytic domain on the opposite side of the  

from the peroxidase active site. Presence of a side pocket in COX-2 located above the 

Arg120/Tyr355/Glu524 constriction is the only difference between the COX-1 and COX-2 

active sites [43]. 

In the COX-2 active site, substrate AA shows productive and non-productive binding 

modes. In productive conformation, AA bind in an “L-shaped” conformation within the 

cyclooxygenase channel wherein the carboxylate moiety of AA interacts with Arg120 and 

Tyr355 through hydrogen bonding. In addition, ω-end of AA is located in a hydrophobic 

groove above the side chain of Ser530 where it touches Gly533 [44]. In non-productive 

conformation, the carboxylate group of another molecule of AA interacts with Tyr385 and 

Ser530 [45, 46]. Protein- ligand interaction of COX-2 and AA at COX-2 active site using 

Pymol is depicted in Figure 3. Fatty acids such as eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) adopt the same “L shaped” conformation as that of AA in COX-

2 active site. The carboxylate of EPA and DHA is situated at the channel opening close to 

Arg120 and Tyr355. ω-end of EPA is encased in the hydrophobic channel above Ser530, 

formed by the residues Phe205, Phe209, Val228, Val344, Phe381, and Leu534 whereas in 

DHA it interacts with Ile377 near Gly533. The carboxylate of fatty acid is also stabilized by 

two hydrogen bonds with Tyr385 and Ser530 and the empty hydrophobic groove above Ser530 

was occupied by two water molecules [46].  

Aspirin binds to both COX-1 and COX-2 and covalently modifies the hydroxyl group 

of Ser530 by acetylation. At COX-1, acetylation of aspirin irreversibly inhibits cyclooxygenase 

activity of the enzyme and subsequent production of PGG2 whereas at COX-2, enzyme activity 
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shifts from cyclooxygenase to lipoxygenase, which results in the generation of 15R-HETE. 

Lucido et al. reported that AA take up a “hairpin” conformation in the acetylated 

cyclooxygenase channel and acetylated Ser530 completely prohibits the entry of ω-end of the 

substrate into the hydrophobic groove. In the “hairpin” conformation, Ser530 controls the 

stereospecificity of oxygen addition at C15 [44]. 

Oxicams bind to the COX-2 active site using a novel binding pose where they interact 

with the residues, Arg120, Tyr355, Tyr385, and Ser530. Apart from the direct hydrogen bond 

interaction between 4-OH group of benzothiazine moiety and Ser530, oxicams interact 

indirectly to the other residues by bridging with two tightly bound water – a tetrahedrally 

coordinated water bound to Arg120 and Tyr355 and a trigonally coordinated water bound to 

Tyr385 and Ser530. In addition, unlike other NSAIDs, binding of oxicams is associated with 

changes in the protein conformation including the rotation of the side chain of Leu531 and a 

modest movement of Helix D.  In the case of isoxicam, a new target region has been created 

as it opens an entirely new sub pocket in the COX-2 active site. Further, the methyl substituent 

at the position 2 of benzothiazine is optimal for anti-inflammatory activity. This methyl group 

exhibited interactions with Leu359, Tyr355, and Val349. The selectivity of meloxicam for 

COX-2 is due to subtle changes around Phe-518 caused by the substitution of isoleucine to 

valine at residue 434 in COX-2 which results in a direct interaction between Phe518 and 4’-

methyl group of meloxicam [47]. 

Ibuprofen occupies an area of the COX enzyme between the substrate channel opening 

and the apex of the active site. Ibuprofen forms a salt bridge between carboxylate moiety and 

guanidinium group of Arg120, and a hydrogen bond with the hydroxyl group of Tyr355. 

Hydrophobic interactions are observed between benzyl and isobutyl groups of ibuprofen and 

residues near the apex of the cyclooxygenase channel. In addition, the α-methyl group of 

ibuprofen forms contact with Val349 and Leu359. Among the isomers of ibuprofen, S-isomer 

alone binds to the COX-2 active site whereas R- isomer acts as a potent allosteric inhibitor of 

endocannabinoid oxygenation by COX-2 [48]. 

Flurbiprofen binds in the long hydrophobic channel of cyclooxygenases. The 

carboxylate moiety of the drug forms hydrogen bond to Tyr385 and salt bridge to Arg120 

(guanidinium group). The distal aryl ring interacts with Ser530 and forms close van der Waals 

interaction with Gly526 and Ala527. Fluorophenyl ring is involved in van der Waals interaction 

with Val349 and Ala527, while fluorine has no interaction with COX-2. Propionic acid class 

of NSAIDs including R-flurbiprofen, act as strong inhibitors of endocannabinoid oxygenation. 

Indomethacin binds intensely within the COX-2 active site and penetrates into the 

hydrophobic channel. The chlorine atom interacts with Leu384 and takes up a different side 

chain conformation. Benzoyl group forms hydrophobic interaction with Phe381, Leu384, 

Tyr385, and Trp387. Benzoyl oxygen interacts with Val349 side chain and hydroxyl group of 

Ser530. Benzoyl oxygen is important in increasing the affinity of indomethacin towards COX-

1 as compound which lack benzoyl oxygen shows selectivity towards COX-2 compared to 

indomethacin. The carboxylate group forms a salt bridge with Arg120 and indole ring interacts 

with Val349 and Ser353. There is a slight protrusion of o-methoxy group of indomethacin into 

the cavity formed in COX-2 near to Ser353, Tyr355 and Val523. 

SC558, a selective COX-2 inhibitor, has 1900 fold selectivity over COX-1. 

Bromophenyl ring of SC558 is occupied by a hydrophobic cavity created by Phe381, Leu384, 
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Tyr385, Trp387, Phe518, and Ser530. Similarly, the trifluoromethyl group is enclosed in a 

nearby pocket formed by Met113, Val116, Val349, Tyr355, Leu359, and Leu531. The binding 

features of SC558 to COX-2 resemble those of flurbiprofen and indomethacin. The phenyl ring 

of SC558 is surrounded by the hydrophobic residues Leu352, Tyr355, Phe518, Val523 and 

Ser353 backbone. The sulphonamide group extends to the relatively polar region where one of 

the oxygen atoms forms a hydrogen bond to His90 and the other to Arg513. The amide nitrogen 

of sulphonamide forms a hydrogen bond to the carbonyl oxygen of Phe518. The COX-2 

selectivity of SC558 appears to result from phenylsulphonamide moiety since that binding 

pocket is more restricted in COX-1 and is vacant in non selective COX-2 inhibitor complexes.  

Further, celecoxib and rofecoxib take advantage of side pocket present in the COX-2 [49]. 

Fenamic acid inhibitors including flufenamic acid, tolfenamic acid, mefenamic acid, 

meclofenamic acid, bind in an inverted orientation, with their carboxylate moiety situated near 

the side chains of Tyr385 and Ser530 at the apex of the channel, similar to that of diclofenac 

and lumiracoxib. This orientation resulted in the formation of hydrogen bonds between 

carboxylate group of the inhibitor and the phenolic oxygen of Tyr385 and the hydroxyl oxygen 

of Ser530. Apart from these two hydrogen bonds, the remaining contacts are through van der 

Waals hydrophobic interactions [50]. 

In general, in the COX-2 active site, drugs or substrates with carboxylate moiety form 

hydrogen bonds within the cyclooxygenase channel with one or more residues like Arg120, 

Tyr355, Tyr385, and Ser530. Apart from hydrogen bonds, inhibitors are stabilized by van der 

Waals interactions inside the hydrophobic groove formed by the residues. Another mode of 

inhibition is through conformational changes either in the active site or in the allosteric site. 
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Fig.3 COX-2 - AA interaction using Pymol (pdb id: 1CVU). COX-2 cartoon is rendered in 

orange and AA in blue. Crystal structure of AA at COX-2 active site outlined two hydrogen 

bonds between carboxylate moiety of AA and Ser530 and Tyr385. AA forms hydrophobic 

contacts with Val349, Phe381, Tyr385, Trp387, Phe518, Leu531, Leu117, Ile345, Ala527 and 

Tyr355. 

 

Crystal structure of 5-LOX 

Crystal structures of lipoxygenases are known to possess two domains viz N- terminal 

β barrel domain (~ 120 amino acids) and a significantly larger α- helical catalytic domain of 

(~550 amino acids) at C- terminus. The LOX catalytic domain holds a non haeme catalytic iron 

which is coordinated by three conserved amino acids such as His367, His372, and His550 as 

well as the main chain carboxylate of the C-terminus, Ile 673. In Stable-5-LOX, helix α2 is a 

short three-turn helix flanked by extended loops which seal off the active site cavity and limit 

access to catalytic iron [51]. In 5-LOX, access to the catalytic site is closed off and a long 

elongated internal cavity lined with invariant and specific amino acids is large enough to 

accommodate the substrate. Specific 5-LOX sequences of Tyr181, Ala603, Ala606, His600, 

and Thr364 and small side chains of Ala603 and Ala606 are needed for the conformation of 

Tyr181, which, along with Phe177, “corks” the cavity at one end (FY cork). Tyr181 is in 

contact with Ala603 and the small side chains of both 603 and 606 through van der Waals 

forces which allow both the bulky aromatics (Phe177 and Tyr181) to point into the cavity 

where they can be shielded from solvent. Another 5-LOX–specific amino acid, Trp599, seems 

to buttress the FY cork from one side. Hence the substrate gains access to the catalytic iron 

either by the removal of the FY cork at one end of the cavity or by the movement of Trp599 
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that secures it, or a rotamer shift of Trp147 at the opposite end. This proposes that AA may 

enter 5-LOX from the opposite direction since it needs only rotation of the side chain. This 

explains the catalytic mechanism of H abstraction and peroxidation which occurs on opposite 

faces of the pentadiene. The opening at Trp147 permits AA to enter methyl end first and 

position the substrate in order to produce S-isomer of 5-HPETE [52]. One of the mechanisms 

which regulate the catalytic activity of 5-LOX is Ca2+-targeted membrane binding and 

phosphorylation at specific serine residues. Protein- ligand interaction of 5-LOX and AA at 5-

LOX active site using Pymol is depicted in Figure 4. To investigate the effect of 

phosphorylation of Ser663 Gilbert et al. mutated the residue to the phosphorylation mimic Asp. 

In the absence of substrate arachidonic acid, the structure of both Ser663A and Ser663D are 

same as that of parent stable 5-LOX. In the presence of AA, Ser663D undergoes 

conformational changes in both the monomers along with difference in electron density 

attributable to AA. Additionally, the crystal structures of Ser663D mutant exhibits substantial 

remodeling of the segmented α2 and disordering of arched helix which results in an open 

conformation that exposes the active site. Thus phosphorylation of 5-LOX at S663 leads to 

considerable alterations in the specificity of oxygenation from purely 5S to almost purely 15S 

and in the expression of 15-LOX [53]. At present the data available on crystal structures of 5-

LOX are less; hence more work has to be done urgently on this topic for better understanding 

of drug interaction. 

 

 
Fig.4 Stable 5-LOX - AA interaction using Pymol (pdb id: 3V99). 5-LOX cartoon is rendered 

in orange and AA in blue. AA forms hydrophobic contacts with Phe177 and Leu607 
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Fig.5 Structures of substrates and inhibitors of COX-2  

 

5. DUAL COX-2/5-LOX INHIBITORS 

Since prostaglandins and leukotrienes are involved in various inflammatory processes, the 

inhibition of cyclooxygenase-2 and 5-lipoxygenase enzymes of the arachidonic pathway could be 

a strong therapeutic rationale in designing the new potent AI agents. Moreover, the concept behind 

the treatment of inflammation has changed from conventional AI agents to dual COX/LOX 

inhibitors in the recent years, as the former one was associated with ulceration, kidney failure, and 

gastrointestinal haemorrhage. This aspect has encouraged the search for dual COX-2/5-LOX 

inhibitors, which have the advantages of enhanced AI potency with better safety profile [54]. The 

concept of dual COX-2/5-LOX inhibition is shown in Fig. 6 
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Fig.6 Concept of dual COX-2/5-LOX inhibitors 

In the figures (7-22) the atoms or groups which have specific COX-2 inhibition are 

depicted in dotted squares and 5-LOX selective groups in dotted oval shapes. 

The design of ligands to inhibit COX-2/5-LOX enzymes has been based on the 

modification of already existing NSAIDs by adding LOX pharmacophores or with the 

development of new scaffolds by computational techniques.  Benoxaprofen 1 was the first 

commercialized COX/5-LOX inhibitor and it was released for U K market in 1980. Unfortunately, 

it was withdrawn from the market due to photosensitivity [55]. It was also associated with 

cholestatic jaundice, [56] erythema multiforme, the Stevens-Johnson syndrome, milia and 

onycholysis [57]. This review attempts to display how structural modification affects the dual 

activity of molecules against COX and LOX enzymes in order to design new promising molecules. 

5.1 Di-tert-butylphenol derivatives 

Di-tert-butylphenol (DTBP) class of dual COX and LOX inhibitors emerged as an 

important class of AI agents. The evolution of this group began with a promising AI agent 

Tebufelone 2, which was progressed to clinical studies [58]. Tebufelone exhibited inhibition of 

COX in a reversible competitive manner with an IC50 = 1.5 μM. Similarly, production of PGE2 

through calcium ionophore induction in purified rat peritoneal macrophages was inhibited at IC50 

= 0.02 μM and human whole blood at IC50 = 0.08 μM, which was more effective than standard 

NSAID-Indomethacin in magnitude. Terbufelone also inhibited production of LTB4 in rat 

macrophages and human whole blood with an IC50 of 20.0 μM, and 22.0 μM respectively 

following calcium ionophore induction. Moreover 50 mg of tebufelone had shown antipyretic 
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activity equivalent to aspirin 650 mg when experimented in human volunteers who exposed to 2 

ng/kg i.v of Escherichia coli endotoxin as a pyrogen [59]. 

Darbufelone or CI 1004, (Z)-2-amino-5-(3,5-di-tert-butyl-4-hydroxybenzylidene)thiazol-

4(5H)-one 3, a 5- thiazolinone substituted tebufelone selectively inhibited COX-2 and 5-LOX 

with IC50 values 0.48 μM and 0.77 μM respectively, when evaluated with rat basophilic leukemia 

(RBL-1) cell line [60, 61].  

Among the derivatives of di-tert-butyl phenylhydrazones, ligand with phenyl substitution 

shows the best fit in the active site of COX-2 with two hydrogen bonds, whereas compound with 

salicylic substitution, 4 exhibited strong interaction to 5-LOX active site with four hydrogen 

bonds. Compound 4 showed COX-2 and 5-LOX inhibition with IC50 = 5.13 μM and IC50 = 8.0 

μM respectively on immobilized enzymes in ELISA plates [62]. 

A new DTBP derivative, 2,6-di-tert-butyl-4-((4-nitrophenyl)amino)methyl)phenol,  

LQFM 091, 5 was developed from 2,6-di-tert-butylphenol of darbufelone and 4-nitoaniline of 

nimesulide. LQFM 091 demonstrated considerable antinociceptive, anti-inflammatory activity 

along with significant inhibition of both COX and 5-LOX (COX-1 IC50 = 89.0 μM, COX-2 IC50 

= 145.0 μM, 5-LOX IC50 = 3.017 μM) and safe toxicological profile [63]. 

 

Fig. 7 Benoxaprofen and Di-tert-butylphenol derivatives 

5.2 Tert-butyl dimethylbenzofuran derivatives 

A non phenolic metabolite of Tebufelone- 7-tert-butyl-2,3-dihydro-3,3-

dimethylbenzofuran (DHDMBF) 6, displayed AI activity equivalent to that of tebufelone. All the 

derivatives of 5-keto-substituted DHDMBFs were effective in vivo and showed an ED50 of <35 
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mg/kg in carrageenan paw oedema (CPE) assay and ≥ 50% inhibition at 70 mg/kg in 

phenylquinone-induced abdominal constriction PAC assay [64]. The 4-cyclopropylbutanoyl 

compound, 1-(7-tert-butyl-2,3-dihydro-3,3-dimethylbenzo[b]furan-5-yl)-4-cyclopropylbutan-1-

one (PGV-20229) 7, exhibited significant COX-2 inhibition in human monocyte (IC50 = 0.22 μM). 

Also, LTs production in Rat basophilic leukemia intact cells (RBL-2H3) was inhibited with IC50 

= 8.0 μM. PGV 20229 was also found to be useful for adjuvant arthritis in rats with an oral ED50 

= 6.6 mg/kg and showed no GI lesions at a high acute ulcerogenic dose (UD50) up to 1000 mg/kg 

[64, 65]. Comparison of IC50 values of methyl to pentyl substituted DHDMBFs revealed that 

increase in chain length increased COX-2 selectivity.  

Since 5-keto-substituted DHDMBFs provided active compounds, DHDMBFs were 

subjected to heterocyclic ring modifications such as altering substitution pattern, changing ring 

size and heteroatom identity. 3-hydroxy-3-methylbutanoyl derivatives retained in vivo activity, 

but no compound was found superior to DHDMBFs. 1-(7-(tert-butyl)-3,3-dimethyl-2,3-

dihydrobenzofuran-5-yl)butan-1-one 7 exhibited highest selectivity in the series against COX-2 

and 5-LOX at IC50 = 0.095 μM and 8.5 μM  respectively [66].  

Further, the variation of DHDMBFs in the position 5 by amides, amidines, ureas, 

guanidines, amines, heterocycles, and heteroaromatics significantly improved in vivo AI activity. 

Methoxyethyl amide substituent was 33-fold more selective and showed highest in vivo activity 

(CPE index 1.47, PAC assay 84%) whereas 3-methylene-γ-butyrolactonyl, compound 9, exhibited 

the highest potency against COX-2, IC50 = 0.0035 μM and 5-LOX, IC50 = 4.0 μM [67]. This study 

revealed beyond doubt that phenolic group is not essential for selective COX-2/5-LOX inhibition. 

DHDMBFs were the first non phenolic molecules related to DTBP with dual inhibitory action on 

COX/5-LOX enzymes along with good AI/ analgesic activity [64]. 

Further, homology modeling, 3D-QSAR, and automated docking studies identified 

DHDMBFs as dual COX-2/5-LOX inhibitors. In silico experiments by Zheng et al. explained that 

“steric favourable region around position 7 and the negative charge favourable region near the 

carbonyl group” are crucial structural requirements for enzyme inhibition [68]. 

5.3 Di-tert-butyl benzoquinone derivatives 

The development of structural analogues of 2,6-di-tert-butyl-p-benzoquinone attached 

with hydrazide inhibited COX-2/5-LOX enzymes at micromolar levels. Among the synthesized, 

N'-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dien-1-ylidene)nicotinohydrazide 10 established best 

binding energy in the active sites of both COX-2/5-LOX. In vitro enzyme inhibitory studies 

displayed potent COX-2/5-LOX inhibition at IC50 = 9.3 μM and 7.4 μM respectively [20]. 
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Fig. 8 Tert-butyl dimethylbenzofuran and di-tert-butyl benzoquinone derivatives 

 

5.4 Chalcone derivatives 

A novel series of phenylsulfonylurenyl chalcones inhibited PGE2 formation in mouse 

RAW264.7 macrophages with submicromolar concentration. Selected urenyl chalcone derivatives 

exhibited COX-2 IC50~ 0.06-0.49 μM against intact human monocyte. Selected compounds also 

reduced LTB4 synthesis in a concentration-dependent manner by direct inhibition of 5-LOX 

activity (IC50 ~ 0.5 – 0.8 μM) in A23187-stimulated human neutrophils [69]. Compound (2,4-

dichloro-4’N[N’(4’’methylphenylsulfonyl)urenyl] chalcone) 11, reduced LTB4 and PGE2 levels 

in the exudates of zymosan-stimulated mouse air pouch, murine air pouch granuloma and in the 

edematous fluid of carrageenan-induced paw oedema. Moreover, compound 11 exerted analgesic 

and AI effects in murine writhing tests and adjuvant-induced arthritis in rats, respectively on an 

oral dose of 10 – 30 mg/kg [70]. 

5.5 Phenyl alkenes derivatives 

Hybrid phenyl alkenes were designed by combining COX-2 pharmacophore- para-

methanesulfonylphenyl moiety and 5-LOX pharmacophore- 3,5-di-tert-butyl-4-hydroxyphenyl 

(DTBHP) in place of unsubstituted phenyl ring present in the acyclic triaryl(Z)-ethene 

regioisomers. Resulted (Z)-1-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-(4-methanesulfonylphenyl)-

1-phenylalk-1-enes were most active in CPE assay. The (Z)-2,6-di-tert-butyl-4-(2-(4-

(methylsulfonyl)phenyl)-1-phenylhex-1-en-1-yl)phenol 12, exhibited optimum inhibitory activity 

with COX-2 IC50 = 0.36 μM and 5-LOX IC50 = 0.3 μM. The SAR studies revealed that the best 

COX/LOX inhibitory activity could be achieved by a combination of COX-2 pharmacophore 
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(para-methanesulfonylphenyl), 5-LOX pharmacophore (3,5-di-tert-butyl-4-hydroxyphenyl) and 

acyclic triaryl(Z)-olefin having a hex-1-ene or n-butyl substituent. Docking studies divulged the 

importance of SO2Me group for the activity. The SO2Me group was inserted into the COX-2 

secondary pocket where both the oxygen atoms involved in hydrogen bonding interaction [71]. 

 
Fig. 9 Chalcone and Phenyl alkene derivatives 

5.6 Propenoic acid derivatives 

Acrylic acid derivatives with C2 substituted phenyl groups are synthesized by 

stereospecific Perkin condensation reaction and palladium-catalyzed Suzuki cross-coupling 

reaction. The structural difference between the active site of COX-1 and COX-2 could be utilized 

to target larger biphenyl group to the COX-2 active site. 3-Substituted phenyl derivatives have 

shown better selectivity towards COX-2 than 4-substituted phenyl compounds, while, 4-F and 4-

OH substitutions figured better selectivity towards 5-LOX active site and formed H bonds at the 

binding site. 5-LOX precise attack was more favoured when the drug candidate could interact 

with the four anchoring points such as two hydrophobic groups (an aromatic ring and one H bond 

acceptor), and two second-aryl binding points (H bond acceptor and an acidic moiety). Among 

the synthesized compounds (E)-2-(4-Hydroxyphenyl)-3-(4-methanesulfonylphenyl)acrylic acid 

13 and (E)-2-[4-(2,4-difluorophenyl)phenyl]-3-(4-methanesulfonylphenyl) acrylic acid 14, 

showed exciting COX-2/5-LOX inhibitory potency, indicated that regiochemistry, electronic 

parameters and steric bulk modulates dual COX-2/5-LOX inhibitory activity [72]. 

In silico analysis, such as molecular modeling, QSAR analysis and docking studies of (E)-

3-(4-methanesulfonylphenyl)-2-(aryl)acrylic acid analogues were carried out by Nematollahi et 

al. in order to explore the binding requirements to COX-2 and 5-LOX. Docking studies confirmed 

that the potent compounds have hydrogen bond interaction at the active sites of COX-2/5-LOX. 

QSAR equations of COX-2/5-LOX inhibitory activity emphasized that Volume, Mass and 

topological properties were important in determining the activity [73]. 

 Replacing p-sulphonylmethylphenyl group on position 3 of acrylic acid with furfuryl, 

thienyl and 3,5-di-tert-butyl-4-hydroxyphenyl substituents have shown less activity compared to 

compound 13. (E)-3-(3-Methyl-thiophen-2-yl)-2-phenylacrylic acid compound 15 demonstrated 

COX-1 (IC50 = 75 μM)/LOX (IC50 = 310 μM) inhibition. The reduction of rat paw oedema by 

CPE assay was only 21.0% when 0.01 mmol/kg/body weight dose was administered. This study 

also revealed the importance of COX-2 pharmacophore SO2Me group, for dual COX/LOX 

inhibitory activity [74]. 
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Dual COX-2/5-LOX inhibitory activity of a novel moiety, KYKZL-1, ((Z)-2-(2,4-

dichlorophenyl)-3-(3,5-dimethoxyphenyl)acrylic acid) compound 16, was assessed by time 

course analysis by antibodies and by the effect on mRNA level in RAW264.7 cell line after 

lipopolysaccharide (LPS) stimulation using reverse transcription polymerase chain reaction (RT-

PCR). Selective inhibition of COX-2/5-LOX/iNOS, without affecting the expression of COX-1, 

accounted for its potent anti inflammatory activity and gastric safety profile in mouse, compared 

to Diclofenac [75]. 

 A combination of resveratrol 17 and propenoic acid derivatives led to the formation of 2-

(4-hydroxyphenyl)-3-(3,5-dihydroxyphenyl)propenoic acid (NNU-hdpa) 18, which showed 

significant inhibition on COX-2/5-LOX enzymes with IC50 = 0.36 μM and 0.50 μM respectively, 

relative to resveratrol (3,5,4′-trihydroxystilbene); a naturally occurring molecule with anti-

inflammatory activity. Both in vitro and in vivo results demonstrated its selectivity towards COX-

2 and LOX-5, which proposed that NNU-hdpa prodrug could be projected as a promising scaffold 

for  COX-2/5-LOX inhibition without significant gastric ulcerogenic liability [76]. 

CSN-07001, (2-(4-aminophenyl)-3-(3,5-dihydroxyphenyl)propenoic acid) 19, also 

designed based on same ‘combination chemistry’ as that of NNU-hdpa. Compound 19 could exert 

AI and antinociceptive effect only to peripheral tissue inflammation and pain due to high polarity, 

which made it impossible to pass through blood-brain barrier. Compound 19 exerted inhibitory 

effects upon COX-1/COX-2 and 5-LOX with IC50 = 2.2, 1.76 and 0.28 μM correspondingly. It 

was also noticed that it affected the expression of these enzymes in LPS- induced lung 

inflammation in mice. Both in vitro and in vivo studies brought about characteristics of dual 

inhibition with better gastric-sparing property compared to Indomethacin [77]. 
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Fig. 10 Propenoic acid derivatives 

 

5.7 Propenone derivatives 

Jahng et al. reported the synthesis of propenone derivatives containing simple aromatic 

molecules, wherein, the aromatic rings such as furyl, thienyl, pyridyl, and phenyl were connected 

to propenone basic skeleton. Among the synthesized, 1-furan-2-yl-3-pyridine-2-yl-propenone 

(FPP-3) 20, portrayed highest potency against dual enzymes (COX-2 IC50 = 1.89 μM and 5-LOX 

IC50 = 0.37 μM). It also reduced the production of tumor necrosis factor-α (TNF-α) and nitric 
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oxide synthase. SAR of compound 20 ascertained that 5-membered and 6-membered rings at C1 

and C3 respectively were the basis for its selectivity towards 5-LOX [78].    

Interestingly, 1-furan-2-yl-3-pyridin-2-yl-propenone (FPP-3), a preclinical drug for the 

treatment of chronic inflammatory diseases such as rheumatoid arthritis does not exhibit any 

ulcerogenic activity at therapeutic concentrations. FPP-3 has the advantage that it does not alter 

the pharmacokinetic parameters of Warfarin [79, 80]. 

5.8 Propynone derivatives 

The presence of p-MeSO2 group on the C3 phenyl ring of 1,3-diphenylprop-2-yn-1-ones 

displayed COX/LOX inhibitory activity. Among the derivatives, 1-(4-cyanophenyl)-3-(4-

methanesulfonylphenyl)prop-2-yn-1-one compound 21,  with cyano group at the para position 

exhibited optimum inhibition on COX/LOX enzymes (COX-2 IC50 = 1.0 μM, 5-LOX IC50 =1.0 

μM), which showed an apparent sensitivity to the C1 phenyl ring. Both the oxygen atoms of the 

SO2Me group had undergone hydrogen bonding interaction with aminoacid residues. The methyl 

group of p-SO2Me pharmacophore interacted through van der Waal's forces in the enzyme active 

site. In addition, the carbonyl oxygen of prop-2-yn-1-one moiety formed H bond to the OH of 

Tyr355 [81].  

Further study on this analogues highlighted that p-SO2Me substituted C3 phenyl ring is 

essential for COX-2 selectivity whereas C1 phenyl ring substitution determines electronic and 

steric properties which are important for dual inhibitory activity. Modification of 1,3-

diphenylprop-2-yn-1-ones by changing substitution at C1 led to the discovery of a new class of 

compounds, among them, compound 1-(4-isopropylphenyl)-3-(4-(methylsulfonyl)phenyl)prop-2-

yn-1-one, 22  was found to be more potent [82]. 

SAR data indicated that C1 phenyl ring substituent modifications by varying steric and 

electronic parameters would result in the best possible dual COX-1/2 and 5/15-LOX inhibitors. 

The COX-2 pharmacophore, p-SO2Me, at C3 was found to be critical for the activity. 

 
Fig. 11 Propenone and propynone derivatives 

 

5.9 Thiophene derivatives 

Among thiophene derivatives, several compounds like L-652,343 and RWJ-63556 

produced potent dual COX/LOX inhibitory activity. L-652,343, 3-hydroxy-5-trifluoromethyl-N-

[2-(2-thienyl)-2-phenylethenyl]-benzo(b)thiophene-2-carboxamide 23, inhibited both COX and 

5-LOX in whole cells. This compound effectively inhibited chronic inflammation of adjuvant and 

type II collagen-induced polyarthritis [83]. L-652,343 suppressed inflammation mediated by 

cyclooxygenases together with reduction in carrageenan-induced footpad oedema (ED50 = 18 

mg/kg) and footpad swelling in adjuvant arthritis in rats (ED50 < 10 mg/kg). This compound also 
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reduced PGE2 and PGD2 levels significantly in skin exudates of stable chronic plaque psoriasis 

patients after oral administration [84].  

RWJ-63556, N-[5-(4-fluorophenoxy)thien-2-yl]methane sulphonamide 24, an orally 

active dual COX-2/5-LOX inhibitor exhibited potent anti-inflammatory activity in dogs. 

Interestingly enough, RWJ 63556 is structurally akin to Nimesulide and other COX-2 inhibitor 

SC-58125. COX-2 activity was determined using whole cell assay with ECV-304 cells and it 

showed IC50 = 1.86 μM whereas 5-LOX inhibitory activity by rat basophilic leukaemia (RBL-1) 

homogenate showed IC50 = 0.13 μM [85].  

Tenidap, ((Z)-5-chloro-3-(hydroxy(thiophen-2-yl)methylene)-2-oxoindoline-1-

carboxamide) 25, a cytokine modulator and dual COX/5-LOX inhibitor had shown more potency 

in the clinical treatment of RA when compared to tNSAIDs such as Piroxicam and Diclofenac. In 

vitro studies indicated that Tenidap inhibited COX at IC50 = 0.01 μM and 5-LOX at IC50 = 18.0 

μM in human neutrophils. In vivo studies have also upheld a remarkable decrease in PGE2 and 

LTB4 levels in synovial fluid of patients administered with 120 mg daily dose. However, Tenidap 

has been removed from European market because of its kidney and liver toxicity. The toxicity 

could probably be due to the reactive oxidative metabolites of thiophene moiety [86].  

 

5.10 Benzothiophene derivatives 

Researches have proved that benzothiophene or benzofuran scaffold linked to rhodanine 

moiety having anti-inflammatory pharmacophores, 1,3-diaryl pyrazole and indolin-2-one to 

position 5 of rhodanine through two atom spacer would show potential dual COX/LOX inhibitory 

activity. 3-Chloro-N-[5-(3,4-dimethoxybenzylidene)-4-oxo-2-thioxothiazolidin-3-

yl]benzo[b]thiophene-2-carboxamide, 26 exhibited enhanced inhibitory profile on COX-2/LOX 

due to the presence of 3,4-dimethoxy phenyl moiety. Docking studies confirmed that 

benzothiophene and phenyl ring afforded lipophilicity to the molecule through hydrophobic 

interaction by providing the best fit at COX-2 active site.  Similarly, it was found out that at 5-

LOX active site, the amide group, two OCH3 groups and rhodanine formed H bonding interactions 

and imparted polar properties to the molecule [87].  

Further research on benzothiophene molecular hybrids or its benzofuran bioisostere through 

different heterocyclic pharmacophores produced dual COX-2/LOX inhibitors with a safe 

gastrointestinal profile. The compound 3-Chloro-N'-(3,4-

dimethoxybenzylidene)benzo[b]thiophene-2-carbohydrazide, 27 exhibited significant in vitro and 

in vivo anti-inflammatory activity. Compound displayed one H bond interaction between amide 

NH and Ser339 at COX-2 active site and one H bond between 3-methoxy oxygen and Phe177 in 

5-LOX active site [88]. 
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Fig.12 Thiophene and benzothiophene derivatives 

 

5.11  Furanone derivatives 

During the past few decades modification of Rofecoxib by attaching a 5-LOX 

pharmacophore such as oxime or N-hydroxycarbamate moiety have resulted in a new class of 

inhibitors. Among the synthesized, 3-[4-(1-hydrxyimino)ethylphenyl]-4-(4-

methanesulfonylphenyl)-2(5H)furanone, 28 exhibited potent inhibitory activity against COX-2 

(IC50 = 1.40 μM), 5-LOX (IC50 = 0.28 μM), and 15-LOX (IC50 = 0.32 μM). The Rofecoxib hybrids 

with an extra acetyl or hydroxyiminoethyl substituent with or without an acetylene spacer 

exhibited selective COX-2 inhibition. In contrast, both COX-1 and COX-2 inhibitory activity was 

abolished by the inclusion of bulky (benzyloxyimino)alkyl group. The C3 substitution with 4-(1-

hydroxyimino)ethylphenyl or N-hydroxyliminoalkynyl group resulted in potent compounds, 

whereas acetyl group substitution instead of ethanone oxime moiety ended LOX activity. It was 

noted that the SO2Me, N-OH, and carbonyl group of central furanone moiety formed a H bond 

with OH of Ser530, the acetylation site for aspirin [89].    

Phenidone, 29 is a well established molecule for potent COX/5-LOX inhibitory activity in 

rats. But when modified Phenidone was tested for human 5-LOX inhibitory activity, the 

derivatives or the molecule itself couldn’t inhibit human 5-LOX enzyme.  The derivatives 

manifested varying degree of COX inhibitory activity. The compound with NH2 group at position 

4 showed IC50 = 13.4±2.3 μM. Besides, lipophilic substituents such as SO2C2H5 at the position 4 

were found to augment 5-LOX activity significantly (IC50 = 60 nM) [90]. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

23 
 

Selectivity and potency of conventional AI agent aspirin were improved by replacing 

CO2H group by acetoxy and/ ethyl ester group with N-substituted sulphonamide pharmacophore. 

The SO2NHOR group acts similar to the SO2NH2 group- COX-2 pharmacophore- in Celecoxib 

and the SO2NHOH group would act exactly like hydroxamic acid or hydroxyl urea (5-LOX 

pharmacophore) in Zileuton. The molecular modeling studies clearly concluded that the 

interaction of substituent groups and the enzyme was through hydrogen bonding. Ethyl 2-(N-

hydroxysulfamoyl)benzoate, 30 showed highest potency with COX-2, IC50 = 0.09 μM, 5-LOX, 

IC50 = 0.4 μM and ED50 =24.5 mg/kg [91].  

 
Fig. 13 Pharmacophoric modifications 

5.12  Pyrazole derivatives 

FPL 62064, N-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-3-amine, 31 is one of the first 

examples of dual acting pyrazole containing AI drugs. It exposed AI activity in vitro and in vivo 

in a large number of models. Compound 31 exhibited RBL-1 cytosolic 5-LOX inhibition at IC50 

= 3.5 μM and prostaglandin synthetase inhibition at IC50 = 3.6 μM. In vivo studies have confirmed 

that 99% PGE2 and 86% LTC4 inhibition at 20 mg/kg i.p in peritoneal inflammation induced by 

the immune complex in mice. FPL 62064 inhibited PGE2 production in guinea pig skin after UV 

irradiation with an IC50 = 11 μM on the topical application [92]. 

[5-(4-chlorophenyl-N-hydroxy-1-(4-methoxyphenyl)-N-methyl-1H-pyrazole-3-

propanamide, Tepoxalin, 32 is a potent inhibitor of sheep seminal vesicle COX (IC50 = 4.6 μM) 

and rat basophilic leukemia cell (RBL-1) lysate COX (IC50 = 2.85 μM). The compound inhibited 

the production of TXB2 in human peripheral blood leukocytes on Ca++ ionophore A-23187 

stimulation (HPBL; IC50 = 0.01μM) and human whole blood (IC50 = 0.08 μM). Tepoxalin 

inhibited lipoxygenase in RBL-1 lysates (IC50 = 0.15 μM) and intact RBL-1 cells (IC50 = 1.7 μM). 

Tepoxalin demonstrated potent AI activity in adjuvant arthritic rat (ED50 = 3.5 mg/kg p.o) and 

analgesic activity in mice by acetic acid-induced abdominal constriction assay (ED50= 0.45 mg/kg 

p.o).  Tepoxalin displayed a dose-related inhibition of PG and LT production in dogs in ex vivo 

whole blood eicosanoid production assay (PGF2α ED50 = 0.015 mg/kg; LTB4 ED50 = 2.37 mg/kg). 

Tepoxalin was found to be safe of ulcerogenicity in adjuvant arthritic rats when used within its 

therapeutic range (1-33 mg/kg p.o.). Furthermore, Tepoxalin was free of ulcerogenic activity in 

normal rats at doses lower than 100 mg/kg (UD50 = 173 mg/kg p.o.) [93-95]. 
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ER-34122, 5-((1,5-bis(4-methoxyphenyl)-1H-pyrazol-3-yl)dimethoxymethyl)-2-

chlorobenzamide, 33 inhibited both COX and LOX production in vitro and ex vivo. Inhibitory 

concentrations of COX and LOX were 0.06 μM and 0.15 μM respectively. ER-34122 inhibited 

the production of both LTB4 in human polymorphonuclear neutrophils (PMN) and PGE2 in 

cultured human synovial cells at 0.25 μM and 0.34 μM respectively [96]. 

QSAR analysis of 1,5-diarylpyrazole analogues revealed that these are the primary 

structural requirements for exhibiting dual inhibitory activity: hydrophilic factor which 

contributes to COX-2 activity and  3D molecular representation of structure based on electron 

diffraction code (Mor17v), an important parameter for 5-LOX inhibitory activity [97]. 

Moreover, 19 different diarylpyrazoles were synthesized and tested for dual COX/LOX 

inhibitory property by Pommeri et al. 3-[3-Fluoro-5-(4-methoxytetrahydropyran-4-

yl)phenoxymethyl]-1-(4-methanesulfonylphenyl)-5-phenyl-1Hpyrazole 34, a hybrid of diaryl 

heterocyclic methylsulfones and 4-methoxytetrahydropyran exhibited maximum potency. 

Significant inhibition against COX-2 and 5-LOX was shown by the compound 34 with IC50 = 45.0 

nM and 0.30 μM respectively.  SAR studies displayed that replacement of LOX pharmacophore- 

4-methoxytetrahydropyran of compound 34 by electron withdrawing or donating groups could 

end with the total loss of LOX inhibitory activity. Similarly, substitution of SO2Me moiety by 

various groups led to reduction in PGE2 inhibition from transfected Chinese hamster ovary (CHO) 

cells, whereas an aminosulfonyl substituent (Celecoxib-like), retained the activity. Molecular 

docking illustrations on COX-2 active site demonstrated that these compounds could interact with 

Tyr355, Arg120, and Phe518. It constituted one H bond between tetrahydropyran oxygen and 

Tyr115. However, both methylsulfonyl and aminosulfonyl moieties formed two other H bonds 

with His90 and Phe518, and as a result the stability of the complexes considerably increased. "5-

LOX part" fills the entrance of 5-LOX active site and develops one H bond between the oxygen 

atom of tetrahydropyran and Tyr181 [98]. 

A large set of structurally diverse 160 molecules was scrutinized by using Electronic-

Topological Method combined with Density Functional Theory (DFT), molecular docking and 

Neural Networks (ETM–NN), and as COX-2/5-LOX inhibitors in order to find out their 

conformational and electronic features. From the calculations, 6 compounds were predicted as 

dual inhibitors with IC50 <15.0 μM. Docking study results had shown that ligand-receptor 

interaction would occur as a result of H bond formation and weak π-π interactions of aromatic 

rings. Nature of bond formed between ligand and enzyme active site were also affected by 

hydrophobic interaction [99]. 

ZLJ-6, [(Z)-1-methyl-1,5-dihydro-2-amino-5-[4-(mesyl)benzylidene]-4H-imi-dazole-4-

onemesilate], 35 dually inhibited COX-2 (IC50 = 0.31 μM) in human whole blood and 5-LOX in 

RBL-1 cell homogenates and intact cells (IC50 = 0.32 μM and IC50 = 1.06 μM respectively) [100]. 

Razik et al. synthesised two series of benzodioxole –pyrazole hybrids and evaluated anti-

inflammatory potential. In 1,5-diaryl pyrazole series substitution at positions 1or 3 of pyrazole 

modulate anti-inflammatory and analgesic activity whereas in 1,3-diarylpyrazoles nature of 

substituents at position 4 of the pyrazoles determines the activity. 1,3-diarylpyrazole derivative, 

4-{5-{[3-(Benzo[d][1,3]dioxol-5-yl)-1-phenyl-1H-pyrazol-4-yl]methylene} 4-oxo-2-

thioxothiazolidin-3-yl}-benzenesulfonamide, 36 proved to be more effective than diclofenac 

sodium at the same dose. Sulphonamide pharmacophore and benzodioxole oxygen were found 

essential in all the active molecules, which caused stable H bond interaction at the COX-2 active 
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site. At 5-LOX active site, carbonyl functionality of thiazolidinone ring held compound 36 to Fe2+ 

region. Stable H bond interactions were observed between Phe177 and Gln413 with one of the 

oxygen atoms of benzodioxole whereas phenyl fragment of benzodioxole moiety formed arene-

arene interactions. Binding modes of the most active compounds at COX-2/5-LOX active sites 

confirmed the synergistic role of sulfonamide and benzodioxole moieties for improvement of anti-

inflammatory activity [101]. 

Shen et al. reported the synthesis and evaluation of compounds designed by hybridizing 

pyrazoles with 5-LOX specific substituted coumarins. Compound 2-((2-oxo-2H-chromen-7-

yl)oxy)ethyl 1-(4-sulfamoylphenyl)-5-(3,4,5-trimethoxyphenyl)-1H-pyrazole-3-carboxylate, 37 

showed highest potency (COX-2 IC50 = 0.23±0.16 μM and 5-LOX IC50 = 0.87±0.07 μM) with 

significant in vivo anti-inflammatory and antiproliferative activity. Molecular modeling studies 

revealed that compound 37 was well inserted into the COX-2 active site with two H bonds. 

Similarly, it was noticed that compound 37 interacted with amino acid residues surrounding the 

binding domain of 5-LOX and formed four H bond at the active site [102]. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

26 
 

 
Fig. 14 Pyrazole derivatives 
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5.13  Isothiazoline derivatives 

S-2474, (E)-5-(3,5-di-tert-butyl-4-hydroxybenzylidene)-2-ethylisothiazolidine 1,1-

dioxide 38, displayed dual inhibitory COX/LOX activity (COX-2 IC50 = 0.011 μM in human intact 

cells and in vitro LTB4, IC50 = 2.5 μM) with selectivity towards COX-2 [103]. 

In an attempt to develop new molecules with the isothiazoline nucleus, 3-(4-

bromophenyl)-6-nitrobenzo[1.3.2]dithiazolium ylide 1,1-dioxide derivatives were proposed for 

TNF-α inhibition along with dual COX-2/5-LOX inhibitory activity. The potency of the molecule 

has been expounded by the molecular modeling studies which explored hydrogen H bonding 

interaction of S enantiomer through SO2 group and NO2 group which was well inserted into the 

COX-2 side pocket. The 3-(4-bromophenyl)-6-nitrobenzo[1.3.2]dithiazolium ylide 1,1-dioxide 

39, exhibited significant inhibitory activity on human recombinant COX-2 IC50 = 1.7 μM, and on 

human leukocyte 5-LOX IC50 = 1.22 μM [104].  

In addition, to facilitate H bonding interaction, hydrogen bond acceptors such as SO2Me, 

SO2NH2, and CO2H derivatives were introduced into the molecule. Similarly, to improve the 

interaction at hydrophobic pocket substituents such as methoxy, ethyl, isopropyl, tert-butyl, and 

phenyl were introduced to benzo[1.3.2]dithiazolium ylide 1,1-dioxide. Compared to smaller alkyl 

groups, bulky groups like phenyl and tert-butyl groups exposed good interaction with hydrophobic 

pocket. Compound 40 was the one found to be the most potent compound when evaluated for AI 

activity in CPE assay in male Wistar rats (COX-2 IC50 = 0.27 μM and 5-LOX IC50 = 0.30 μM) 

[105]. 

5.14  Thiazole derivatives 

Novel 2, 4-bis(aryl/heteroaryl)-5-acylthiazole derivatives were designed and evaluated for 

AI and antioxidant activity. 4-(2-(3,4-Dimethoxyphenyl)-4-(1-methyl-1H-indol-3-yl)thiazole-5-

carbonyl)benzo nitrile 41, appeared as a potent candidate for both COX-2/LOX inhibition and 

antioxidant activity with COX-2 IC50 = 2.10 μM and 5-LOX IC50 = 1.37 μM. SAR studies have 

professed that thiazoles bearing electron rich aryl or heteroaryl groups such as 4-methylphenyl 

and 3,4-dimethoxyphenyl at position 2, 4-methoxyphenyl and N-methylindol-3-yl at position 4 

and benzoyl, 4-cyanobenzoyl and furoyl groups at the position 5 of thiazole ring showed 

significant AI activity. While thiazoles with electron deficient aryl/heteroaryl groups at position 

2 and irrespective of electronic nature of substituents at positions 4 and 5 were assessed as the 

least active [106]. 

 Apostolidis et al. prepared a series of novel 4-thiazolidinones by combining two well 

known bioactive heterocyclics such as thiazolidinonyl and thiazolyl. In vivo AI effect of novel 

compounds was screened by CPE assay in mice. 5-(4-(Dimethylamino)benzylidene)-2-(1,3-

thiazol-2-ylimino-1,3-thiazolidin-4-one showed maximum potency with 67.3% protection which 

was much higher than the reference drug, Indomethacin. 4-Cl substituted (Z)-5-(4-

chlorobenzylidene)-2-((4-phenylthiazol-2-yl)amino)thiazol-4(5H)-one compound 42 displayed 

better selectivity against COX-2/LOX (COX-2 = 34.0 %, LOX = 54.0 μM) [107]. 

Based on the fragment-based drug discovery (FBDD) method, benzothiazolyl, 

benzisothiazolyl and thiazolyl derivatives selective COX/LOX inhibitors were designed and 

synthesized. Derivatives evinced inhibitory activity in this order: thiazole ˂˂ benzisothiazole ≈ 
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benzothiazole. 5-(2-Chloro-benzylidene)-2-(benzo[d]thiazol-2-ylimino)thiazolidin-4-one 

documented 58.8% inhibition against COX-2. COX-2 inhibitory activity was diminished when 

chloro group replaced by less lipophilic nitro group whereas 4-hydroxy and 4-methoxy group 

retained the activity. It was specially reckoned that even though benzthiazole derivatives had LOX 

inhibitory activity, benzisothiazolylthiazolidinone demonstrated the best LOX inhibitory activity 

for (E)-2-(benzo[d]thiazol-2-ylimino)-5-((Z)-4-hydroxybenzylidene)thiazolidin-4-one, 43 (IC50 = 

17.7 μM). Docking studies conducted on the most active ortho chloro derivative showed that 

hydrophobic interactions firmly contributed to complex stabilization. Furthermore, H bond 

formed between oxygen atom of the keto group in thiazolidinone ring and OH group of Ser516 

added stability to the complex. Although hydrophobic interactions play a key role in LOX 

complex stabilization, aromatic π-π interactions, H-bond formation and iron coordination bonds 

contributed to stability [108]. 

Another compound CBS-1108, 44 manifested an IC50 value of 2.0 μM against 5-LOX in 

rabbit peritoneal polymorphonuclear leukocytes and COX in rabbit platelets [109].  

 

Fig. 15 Isothiazoline and thiazole derivatives 
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5.15  Dithiolthione derivatives 

4,5-diaryl isothiazoles, 4,5-diaryl 3H-1,2-dithiole-3-thiones and 4,5-diaryl 3H-1,2-

dithiole-3-ones were prepared and evaluated as multiple target non-steroidal AI drugs 

(MTNSAIDs).  SAR studies emphasized that introduction of methylsulfonyl group furnished 

selectivity for COX-2 inhibitory activity. Methylsulfonyl group along with fluorine or methyl 

group showed moderate COX-2 inhibition. In vitro 5-LOX inhibitory studies on various 

heterocyclic series demonstrated that dithiolthione derivatives have better 5-LOX inhibitory 

profile. Interestingly, methylsulfonyl group was also found to be useful for hydroxyl radical 

scavenging activities. The overall best hit was by dithiolthione 45, with balanced inhibition of all 

four targets (COX-1 IC50 = 7.0 μM and COX-2/5-LOX/OH IC50 = 9.0 μM) besides the in vitro 

inhibition of leukocytes adhesion [110]. 

5.16  Isoselenazole derivatives 

4,5-diaryl isoselenazoles were intriguing molecules since it had COX/LOX inhibitory 

activity along with its ability to deduce reactive oxygen species levels. This design merged a 

classical diaryl heterocycle with ebselen structure, a synthetic antioxidant. SAR studies revealed 

that COX-1 inhibitory activity was maintained with different p-aryl substitutions, whereas the 

introduction of sulfone moiety had given significant selectivity for COX-2. The docking studies 

displayed that different p-phenyl substituents formed distinctive hydrogen bonds in the active site. 

Methylsulfonyl group of compound 46 formed two H bonds between sulfonyl oxygens (hydrogen 

bond acceptors) and His90 and Arg513 with the COX-2 binding site. Whereas, the substitution 

pattern on the phenyl moiety at p-position had a surprisingly low impact on the 5-LOX active site 

[111]. 

5.17  Fenamate derivatives 

Modifications on fenamates via replacement of CO2H group with 1,3,4-thiadiazole-2-

thiones and 1,3,4-oxadiazole-2-thiones produced selective  COX inhibition in the range of IC50 = 

0.19 μM-1.75 μM and 5-LOX inhibition IC50 = 0.74 μM-1.39 μM. Compounds 47 and 48 brought 

to light significant dual inhibitory activity [112]. 
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Fig. 16 Dithiolthione, isoselenazole and fenemate derivatives 

 

5.18  Triazole derivatives 

Hybrid derivatives with dual COX/LOX activity was derived from incorporating diaryl-

1,2,4-triazole (COX-2 pharmacophore) with N-hydroxyurea or hydroxamic acid (5-LOX 

pharmacophore). Substitution of p-position of C5 phenyl ring with electron withdrawing group (F, 

CF3, and Br) increased dual COX-2/5-LOX inhibitory activity, whereas 3,4,5- substituted triazole 

diminished COX-2/5-LOX inhibitory activity. In addition, SO2Me and SO2NH2 groups are 

essential for activity and shifting of the N1 aromatic ring to the N4 decreased COX-2 inhibitory 

activity. Concisely, in order to have an appropriate binding with COX-2/5-LOX active site a “Y-

type” structure of 1,5-diaryl-1,2,4-triazoles is necessary as seen in compound 49. All the structural 

features especially the SO2Me moiety were found to be crucial for the COX-2 binding activity 

since both oxygen atoms of SO2Me formed H bonds with Arg513 and His90. Conversely, N-

hydroxyurea moiety was directed to the bottom of the hydrophobic pocket [113]. 

Following studies on triazole for new COX-2/5-LOX inhibitors hybridized diaryl-1,2,4-

triazoles with the caffeic acid scaffold. SAR studies revealed that substitution with electron 

withdrawing groups on p-position of phenyl ring enhances COX-2 inhibitory activity and< OH 

group at p-position of caffeic acid was decisive for the 5-LOX activity, whereas m-substituent had 
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only a slight influence on the 5-LOX activity (H< OAc < OH, OCH3). In these researches 

compound 50 exhibited maximum potency against COX-2 and 5-LOX (COX-2 IC50 = 0.12 ± 0.03 

μM, 5-LOX IC50 = 0.71± 0.17 μM) [114]. 

 
Fig. 17 Triazole derivatives 

5.19  Pyridone derivatives 

In addition to all these a large number of pyridone derivatives were studied for the purpose 

of comprehending more about dual inhibitory activity. Chowdhury et al. synthesized novel 

molecules with 4-methanesulfonylphenyl/4-aminosulfonylphenyl and difluoromethyl-1,2-

dihydropyrid-2-one. 1-(3-Methylsulfonylphenyl)-2-[5-(1-difluoromethylpyrid-2-one)]acetylene 

51, demonstrated optimum COX-2/5-LOX inhibition and CPE assay showed ED50 of 66.10 mg/kg 

po. SAR studies indicated that AI activity was mainly due to the inhibition LTs produced through 

LOX pathway, and not by COX inhibition. The relative AI potency according to aryl substituent 

was found to be 3-SO2Me ≈4-SO2Me >4-SO2NH2 ≫2-SO2Me. The N-difluoromethyl-1,2-

dihydropyrid-2-one moiety proved to be a novel 5-LOX pharmacophore for the design of cyclic 

hydroxamic mimetics [115]. 

In another approach, it was found that a series of N-difluoromethyl-1,2-dihydropyrid-2-

one attached to salicylic acid and N-acetyl-2-carboxybenzenesulfonamide regioisomers were 

designed. N-difluoromethyl- 1,2-dihydropyrid-2-one substitution instead of 2,4-difluorophenyl 

ring in Diflunisal provided a novel class of dual COX-2/5-LOX inhibitors. The structure-activity 

data acquired proved that substitution of the N-difluoromethyl-1,2-dihydropyrid-2-one moiety at 

C5 is more potent than C4 regioisomer. 5-(N-difluoromethyl-1,2-dihydropyrid-2-one-4-

yl)salicylic acid 52, was found to project highest potency among the synthesised compounds with 

COX-2 (IC50 = 0.98 μM) and 5-LOX (IC50 = 0.37 μM) inhibition. CPE model showed an ED50 of 

434 μmol/kg and was devoid of any gastric ulcerogenicity at 1.38 mmol/kg oral doses [116]. 

Yu et al. synthesized novel molecules by attaching N-difluoromethyl-1,2-dihydropyrid-2-

one moiety at C3, C4 and C5 of acetic acid and propionic acid regioisomers. Compound (1-

difluoromethyl-2-oxo-1,2-dihydropyridin-5-yl)acetic acid 53,  showed highest potency against 

COX-2 (IC50 = 1.3 μM) and 5-LOX (IC50 = 0.46 μM). Molecular modeling studies displayed that 

at COX -2 active site electronegative CHF2 group was oriented to the secondary pocket. The N-

difluoromethyl-1,2-dihydropyrid-2-one was directed close to the catalytic iron region at LOX 

active site [117]. 

Moreover, tolyl ring present in Celecoxib was replaced by N-hydroxypyridin-2(1H) one 

moiety which has the ability to chelate iron and inhibit 5-LOX enzyme. Herein, the CONOH part 
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of the N-hydroxypyrid-2(1H)-one ring could act as a cyclic hydroxamic acid mimetic 5-LOX 

pharmacophore. The SO2Me or SO2NH2 COX-2 pharmacophore at the para position of the N1-

phenyl ring in conjunction with 5-LOX pharmacophore accounted for the potent AI activity. 1-

(4-Methylsulfonylphenyl)-3-trifluoromethyl-5-[4-(1-hydroxy-1,2-dihydropyrid-2-one]-1H-

pyrazole 54, displayed fourteen fold more activity than corresponding SO2NH2 derivative. It 

manifested significant COX-2, IC50 = 7.5 μM and 5-LOX, IC50 = 0.35 μM inhibitory activities. 

The oral AI activity which was determined by carrageenan-induced rat foot paw oedema model, 

exhibited ED50 = 66.9 mg/kg [118].  

Interestingly, when tolyl ring of celecoxib was replaced with N-difluoromethyl-1,2-

dihydropyrid-2-one moiety afforded a new class of 1-(4-methanesulfonylphenyl and 4-

aminosulfonylphenyl)-5-[4-(1-difluoromethyl-1,2-dihydropyrid-2-one)]-3-trifluoromethyl-1H-

pyrazole hybrid which evinced potent inhibition of COX-2/5-LOX. The CONCHF2 group of N-

difluoromethyl-1,2-dihydropyrid-2-one functioned as a cyclic hydroxamic acid mimetic, 

responsible for the 5-LOX activity either by acting as an effective iron chelator or by interacting 

with the positively charged region on the enzyme. Among the newly designed molecules, ie 1-(4-

Aminosulfonylphenyl)-5-[4-(1-difluoromethyl-1,2-dihydropyrid-2-one)]-3-trifluoromethyl-1H-

pyrazole 55, was the most effective one with COX-2 IC50 of 0.69 μM and 5-LOX IC50 of 5.0 μM 

[119]. 

In a pharmacophoric modification of Indomethacin, N-difluoromethyl-1,2-dihydropyrid-

2-one moiety was attached at its C4 or C5 via either a C=O or CH2 linker to the indole at N1. 

Unexpectedly, the analogues couldn’t exert COX/LOX inhibitory activity as two fluorine atoms 

of CHF2 group seldom acted as H bond acceptor, probably due to its high electronegativity. Even 

though studies proved that Celecoxib, salicylic acid and linear acetylene analogues having N-

difluoromethyl-1,2-dihydropyrid-2-one moiety showed promising in vitro and in vivo AI 

activities, this report portrayed how structural modifications could unpredictably abolish activity. 

SAR indicated that coupling of N1 of 5-methoxy-2-methyl-1H-indol-3-yl]acetic acids and  N-

difluoromethyl-1,2-dihydropyrid-2-one ring system via C=O or CH2 linker was not an appropriate 

approach for indomethacin analogues [120]. 
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Fig. 18 Pyridone derivatives 

 

5.20  4-Methoxy tetrahydropyran derivatives 

Based on the pharmacophoric combination concept, 5-(4-chlorophenyl)-3-((3-fluoro-5-(4-

methoxytetrahydro-2H-pyran-4-yl)phenoxy)methyl)-1H-pyrazole-1-sulfonamide 58, was derived 

from the pyrazole of Celecoxib (COX-2 inhibitor) and 4-(3-fluoro-5-oxy)phenyl-4-

methoxytetrahydropyran pharmacophoric group of ZD-2138, 57 (5-LOX inhibitor). Further 

modification resulted in 3-(3-fluoro-5-[4-(4-methoxytetrahydropyranyl)]phenoxymethyl)-1-(4-

methylsulfonylphenyl)-5-phenyl-1Hpyrazole 59. The compound 59 was found to be fairly potent 

dual COX-2 (IC50 = 0.05 μM) and 5-LOX (IC50 = 0.003 μM) inhibitor with high selectivity 

towards COX-2. Molecular docking of compound 59 demonstrated that sulfone of SO2Me group 

filled definite hydrophilic pocket and also formed H bond with Arg513. Similarly, it was noticed 

that at 5-LOX active site, 5-LOX pharmacophoric group fitted well and formed H bond between 

methoxy group and Ser530 [121]. 

Incorporation of a 5-LOX pharmacophore, 4-methoxy tetrahydropyran, into Nimesulide, 

followed by few structural modifications resulted in new Nimesulide derivatives with dual 

inhibitory activity. Sulphonamide group was originated as an essential group for COX inhibition, 

mainly because the exchange of methyl sulphonamide with other scaffolds resulted in the absolute 

loss of COX inhibition except for Nimesulide with the polar NO2 group in that region. The Ethyl 
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4-(benzyloxy)-3-((3-(4-methoxytetrahydro-2H-pyran-4-yl)phenyl)methylsulfonamido) benzoate 

60, exhibited maximum potency with COX-2, IC50 = 0.97 μM and 5-LOX, IC50 = 0.87 μM. At the 

COX-2 active site, two H bonds were formed between sulfonyl group and Arg120, and between 

ethyl benzoate and Ser530. It was also observed that at 5-LOX active site, the amide linkage 

formed H bonds with Arg120 and Tyr355 [122]. 

 

Fig. 19 4-Methoxy tetrahydropyran derivatives 

5.21  Pyridazine derivatives 

Functionalized pyridazines containing either a 1,2,4-triazole-5-thione or a 1,3,4-

thiadiazole  moiety were designed and synthesized. SAR study focussed on the fact that COX 

inhibition was mostly affected by the size of substituents on 1,2,4-triazol-3-yl ring. Docking 

studies on isoxazolo[4,5-d]pyridazin-4(5H)-one proposed that at COX-2 active site pyridazin-

4(5H)-one ring was directed to the central region and fused isoxazole ring was observed within 

the vicinity of the secondary pocket of COX-2. On the other hand, C=S moiety formed non polar 

interactions and 1,2,4-triazole-5-thione ring was oriented towards the COX-2 apex. At 5-LOX 

active site, fused isoxazolopyridazin- 4(5H)-one of compound 61 was situated at the centre of the 

active site. The C=O group of pyridazin-4-one was oriented towards the entrance of 5-LOX active 
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site and produced H bond with the NH group of Phe402. The isoxazole oxygen formed a hydrogen 

bond with OH of Tyr383, whereas the methyl substitution procured non-polar interactions [123]. 

5.22  Pyrimidine derivatives 

Dual inhibitors with pyrimidine nucleus were designed by structure based ligand approach 

wherein 1,4-dihydropyrimidine substitution has been altered. Synthesis of 1,4-dihydropyrimidine 

derivatives of N-hydroxyurea, hydroxamic acid, carboxylate or ester groups was done by one pot 

Biginelli reaction. Analysis of the binding modes of the most potent compound 62 on target 

enzyme exhibited ‘V’shaped binding pose at COX-2 active site. Comparative study of binding 

modes of compound 62 with Celecoxib and Arteleuton/Tepoxalin on COX-2 and 5-LOX 

respectively proved clearly that ‘V' shaped binding pose was highly favourable for COX/LOX 

inhibitory activity. In the COX-2 active site COOC2H5 group formed a hydrogen bond with 

Arg513 and 1,4-dihydropyrimidine ring form hydrogen bond with Tyr355 [124]. 

5.23  Oxazinone derivatives 

BF-389, dihydro-4-(3,5-di-tert-butyl-4-hydroxybenzylidene)-2methyl-2H-1,2-oxazin-

3(4H)-one 63, emerged as an efficient, oral analgesic and antiarthritic agent with low ulcerogenic 

potential. Compound 63 is a potent inhibitor of PGE2 (IC50 = 0.84±0.25 μM) and LTB4 (IC50 = 

3.65±1.19 μM). This molecule was highly effective in adjuvant arthritis test in rats (ED50 = 18 

mg/kg/day) [125]. 

5.24  Dibenzoxepine derivatives 

Derivatives of hydroxylamine and hydroxamic acid with known NSAID series of 

dibenzoxepine displayed both in vitro and in vivo COX-2/5-LOX inhibitory activity. N-

methylhydroxamic acid derivative, compound 64, 3-(6,11-dihydro-11- oxodibenz[b,e]oxepin-2-

yl)-N-hydroxy-N-methylpropanamide (HP977), when substituted with ethylene on acetamide 

chain produced compound 65, 3-(6,11-dihydrodibenz[b,e]oxepin-2-yl)-N-hydroxy-N-

methylpropanamide (P10294) from which emerged 120 fold improvement in 5-LOX inhibition. 

Compounds 64 and 65 had higher topical AI activity in the arachidonic acid ear oedema model 

than the currently used NSAIDs (Ibuprofen and Indomethacin) [126]. 
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Fig.20 Pyridazine, pyrimidine, oxazinone and dibenzoxepine derivatives 

 

5.25  Indole derivatives 

In an exploratory research by Lai et al., the thiophene ring of Tenidap was replaced with 

an aminosulfonylphenyl or methylsulfonylphenyl moiety to abolish the toxicity due to thiophene 

moiety. Knoevenagel condensation of indolin-2-ones and 4-sulfamoylbenzaldehyde produced 3-

[4-(amino/methylsulfonyl)phenyl]methylene-indolin-2-one. In vitro and in vivo evaluation of 

target compounds exhibited extensive inhibition of COX/LOX, especially compound 66. SAR 

studies expounded that compared to sulfamoyl analogues SO2Me had better enzyme interaction. 

Furthermore, electron donating methyl group substitution of an indolin-2-one moiety at C5 

reduced inhibitory activity; whereas substitution with electron withdrawing group could improve 

dual inhibitory activity. In addition, the position of the substituent group, for example, C5 or C6 

on indolin-2-one ring apparently influenced the inhibitory activity [127]. 

N-tosylated indoles having dipeptide unit at C3 produced potent AI agents. (3-(3a,7a-

dihydro-1H-indol-3-yl)-2-(2-oxo-2-(1-tosyl-1H-indol-3-yl)acetamido)propanoyl)glycine 67, the 

most potent molecule (COX/LOX activity was observed at nanograms) interacted with Ser516 

and Tyr371 residues at the COX-2 active site through amide and carboxylic acid functionalities. 

Docking studies of compound 67 at 5-LOX active site created H bonds with Phe177 and Asn554. 

This study confirmed that stereochemistry of the ligand at cellular targets play an imperative role 

throughout its interaction [128]. 

The hybrids of indole-pyrimidine, indole-chromone, indole-pyrazole and indole-barbituric 

acid were recently reported for AI activity. Moreover, new molecules were designed by 
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connecting indole, chrysin, and barbiturate units through suitable spacer groups. Compound 68 

showed promising COX-2/5-LOX inhibition in nanogram level with negligible inhibition of 

COX-1. Docking studies indicated that the presence of 2-propanol linker between indole and 

chrysin moieties and stereochemistry at asymmetric carbon is responsible for the activity. In 

addition, at the COX-2 active site, OH group of propanol linker made hydrogen bond interactions 

with Arg120 and Tyr355 residue. Oxygen of chrysin unit also interacted with Arg120 through 

hydrogen bonding. At 5-LOX active site, OH of propanol linker and Glu363 and C=O of barbituric 

acid and Asp180 illustrated H bond interactions [129]. 

Two series of novel indole containing compounds, substituted at N1 and C3 with N-(4-

substituted phenyl)-acetamide derivatives and C3 heteroaryl ring through azomethine linkage had 

synthesized and screened in vitro and in silico for COX-2 and 5-LOX inhibitory activity. N-[(1-

(p-Methylbenzoyl)-1H-indol-3yl)methylene)-4H-1,2,4-triazol-4-amine 69, showed fantastic 

COX-2 inhibitory activity with IC50 = 0.98 μM and significant 5-LOX inhibition with IC50 = 6.54 

μM. Molecular docking studies indicated that the count of atoms of each ligand is important, as 

the size of a ligand plays a vital role in final conformation at the active site [130]. 

Appending indole nucleus and amino acids through triazole linker demonstrated 

significant inhibition and selectivity towards COX-2/5-LOX enzymes. The methyl 3-(1H-

imidazol-4-yl)-2-(4-((3-methyl-1H-indol-1-yl)methyl)-1H-1,2,3-triazol-1-yl)propanoate 70, 

showed COX-2 IC50 = 0.05 μM and 5-LOX IC50 = 0.43 μM [131].  
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Fig. 21 Indole derivatives 

5.26  Pyrroloimidazole derivatives 

SK&F 105809, 2-(4-(methylsulfinyl)phenyl)-3-(pyridin-4-yl)-6,7-dihydro-5H-

pyrrolo[1,2-a]imidazole, 71 and its active metabolite SK&F 105561 (2-(4-(methylthio)phenyl)-3-

(pyridin-4-yl)-6,7-dihydro-5H-pyrrolo[1,2-a]imidazole) 72, displayed potent COX/5-LOX 

inhibition. SK&F 105809 inhibited PGE2 and LTB4 production in human monocytes with IC50 = 

0.1 μM and 2.0 μM respectively. Compounds 71 and 72 could exhibit AI and analgesic activity in 

animal models. SK&F 105809 inhibited AA-induced ear oedema in mice with an ED50
 of 44 

mg/kg p.o. SK&F 105809 inhibited in vivo LTB4 and PGE2 production in AA-induced 

inflammatory exudates at an ED50 of 41 and 15 mg/kg, p.o respectively [132, 133]. 

5.27  Pyrrolizine derivatives 

ML-3000 or Licofelone 2-(7-(4-chlorophenyl)-2,2-dimethyl-6-phenyl-2,3-dihydro-1H-

pyrrolizin-1-yl)acetic acid, 73 is in clinical trial for treatment of osteoarthritis. It showed COX/5-

LOX inhibition in isolated human platelets with IC50 of 0.22 μM and 0.37 μM respectively [134, 

135].  
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Pharmacomodulation of ML-3000 had led to 6,7-diaryl-2,3-1H-dihydropyrrolizine 

derivatives as dual COX/LOX inhibitors.  Compound 74 showed potent inhibition of COX-1/2 

and 5-LOX (IC50 = 10.0 μM) with high selectivity towards COX-2 (IC50 = 0.005 μM) when tested 

in intact cells. COX-2/5-LOX selectivity could be achieved either by oxidation of the sulphur 

atom or by combining SO2Me group or methanesulphonamide with a lipophilic functionality. In 

addition to all these COX and LOX potency were reduced when phenyl group at C6 was replaced 

by a furan or a thiophene moiety. Whereas C7 substitution with lipophilic group increased COX 

activity, especially COX-2 [136]. 

5.28 Indolizine derivative 

Shrivastava et al. synthesized a series novel indolizine derivatives by bioisosteric 

modification of imidazo[1,2-α]pyridine and performed in silico, in vivo, and in vitro studies and 

established dual COX-2/5-LOX inhibition and AI activity. Compound 75, 3-(aminomethyl)-2-

phenylindolizine-1-carboxylic acid, was found to be most potent with COX-1 IC50 ˃  50 μM, COX-

2 IC50 = 14.91μM, LOX IC50 = 13.09 μM. Docking poses of compound 56 on COX-2 showed that 

indolizine ring of 75 interacts with the hydrophobic channel of enzyme lined with Leu352, 

Tyr385, Trp387, Phe518, and Met522. Compound 75 formed H bond with Ala527 and the 

carboxylic acid group showed penetration into the secondary pocket. In LOX active site 

compound 75 was stabilized by hydrogen bonds with Gln363 and demonstrated π-cation 

interaction with Phe177 [137]. 

5.29  Chromone derivatives 

The screening of 3-(5-phenyl/phenylamino-[1,3,4]oxadiazol-2-yl)-chromen-2-one and N-

[5 (2-oxo-2H-chromen-3-yl)-[1,3,4]oxadiazol-2-yl]-benzamide derivatives showed AI profile 

with fewer side effects. The compound 76 with dichloro substitution on the phenyl ring displayed 

maximum potency against COX-2/5-LOX in comparison to other compounds in the series [138]. 

5.30 Quinoline derivatives 

Novel quinoline-2-carboxamide series exhibited significant selectivity and efficacy upon 

COX-2/LOX along with better gastric safety profile. Molecular modeling depicted that quinoline 

nucleus is positioned in the COX-2 active site and that it formed hydrophobic interactions with 

Ile325, Leu525, and Ala527 residues. In addition, benzimidazole and phenyl piperazine moieties 

displayed H-bond interactions with Leu352 and Ser353. Compound (6-Chloro-4-hydroxy-3-

methylquinolin-2-yl)(4-phenylpiperazin-1-yl)methanone 77, with phenyl piperazine substitution 

showed highest efficacy against COX-2 IC50 = 1.13 μM and 15-LOX IC50 = 5.91μM [139]. 

5.31  Plant derived compounds 

A variety of plant products has been proved to possess dual COX/LOX inhibitory activity. 

Authors have tried to mention few important compounds in this session. Flavocoxid is a mixed 

extract containing baicalin and catechin, marketed as an FDA-regulated medical food for patients 

with OA in the United States. Flavocoxid was found to inhibit both COX-1/COX-2 with 

approximately equivalent IC50 values [140]. In addition to dual inhibition of COX/LOX 

flavocoxid also induced apoptosis and was capable of inhibiting prostate enlargement by 

decreasing growth factor expression [141]. It was found that Flavocoxid also had neuroprotective 

effects against kainic acid-induced excitotoxicity [142].  
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AI studies on a series of trihydroxyflavones revealed that 3,5,7-trihydroxyflavone also 

known as galangin 78, inhibited both COX enzymes and LOX enzymes in a concentration 

dependent manner [143]. 

Pycnogenol is a patented standardized extract of French maritime pine bark containing 

procyanidins and polyphenolic monomer. Supplementation of pycnogenol inhibited COX-2/5-

LOX gene expression and PLA2 activity. Moreover, these studies have confirmed that Pycnogenol 

oral administration could modify the AA cascade in a way to shift the metabolic pathways in 

favour of COX-1 activity [144]. 

A series 2,3-Diarylxanthones suppressed 5-LOX catalyzed LTB4 release in human 

neutrophils and cyclooxygenase catalyzed PGE2 formation in the human whole blood. 2-Catechol 

substituted xanthones were active against 5-LOX (IC50 ∼ 9 μM) and COX-1(IC50 ∼1-7 μM) but 

2,3-diarylxanthones didn’t affect COX-2 activity. Compound 79 exhibited significant inhibitory 

activity against 5-LOX (IC50 = 9.2 ± 4.1 μM) and COX-1(IC50 = 29.5 ± 4.7 μM) [145].  

Langhansova et al. investigated the anti-inflammatory activity of traditional Chinese 

medicine Myrica rubra leaves, extracted with ethanol, ethyl acetate, tert-butyl-methyl ether, and 

water. All solvent fractions demonstrated significant enzyme inhibition, wherein ethyl acetate 

soluble fraction showed a strong inhibition against 5-LOX (IC50 = 8.30 μg/mL), COX-1 (IC50 = 

3.29 μg/mL) and COX-2 (IC50 = 2.54 μg/mL). Although the extracts contain compounds such as 

phenolics, myricitrin gallic acid, and Protocatechuic acid, results indicated that the basal dual 

COX/5-LOX inhibitory activity of M.rubra is owing to other components. The proposed 

compounds for COX inhibition are Proanthocyanidin dimers and trimers, such as gallocatechin 

dimer, gallocatechin–epigallocatechin dimer and gallocatechin trimer and tannins for 5-LOX 

inhibition. Moreover, the selective COX-1 inhibitors of butanol and aqueous fractions could be 

useful in preventing cardiovascular and neurodegenerative diseases [146]. 
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Fig. 22 Pyrroloimidazole, pyrrolizine, indolizine, chromone, quinoline and plant derivatives 

 

6. Conclusion  

Many researchers have shown greater interest and undergone intellectual pursuits to delve deep 

into dual COX-2/5-LOX agents in order to develop potent AI agents. The concept of combined 

COX/LOX inhibition is based on the prevention of formation of both prostaglandin and 

leukotrienes. Dual COX-2/5-LOX inhibitors provide a comprehensive and logical approach to 

offer better therapeutic efficacy in acute and chronic inflammatory states with high ulcer 

tolerability. 
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Over the past 30 years, numerous heterogenous compounds that intervene with prostaglandin 

and leukotriene biosynthesis have been synthesized and several preclinical and clinical studies 

were performed in order to evaluate their efficacy. Despite intensive research, the results were 

unfortunately really disappointing. To date, no promising molecule could realize favourable 

clinical profile. In this article authors have tried to highlight the pharmacophores or the groups 

which showed high affinity to COX-2 and 5-LOX active sites. Even though a wide range of 

molecules were screened for dual inhibitory activity, comparatively very few functionalities have 

demonstrated uniform enzyme interactions. Tert-butyl phenols, acrylic acids, indoles, pyridines, 

pyrazoles, pyrazolines, thiazoles and triazoles derivatives are the prominent ones among them. 

This intensive study on structural features significant for inhibitory activity suggests that SO2CH3 

and SO2NH2 groups attached to aryl or heteroaryl moieties could bind with COX-2 active site and 

form significant hydrogen bonding interaction. At 5-LOX active site, 4-methoxytetrahydropyran, 

hydroxamic acids and hydroxyl ureas have exhibited crucial interactions. The 5-LOX inhibition 

exhibited by the COX-2 selective celecoxib has stimulated renewed interest in the discovery of 

novel celecoxib and rofecoxib derivatives. Modification of already existing NSAIDs and selective 

COX-2 inhibitors exhibited excellent oral in-vivo efficacy. Structure-activity studies of various 

potent molecules demonstrated that a ‘Y' shaped pharmacophore has the potential for interaction 

with the active sites of COX/LOX enzyme through H bond and van der Waal's interaction. It is 

interesting to note that, apart from the synthetic compounds, a large number of plant-derived 

compounds such as flavocoxid, flavones and curcumin suppresses the PGE2 and LTB4 production. 

It is obvious that other than their role in inflammation, COX-2 and 5-LOX activity is up regulated 

in a variety of cancers. Hence, further experiments and more discoveries of drugs targeting both 

COX-2/5-LOX would also be a valuable prospect for chemoprevention.  

In this regard, elucidation of specific structural characteristics for dual COX-2/5-LOX 

inhibition would certainly represent a significant step forward for the rational development of 

novel anti-inflammatory agents. In spite of extensive research in this domain, a thorough 

knowledge of the manifold moieties as these researchers have attempted in this paper will surely 

go far in the design of new promising molecules. 
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Abstract 

With the development of technical instruments the isolation and characterization of many natural products from marine 
and freshwater organisms, promotes a major advancement of discovery of these aquatic derived compounds. Due to the 
increasing demand of medicines from natural products, many researches on marine products are going on and is still a 
undiscovered journey. One such product is squid ink obtained from squid fish which is present in Mediterranean and 
Atlantic Ocean. It is mainly contained of melanin and many degradation studies have proven and still for the research 
work. The squid ink has spectacular activities in many ailments like uterine dysfunction, anticancer activity, 
antimicrobial activity, anti-inflammatory activity along with hypertensive effects. It has a very special place in 
homeopathic medicine and in traditional Chinese medicine due to its therapeutic uses.  Hence it is believed that the 
squid ink can be used as a better tool against these dysfunctions. The present review aims to assemble various 
pharmacological activities of squid ink although deeper insight in its pharmacological potential is required. 

Keywords: Squid; Squid ink; Pharmacological activities; Traditional/homeopathic uses 

1. Introduction

The squid world comprises of around 304 species that belongs to the order Teuthida, in cephalopods. Anatomically it 
have eight arms and longer, tentacles that helps them to swim. Some of them can even "fly" out of the water for short 
distance. The identified squids are classified into two categories; either myopsida or oegopsida and it can be found in 
several sizes. The majority of these species are not more than 60 cm (24 ft)in length. The giant squid have a maximum 
size of 13 m (43 ft) [1] and a colossal squid can weigh up to 1,000 pounds and grow to a length of 35 feet which is the 
largest species in the squid world. It tends to stay in cold, deep water. Another type of squid is known as vampire squid 
that have a capability to jump out of water. It is black in color and has long arms that can move like a black cape. These 
squid are normally around the size of 1 foot and have small suckers on the arms. In American countries, squid as food 
is often marketed using the Italian word calamari [2]. Table 1 describes about different types of squid discovered in the 
world including its species name, family, common name and catch tones. The goal of this review is to describe about the 
squid ink including different types of squid currently available, chemical constituents of squid ink and its 
pharmacological activities along with the traditional / homeopathic effects affecting human body. 

https://www.gsconlinepress.com/journals/gscbps
mailto:stjamespharmacyproject@gmail.com
http://creativecommons.org/licenses/by/4.0/deed.en_US
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Figure 1 Squid 

Table 1 Types of squids discovered in world  

Species Family Common Name Catch Tones           

Loligo gahi Or Doryteuthis gahi Loliginidae Patagonian Squid 24,976 

Loligo pealei Loliginidae Longfin Inshore Squid 16,684 

Common squid Loliginidae  22,5958 

Ommastrephus bartramii Ommatriphidae Neon Flying Squid 22,483 

Ilex argentinus Ommatriphidae Argentine Shortfin Squid 511,087 

Dosidicus gigas Ommatriphidae Humboldt Squid 406,356 

Todarodes Ommatriphidae Japanese Flying Squid 504,438 

Nototodarus sloanii Ommatriphidae Wellington Flying Squid 62,234 

Squid nei Various  414,990 

Total   2,189,206 

2. Types of squid 

Scientists believe that there are four different types of squid, 

1) Squidus squida: It is the main ingredient in calamari. 

2) Squidus blooperus: It is found in the seas of the Mushroom Kingdom. 

3) Squidus flyidae: It is similar to Squidus blooperus in structure, but its habitat is the skies of the Mushroom 

Kingdom instead of the seas.  

4) Jellyfishus squida: It is a type of jellyfish that many scientists believe may actually be a squid [3]. 

3. Squid Ink 

The ink produced from cephalopod species is a dark cloudy liquid which is released as a defense that helps to escape 
from predator. Each species in this family can produces slightly different colored inks and it is popular in many names 
such as squid ink, cuttlefish ink, tintacalamar, nero di seppia, black squid ink, cephalopod ink and octopus ink. 
Commonly octopuses produce black ink while squid ink is blue-black in colour and cuttlefish ink is like a shade of brown. 
Squid ink is most popular in Italy and Spain, due to its unique appearance [4]. It contains a large number of important 
nutrients particularly antioxidants and low in fat and calories. The striking blue – black color of squid ink is due to the 
presence of large amounts of melanin. The melanin pigment is produced in mature cells of ink gland which is present in 
the bottom of ink sac. Additionally, it also contains large quantities of proteins, lipids, minerals, taurin and dopamine 
[5]. The food chemistry studies using ink of the neon flying squid, boreal clubhook and boreo pacific gonate squid reveals 
that they are also rich in taurin and hydroxylpyroline. The tyrosinase in the ink is converted to toxic quinines that act 
as detergent for predator. The morphology of released ink is of two types; pseudo morphs and clouds [6]. 
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Nutritional data per 1/4 cup squid ink [7] is as below: 
Calories: 130 
Total Fat: 10 g 
Carbs: 2 g 
Protein: 9 g 

4. Pharmacological activities  

4.1. Uterine dysfunctioning 

A recent clinical trial conducted by the Institute of Oceanology in China. In this clinical study about 400 women with 
uterine dysfunctional bleeding were given by sepia ink capsules and have been proved efficient. There is an unbelievable 
improvement for the gastrointestinal and chronic tuberculosis bleeding were also been reported [8]. 

4.2. Anticancer/Anticytotoxic effect 

The carbohydrate part of peptidoglycan extracted from sepia ink has proved antitumor activity as it linearly decreases 
DU-145 cell growth in a dose dependent manner and the mechanism of action is still unclear [9]. Russo et al, theorise 
the cytotoxic effect of the production of dopaquinone, which interacts with nucleophiles to produce protein-bound 
DOPA through a 5-S-cysteinyldopa residue and causes cellular damage by oxidation. The study shows that the purified 
tyrosine from the melanin-free fraction of ink is toxic to transformed human cell lines. Peptidoglycans separated from 
sepia ink can also affect cell division in eukaryotes which include fragmentation of DNA and apoptosis and the reserve 
of embryonic development [10-13]. The sulphated sepia ink peptidoglycans derivatives will suppress invasion and 
migration of carcinoma cells by inhibiting matrix metalloproteinase-2 [14]. It also known to suppress melanoma 
metastasis by inhibiting tumor adhesion and angiogenesis mediated by basic fibroblast growth factor [15].The 
oligopeptide has been accused to inhibit prostate cancer cells by activating apoptosis via induction of caspase-3 and 
elevation of the ratio of Bax/Bcl-2 [16]. Study on mice reveals that squid ink helps to prevent cancer by promoting the 
action of killer cells. It also improves WBC production during chemotherapy. 

4.3. Antioxidant activity 

The squid ink polysaccharide (SIP) is a type of glycosaminoglycan with a unique structure - [3GlcAβ1-4(GalNAcα1-3)-
Fucα1]n– that have antioxidative activities and chemoprotective roles. Nrf2 (NF-E2-related factor 2) is an important 
transcription factor that binds to AREs that are important gene regulatory elements of many phase II drug-
metabolizing/detoxification enzymes and cellular defensive enzymes and regulates anti-oxidative stress and plays a 
major role in eliminating intracellular superfluous reactive oxygen species (ROS) and improves antioxidant ability. 
Some bioactive substances have been speculated to induce Nrf2 to relieve or prevent diseases related to oxidative stress. 
However, it is still unclear whether SIP impairs CP-caused testicular damage [17]. 

4.4. Anti-hypertensive actions  

An angiotensin converting enzyme (ACE) peptide derivative separated and purified from squid ink causes dilation of 
blood vessels, results in lowering of blood pressure and acts as a potential anti-hypertensive. The filtered ink solution 
was loaded onto sephadexG-15 (1.5×100cm) that had been equilibrated with a 10 Mm phosphate buffer (pH 7.5).Take the 

absorbance at 214 nm with the elute. Three fractions were collected from column and the ACE activity was measured by 

Cushman and cheung method. A reaction is carried out with reaction mixture at 30˚cand the assay result shows that F1 
fraction had highest inhibitory activity (32%) [18]. 

4.5. Anti-retroviral activity  

Ink from Loligo duvauceli (squid fish) and Sepiella inermis (cuttle fish) has been reported to have an anti-retroviral 
activity. The aqueous extract of the cephalopod ink were tested against Molony Murine Leukemia Virus Reverse 
Transcriptase (MMLVRT) and have exhibited antiretroviral activity. The ink obtained from juveniles of S. inermis and L. 
duvauceli showed strong inhibition of MMLVRT[19]. 

4.6. Anti-ulceration activity  

Study conducted in 1982 by Andersen et al, has concluded that squid ink possesses marked antiulcer activity by 
decreasing gastric juice secretion. The melanin extract from squid ink could inhibit gastric acid secretion in rats [20]. 
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4.7. Anti-Inflammatory Activity  

Mimura et al., reported that squid ink could inhibit gastric secretion in rats.  The melanin extract which is responsible 
for the anti- inflammatory activity consists of melanin pigment (90%) protein (5.8%) and carbohydrate (0.8%) [21]. 

4.8. Hepatoprotective effects  

Studies have shown that sepia ink extract has shown a general decrease in total bilirubin, that is direct bilirubin and 
indirect bilirubin in the Bile Duct Ligation (BDL). An animal model was selected with bile diseases. The various changes 
such as epithelial cell proliferation, hepato cellular necrosis, apoptosis, stellate cell activation, liver fibrosis and 
hepatotoxicity were studied [22]. The treatment with sepia ink extract causes a decrease in serum gamma 
glutamyltransferase in rat due to the protective effect of ink on hepatic injury [23]. 

4.9. Antimicrobial activity 

Squid Ink shows better antimicrobial activity against various microbes. It is also shown to have effective antibacterial 
properties, making it a great choice of natural antibiotic. Sherif and his coworkers have investigated antimicrobial 
activity in ripe ANG butanol extract of Indian squid species (L. duvauceli) against E coli. The unsaturated fatty acids like 
DHA, oleic acid, arachinoic acid and EPA content in the extract was 1.973mg/g showed antimicrobial activity and 
immature extracts does not show the activity. The halide dependent peroxidase enzyme present in ANG of squid is 
responsible for the antimicrobial activity [24]. 

4.10. Hemostatic effect  

Chitin and sepia ink hybrid hemostatic sponge was studied for hemostasis and stimulation of healing.  The different 
blood parameters like thrombin time, prothrombin time, activated partial thromboplastin time, fibrinogen and platelet 
factor 4; were taken into consideration. The anticoagulation parameter including antithrombin III, fibrinolytic 
parameters such as plasminogen and fibrin degradation product were also observed. The results showed that the Chitin 
and sepia ink hybrid hemostatic sponge has less effect on the blood parameters on mice [25]. 

4.11. Hematopoietic Effects 

In 2007 Lie and his coworkers had speculated that squid ink slightly increases the haematopoiesis which results in 
strengthening of immune responses by improving the proliferation and differentiation of granulocyte-monocyte 
progenitor cells. To investigate the protective effects of squid ink in chemotherapy, BALB/c mice were used as animal 
models in which injuries in mice is induced by a well-known chemotherapeutic drug cyclophosphamine. In this 
experiment the mice were randomly divided into five groups with the same number of males and females in each group. 
The animals were sacrificed to evaluate the organ indexes, antioxidant ability of the spleen, peripheral blood profile, 
and quantities of bone marrow nucleated cells. The result shows that the hemopoietic function of mice, as indicated by 
decreases of contents of erythrocytes, leukocytes, hemoglobin and bone marrow nucleated cells while platelets were 
not affected. But there is a modification in organ indexes and spleen antioxidant ability. The sepia ink extract has 
markedly increased the levels of erythrocytes, leukocytes, hemoglobin and bone marrow nucleated cells without 
affecting platelets. There is also a reverse effect by cyclophosphamine on organ indexes and antioxidant ability of spleen. 
Hence the Squid ink extract did not change bone marrow hemopoiesis but it improves the antioxidant ability of spleen 
in the animals. This reveals that squid ink extract can protect the hemopoietic system from chemotherapeutic injury 
[26]. 

4.12. Traditional/ homeopathic uses 

Squid ink has its applications in homeopathic and traditional medicines. Nair et al. explained that sepia ink is used as a 
traditional medicine, both ancient Greece and Rome and Oriental culture including China. Hahnemann, the father of 
homeopathy reported about the cachectic condition of sepia ink and its role as antipsoric remedies [27]. It had been 
reported in the treatment of hemostasis for centuries in Chinese traditional medicine. It is also used  in the Compendium 
of  Material Medica complied by Shizhen Li of Ming Dynasty for treatment of heart pain and curative effects in 
gynecology, surgery, etc. 

5. Conclusion 

Squid ink has acquired unique in the homeopathy although it’s not is still not prevalent. Recent research studies have 
shown some of its beneficial pharmacological activities like anticancer, hepatoprotective, antimicrobial activity etc. 
Detailed work and investigation are conducted to determine the usefulness and benefits to the present world and yet 
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many researches are going well to implement the advantage of squid ink as food and medicines in modern scenario. So, 
it is a promising and effective to use in current therapeutical and pharmaceutical areas. 
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ABSTRACT 

Oxazine derivatives are an important class of heterocycles, which are 

useful in the field of medicinal and pharmaceutical chemistry and have 

been reported to exhibit variety of biological activities. Oxazine 

derivatives are synthesized on reaction of chalcone with thiourea in the 

presence of alcoholic NaOH. Oxazines have been reported to possess 

activities such as antibacterial, antifungal, antitubercular, analgesic, 

anti-inflammatory etc. The present review aims to give an outline of 

different methods involved in the synthesis and biological activities of 

1,3-Oxazines and 1,4- Oxazines. 

 

KEYWORDS: 1, 3-Oxazines, 1,4- Oxazines. 

 

INTRODUCTION 

Heterocyclic compounds containing oxygen, nitrogen, sulphur plays an important role in 

theoretical development of heterocyclic chemistry and also in organic synthesis.
[1]
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Oxazine derivatives plays an important role in theoretical development of heterocyclic 

chemistry and organic synthesis. Microbial infections such as cough, common cold, malaria, 

typhoid, cholera and often other disease condition like AIDS and TB are becoming the most 

important issue for global health and economy.
[2] 

The spread of new drugs with enhanced 

efficacy is essential to counter act against the multidrug resistance (MDR) microbial strains.1, 

3-oxazine derivatives are known to function as progesterone receptor agonist. Napthoxazine 

are found to possess psycho-stimulating and anti-depressant activity. 

 

Literature survey reveals that mannich bases of oxazine possess broad spectrum of biological 

activities like Antineoplastic, Antibacterial, Antifungal, Anti-HIV, Anti-tuberculosis, 

Neurotoxicity, Vasorelaxant, Anti-inflammatory, Antimalarial and Analgesic.
[3]

 Synthesis of 

new antibacterial agents by Mannich condensation reaction helps in attacking against 

pathogenic microorganisms.
[4]

 

 

Most of the oxazines were synthesised from chalcones. Chalcones are prepared by 

condensing aryl ketones with aromatic aldehydes in the presence of suitable condensing 

agents. They undergoes variety of chemical reactions and are found to be useful in the 

synthesis of variety of heterocyclic compounds. Chalcones have been used as an intermediate 

in the synthesis of compounds having therapeutic value. In the view of various biological and 

pharmacological application, we synthesized some new heterocyclic derivatives of 

chalcone.
[5]

 

 

The synthesis of novel oxazine derivatives remains the main focus of medicinal research. 

 

SYNTHESIS 

1. Schiffs bases of oxazine derivatives 

A mixture of oxazine derivatives(0.1mol) and aromatic aldehyde(0.1mol) in ethanol and few 

drops of TiCl4 on refluxing for 3hrs will produce Schiff bases of Oxazine derivatives.
[6]
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2. Mannich bases of Oxazine derivatives 

A mixture of compound (ST1/ST2) was dissolved in ethanol (15ml) followed by addition of 

sulpha drugs (0.01mol) and formaldehyde (0.02) to undergo Mannich reaction. And the 

reactants were refluxed for 2-10hrs with continuous stirring at 70-75
0
c. After the completion 

of reaction the mixture was poured into ice water and kept under refrigerator overnight. The 

precipitated product was filtered, dried and recrystallized from ethanol.
[7]
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3. Synthesis of 6-chloro -2, 4-diphenyl-3, 4-dihydro-2H-1, 3-benzoxazine derivatives.
[8]
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4. Synthesis of (4-substituted phenyl)-6-substituted-6H-1, 3-oxazines.
[9]
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BIOLOGICAL POTENTIALS OF 1, 3-OXAZINES AND 1, 4-OXAZINES 

*Antibacterial activity 

Synthesis of eight mannich bases by using substituted aromatic amine from compound (3-oxo 

3,4 dihydro 2H-1,4 benzoxazine -2yl)acetic acid and 6-chloro 3-oxo 3,4-dihydro 2H (1,4 

benzoxazine 2yl)acetic acid. All the synthesised compounds were screened for their 

antibacterial activity against E.Coli.
[10]
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*Antifungal activity 

Synthesis of series of [6-(p-substituted amino phenyl)-4-p-substituted phenyl)-6H-1, 3-

oxazin-yl]-acetamides by Claisen-condensation method. The synthesised compounds were 

evaluated for their antifungal activities. Chloro substituted 1, 3-Oxazinyl
 
acetamide was 

found to possess highest antifungal activity.
[11]

 

 

NO

NHCOCH 3

NH

O2N

Cl 

 

*Antitubercular activity 

Some novel  five 1,3 oxazine derivatives were synthesised and its antimycobacterial activity 

was performed with the help of molecular docking against cytochronme P450 14-α sterol 

Demethylase enzyme using Argus Lab software.1,3-oxazine derivative shows binding energy 

between -11.3042kcal/mol to -13.0389kcal/mol.
[12] 

 

O

N

OH

R

R=NO
2,
OCH

3,
Cl

 

 

*Antitumour activity 

Synthesis of benzo[b]cyclohept[e] [1, 4] oxazines and their S-analogues and 2-

aminotropinone derivatives were synthesised and screened for their cytotoxic activity against 

human normal cells and tumour cell lines. All the synthesised compounds possess moderate 

tumour-specific cytotoxicity. The 7-bromo-2-(4-hydroxyanilino) tropone shows highest 

activity.
[13]
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N
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NH

Br
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R=OH,CH
3

 

 

*Anthelmintic activity 

Synthesis of 8-trithiocyano-4H-imidazo [2, 1-6] [1, 4]-benoxazine exhibits anthelmintic 

activity.
[14]

 

 

N

O
N

R

CH3
H

NCS

R=H,F,Br,Cl  

 

CONCLUSION 

Oxazine and related heterocyclic compounds were reported to possess various activities such 

as antioxidant, antibacterial, antifungal, anthelmintic, anticancer activities. It has been found 

that oxazine derivatives can be synthesized in different ways. So this review article can 

extend the synthetic utility of new heretocyclic oxazine derivatives. Therefore, biological 

significance of oxazine compounds could be utilized for the development of new chemical 

entities for various diseases. 
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ABSTRACT 
 
Plan: The present research work is aimed to synthesize newer, less toxic and more 
effective Mannich bases of 1, 4 thiazine derivatives and further compare their 
antifungal activities.  
Preface: Microbial infections are becoming the most important issue for global 
health and economy. Among these fungal infections are major problem in these 
days. The morbidity and mortality of invasive fungal infections are unacceptably 

high. It is an urgent need for development of new antifungal agents to treat these 
life-threatening invasive infections.  
Methodology: Mannich base was synthesised by using o-amino thiophenol with 
maleic anhydride. Further four derivatives of Mannich bases were synthesised 
from 3-oxo-3, 4-dihydro-2H-1, 4-benzothiazin-2-yl) acetic acid with sulpha drugs, 
ethanol and formaldehyde. Then synthesised Mannich bases were docked against 
Dihydrofolate reductase complexed with NADPH and 6- methyl-5- [3-methyl-3-
(3,4,5-trimethoxyphenyl) but-1-yn-1-yl]pyrimidine-2,4-diamine (UCP115A)using 
Argus Lab software.On this basis, we selected 3QLS as a biological target for 

docking study of synthesized compound. 
Outcome: The structures of the synthesised compounds were confirmed by UV, IR 
and Mass Spectroscopic studies.  All the newly synthesized derivatives were 
screened for antifungal activity against Candida albicans NCIM 3100 and 
Aspergillus niger NCIM 596 by agar diffusion method (Kirby- Bauer method) 
using fluconazole (10µg/disc) as the standard and dimethyl sulphoxide as the 
vehicle.The docking results indicates the Mannich bases of 1, 4-thiazines (ligand 
binding energy varies from -8.9046kcal/mol to -12,0457kcal/mol) shows 

considerable antifungal activity against Candida albicans. Out of the four 
derivatives, E4 (Sulfamethoxazole substituted 1, 4- thiazine) possess best ligand 
pose energy (-12.0414 kcal/mol) and two hydrogen bond. Among these synthesized 
compounds, compound E4([4({[4-(N-(5-methyl-3-isoxazolyl) amino sulfonyl) 
phenyl] amino} methyl)-3-oxo-3,4-dihydro-2H1,4-benzothiazin-2yl]  acetic acid)  
showed highest antifungal activity due to the presence of 1,4- thiazine with 
sulfamethoxazole substitution.  

 

 

1. INTRODUCTION 

 

  Heterocycles are important and unique class of compounds; they make up more than half of all known 

organic compounds and have a wide range of physical, chemical and biological properties having a broad 

spectrum of reactivity and stability.1 
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Heterocycles are widely distributed in nature and play a vital role in metabolism because their structural 

subunits exist in many natural products, including vitamins, hormones, antibiotics, and alkaloids as well 

as pharmaceuticals, agrochemicals, dyes, and many others.2 In addition to naturally occurring 

compounds, a large number of synthetic heterocyclic compounds with important physiological and 

pharmacological properties are also known.3These compounds provide scaffolds on which 

pharmacophores can arrange to yield potent and selective drugs.4 Moreover, compounds having 

heterocyclic moieties display enhanced solubility and salt-formation properties that enable their oral 

absorption and bioavalability5. Among heterocyclic compounds, nitrogen-containing heterocycles like 

Mannich bases are the core structures of numerous biologically active compounds and exhibit numerous 

applications in chemistry, biology and other sciences6. They are the building blocks of life due to their 

wide occurrence in nature and central roles in the chemical reactions that occur in all organisms7.  

Furthermore, nitrogen-containing heterocycles play an important role in co-ordination chemistry8. 

 

  In these days, development of drug resistance is a major problem and to overcome this situation, it is 

necessary to synthesize new classes of compounds. Mannich bases containing bridged N-atom exhibit 

pronounced biological activities9. Mannich bases, beta-amino ketones carrying compounds, are the end 

products of Mannich reaction10, 11. Mannich reaction is a nucleophilic addition reaction which involves 

the condensation of a compound with active hydrogen(s) with an amine (primary or secondary) and 

formaldehyde (any aldehyde) 12. General Mannich reaction is given below. 

 

R2NH + HCHO +  R2CHCOR 
- H2O

R2N-CH2-R2C-COR 

 

  Mannich bases also act as important pharmacophores or bioactive leads which are further used for 

synthesis of various potential agents of high medicinal value which possess aminoalkyl chain. The 

examples of clinically useful Mannich bases which consist of aminoalkyl chain are cocaine, fluoxetine, 

atropine, ethacrynic acid, trihexyphenidyl, procyclidine, ranitidine, biperidene, 13-15 and so forth. Mannich 

bases are known to play a vital role in the development of synthetic pharmaceutical chemistry. The 

literature studies revealed that Mannich bases are very reactive and can be easily converted to other 

compounds, for example, reduced to form physiologically active amino alcohols.16   

 

  Mannich bases are known to possess potent activities antiinflammatory,17,18anticancer,19,20 

antifilarial21,antibacterial22,23, antifungal23,24anticonvulsant,25anthelmintic,26 antitubercular27,28, analgesic29, 

anti-HIV, antimalarial,30 antipsychotic.31 antiviral32 activities and so forth. Along with biological 

activities Mannich bases are also known for their uses in detergent additives, resins, polymers, surface 

active agents, and so forth. Prodrugs of Mannich bases of various active compounds have been prepared 

to overcome the limitations.33Mannich bases (optically pure chiral) of 2-naphthol are employed for 

catalysis (ligand accelerated and metal mediated) of the enantio selective carbon-carbon bond formation. 

Mannich bases and their derivatives are intermediates for the synthesis of bioactive molecules34, 35. 

Mannich reaction is widely used for the construction of nitrogen containing compounds.36 Mannich bases 

have gained importance due to their application in antibacterial and fungal activity37 and other 

applications are in agrochemicals such as plant growth regulators. Candida species are important human 

pathogen that is best known for causing opportunist infections in immune compromised hosts38 .The 

study suggests that1, 4-thiazine   derivatives shows potent antifungal activity. It is sad to note that one 

third of the world population is infected with fungi and the incidence of the disease is increased every 

year and it is a problem in many parts of the world. 
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Although many active antifungal agents have since been developed, a disturbing co-occurrence with the 

use of present drug as single agent has developed drug resistance and possesses numerous adverse 

reactions. Therefore it is a clear need for the discovery of new derivatives with antifungal activity for the 

management of fungal infections. This has made use to investigate for new thiazine derivatives for 

finding more effective antifungal agents. 

 

  In continuation of synthetic work on biologically active compounds, it is interesting to note that the 

Cephalosporin contain a 1, 3-thiazine ring, which is active core of Cephalosporin β-lactam antibiotics. It 

has been observed that there is no Cephalosporin with a 1, 4- thiazine nucleus. In the light of above fact 

we have synthesized some new  1,4-thiazine derivatives by changing  sulphur to the fourth position from 

the third position by Mannich reaction, and  compare the activity of  these synthesized 1,4 thiazine 

derivatives.  

  

  Then synthesised Mannich bases were docked against Dihydrofolate reductase complexed with NADPH 

and 6- methyl-5- [3-methyl-3-(3, 4, 5-trimethoxyphenyl) but-1-yn-1-yl] pyrimidine-2, 4-diamine 

(UCP115A) using Argus Lab software. Candida albicans cause fungal blood stream infections that are 

associated with significant mortality.  As part of an effort to develop potent and selective antifolates that 

target dihydrofolate reductase (DHFR) from Candida species. Three ternary crystal structures of Candida 

albicans DHFR (CaDHFR) bound to novel propargyl-linked analogs. Consistent with earlier modeling 

results, these structures show that hydrophobic pockets in the binding site may be exploited to increase 

ligand potency. Crystal Structures of Candida albicans Dihydrofolate Reductase Bound to Propargyl-

Linked Antifolates Reveal the Flexibility of Active Site Loop Residues Critical for Ligand Potency and 

Selectivity. On this basis, we selected 3QLS as a biological target for docking study of synthesized 

compounds39.  

 

  The aim of our present study is the synthesis of Mannich derivatives and study of their activities. We 

hope that this work will be of definite interest for researchers concerned with Mannich reaction. 

 

 

2. MATERIALS AND METHODS 

 

  O-aminothiophenol, maleic anhydride, formaldehyde, diethyl ether were procured from MERCK. Other 

solvents and chemical reagents were collected from CHEMCO and NICE pharmaceuticals. Instruments 

used are SHIMADZU IR Affinity- 1 spectrometer, UV 1700 spectrometer and FTMS {1, 2} +p ESI full 

lock ms (100.00-2000.00). 

 

2.1   Melting point determination: 

 

  The melting points of the organic compounds were determined by open capillary tube method and are 

uncorrected. 

 

2.2 Solubility of compounds 

 

  The solubility of the synthesized compounds was tested in various solvents like water, ethanol, 

methanol, chloroform, benzene etc. 
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2.3 Thin layer chromatography 

 

  TLC represents the most useful and precise technique to identify the formation of new compounds and 

also to determine the purity of the compound. Rf value is an important parameter and is characteristic for 

each compound in the same solvent system. So Rfvalues of the synthesized compounds were determined. 

The solvent system used is Acetone, methanol, chloroform (2:1:1). 

 

2.4   Synthesis of (3-oxo-3, 4-dihydro-2H-1, 4-benzothiazin-2-yl) acetic acid (ST1) 

 

  To a solution of maleic anhydride (0.05 mol) in diethyl ether (20ml) a solution of o- amino thiophenol 

(0.05mol) or in diethyl ether (20ml) was added. The reaction mixture was stirred at room temperature for 

2 hours. The precipitate was filtered and washed with ether and recrystallized from 70% ethanol to get 

pure (ST1). Yield: 95%. Melting point: 201°. Purity was assessed by TLC as a single spot (The solvent 

system used is Acetone, methanol, chloroform (2:1:1)40. 

 

2.5   Synthesis of Mannich bases of 1, 4 thiazine derivatives  

 

  A mixture of compound (ST1) (0.01 mol) was dissolved in ethanol (15 ml) followed by addition of sulfa 

drugs (0.01 mol) and formaldehyde (0.02 mol) to undergo Mannich reaction. The reactants were refluxed 

for 2-10 hours with continuous stirring at 70-75°C.The completion of reaction was checked by TLC. 

After completion of reaction the mixture was poured into ice water and kept in a refrigerator overnight. 

The product precipitated out and was filtered, dried and recrystallised with 80% ethanol to give solid 

compounds. Purity was assessed by TLC as a single spot (The solvent system used is Acetone, methanol, 

chloroform (2:1:1). 

 

 

 

 

 

 

                               

 

 

 

 

 

 

 

                                                           

 
 

                                                                     Synthesis of Mannich bases of 1, 4 thiazine derivatives 
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Table No 1: Physical data of newly synthesized Mannich bases of 1, 4- thiazines. 

 

 

*solvent system:  Acetone: Methanol: Chloroform (2:1:1) 

 

 

 
 
Table No. 2: Coded IUPAC names of the synthesized compounds 

 

 

 

 
 

Compound R Molecular Formula Mol. wt M.P (°C) % yield Rf  value* 

 
E1 SO2 NH2-NH

 

 
C17H17O5S2N3 

 
407.20 

 
233-235 

 
75 

 
0.73 

 

E2 
 -NH SO2 N

N

HN

CH3

CH3 

 

C23H23O5S2N5 

 

513.33 

 

188-190 

 

70 

 

0.69 

 
E3 

 -NH SO2 N

N

HN

 

 
C21H19O5S2N5 

 
485.0 

 
215-217 

 
68 

 
0.70 

 
E4 

 -NH SO2 
O

N

CH3

HN

 

 
C21H20N4O6S2 

 
488.27 

 
186-188 

 
74 

 
0.74 

Code No Structure IUPAC Name 

 
E1 

 
 
 

 

NH

SO2

S

N

COOH

O

NH2 

[4({[4(aminosulfonyl) phenyl] amino}methyl)-3-
oxo-3,4-dihydro-2H-1,4benzothiazin-2-yl]acetic 

acid. 
 
 

 
E2 

 
 
 
 

 

NH

SO2

S

N

COOH

O

N

N

NH

CH3

CH3 

 
[4({[4-(4,6-dimethyl2-pyrimidiny) amino 

sulfonyl) phenyl] amino}methyl)-3-oxo-3,4-
dihydro-2H-1,4benzothiazin-2-yl] acetic acid 

 
 
 

E3 
 
 
 

 

NH

SO2

S

N

COOH

O

N

N

NH

 
 

 
 

([4({[4-N2-pyrimidinyl   amino sulfonyl) phenyl] 
amino} methyl) -3-oxo-3,4-dihydro-
2H1,4benzothiazin-2-yl]acetic acid 

 
 

 
E4 

 

NH

SO2

S

N

COOH

O

NH
O

N

CH3 

 
[4({[4-(N-(5-methyl-3-isoxazolyl) amino 

sulfonyl) phenyl] amino} methyl)-3-oxo-3,4-
dihydro-2H1,4-benzothiazin-2yl]  acetic acid 
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2.6 Spectral Data  

 

  Spectral data of active compound E4  ([4({[4-(N-(5-methyl-3-isoxazolyl) amino sulfonyl) phenyl] 

amino} methyl)-3-oxo-3,4-dihydro-2H1,4-benzothiazin-2yl]  acetic acid ) was found to be  IR (KBr, cm-

1 ): 3383.29(-NH str), 2989.79(Ar –CH), 2920.35(-OH str), 1588.45 (C=O str), 1396.52(SO2 str), 

1087.90(C-N str) 673.19(C-S str) Mass (m/e) 485 – molecular ion peak, 326[C17H14O3SN2]+, 

181([C9H9O2S]+, 149[C4H7SO3N]+,UV(λmax)234nm,273nm. 

 

2.7. Screening for antifungal activity 

 

  Sabouraud dextrose agar media41 was prepared by using Mycological Peptone:10g, Dextrose: 40g, Agar: 

15g, Final pH at 25οC: 5.4±0.2,   Water to make: 1000ml.Sabouraud dextrose agar 65g was suspended in 

1000ml of distilled water and boiled to dissolve the mixture completely. The organism used, Candida 

albicans NCIM 3100 and Aspergillus niger NCIM 59642, were procured from National Collection of 

Industrial Microorganisms National chemical Laboratory, Pune and stored in the Pharmaceutical 

Microbiology and Biotechnology Laboratory, St. James College of Pharmaceutical Sciences, St James 

College of Pharmaceutical Sciences, Chalakkudy, Kerala. Drug used: E1- E4, Standard used: 

Fluconazole43, Vehicle used: Dimethyl sulphoxide (DMSO) 

 

2.7.1. Antifungal screening by Kirby-Bauer Method 

 

  Sabouraud dextrose agar plates were prepared aseptically to get a thickness of 5-6mm and allowed to 

solidify. They were kept inverted to prevent the condensate from falling on the surface of the medium. 

The plates were dried at 25°C, just before the incubation. The organism Candida albicans NCIM 3100 

and Aspergillus niger NCIM 596 were inoculated in the respective plates prepared earlier by dipping 

sterile swab in the inoculums, removing the excess of inoculums by pressing and rotating the swab firmly 

against the sides of the culture tube above the level of the liquid. The swab was streaked all over the 

surface of the medium 3 times, rotating the plates through 60° C after each application. Finally the swab 

was pressed around the edges of the agar surface44. 

 

  The inoculation medium was left to dry at room temperature with the lid closed. Sterile discs containing 

the test, standard and blank were placed in the petridish aseptically. 10µl/disc of the different drug 

concentration was used and kept in the refrigerator for 1hour to facilitate the uniform diffusion of the 

drug.  Plates were prepared in triplicate and incubated at 25°C for 24-48 hours. The diameter of the zone 

of the inhibition around the discs containing the drugs were measured and compared with those of 

standards. All the compounds were tested for antifungal activity against Candida albicans and 

Aspergillus niger.45 (Table No. 4). 

 

Table No. 4: Antifungal Activity of Synthesized Compounds                   

  
(-) indicates no zone of inhibition, Concentration used: 500µg/disc, Standard used: Fluconazole 10 µg/disc 

 
 

Compound Code 
Zone of Inhibition in mm 

Candida albicans Aspergillus niger 

E1 6 6 
E2 6 7 
E3 6 9 
E4 8 8 

DMSO (control) - - 
Fluconazole 18 17 
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2.7.2. Determination of minimum inhibitory concentration:  (MIC) 

 

  The inoculums for the experiment were prepared fresh in Sabouraud dextrose broth from the preserved 

frozen slant culture. It was incubated for 24-48 hrs and used for the study after dilution to give 1:100 

dilutions. The test organism used was diluted to 1:100 after overnight incubation and standard drop 

(0.01ml) was used for the MIC determination. 

 

  In vitro determination of the test sample was carried out by two fold serial dilution technique in 

Sabouraud dextrose broth with Candida albicans NCIM 3100 and Aspergillus nigerNCIM 596. The 

concentration range of the compounds used was 1000-1.95 µg/ml. The test organism used was diluted to 

1:100 after overnight incubation and standard drop (0.01ml) was used for the MIC determination.  

Test tubes were sterilized, labeled as 1-11 and 1 ml of Muller Hinton broth was added to each tube. They 

were autoclaved at a pressure of 15 psi and 121ο C temperature, for not less than 15 minutes.1 ml of 

diluted stock solution (1000µg/ml) was added to the first tube and mixed. The serial transfer of 1 ml lots 

through tube No.10 were carried out to obtain the quantities indicated. The pipette was discarded after 

each transfer and fresh pipette was used for transferring to the next tube and mixed.1 ml was discarded 

from the 10th tube. The 11th tube was used as control. With a standard micropipette, a drop of the diluted 

broth culture of the test organism was added to all the tubes, including the control. The contents of the 

test tube were mixed gently and the tubes were incubated at 37°C for 16-18 hours and the results were 

observed. The above procedure was carried out in duplicate. The MIC was interpreted as the highest 

dilution of the test compound which shows clear fluid with no development of turbidity.(Table No : 

5,Figure No:1) 

 

Table no: 5    MIC values of synthesized compounds 
 

 
MIC of Synthesized Compounds against Candida albicans against fungi, S- sensitive, R- resistant, F- Fluconazole standard 

 

 

 

 

 

 

 

 
 
 
 

 
                         Figure No: 1. MIC of Synthesized Compounds against Candida albicans (Compound code: E4) 
 

 

Comp code 

 

Organism 
 

Concentration in µg/ml 

1000 500 250 125 62.5 31.25 15.62 7.81 3.91 1.95 

E1 

Candida 
albicans 

S S R R R R R R R R 
E2 S S R R R R R R R R 

E3 S S R R R R R R R R 

E4 S S S R R R R R R R 

E1 

Aspergillus 
niger 

S S R R R R R R R R 
E2 S S R R R R R R R R 

E3 S S R R R R R R R R 

E4 S S R R R R R R R R 

F  S S S S S S S S S S 
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2.8 Molecular Docking Studies 
 

  Molecular docking is routinely used for understanding drug information about drug receptor 

interactions, and is frequently used to predict the binding orientation of small molecule drug candidates to 

their protein targets in order to predict the affinity and activity of the small molecule
. 
The structures of the 

proteins were retrieved from Protein Data Bank. After obtaining the structure from Protein Data Bank46, 

the possible binding sites of the protein were searched using Computed Atlas of Surface Topography of 

Proteins (CASTp). The synthesized compounds (inhibitor) and target protein was geometrically 

optimized and docked using the docking engine Argus Lab. The synthesized compounds (inhibitor) and 

target protein was geometrically optimized and docked using the docking engine Argus Lab. 
 

 

  The different steps involved in the molecular docking studies. In Target identification and retrieval 

Crystallographic structure of the targets of interest were obtained from Protein Data Bank and saved in 

standard 3D co-ordinate format. In the next step water molecules present in the protein were removed and 

saved the protein without water47. All targets were possessing natural ligand and so active site residue 

identification was carried out taking advantages of the same. After obtaining the structure from Protein 

Data Bank, the possible binding sites of the protein were searched using Computed Atlas of Surface 

Topography of Proteins (CASTp). Hydrogen atoms missing in the PDB structure were added using Argus 

lab. Furthermore the atom list of the molecules were prepared, which represents the numbers of all the 

atom of the active site residues involved. The smiles formula of the drug molecules were obtained from 

chem. Sketch freeware version. . Then, using converter of the same server, PDB structure of the drug was 

converted into MDL MOL format which is an acceptable form for any standard docking software48. 

Finally using Argus lab, ligand molecules were prepared by the addition of hydrogen atom. Docking 

studies can be carried out using docking softwares like GOLD (genetic optimization and ligand docking), 

Argus lab, Autodock, GLIDE, Moligro virtual docker etc. here the software used is Argus lab. Entire 

process must be carried out with minimum speed and maximum accuracy49. 

 

2.8.1 Lipinski’s rule of five 
 

  Chemical data bases can contain thousands of molecules that could be a suitable ligand for the receptor. 

But no matter how good the fit is to the receptor, the candidate molecule is of no use if the absorption is 

poor or the drug is entered too slowly from the body. Compounds usually must fit within the defined 

limits that estimate absorption, distribution metabolism and excretion. An analysis of 2,245 drugs has led 

a set of rules called the Lipinski’s rule of five50.  Lipinski’s rule of five is a thumb to evaluate drug 

likeness, if a chemical compound with a certain pharmacological or biological activity has properties that 

would make it a likely orally active drug in humans. The rule describes molecular properties important 

for a drug’s pharmacokinetic in the human body including the ADME. However the rule does not predict 

if a compound is pharmacologically active or not.  

 

  The rule is important for drug development were a pharmacologically active lead structure is optimized 

step wise for increased activity and selectivity. Lipinski’s rule states that, in general, an orally active drug 

has not more than one violation of the following criteria are Molecular weight should not be greater than 

500, Number of hydrogen donors (NH, OH) should be fewer than 5, Number of hydrogen bond acceptors 

should be fewer than 10 and Calculated log P values should be less than 5.This rule of five is designed as 

yes/no filter for the rejection of structures51. 
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  The drug likeness values are Partition coefficient log P is -0.4 to 5.6 ranges, molar refractivity is from 

40 to 130, Molecular weight should be in the range of 160 to 500, number of atoms should be in the range 

of 20 to 70.( includes H bond donors ( OHs and NHs) and H bond acceptors (Ns and Os)Polar surface 

area should not be greater than 140 A. Binding energy of all the synthesized compounds against the target 

protein 3QLS shown in Table No:6 and Figure No 2 and 3). 

 

Table No: 6 Summary of binding energy of all the synthesized compounds against the target protein 3QLS (Antifungal Activity 
against Candida albicans) 

 

 

 

 
 

 

 

 

 

 

 

 

 
Figure No 2:  Structure of 3QLS and Active sites of PDB ID: 3QLS 

 

 

 
 

 

 

 

 

 

 
 

Figure No 3: Docking complex of PDB ID 3QLS with E4 

 

 

 

3. RESULTS AND DISCUSSION 

 

  Four different 1, 4 thiazine derivatives were synthesized according to the scheme. The structures of the 

synthesized compounds were confirmed on the basis of physical characteristics such as M.P, TLC, 

solubility and % yield. The synthesized thiazine derivatives (E1-E4) were carried out for antifungal 

activities.  
 
 

Compound code Binding energy (kcal/ mol) No of conformations No of hydrogen bonds 

 

E1 

 

-11.5924 

 

140 

 

NIL 

E2 -11.9342 140 NIL 

E3 -12.0457 140 NIL 

E4 -12.0414 140   2 

FLUCONAZOLE (Std) -8.9046 140 3 
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All the newly synthesized derivatives were screened for antifungal activity against Candida albicans 

NCIM 3100 and Aspergillus niger NCIM 596 by agar diffusion method (Kirby- Bauer method) using 

fluconazole (10µg/disc) as the standard and dimethyl sulphoxide as the vehicle. 500µg/disc concentration 

was used for all the test compounds. The results were interpreted as per Kirby- Bauer method. The newly 

synthesized compound E1, E2 and E3 were active and compounds against the test microorganism 

Candida albicans NCIM 3100 at 500µg/disc concentration. The compound E4 exhibits the highest 

activity. 

 

  The newly synthesized compounds, E1, E2, E3 and E4 were active and compounds against the test 

microorganism Aspergillus niger NCIM 596 at 500µg/disc concentration. All the newly synthesized 

compounds exhibited antifungal activity against all the microorganisms. The MIC of the compounds was 

determined against the two test microorganisms. The MIC of the compounds E4 against Candida 

albicans and Aspergillus niger was found to be 250µg/ml.  

 

  Molecular docking studies of the synthesized thiazine derivatives (E1-E4) were carried out for 

antifungal activities using Argus lab software.The compound E4 exhibits the highest activity. 

 

3.1. Lead molecule 

 

  Among the synthesised compounds, compounds E4 [4({[4-(N-(5-methyl-3-isoxazolyl) amino sulfonyl) 

phenyl] amino} methyl)-3-oxo-3,4-dihydro-2H1,4-benzothiazin-2yl] acetic acid shows highest antifungal 

activity due to the presence of 1,4- thiazine with sulfamethoxazole substitution. Binding energy against 

the target protein 3QLS was -12.0414 Kcal/ mol. 

 

 

 

 

 

 
 
4. SUMMARY AND CONCLUSION 
 

   

  Fungal infections remain one of the biggest public health problems in the 21st century. Although many 

active antifungal agents have been developed, the emergence of resistance to these agents is a pressing 

concern for human health. It is a leading cause for new challenges for the prevention, treatment and 

control of this deadly disease, the investigation for a new drug target is essential to continue the battle 

against drug resistance. The Mannich bases of 1, 4-thiazine derivatives are interesting groups of 

heterocyclic compounds exhibiting diverse pharmacological activities. The present work was made to 

find out more active new thiazine derivatives by antifungal studies. Then synthesised Mannich bases 

were also docked against Dihydrofolate reductase complexed with NADPH and 6- methyl-5- [3-methyl-

3-(3,4,5-trimethoxyphenyl)but-1-yn-1-yl]pyrimidine-2,4-diamine (UCP115A)using Argus Lab 

software.On this basis, we selected 3QLS as a biological target for docking study of synthesized 

compound. 

  

   

NH SO2 NH

S

N

COOH

O ON

CH3

 Comp. E4
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  From the above results, it would be concluded that studies show that the Mannich bases of 1, 4-thiazine 

derivatives possess good anti fungal activity. The life threatening nature of fungal disease as one of the 

current thrust area of drug research and hence it is planned to take up experimental as well as the QSAR 

studies in future with suitable molecular modifications of the presently synthesized compounds with this 

scheme with  potential lead compounds for better biological activities and lesser adverse reaction in 

future.  
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ABSTRACT 

Ventilator associated pneumonia (VAP) have higher mortality rates 

and longer ICU and hospital stays compared to other nosocomial 

infections. Development of VAP is by the aspiration of colonized 

pathogenic microorganisms on the oropharynx and gastrointestinal 

tract. Intubation and the duration of mechanical ventilation are other 

risk factors for VAP. Diagnosis of VAP remains very difficult and the 

studies showed the importance of early initiation of appropriate 

antibiotic for prognosis. The lack of a reference standard for the 

microbiological diagnosis of VAP has generated controversy over the 

use of diagnostic algorithms. Eventhough, microbiological analysis of 

sputum or tracheal aspirates obtained via the endotracheal tube adds 

little to diagnostic accuracy sometimes it may be misleading. This 

review article highlights on the diagnosis and prevention strategies in 

critically ill patients where it contributes an important problem in critically ill patients and are 

associated with high mortality. So prevention of such infections is very important to be 

considered. This review article focused on ventilator associated pneumonia - diagnosis and 

prevention strategies in critically ill patients. 

 

KEYWORDS: Ventilator associated pneumonia, Intensive care unit. 

 

1. INTRODUCTION 

Ventilator-associated pneumonia (VAP) is the respiratory disorder that happens 48–72 hours 

following endotracheal canulization, that is characterised by the presence of a replacement or 
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progressive infiltrate, signs of general infection like fever, altered white somatic cell count, 

changes in liquid body substance characteristics, and detection of an anorectic agent. Among 

all mechanically ventilated patients, VAP is estimated to occur in 9–27 %.
[1,2,3]

 Despite of the 

clinical experience and advances in diagnostic techniques and management, ventilator 

associated pneumonia remains a significant problem for the healthcare professionals.
[4]

 

Usually within first week of mechanical ventilation, patients develop ventilator associated 

pneumonia.
[5,6]

 By increasing the duration of ICU stay, VAP increases the cost of patient 

management. Depending on duration of onset, VAP can be divided into two types as early-

onset and late-onset. In early-onset, VAP occur during the first four days of initiation of 

mechanical ventilation and is mainly caused by antibiotic sensitive bacteria. In Late-onset, 

VAP develops five or more days after mechanical ventilation and is caused by multidrug-

resistant organism.
[7]

 Male sex, admission for trauma and intermediate underlying disease 

severity are the independent risk factors for development of VAP.
[8]

 Approximately 50% of 

all antibiotics administered by the critically ill patients are used for the treatment of 

VAP.
[9&10]

 Delayed administration of antibiotic therapy is the main reason in increase of 

mortality rate. Supported the results of quantitative cultures, the main target of initial 

antibiotic medical aid ought to quickly offer antibiotic coverage for all seemingly pathogens 

and to then narrow or focus the antibiotic spectrum.
[11]

 

 

2. EPIDEMIOLOGY 

Incidence of VAP was reported differently, depending on the definition, the type of hospital 

or ICU, the population studied, and the type of rate calculated. Depending on the differences 

in the patient population, surgical disorders, proportion of patients that needed mechanical 

ventilation and duration of ventilation, the rates of ventilator associated pneumonia were 

found higher in surgical ICU than in medical ICUs.
[12-16]

  

 

3. ETIOLOGY 

Ventilator associated pneumonia is more frequently polymicrobial in nature.
[17]

 Depending on 

the epidemiological and clinical factors, specific microbial causes of VAP vary widely. 

Aerobic gram negative bacteria such as Pseudomonas aeruginosa and members of family 

Enterobacteriaceae, staphylococci, streptococci, and Haemophilus species are the common 

pathogens causing VAP. After prior antibiotic treatment, prolonged hospitalization, 

mechanical ventilation or when other risk factors are present, microorganisms like 

Pseudomonas spp., Acinetobacter spp. and Methicillin-Resistant Staphylococcus aureus 



www.wjpr.net                                Vol 7, Issue 11, 2018.                                    441 

George et al.                                                          World Journal of Pharmaceutical Research 

commonly occur.
[18]

 As seen by several recent studies, deliberated unwell patients could have 

defect in body process and behave as functionally immunological disorder may also be the 

explanation for the emergence of health facility infection.
[19,20]

 

 

4. RISK FACTORS 

Mechanically ventilated patients are at high risk for ventilator associated pneumonia. 

 

During the first week of mechanical ventilation, the rate of VAP increases by 3 per cent per 

day, during week 2, it is 2 per cent per day and after second week it is 1 per cent per day.
[21]

  

 

Table 1: Risk factors for ventilator associated pneumonia. 

Host Factors Intervention Factors 

Age ≥ 60 

Organ failure 

Severity of illness 

Chronic lung disease 

Coma 

Upper respiratory tract colonization 

Sinusitis 

Gastric colonization and pH 

Trauma 

Burns 

Supine head position 

Transport out of the ICU 

Intracranial pressure monitoring 

H2 blockers with or without antacids 

Re-intubation 

Frequent ventilator circuit changes 

 

 

5. PATHOGENESIS 

The first step in the formulation of appropriate preventive and therapeutic strategies is, 

understanding the pathogenesis of VAP.
[22]

 The factors that determine the development of 

VAP includes the complex interplay between the endotracheal tube, presence of risk factors, 

virulence of the invading bacteria and host immunity.
[23]

 The bacterial colonization of the 

oropharynx and gastric mucosa, followed by translocation of the pathogens to lower 

respiratory tract, is the initial step in the pathogenesis of VAP. In a mechanically ventilated 

patient, aspiration which is promoted by supine position occurs around the outside of the 

endotracheal tube rather than through the lumen is the initial common means of VAP. 

Aerobic Gram-negative bacteria presumably reach the lower airway via aspiration of gastric 

contents or of upper airway secretions. This is considered to be the second common cause for 

VAP. Other means includes the aspiration from the stomach or nose and paranasal sinuses.
[24]

 

In mechanically ventilated patients, bacteria gain access into lower respiratory tract and 

defense mechanisms are ineffective due to reduced immune response.
[25]
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Figure 1: Depicts the pathogenesis of Ventilator-associated pneumonia.
 

 

In a study published in 1969, it was established the presence of enteric gram negative bacteria 

in the oropharynx of 75 per cent of critically ill patients. This is due to the bacterial 

overgrowth in the upper gastrointestinal tract and retrograde movement and aspiration of 

secretions containing these pathogens. Equally from another study that was revealed in 2007 

confirmed the presence of comparable unhealthful microorganisms within the lower tract, by 

scrutiny DNA samples from bacterium on the tongue and obtained from bronchoalveolar 

irrigation (BAL) in intubated patients.
[26]

 

 

6. DIAGNOSIS 

There is no "gold-standard" diagnostic method for the diagnosis of pneumonia in 

mechanically ventilated patients. So it is usually based on the combination of clinical, 

radiological, and microbiological criteria defined by Centers for Disease and Control (CDC). 

 

Table 2: CDC criteria for ventilator associated pneumonia. 

Criteria 

 Rectal temperature > 38°C or <35.5°C 

 Positive culture from endotracheal aspirate and new persistent or progressive 

radiographical infiltrate 

 Blood leucocytosis >10.10
3
/mm

3
 

 Blood leucopenia <3.10
3
/mm

3
 

 More than 10 leucocytes in Gram stain of tracheal aspirate(in high power field) 
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But the above mentioned criteria have low sensitivity and specificity. The general signs like 

fever, leucocytosis, etc will be seen by any condition in ICU like respiratory organ 

hydrops, respiratory organ pathology, surgery, trauma, devascularized tissue, open wounds, 

etc. Investigators had reported that the clinical diagnosis of VAP is associated with 30–35% 

false-negative and 20–25% false-positive results.
[27]

  

 

So, as a result of the poor specificity of the clinical identification of VAP, Pugin et al. 

developed a composite clinical score, referred to as the clinical respiratory organ infection 

score (CPIS) (Table 3), supported six variables: temperature, blood white corpuscle count, 

volume and purulence of cartilaginous tube secretions, natural action, respiratory 

organ radiography, and semi-quantitative culture of cartilaginous tube aspirate. The score 

varied from 0 to 12 and a CPIS of >6 had a sensitivity of 93% and a specificity of 100%. In 

meta-analysis study of thirteen studies evaluating the accuracy of CPIS in diagnosis VAP 

according pooled estimates for sensitivity and specificity for CPIS as sixty five the 

troubles (95 the troubles CI 61-69 the troubles) and sixty four the troubles (95 % CI 60-67 

%), respectively. The purulent tracheobronchial secretions in patients receiving prolonged 

mechanical ventilation which are rarely caused by pneumonia is the reason for the poor 

accuracy for diagnosing VAP. The weak point of CPIS is probably the inter-individual 

variability, since a subjective evaluation is required when we are judging the quality of 

tracheal secretion and the presence of infiltrate at chest ray.
[28]

 

 

Based on clinical criteria, autopsy finding suggested 69 percent sensitivity and 75 percent 

specificity in comparing VAP diagnosis. The clinical examination includes systemic signs of 

infection and chest radiograph in which, chest radiograph determines lung parenchymal 

involvement and the presence of any pleural effusion or cavitation. Similarly, a leukocytosis 

(count of more than 11,000 cells/cu mm) or leukocytopenia (count less than 5,000/cu mm) 

can also help in diagnosis. Fàbregas et al. reported a diagnostic rule for VAP, were patients 

with chest shadowgraph showing infiltration at the side of any 2 of the subsequent that's fever 

bigger than thirty 38.3°C, leukocytes over 12 x109/ml and infected tracheobronchial 

secretions, had VAP. This had a sensitivity of 69 per cent and specificity of 75 percent. In a 

study conducted by Wunderink et al., an increased the specificity but decreased sensitivity to 

50 per cent
 
was found, were all the four signs were taken into consideration.

[29]
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Table 3: The clinical pulmonary infection score (CPIS). 

Assessed Parameter Result Score 

Temperature 

36.5-38.4°C 

38.5-38.9°C 

≤ 36 or ≥ 39°C 

0 

1 

2 

Leucocytes in blood 

4,000-11,000/mm
3 

< 4,000 or > 11,000/mm
3 

≥ 500 Band cells 

0 

1 

2 

Oxygenation status 
>240 or ARDS 

≤240 and absence of ARDS 

0 

2 

Tracheal secretions 

One 

Mild/non-purulent 

Purulent 

0 

1 

2 

Culture results 

No or mild growth 

Moderate or florid growth 

Moderate or florid growth and pathogen consistent with Gram stain 

0 

1 

2 

Radiographic finding 

No infiltrate 

Diffuse/patchy infiltrate 

Localized infiltrate 

0 

1 

2 

 

7. Strategies For Prevention of Vap 

There are multiple recommended measures for the prevention of ventilator associated 

pneumonia. Preventive strategies can be mainly grouped into two classes: non-pharmacologic 

strategies and pharmacological strategies. Non-pharmacological strategies are focused on 

preventing aspiration, and pharmacologic strategies are aimed at preventing colonization. 

  

Non-Pharmacologic Strategies 

a) Staff Education in the Intensive Care Unit 

There are various barriers that adhere to ventilator associated pneumonia interference 

recommendations, that embrace disagreement with the according results of supply studies, 

resource scarceness, elevated prices, inconvenience for nurses, worry of potential adverse 

effects and patient discomfort. So for efficient patient care, staffing must be sufficient to 

comply with essential infection control practices and other prevention strategies. 

 

b) Hand Hygiene 

Hand hygiene is very important to be considered as the microorganisms spread easily from 

patient to patient on the hands of healthcare workers. Common reservoirs for organisms 

include wrist watches, rings, bangles and other jewelry. Therefore, staffs have to take off 

wrist watch and jewellery to achieve effective hand cleaning and prevent the chances of 

VAP. Moreover, compliance of healthcare workers to hand hygiene is low, and high 
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workload decreases their compliance. So the healthcare workers have to use gowns and 

gloves when appropriate and wash and disinfect their hands between patients. 

 

c) Impact of patient position 

Compared to patients positioned supinely, the patients positioned semi-recumbently 45 

degrees have significantly lower incidence of VAP. Kinetic Beds or Continous Lateral 

Rotational Therapy (CLRT) turn continuously and slowly and change the patient's position, 

so investigators believe that it helps the drainage of pulmonary secretions. However, these 

beds are so expensive and their effectiveness is not demonstrated so their use is not well 

recommended. 

 

d) Artificial Airway Management 

Oral vs Nasal Intubation: Oropharyngeal colonization and nosocomial sinusitis can be caused 

by both nasogastric and nasotracheal tubes. Thus, to decrease the risk of occurring VAP, oral 

route is considered for both endotracheal and gastric intubation VAP. 

 

Endotracheal tube cuff pressure: The secretions that pool above inflated endotracheal tube 

cuffs may be a source of VAP. So in order to prevent the leakage of colonized subglottic 

secretions into the lower airways, the pressure of the endotracheal tube cuff should be 

optimized. The persistent pressures into the tube cuff below 20 cm H2O can result in the 

development of VAP. 

 

Silver-Coated Endotracheal Tubes: They are safer, reduce bacterial biofilm formation and 

have bactericidal activity, reduces bacterial burden and can delay airway colonization. 

However, for determing its efficacy further studies are needed. 

 

e) Mechanical Ventilation Management 

Ventilator Circuit Change: According to CDCs recommendation the change of circuit was not 

to be done routinely.  

 

Humidification with Heat and Moisture Exchangers: Their effect in preventing VAP is still 

controversial.  

 

Subglottic secretion drainage: A significant reduction in VAP was found, due to intermittent 

subglottic secretions drainage using inspiratory pause during mechanical ventilation. 
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Pharmacologic Strategies 

a) Modulation of Oropharyngeal Colonization 

Reevaluation is considered for the policies encouraging routine tropical oral decontamination 

with chlorhexidine. It is a cheap measure that can be considered for patient’s safety. 

 

b) Selective Decontamination of the Digestive Tract (SDD) 

It includes the removal of probably unhealthful microorganisms living within the mouth 

and abdomen, whereas conserving the endemic anaerobic flora. SDD is an effective and safe 

preventive measure in ICUs where incidence rates of MRSA and VRE are low. But in ICUs 

with high rates of multi-resistant microorganisms it is a measure that is effective but not safe. 

 

c) Stress Ulcer Prophylaxis 

Patients at risk of gastrointestinal bleeding should receive H2 antagonists such as ranitidine 

rather than sucralfate. 

 

d) Ventilator sedation protocol 

The use of a nurse-implemented sedation protocol, decreases the rate of VAP and the 

duration of mechanical ventilation, in patients receiving mechanical ventilation and requiring 

sedative infusions with midazolam or propofol. 

 

e) Antibiotic Policy and Infection Control 

For better patient care and preventing antimicrobial resistance, rational antibiotic policy is a 

key issue. Infection control programs like using a scheduled switch of antibiotic class showed 

to reduce the nosocomial infection rates and restraining multidrug resistant (MDR) 

microorganism emergence.
[30]

 

 

CONCLUSION 

In critically ill patients, VAP occurs frequently and is associated with significant morbidity. 

The absence of gold standard criteria is the primary obstacle in diagnosing VAP. Better 

secretion management and reduction in bacterial colonization are the main preventive 

strategies to be focused. For effectively reducing VAP incidence, further research on targeted 

interventions is needed. Inorder to optimize antibiotic selection, dose, and duration to 

increase efficacy in targeting causative pathogens and allow the best clinical outcome, 

antimicrobial stewardship programs involving pharmacists, physicians and other healthcare 

providers plays an important role. 
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Abstract  
 

Thiocolchicoside is an antispasmodic and a centrally acting muscle relaxing agent, used in 

combination with non steroidal anti inflammatory drugs for the management of musculoskeletal 

disorders. It is a semi synthetic derivative of colchicine obtained from the seeds of various species 

of Colchicum antumnale. Chemically, thiocolchicoside is N-[(7S)-3-(β-D-Glucopyranosyl oxy) -

1,2-dimethoxy-10-(methyl sulfanyl)-9-oxo-5,6,7,9-tetrahydro benzo[a]heptalen-7-yl] acetamide 

Thiocolchicoside is commonly available in the market as single component formulation and as 

multi component formulations containing other NSAIDs such as paracetamol, aceclofenac, 

diclofenac etc. Many analytical methods have been reported for the estimation of thiocolchicoside 

alone or in combination. Analytical methods like UV-visible spectrophotometry, 

spectroflourimetry, High Performance Liquid Chromatography, High Performance Thin Layer 

Chromatography, radio immunoassays have been reported for the estimation of thiocolchicoside 

in biological matrices, bulk and pharmaceutical dosage forms, while HPLC and UV 

spectrophotometry are extensively used. 
 
 

 

Keywords: Thiocolchicoside, Analytical methods, HPLC, UV spectroscopy. 
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INTRODUCTION 

Thiocolchicoside is a semi synthetic derivative of colchicine. It is obtained from the seeds of 

various species of Colchicum antumnale. Chemically, thiocolchicoside is N-[(7S)-3-(β-D-

Glucopyranosyl oxy) -1,2-dimethoxy-10-(methyl sulfanyl)-9-oxo-5,6,7,9-tetrahydro benzo [a] 

heptalen-7-yl] acetamide [1,2]. Thiocolchicoside has anti inflammatory, analgesic and muscle 

relaxant properties. It is also widely used for the treatment of gout and muscular pain. 

Thiocolchicoside has been thought to act as a GABAAR agonist that induces depression of the 

central nervous system and, in turn, myorelxation [3]. Moreover, THC possesses a molecular 

structure similar to that of colchicines, a plant alkaloid that binds to tubulin and induces the 

depolymerisation of microtubules, disrupts axonal transport and inhibits mitosis [4,5]. 

Thiocolchicoside produces its effect by acting as a weak postsynaptic GABA agonist. Even 

though the drug thiocolchicoside has been used as an NSAID clinically for more than 35 years, its 

molecular targets and mechanism of action are still under investigation. In India, thiocolchicoside 

is available as oral, parenteral and topical formulations. The maximum oral recommended dose of 

the drug is 8 mg in an interval of every 12 hours, but for not more than 7 consecutive days. In the 

case of intramuscular route, the maximum dose is 4 mg every 12 hours, up to 5 days. 

Thiocolchicoside shows the Cmax values of 113ng/mL and 175ng/mL in 30 min for 4 mg dose 

and 8mg dose respectively. No thiocolchicoside is detected in plasma after oral administration. 

After one hour of thiocolchicoside administration only two metabolites were observed with 

maximum plasma concentrations. Thiocolchicoside is contraindicated in hypersensitive patients, 

in pregnancy, during lactation and in women of childbearing potential not using contraception. 

The drug is also not recommended for children less than 16 years of age.  

ANALYTICAL METHODS 

Analytical chemistry involves the study of techniques and methods which are used to separate 

identify and quantify matter [6]. Thiocolchicoside is available in combination with many NSAIDs 

like Aceclofenac, Diclofenac, Paracetamol, Ketoprofen, Etodolac, Etoricoxib, Lornoxicam and 

Floctafenine. Thiocolchicoside when used in combination with NSAIDs show better improvement 

in reducing pain than NSAIDs used alone. Several literature have reported analytical methods for 

the estimation of thiocolchicoside, in biological matrices, bulk and in pharmaceutical 

formulations, such as UV-spectrophotometry, chromatographic techniques, such as HPLC, TLC-
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densitometry and LC-MS/MS where High-Performance Liquid Chromatography (HPLC) and 

Spectrophotometric methods have been most extensively used. 

UV-Spectrophotometry 

Spectroscopic techniques are often used in physical and analytical chemistry for the identification 

of substances through the spectrum emitted from or absorbed by them. Absorption spectroscopy 

in the UV-Visible region is one the most frequently employed technique in pharmaceutical 

analysis for qualitative, quantitative and structural analysis of a substance in solution [7]. For the 

estimation of thiocolchicoside several simple, precise and cost effective spectrophotometric 

methods have been developed. Literature surveys shows that there are almost twenty seven UV 

spectrophotometric methods reported for the analysis of thiocolchicoside in combination and 

alone. Derivative spectroscopy has been employed in several methods to minimize the spectral 

interferences. In a zero order UV spectrophotometric method the drug thiocolchicoside shows an 

absorption maximum at 259.8 nm, where distilled water is used as the solvent and the linearity 

was observed in the concentration range of 5-50 μg/ml. In first derivative spectrum, the λmax is 

252.0 nm and λmax of 260.0 nm in second derivative spectrum. Another method is based on 

calculation of Area under Curve (AUC) for Thiocolchicoside analysis in the wavelength range of 

254.0 – 264.0 nm. Thiocolchicoside follows Beer-Lambert’s law in the concentration range of 2.5 

– 50.0 μg/ml for all the methods. Thiocolchicoside standard stock solution was prepared by 

dissolving 10 mg of the drug in 0.1N NaOH and it is diluted to 100 ml with 0.1N NaOH to obtain 

a final concentration of 100 μg per ml. From the stock solution, further standard dilutions were 

prepared. Some of the spectrophotometric methods used for the estimation of thiocolchicoside are 

illustrated in table 1 

Spectrofluorimetry 

Due to the simplicity, specificity and low cost, spectroflourimetry continue to be a popular 

analytical method for the determination of drugs. Spectroflurometric method reported for 

estimation Thiocolchicoside was based on the oxidation of THC with cerium (IV) to produce 

cerium (III), and the fluorescence was monitored at 366 nm while it was excited at 289 nm. 

Cerium(IV) is a powerful oxidizing agent and is non-fluorescent under acidic conditions, while its 

reduced form exhibits native fluorescence [8]. The excitation and emission wavelength were 

selected using ceric ammonium sulphate. It was scanned in the region of 220-25 nm. The 

excitation spectrum of Ce(III) was measured in spectral measurement mode of the instrument, 

keeping the emission wavelength constant. Similarly, by keeping the excitation wavelength fixed 
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the emission spectrum was measured. The method was linear over the concentration range of 1-10 

μg/ml. For the estimation of thiocolchicoside the drug solution was added to 5 ml of 0.5 mM of 

ceric ammonium sulphate. To complete the reaction it is kept aside for 30 minutes at room 

temperature. The content was then diluted with water to 10 ml and measured against reagent 

blank. Table 2 shows the details of the spectrofluorometric method used for thiocolchicoside 

estimation. 

High Performance Liquid Chromatography 

Liquid chromatography is one of the most widely used analytical separation technique due to its 

sensitivity, its ready adaptability to accurate quantitative determinations, its ease in automation, 

its suitability for separating non volatile species or thermally fragile ones and also due to its 

widespread applicability to substances that are important to industry [15]. Due to the use of 

tightly packed columns with small particles of stationary phase the efficiency of HPLC column is 

relatively high. HPLC apparatus is more complicated than that used for other chromatographic 

techniques. Several HPLC methods have been reported for the estimation of thiocolchicoside in 

combined dosage forms. The mobile phase involves the use of solvents like methanol, 

acetonitrile, water, phosphate buffer, trifluoroacetic acid buffer etc. Both isocratic and gradient 

modes have been used for the estimation. Formulations containing more than two components can 

be analysed. Some of the commonly used HPLC conditions for the estimation of thiocolchicoside 

are summarized in table 3. 

High Performance Thin Layer Chromatography 

One of the simple separation techniques available today to simultaneously handle samples of 

different nature and compositions is high performance thin layer chromatography. Planar 

chromatography or HPTLC is a modern, powerful analytical technique with high separation 

power and performance. HPTLC is used for both qualitative and quantitative analysis of 

constituent mixtures. Short development time, wide choice of stationary phase, easy recovery of 

separated components, superior separation effects, easy visualization of separated compounds are 

some of the advantages of HPTLC over other chromatographic methods. 

Silica gel 60F, Alumina, Cellulose, PEI, impregnated cellulose etc are the most commonly used 

stationary phase for the separation. The mobile phase is selected by trial and error method based 

on the chemical properties of solute and solvent, solubility of analyte, absorbent layer etc. Various 

forms of chromatographic development like ascending, descending, and horizontal, continuous, 

gradient can be tried. A migration distance of 5-6 mm is sufficient for HPTLC plates. The plates 
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are removed from the chamber after chromatographic development, and the traces of mobile 

phase can be removed by drying. Table 4 summarizes the commonly available HPTLC conditions 

for thiocolchicoside estimation. 

Hyphenated techniques 

Analytical methods such as liquid chromatography, gas chromatography and capillary 

electrophoresis are linked with spectroscopic techniques like MS, FT-IR, and NMR in 

hyphenation. These advanced techniques include CE-MS, GCMS, MS-MS, LC-MS LC-MS-MS 

LC-NMR etc. Among all the hyphenated techniques, LC-MS is the most extensively used. Forced 

degradation study of THC is performed by using LC-ESI–MS for assessing the inherent chemical 

stability. For the quantitative determination of drugs and their metabolites from biological 

matrices such as blood, plasma, serum, or urine HPLC or GC has been widely used. Liquid- 

Chromatography coupled with Triple Quadruple Mass Spectrometry (LC/MS/MS) is the 

commonly used technique for the bio analysis of small molecules. Analysis of degradation 

products of thiocolchicoside are reported which is based on LC-ESI–MS method. Mass and NMR 

spectroscopic techniques are used for characterizing the degradants separated by chromatographic 

methods. The confirmation of the structure of degradation products can also be done by IR 

spectroscopy through the degradant synthesis.  

For thiocolchicoside the major degradation pathways are hydrolysis and oxidation. Five 

degradation products were resulted and the degradation products were:D1SO-(N-[1,2-dimethoxy-

10-methylsulphoxide-9-oxo-3-(3,4,5-trihydroxy-6 hydroxymethyltetrahydropyran-2-yloxy)-

5,6,7,9-tetrahydro-benzo[a] heptalen-7-yl]-acetamide), D1SO2-(N-[1,2-dimethoxy-10-

methylsulphone-9-oxo-3-(3,4,5-trihydroxy-6-hydroxymethyltetrahydropyran-2-yloxy)-5,6,7,9-

tetrahydro-benzo[a]heptalen-7-yl]-acetamide), D2([1,2-dimethoxy-10-methylsulphanyl-9-oxo-3-

(3,4,5-trihydroxy-6-hydroxymethyl-tetrahydropyran-2-yloxy)-5,6,7,9-tetrahydro benzo [a] 

heptalen-7-yl]-amine), D3 (N-[1,2-dimethoxy-3-hydroxy-10-methylsulphanyl-9-oxo-5,6,7,9-

tetrahydro-benzo[a]heptalen-7-yl]-acetamide or 3-O-demethylthiocolchicine), D4 ([1,2-

dimethoxy-3-hydroxy-10-methylsulphanyl-9-oxo-5,6,7,9-tetrahydro-benzo [a] heptalen-7-yl]-

amine or N-deacetyl-3-O-demethylthiocochicine) [16-35]. As the indicators of thiocolchicoside 

stability studies degradation products D1SO and D3 are considered. These two degradation 

products are introduced in the development and validation of HPLC–UV stability indicating 

methods for determination of THC in drug substance and drug product. 
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There have been reports of the bio equivalence studies for fixed dose combination of 

thiocolchicoside and lornoxicam using LC-MS-MS. Bio analytical methods are also reported for 

the estimation of pharmaceutical formulation containing thiocolchicoside and lomoxicam in 

human plasma by RP-HPLC.  

LC-MS/MS is also reported as a bio analytical method for the estimation of thiocolchicoside and 

diclofenac in human plasma by using Methanol: Water (containing 0.2% formic acid) (9:1, v/v) as 

mobile phase. In spiked human urine sample, thiocolchicoside and Etodolac were analysed   using 

methanol as mobile phase. 

For the determination of 3-desmethylthiocolchicine in human plasma a highly sensitive Liquid-

Chromatography–tandem Mass Spectrometry (LC-MS-MS) has been used for evaluating bio 

equivalence of thiocolchicoside after oral administration. The study reports that during absorption 

and during the first-pass effect through the liver, thiocolchicoside is rapidly converted to 3-

desmethylthiocolchicine. 

Stability-Indicating Methods 

About thirteen stability indicating analytical methods (SIM) have been reported.  J.K. Rajput, 

P.H. Patil, S. J. Surana and A. A. Shirkhedkar reviewed on the stability indicating methods used 

for the estimation of thiocolchicoside. In this 14-15% were using HPLC, 3-4% were HPTLC 

based, and 1 - 2% were LC/MS methods. According to FDA guideline, a Stability Indicating 

Method (SIM) is defined as a validated analytical procedure that accurately and precisely 

measures active ingredients in drug substance or drug product, free of interference from process 

impurities, excipients and degradation products. 

Stability indicating methods are done to monitor the results during stability studies in order to 

guarantee safety, efficacy and quality and to see how it behaves when subjected to stress 

conditions like temperature, humidity, sunlight, acidic and alkaline conditions etc. An ideal 

stability-indicating method is that which resolves the standard drug as well as its degradation 

products 
[37]

. SIMs helps in the quantification of the drug in presence of any degraded products if 

formed during the storage condition. Some of the stability indicating HPLC and HPTLC methods 

for thiocolchicoside are illustrated in table 5. 

Radioimmunoassay 

Immunoassay techniques are based on highly specific binding between an antigen and an 

antibody.  The immune determinant region known as the epitope on the antigen surface is 

recognized by the antibody’s binding site. The assay sensitivity and specificity is determined by 
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the type of antibody used and its affinity and avidity for the antigen [49]. RIA methods have been 

used successfully for the determination of limitless number of pharmaceutically important 

compounds in biological fluids. The most important advantage of radioimmunoassay over other 

analytical methods (except GC-MS) for the measurement of components in biological fluids is its 

precision and extreme sensitivity [50]. Thiocolchicoside was assayed in plasma and urine samples 

by radio immunoassay by using a cross reacting colchicine specific polyclonal antibody. The 

cross reactivity of thiocolchicoside was 56%, with the limit of quantitation of 0.5 ng/ml and the 

linear response was observed in the concentration range of 0.5-100ng/ml. Specificity of the 

method was checked by cross reactivity studies with colchicine analogues and by using liquid 

chromatography and radio immunoassay in tandem on urine samples. 

Table 1: spectrophotometric methods for thiocolchicoside estimation 
 

Sl 

No 
Name of drug 

Sample 

matrix 
Method 

Detection 

wavelength 
Linearity 

Refere

nce 

1 Thiocolchicoside Capsule 

A Zero order 259.0 

2.5-50 μg/ml 9 

B First order 252.0 

C 
Second 

order 
260.0 

D AUC 254.0-264.0 

2 Thiocolchicoside Capsule 

A Zero order 259.8 

 10 
B AUC 259.8-269.8 

3 Thiocolchicoside Capsule Zero order 257.0 2-38 mg/ml 11 

4 
Thiocolchicoside

+ diclofenac 
Capsule 

Absorption 

correction method 

THC-397.80 nm and 

DCF-271.0 nm 

THC-5-35 

μg/mL 

10-70 μg/mL 

12 

5 

Thiocolchicoside 

+Aceclofenac 

+Paracetamol 

Tablet 
Multi component 

analysis 

PCM-256 nm,THC 

258 nm, ACE 270 

nm. 

PCM- 1-25 

μg/mL, THC-

2.5-25 μg/mL 

ACE-1-25 

μg/mL 

13 

 

AUC: Area under the curve; THC: Thiocolchicoside; DCF: Diclofenac; PCM: Paracetamol; ACE: 

Aceclofenac 

 

Table 2: spectroflourimetric method for thiocolchicoside detection 
 

Sl 

No 
Name of drug 

Sample 

matrix 
Method 

Detection 

wavelength 
Linearity Reference 

1 Thiocolchicoside Injection Spectroflourimetry 
289 and 366 

nm 

1-10 

μg/ml 
14 
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Table 3: HPLC method for thiocolchicoside determination 
 

Sl 

no 

Name of 

the drug 

Sample 

matrix 
Mobile phase composition 

Detecti

on λ 

Retention time 

(min) 

Ref

ere

nce 

1 
THC+D

CF 
capsule 

Acetonitrile: Methanol: 

Water(35:15:50v/v), pH 3.5 
286 THC-3.3,DCF4.0 17 

2 
THC+L

OR 
Tablet 

Methanol:Acetate buffer(PH-

4.6):THF(50:35:15, v/v) 
375 

LOR-0.4,THC 

2.92 
18 

3 
THC+PC

M 

Tablet 

 

Potassiumdihydrogenphosphate :Methanol 

(40:60, v/v) 
247 

PCM-3.27,THC-

5.50 
19 

4 
THC+ET

R 
Tablet 

Trifluoroacetic acid buffer (pH2.6): 

Acetonitrile (75:25) 
220 

ETR-6.6 

THC-3.1 
20 

5 
THC+K

ET 
Tablet Acetonitrile: Water (60:40,v/v) 300 THC-3.7, KET7.9 21 

6 
THC+ET

R 
Tablet 

Phosphate buffer pH 6: Methanol 

(30:70v/v) 
255 

THC-2.50,ETR-

4.60 
22 

7 
THC+A

CE 
Tablet Acetonitrile: buffer of pH 6(42:58,v/v) 261 

THC-4.15,ACE-

4.88 
23 

8 
THC+D

XKET 
Tablet 

Methanol: Phosphate bufferpH 4.5(65:35 

v/v) 
260 

THC-3.02,DXK 

8.91 
24 

9 
THC+ET

D 
Tablet 

Methanol and Phosphate buffer pH 6, 

(85:15 v/v) 
259 

ETD4.39,THC3.5

2 
25 

THC: Thiocolchicoside; DCF: Diclofenac; LOR: Lornoxicam; PCM: Paracetamol; ETR: 

Etoricoxib; KET: Ketoprofen ACE: Aceclofenac; DXKET: Dexketoprofen; ETD: Etodolac 

Table 4: HPTLC method for the estimation of thiocolchicoside 
 

THC: Thiocolchicoside, DCF: Diclofenac, LOR: Lornoxicam, ETR: Etoricoxib,DXKET: 

Dexketoprofen, ACE: Aceclofenac. 

Sl 

no 

Name of 

the drug 

Sample 

matrix 
Mobile phase composition 

Detecti

on λ 

Retention time 

(min) 

Refe

renc

e 

1 
THC+DC

F 
Capsule 

Toluene: Ethyl acetate:Methanol 

(5:3:2 v/v) 
285 

THC-0.17, DCF-

0.53 
28 

2 
THC+DC

F 
Capsule 

Toluene: Acetone: Methanol:Formic 

acid (5:2:2:0.01v/v/v/v) 
280 

THC-0.29±0.02 

DCF-0.71±0.02 
29 

3 
THC+LO

R 
Tablet 

Methanol: Chloroform:Water 

(9.6:0.2:0.2 v/v) 
377 

THC-0.58,LOR- 

0.85 
30 

4 
THC+ET

R 
Tablet Ethyl acetate: Methanol(8 :2 v/v) 290 

THC 0.17, ETR 

0.70 
31 

5 
THC+DX

KT 
Tablet 

Toluene: Ethyl acetate:Methanol 

(5:3:2 v/v) 
286 

THC 0.10,DXKET 

0.40 
32 

6 
THC+DX

KT 
Tablet 

Toluene:Methanol:Ethyl Acetate 

(62.5:0.5, v/v) 
280 

THC 0.33,DXKET 

0.61 
33 

7 
THC+AC

E 
Tablet 

Methanol:Chloroform:Water 

9.6:0.2:0.2 v/v) 
254 

THC 0.70 , ACE 

0.83 
34 
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Table 5: Stability indicating methods for thiocolchicoside detection 
 

Sl 

no 

Name of 

drug 

Sample 

matrix 
Mobile phase 

Det

ecti

on λ 

Retention time 

(min) 

Refer

ence 

1 THC Capsule Acetonitrile: Water (70:30) 286 3.35 39 

2 THC Capsule Methanol: Water (70 : 30 v/v) 377 0.60 ± 0.02 40 

3 
THC+E

TD 
Tablet 

Acetonitrile:Potassiumdihydrogen phosphate 

buffer pH 6.8 (70:30) 
260 

THC-3.05 

ETD-2.1. 
41 

4 
THC+A

CE 
Tablet 

Potassium phosphate monohydratebuffer (pH-

5.0): Acetonitrile: Methanol (40:20:40 % v/v) 
263 

THC-2.8 

ACE-4.2 
42 

5 

 

THC+A

CE 
Tablet 

5%ammonium acetate buffer :methanol (40:60 

v/v) pH5 

276 

 

THC-0.697 

ACE-1.125 
43 

6 
THC+A

CE 
Tablet 

Methanol: Acetonitrile: THF:Acetate 

buffer(56:4:10:30v/v) 
312 

THC-4.7 ACE-

6.3 
44 

7 
TCH+D

CF 
Tablet 

Methanol: Acetonitrile :Phosphate buffer pH5 

(40:20:40v/v) 
263 

THC-2.8,ACE-

4.2 
45 

8 
THC+D

CF 
Tablet 

5mM sodiumdihydrogen phosphate, pH2.5 and 

Methanol 
258 

THC-5.8,DCF-

11 
46 

9 
THC+K

ET 
Tablet Methanol: Toluene: Benzene(2.5:3.5:4 v/v) 260 

THC-0.35, 

KET 0.65 
47 

THC: Thiocolchicoside; ETD: Etodolac; ACE: Aceclofenac; DCF: Diclofenac; KET: Ketoprofen. 
 

CONCLUSION 

Numerous analytical methods have been reported for the estimation of thiocolchicoside include 

UV/Vis-Spectrophotometry, Spectrofluorimetry, HPLC, HPTLC, LC-ESI-MS, LC-MS, GC-MS 

etc. Liquid chromatography with UV detection is widely accepted for the estimation of 

thiocolchicoside in bulk and pharmaceutical dosage forms while LC-MS, LC MS/MS are for 

analysis in biological fluids for pharmacokinetic, bioavailability and bio equivalence studies. UV–

Visible Spectrophotometric as well as fluorimetry is most often used for quantification of 

thiocolchicoside. 
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ABSTRACT  

Thiamine is also recognized as Vit.B1 and it is not produced in human 

body and obtained from the diet, for 18-20 days it is set aside in the 

liver. A healthy human being require about 0.33mg. Thiamine is 

needed for the cellular production of energy and the energy production 

is from ingested food. Delirium will be there if this vitamin is 

deficient. Alcohol is concerned as a major factor in assimilation of 

thiamine from the ingested food through duodenum. This literature 

review examines the physiology of thiamine deficiency, risk factors for 

thiamine deficiency, detection of thiamine deficiency, alcohol 

dependence and its treatment and also reviews the relation of alcohol 

and thiamine deficiency.  

KEYWORDS: Thiamine deficiency, Alcohol dependence, Vitamin 

b1, AWS scale. 

INTRODUCTION  

There are some vitamins that help the body for the translation of food to energy, these include 

the B vitamins. Thiamine is among the vitamins that help in translation of food to energy 

which is also known as Vitamin B1. Thiamine, which is not produced in the body should be 

gained from the dietary sources like cereals, meat, dried beans and peas. 0.00033 gram of 

thiamine is needed for human body.
[1] 

Liver keeps the thiamine for up to 18 days and it is a 

water soluble vitamin.
[2,3] 

Thiamine absorption is through duodenum which is by an active 

process finally thiamine pyrophosphate is formed as the active form.
[4] 

Alcohol is concerned 

as a major factor in thiamine deficiency by interfering in its absorption from the intestine. 

Intestinal enzyme ATPase which is involved in the blotting up of thiamine get hampered by 
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alcohol thereby restrain the carrier mediated uptake of thiamine.
[5] 

Alcoholics are thus at high 

risk of becoming thiamine deficient which is mainly due to the poor dietary conditions.  

 

1. Thiamine Deficiency  

Human body depends on dietary thiamine because of its finite body stores.
[6] 

A plight of 

thiamine deficiency will be there if one consumes only sparse amount of dietary thiamine and 

also with increased metabolic necessities.
[7] 

The pathology of vitamin b1 deficiency is very 

complex and it include most of the systems in the body. Many problems related to 

neurological, psychiatric, and other systems also get involved in this process. These 

consequences are related to the systemic dysfunction of thiamine-dependent biochemical 

processes.
[5] 

There will be chronic health consequences in the future if the deficiency occur in 

early childhood.
[8] 

Symptoms include epilepsy, hearing problems, cognitive impairments and 

cardiovascular problems.
[9,10] 

Enzymes that are dependent on thiamine for their function will 

be affected in thiamine deficiency state which can stimulate a frequent metabolic events 

causing energy deficiency. A common problem seen is the death of neurons that are located 

in the brain where they normally requires high amount of energy for their function.
[11] 

The 

deficiency that affects memory circuits is the sole cause for WE and korsakoff’s psychosis.
[12] 

Krebs cycle is also dependent on Thiamine for its function and most of the oxidative 

degradation of many nutrients and fatty acids in mitochondria of the cells that utilize 

oxygen.
[13]

 

 

 
Figure. 1: Transport of thiamine. 

  

Risk factors: Diarrhea, glucose intolerance, use of alcohol, lingering disability, fevers, over 

physical activity and pregnancy are the obvious hazardous factors. Polished rice consumption 

accounted for 44% of the total daily calorie consumption, intense agricultural activity raised 
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thiamine requirements and depleted the body’s limited store of thiamine. Thiamine get 

dissolved in the cooking water as it is resolvable in water and get affected by heat. Vitamin 

b1 is water soluble and heat-labile and as the cooking water is removed vitamin also get 

removed from the food.
[14] 

Many organ systems get affected by thiamine deficiency and they 

affect by making some typical lesions in the body. Organs affected are heart and blood 

vessels, nervous system, eye and GIT.  

 

a) Wernicke-Korsakov Syndrome and Thiamine deficiency  

This occurs primarily in alcoholics, half of whom have liver disease, and is often precipitated 

abruptly by administration of glucose to patients severely deficient in thiamine. If untreated, 

death is common; even with treatment, 17% die within 3 weeks.
[15] 

Only a minority of 

chronic alcoholics develop the disease, since it is only seen in patients with a genetic 

abnormality in the thiamine-dependent enzyme, transketolase. The syndrome does not 

develop during famine and starvation.  

 

Wernicke-Korsakov syndrome  

“A thiamine-deficiency syndrome characterized by symmetric hyperaemic lesions of the 

brainstem, hypothalamus, thalamus, and mamillary bodies with glial proliferation, capillary 

dilatation, and perivascular haemorrhage. The syndrome is manifested by a confusional state, 

disorientation, ophthalmoplegia, nystagmus, diplopia, and ataxia (Wernicke encephalopathy), 

with severe loss of memory for recent events and confabulation (the invention of accounts of 

events to cover the loss of memory) (Korsakov psychosis) occurring following recovery. 

Defective binding of thiamine diphosphate by transketolase has been found. It appears that 

the disorder is of autosomal recessive inheritance but is expressed as clinical disease only in 

the event of thiamine deficiency.”  

 

Detection of thiamine deficiency  

Where the blood checking features are available both ETKA and TPPE tests can be used for 

the the detection of thiamine deficiency in individuals. These tests are really good in 

sensitivity and reliability.
[16] 

If we measure the Vitamin b1 level which is found in blood in 

the free form we may not able to obtain the level of intracellular vitamin b1 but if we take the 

red blood cell vitamin b1 concentration it will give a reliable report on intracellular 

concentration
[17]

 and as a result we may get more reliable result of thiamine store in body if 

we use the red blood cell transketolase activity for the detection. A value of 40-85 mF/l/min 

indicates low EKTA and a range of 0-16% indicates high TPPE.
[18] 

For this test to be 
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performed, the procedure is to perform it in the presence and absence of added vitamin b1. If 

we test without adding vitamin b1 then it would endup in wrong results. The values obtained 

are presented as percentage increase in ETKA resulted after adding TPP to the red blood 

cells.  

 

b) Recommended daily allowances  

Daily intake of thiamine is calculated by looking the effects of deficient thiamine deficiency 

and also by checking the clinical symptoms, urinary output of thiamine and by red cell 

transketolase activity. Sugar or carbohydrate intake is closely related to vitamin requirement. 

Most of the energy in daily diet is from carbohydrate. Milligram/1000kcal energy is the unit 

of need of thiamine intake from carbohydrate. The daily thiamine requirements of thiamine in 

children is from 0.3-0.9 mg, for male adolescence is from 1.0-1.2mg, for female adolescents 

is 0.9mg, for adult male is 1.2mg, for adult women is 0.9 and for whole population it is 

0.9mg.
[19]

  

 

2. Alcohol Dependence  

A countries economic consequences will be get affected by the use of alcohol by its citizens 

and alcohol consumption is a serious problem in the community also in India it play a major 

role. Indian adult population may have consumed once a time alcohol in their lifetime. Most 

of them become addicted to it and need treatment for the withdrawal. Even though the 

alcohol consumption is increasing day by day in India.
[20]

  

 

a) Treatment of alcohol dependence  

Non-pharmacological treatment and care of the patients  

Drug as well as non-drug treatment are the major treatment modalities for alcohol 

dependence. The treatment of primary concern for alcohol dependence is the non-drug 

treatment and is needed only for some patients. Continued consoling and proper care are the 

major methods in non-drug therapy.
[21] 

A hall with a quiet ambience separated from the 

sounds and other substances is the major need.
[22] 

The alcoholic patients get deprived of 

several essential body liquids. In order to regain the fluids which are lost replacement therapy 

with vitamin B 1 is necessary.
[23] 

As a part of treatment glucose also can be given to the 

patients but it should only be provided after the use of thiamine which can reduce the 

problems with WE.
[24]
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Pharmacological treatment  

The drugs which are currently approved by US FDA for alcohol dependence are 

Acamprosate, Nalmefene, Baclofen, Lorazepam and Naltrexone. Among various drugs which 

are approved Disulfiram is the major one drug which acts by blocking the oxidation of 

ethanol to acetaldehyde.
[25] 

The drug of choice for alcohol dependence since 2004 was 

Acamprosate. It is structurally similar to the certain endogenous amino acids that act as 

neurotransmitters or neuromodulators in regions of brain.
[26] 

In order to reduce the craving for 

alcohol the drug Naltrexone is available orally as well as intramuscularly. The interactions 

between dopamine and the endogenous opioid neuropeptide systems are the major reason for 

its clinical efficacy.
[27] 

For the use in EU European medical agency, use in humans have been 

approved as it is a modulator of opioid receptor.
[28]

  

 

3. Alcohol USE and Thiamine Deficiency  

Drinking habit was found to be one of the most promising cause of vitamin B1 deficiency and 

which is mainly seen in nations which are rich in all aspects of life. In case of economically 

backward and unstable countries like India, the use of these substances cause a curse to its 

development thereby hindering its overall development. Alcohol consumption stands at the 

first place in overuse when compared to other addicting substances, also it is the most 

commonly used one in that category by the peoples. Overall progress of a country mainly 

depends on the human resource and hence on their productivity, which may be in vein if there 

are more alcoholics in that country which may be due to the economic insecurities caused by 

the use of alcohol by the citizens.
[29]

  

 

The prevalence of alcohol consumption seems to be quite high among construction workers. 

Majority of the alcoholics also have other substance abuse like smoking and tobacco 

chewing. The proportion is significantly higher in males, as compared to females. About one 

fifth of the alcoholics had AUDIT score of more than 8 indicating problem drinking.
[30]

  

 

The relationship between alcohol and thiamine deficiency had been a question for long times 

and the relation can be explained by the factors. Thiamine pyrophosphate is the activated 

form of thiamine and the transformation of thiamine to active form will be reduced during 

liver problems which can be used to explain the cause of reduced storage of vitamin b1 in 

cirrhotic patients. Tomasulo P A et al. in their study concluded that reduced uptake of 

thiamine from the gut is a major contributing factor for vitamin b1 deficiency syndrome in 

alcoholics.
[31]
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Alcohol interact at most of the steps in thiamine utilization which include steps like thiamine 

transport, diphosphorylation and others. Alcoholics may not maintain proper brain functions 

even though they take an adequate amount of thiamine through diet and when thiamine 

deficienct occur repeatedly then it may further lead to brain dysfunction in acoholics.
[7,32,33]

 

Magnesium is required for the ThDP (thiamine diphosphate binding to transketolase (TK) 

and to other ThDP binding enzymes for their activation and this provides a possible 

molecular explanation for the recognized refractoriness to thiamine treatment alone of 

hypomagnesemic alcoholics with Wernicke's encephalopathy.
[34,35]

  

 

As thiamine deficiency is accompanied by changes in metabolism of brain glucose, so there 

will be decrease in the lipid incorporation into myelin, alterations in the biosynthesis of 

several neurotransmitters (Ach, GABA, glutamate) and focal regions of metabolic acidosis 

and intracellular calcium accumulation all of these contribute to neurotoxic effect of 

ethanol.
[36]

  

 

In chronic alcoholics, chronic consumption may result in up-regulation of the NMDA 

receptor system and reduced intracellular pH can inhibit presynaptic high affinity reuptake of 

glutamate.
[37]

  

 

CONCLUSION  

Biochemical processes in human body require thiamine as a major part, deficiency of which 

possess a harmful effect on humans. Thiamine is not synthesized endogenously, and the 

requirement is met up by diet only. Alcohol interfere with the absorption of thiamine which is 

seen as good source of thiamine deficiency in Alcoholics. Thiamine supplementation is given 

to patients undergoing treatment for Alcohol dependence syndrome for maintaining the body 

thiamine level.  
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Abstract  Review Article 
 

Alcohol abuse is dangerous to human health especially it affects our liver and form alcoholic liver disease (ALD). In 

United States, latest reports of National Institute on Alcohol Abuse and Alcoholism showed that liver cirrhosis is the 

12th primary cause of death. Many studies imparted that there is a connection with patterns of drinking and ALD 

progression. Nowadays consumption pattern of alcohol have changed and binge drinking become common one. This 

review mainly focused on patterns of drinking and their relations to ALD especially binge drinking. 

Keywords: Alcoholic liver disease, drinking patterns, Binge drinking, World Health Organization, Risk factors. 
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INTRODUCTION 
In worldwide, one of the important 

predisposing factors for chronic disease is alcohol 

intake [1]. This is also a leading cause of preventable 

morbidity and mortality especially in Western 

countries. World Health Organization (WHO) reports 

reveal that 4.5% of the diseases and 4% of the deaths 

occurs in the world as a result of alcohol use. In Eastern 

Europe countries alcohol is considered the main cause 

of death among men between 15 and 59 years of age [2-

3]. Alcohol-related deaths account for up to 48% of 

liver cirrhosis deaths in United States [4]. Lieber et al. 

conducted a study in 1960s and reveals that ALD is not 

simply caused by malnutrition. It is mainly because of 

hepatocellular damage triggered by a true hepatotoxin-

alcohol [5].  

 

Spectrum of Alcoholic Liver Disease 

The spectrum of alcoholic liver disease differs 

from simple steatosis to cirrhosis. The different types of 

alcohol related liver injury are fatty liver, alcohol 

connected hepatitis (AH), liver cirrhosis and 

hepatocellular carcinoma (HCC).
 
Fatty liver occurs in 

90% of heavy drinkers and it is initial responses to 

alcohol consumption. Peoples who drink small quantity 

also have chances for fatty liver. Advanced alcohol 

related fibrosis and cirrhosis result only in 30% of 

heavy drinkers. In patients with previous ALD and 

heavy alcohol intake, shows episodes of Alcoholic 

hepatitis (AH).In serious cases and in patients with liver 

cirrhosis, alcoholic hepatitis leads to high short-term 

mortality complications like liver failure and portal 

hypertension [6].
 
Hepatitis virus B or C, HIV infection 

and non-alcoholic fatty liver disease have synergistic 

effects with long term alcohol use. Progression of liver 

fibrosis, cirrhosis, and hepatocellular carcinoma (HCC) 

occurs through multiple mechanisms when patients with 

viral hepatitis consume alcohol [7-8]. 
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Drinking patterns of Alcohol 
The main two patterns of “Alcohol drinking” 

are acute “binge drinking” and “chronic drinking”. 

There is a difference in metabolic effects of these two 

types of drinking patterns. For example, development of 

alcoholic liver damages results from chronic drinking 

whereas glycogen depletion, acidosis and 

hypoglycaemia results from binge drinking [9]. Chronic 

drinking means heavy Alcohol use. According to 

Substance Abuse and Mental Health Services 

Administration (SAMHSA), heavy alcohol use is 5 or 

more day’s binge drinking in the past month [10]. 

Progress of advanced ALD is mainly depending on 

quantity of alcohol intake. There is a close relation 

connecting the quantity of alcohol consumed (>30 

g/day in most studies) and the chances of developing 

ALD [11].
 
One large study conducted in Europe, they 

enrolling patients with different stages of ALD. During 

follow-up they realize that an intake of 400 g 

ethanol/week strongly increased the risk of developing 

cirrhosis (30%) [12]. Alcoholic liver disease 

progression not only depends on amount of alcohol 

intake but also the type of alcohol drinking. Best 

example is red wine drinkers; they show a small risk of 

cirrhosis than consumers of other alcoholic beverages 

[13-14]. Beside above connection, increased risk of 

cirrhosis is common in patients who drink alcohol 

outside of meals [15]. Similar results was obtained from 

study conducted in china and they shows 2.7-fold 

increase in risk of ALD in patients who drinking 

outside of meal times than those who consumed alcohol 

only at mealtimes[16]. 

 

Binge drinking 
Definition- According to World Health 

Organization (WHO) binge drinking is a pattern of 

heavy drinking for a long period [17].
 
Binge drinking 

definition in different countries study shows different. 

For example, consumption of more than eight drinks in 

men and more than six drinks in women in a single day 

is considered as binge drinking in United Kingdom 

[18]. In the United States, when drinking brings blood 

alcohol level to 0.08 gram-percent or above is 

considered as binge drinking and the amount of alcohol 

that has to be consumed to reach these blood alcohol 

levels for an adult is  equivalent to drinking five or 

more drinks in men or four or more drinks in women 

within two hours. The Substance Abuse and Mental 

Health Services Administration (SAMHSA) conducted 

an annual National Survey and reveals that binge 

drinking happened when there is chance for 5 or more 

drinks for males or 4 or more  drinks for females on the 

same occasion on at least 1 day in the past month [10]. 

An additional and more adequate definition for the 

clinical environment is consumption of six or more 

drinks by men (60 g) and five or more drinks by women 

(50 g) within 2 hour at least once in the last 30 days 

[19]. 

 

Growing evidence supports that harmful 

effects in humans and rodents occurs from quick intake 

of alcohol. Binge drinking usually leads to increase in 

serum lipopolysaccharide (LPS) levels, it is leading 

mediator of Alcoholic liver disease [20-21]. Nitric 

oxide metabolites also have similar effects in ALD [22]. 

Some studies provide an information that an 

interconnection among activation of CYP2E1-HIF-1α-

dependent apoptosis pathway and binge drinking [23].  

 

Risk factors  

There are different risk factors associated with 

binge drinking. In which age and gender are important 

factors other factors also contribute binge drinking. A 

study about risk factors related to binge pattern 

conducted in Italy in 654 individuals. Through an 

analysis they observed there is relation between binge 

consumption and education level, money available to 

use during weekends, interest of peoples to participate 

in celebrations and night club, cannabis use, electronics 

cigarettes use and higher impact of friends.They also 

reveals living with family members is a good factor to 

avoid bind drinking [25]. 

 

Age: Different Study conducted both in the 

United States and United Kingdom, conveys that the 

prevalence of binge drinking decreases with age. This 

indicating that the binge drinking is major problem 

specifically in young people [10]. Binge drinking in 

young people is not only a risk factor for alcohol abuse 

but also risk for developing ALD [25]. 

 

Female gender: Binge drinking is more 

common than chronic pattern especially younger 

women and it results in deleterious effects from alcohol. 

Some experiments conducted in animal models and 

propose that female hormones may provide to high 

levels of binge drinking[26].These results are 

compatible with previous studies showing that alcohol 

intake reduced by depleting circulating female 

hormones[27]. 

 

Connection with alcoholic liver disease 
Ruhl et al. in 2005 conducted a cohort study in 

13580 adult participants that gives valuable information 

about the binge drinking pattern. There is elevation in 

aminotransferase levels particularly in obese patients 

drinking 1-2 drinks per day [28]. Another cohort study 

in 2015 also shows binge drinking results in hepatic 

steatosis especially in men with overweight or obesity 

[29]. Researchers at the University of California, San 

Francisco (UCSF) conducted a study in mice to see the 

effects of binge drinking. They reveal that relatively 

limited binge drinking can also show disordering of 

liver function and development of ALD [30]. Åberg et 

al. conducted an epidemiological study and it deliver 

evidence of binge drinking results in more severe forms 

of ALD, sometimes it lead to hospitalization [31]. 
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CONCLUSION 
Alcohol related liver disease is a serious 

disorder and lead to early death. From different studies, 

we can conclude that, there is a relation between ALD 

and patterns of drinking. In which binge drinking is 

important risk factor for ALD. Binge drinking pattern is 

more common in teenagers and young adults. This 

pattern of consumption produces deleterious effects in 

females than males. To avoid alcohol related liver 

disease, we have to conduct some public awareness 

programmes especially in younger population. 
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ABSTRACT  

Isoxazoles are 5 membered heterocyclic compounds with 

promising biological activities. The marketed drugs such as 

valdecoxib and cloxacillin used as antibiotics have proven the 

efficacy of the isoxazole containing moiety. The substituted 

isoxazole derivatives displayed antimicrobial, antitubercular, 

anti-viral, anti-inflammatory, hypoglycaemic, antioxidant and 

anticancer activities. This mini-review describes the reported 

strategies to synthesize and evaluate the antibacterial, antifungal 

and antitubercular activities of some of the substituted isoxazole 

derivatives. 
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INTRODUCTION 

Heterocyclic compounds are widely distributed in nature which is essential for various 

biological activities. Nitrogen containing heterocyclic compounds are important building 

blocks in both organic and medicinal chemistry1. One of the major 5 membered heterocyclic 

compound isoxazole is an azole with an oxygen atom next to the nitrogen atom. Isoxazole 

exhibits a broad spectrum of biological activities and also forms a basis of several bioactive 

agents2. The substituted isoxazole derivatives displayed antibacterial3, antifungal4, antiviral5, 

anti-inflammatory, hypoglycemic6 and anticancer activities7. Isoxazole derivatives such as 

sulfamethoxazole, sulfisoxazole, cloxacillin, cycloserine, acivicin have been in commercial 

use for many years. The synthetic androgenic steroid, danazol also possess an isoxazole ring. 

Due to these activities, isoxazole containing drugs have been used as a prominent 

pharmaceutical agent. 

SYNTHESIS OF ISOXAZOLE DERIVATIVES 

1. 3-Alkyl, 5-aryl isoxazoles can be synthesized from aryl cyclopropanes with NaNO2 in 

CF3COOH8 (Scheme 1). 

R
R

1

R

N

O

R
1

NaNO2 / CF3COOH

Scheme 1
 

2. Claisen-Schmidt condensation of substituted acetophenone and aromatic aldehyde yields 

chalcones which on treatment with hydroxylamine hydrochloride and in presence of alkali 

affords respective isoxazoles9 (Scheme 2). 
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3. In the presence of isoamyl nitrite or tert-butyl nitrite provides the one-pot synthesis of 

3,5-disubstituted isoxazoles from substituted aldoximes and alkynes10(Scheme 3). 

R CH3

N

OH

+ CH R
1 ONO CH3

CH3

ethyl methyl ketone

65°C, 2 - 5 h

N

O
R

R
1

Scheme 3
 

4. An equivalent mixture of  3-(dimethylamino)-1-arylprop-2-en-1-one derivative and 

hydroxylamine hydrochloride was stirred at 50 °C in aqueous media to obtain 5-arylisoxazole 

derivatives in good yield11 (Scheme 4). 
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5. 9-chloro acridine on reflux with para amino acetophenone affords 1-(4-acridine 9-

ylamino) phenyl ethanone and reacted with various aldehyde to yield chalcone substituted 9-

anilino acridines. Substituted chalcones cyclized with hydroxylamine hydrochloride yields 

corresponding isoxazole substituted 9-anilino acridines12 (Scheme 5). 

N

Cl

N

NH

CH3

O

Ethylene glycol + 

piperidine
R-CHO

N

NH

O

CH3

NH2OH.HCl/EtOH/AcOH

N

NH

N O

R

2 -BuOH

Para amino acetophenone

Scheme 5
 

6. Various substituted acetophenones reacted with diethyl oxalate in the presence of sodium 

ethoxide to form 2, 4-diketo esters which on treatment with hydroxylamine hydrochloride 

furnishes substituted 3-isoxazole esters13(Scheme 6). 
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7. Regioselective synthesis via 1, 3-dipolar cycloaddition of aldoxime, sugar alkyne and 

triethylamine in dichloromethane and sodium hypochlorite affords sugar conjugates of 

isoxazole14 (Scheme 7). 

O

CH

D Glucose

R N

OH

N

O

O

R

D Glucose

CH2Cl2, NaOCl, Et3N

0°C_RT, 8 to 10 hrs

Scheme 7
 

ANTIMICROBIAL AND ANTITUBERCULAR STUDIES 

Francis Chevreuil et.al synthesized new 2-aryl-1-azol-1-ylpropan-2-olbearing a phenyl 

substituted 5-membered heterocyclic ring (Fig 1) by 1,3-dipolar cycloaddition and reported 

the synthesized compounds could be considered as potent broad-spectrum antifungal agents 

which is capable of overcoming the increased activity of efflux pump required for acquired 

resistance of azoles. Their antifungal activity was screened against C. albicans, C. glabrata, 

A. fumigatus and an azole-resistant petite mutant of C. glabrata. Tioconazole, fluconazole, 

voriconazole were used as standard drugs. Minimum Inhibitory Concentration (MICs) was 

determined using a microdilution assay in RPMI-1640 culture medium15. 
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Suryawanshi V.S reported the synthesis of 4,5-dihydro-3-(5-methyl benzofuran -2-yl)-5-

arylisoxazole (Fig 2) by the reaction of benzofuran chalcones with hydroxylamine 

hydrochloride in the presence of potassium hydroxide in ethanol. The synthesized compounds 

were characterized by IR, 1H NMR and elemental analysis and screened for their 

antimicrobial activity by cup plate method at the concentration of 500 μg/ml. Antibacterial 

activity was done against various microbes such as S. typhi and S. aureus. Antifungal activity 

was performed against A. niger and C. albicans. Penicillin and Griseofulvin were used as the 

standard. The synthesized compounds showed significant antimicrobial activity16. 

 

The synthesis of new isoxazole derivatives carrying 4-thiomethyl moiety was carried out by 2 

step synthesis.  In the first step, 4-Methylthiobenzaldehyde was condensed with various aryl 

ketones in the presence of potassium hydroxide to give a series of 1-aryl-3-(4-

methylthiophenyl)-2-propene-1-ones. In the second step, the obtained compound was treated 

with hydroxylamine hydrochloride in the presence of aq. alkali to yield 3,5-diarylisoxazoles 

(Fig 3). The synthesized compounds were characterized by FT-IR, 1H NMR, mass 

spectroscopy and compounds possess good antimicrobial activity against E. coli, S. aureus, 
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P. aeruginosa and K. pneumoniae bacterial strains by a disc diffusion method using 

ciprofloxacin as standard drug17. 

 

Substituted 2–amino benzothiazoles were prepared from different substituted amines via 

substituted phenylthiourea. 5-(substituted-benzothiazole-2yl)-amino-3- methyl isoxazole 

derivatives (Fig 4) have been prepared by the reaction of various synthesized 3-

Carboxamido-(substituted benzothiazole-2yl)-propane-2-one and hydroxylamine 

hydrochloride. The structures of the isoxazole compounds have been confirmed by elemental 

analysis and spectral analysis. Most of the compounds resulted in prominent antibacterial 

activity against various gram positive and gram negative organisms by agar plate method 

using chloramphenicol as standard18. 

 

Novel 3,4,5-trisubstituted isoxazole derivatives were synthesized by multi-step synthesis. In 

the first step 3,5-diarylisoxazole-4-carboxamide derivative (Fig 5) and in the second step, 

3,5-diaryisoxazole-4-methylamine derivatives (Fig 6) were synthesized. The structures of the 

newly synthesized compounds were characterized by 1H NMR, 13C NMR, LC-MS and 
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screened for their antifungal activity against A. flavus, F. oxysporum and C. albicans by the 

disc diffusion method. Most of the newly synthesized 3,4,5-trisubstituted isoxazole 

compounds exhibited remarkable antifungal activity19. 

 

 

A series of Isoxazole derivatives (Fig 7) were synthesized from chalcones and evaluated for 

their antimicrobial activities. Chalcones were synthesized by reaction of furan-2-

carbaldehyde with various acetophenones by Claisen-Schmidt condensation and chalcones on 

treatment with hydroxylamine hydrochloride and sodium acetate in ethanol yield isoxazole 

derivatives. Most of the compounds showed moderate to good antibacterial and antifungal 

activity (by cup plate method) compared to the standard drugs20. 
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Kamala Chand Gautam et.al, synthesized a series of new chalcones by the reaction of 2-

acetyl thiophene and substituted benzaldehydes. These were made to undergo cyclization 

reaction with hydroxylamine hydrochloride in ethanol to synthesize isoxazole derivatives of 

thiophene (Fig 8). The synthesized compounds were purified and elucidated with the help of 

IR and 1H NMR spectroscopy. The compounds were screened for antibacterial activity and 

antifungal activity by agar plate diffusion method, which suggested that four of the 

synthesized compounds were moderate to highly active21. 

 

5-(2,8-Bis (trifluoromethyl)quinolin-4-yloxymethyl) isoxazole-3-carboxylic acid ethyl ester 

(Fig 9) was reported to have promising antitubercular activity against both replicating and 

non replicating Mycobacterium tuberculosis. The antitubercular activity was specific for 

organisms of Mycobacterium tuberculosis complex and it reduced bacterial numbers in 

infected macrophages and it may act as a prodrug22. 
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The cyclization of 1-azido-4-methoxy benzene with acetylacetone in the presence of sodium 

ethoxide furnished 1-(4-methoxyphenyl)-5-methyl-1H-1,2,3-triazole-4-yl) ethanone and the 

Claisen-Schmidt condensation of the compound with different aromatic aldehydes yield 

triazolyl Chalcones. This on refluxing with hydroxylamine hydrochloride in glacial acetic 

acid afford 4-(5-(4-substituted phenyl) isoxazol-3yl) -1- (4-methoxyphenyl) - 5-methyl - 1H- 

1,2,3-triazoles (Fig 10). Antitubercular activity was performed against H37RV and DKU 156 

strain by using broth dilution assay. The results revealed that the synthesized compounds 

possess antimycobacterial activity23. 

 

One pot three component condensation reaction involving 4-(4-Nitrophenyl)-thiazol-2-

ylamine,benzaldehyde and mercapto acetic acid in the presence of catalyst given 4-(4-

Nitrophenyl)-2 phenyl-(2,3)bithiazolyl-4-one, which on reaction with aromatic aldehydes in 

the presence of CH3COONa and treatment with hydroxylamine hydrochloride result in 

isoxazolo-thiazole derivatives (Fig 11). The synthesized compounds were characterized by 

IR, 1H NMR, 13C NMR and MS spectra and screened for their antimycobacterial activity 

against  H37Rv. Thus the article reported that the synthesized compounds exhibited promising 

antimicrobial and remarkable anti-TB activity24. 
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Various chalcones were synthesized by the base catalyzed reaction between substituted 

aromatic ketones and substituted aromatic aldehydes. These chalcones on reaction with 

hydroxylamine hydrochloride furnished 3,5-disubstituted isoxazole derivatives (Fig 12). All 

the synthesized compounds were characterized by IR, NMR and mass spectroscopy. Further, 

these disubstituted compounds were evaluated for their antimicrobial, antifungal and 

antitubercular activity and thus it was concluded isoxazole derivatives substituted at 3 and 5 

position with aromatic rings posses promising activity25. 

 

CONCLUSION 

With the emergence of the researcher's interest in synthesis and evaluation of isoxazole 

derivatives have been emphasized the utility of isoxazole as a broad spectrum antimicrobial 

agent. Thus the present review describes the enhanced antimicrobial activity is due to the 

presence of substituents such as 4-methyl, 4-fluoro, 4-methoxy, 4-hydroxy, 4-amino, 4-

bromo, 4-nitro, 5-chloro and 6-chloro groups on aromatic ring directly attached to the 
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isoxazole. Smaller ester substituents such as propyl and butyl esters at position 3 of isoxazole 

ring favoured for the increased antimycobacterial activity. 
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INTRODUCTION
The native of the Garlic (Allium sativum L.) is Central  
Asia and it has been used throughout history for 
both food and medical purposes. The garlic or garlic 
extracts or garlic oil are used as food supplementary  
agents to treat human diseases such as diabetes, cancer,  
hypertension and atherosclerosis.1 It is commonly 
believed that pharmacological properties of a fresh  
garlic extract/oil are mostly due to presence of  
sulfur compounds or non-sulfur compounds including  
polyphenolics. Some of the garlic studies showed the 
synergistic pharmacological action due to proportion 
of different biological constituents present in a garlic 
clove.2 

Garlic contains 0.1 to 0.36% essential oil, the principal  
components of which are diallyl disulfide, diallyl  
trisulfide, allyl propyl disulphide. Allicin is the main 
active constituent and a yellow liquid responsible for 
the odour of garlic. The regular intake of garlic oil can  
decrease blood pressure; prevent heart disease including  
atherosclerosis and cancer.3 Garlic extracts or oil 
obtained from garlic bulbs exhibited prevention of 

Assessment of Phyto-Constituents by GC-MS and Anti-Tumour 
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ABSTRACT
Background: Garlic (Allium sativum L.) is most important spice containing highest sources 
of total phenolic compounds. It has been used as a component of traditional and modern 
medicine. Pharmacological properties of garlic is mainly depend on its phyto-constituents 
content, which varies between geographical regions. The aim of this study was to evaluate 
and compare the phyto-constituents content of garlic sample collected from high ranges of 
Idukki (Kanthallur) with that of Tamil Nadu (Mettupalayam market) garlic sample. Materials 
and Methods: garlic clove sample were collected from high ranges of kanthallur region (GSK) 
and Mettupalayam region (GSM). The garlic oil was extracted from the collected garlic sample 
by solvent extraction method. The phytochemical study of extracted garlic oil were conducted 
using standard methods of analysis and subjected GC-MS analysis. Further, the extracted oil 
samples were studied for their anti-tumour activity against Dalton Lymphoma Cell Lines (DLA) 
in an in vitro model. Results: The obtained results revealed that garlic oil of GSK showed 
highest percentage of yield of oil (1.1%) than garlic oil of GSM (0.6%). The phytochemical 
screening of GSK indicated the presence of alkaloids and flavonoid, whereas GSM showed 
presence of alkaloids only. GC-MS analysis of garlic oil study indicated that garlic oil of GSK 
was found to have eugenol as a novel source compared with garlic oil of GSM. Garlic oil of 
GSK showed significant anti-tumour activity against DLA cells, compared with garlic oil of 
GSM. Conclusion: Garlic oil of GSK exhibited potential anti-tumour activity against DLA cells 
due to presence of eugenol compound as novel source.
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oxidative modification of DNA, lipids and proteins 
by scavenging Reactive Oxygen Species (ROS) and 
enhancing the antioxidant enzymes at cellular level. 
Polyphenolic compounds are showing potential  
antioxidant activity and some epidemiological studies  
expressed the correlation between an intake of  
polyphenols in supplementary diet and preventive 
effects on diabetes, cancer and neurodegenerative 
diseases. Contents of phyto-chemical compounds 
in garlic vary in different geographical regions.4 

The aim of the present study was to compare the 
phytochemical and pharmacological properties of 
two garlic species, grown in different regions such  
as kanthallur (Idukki) region (GSK) and Mettupalayam  
region (GSM). The garlic oil was extracted from two 
different garlic sample collected from high ranges of  
Idukki (Kanthallur) with that of Tamil Nadu  
(Mettupalayam). Extracted garlic oils was subjected 
to qualitative phytochemical analysis and GC-MS  
analysis. Further, in vitro cytotoxic potential of  
garlic oils was evaluated against DLA cells.
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MATERIAL AND METHODS
Reagents
Petroleum ether (60-80°C), n-hexane, ethyl acetate, ethanol, Glacial acetic  
acid, Sodium sulphate were purchased from Loba Chemie, Mumbai. 
Dalton Lymphoma cells procured from National Centre for Cell science 
(NCCS), Pune, India. Sterile 96-well plates were obtained from Tarson, 
India. Roswell Park Memorial Institute (RPMI) Medium, thiazolyl blue 
tetrazolium bromide (MTT), Fetal bovine serum (FBS), L-glutamine, 
penicillin, sodium pyruvate were procured from Hi-Media, India.

Preparation of garlic oil
Garlic bulbs (Allium sativum; family: Liliaceae) were collected from 
local plantations of high ranges of Idukki (Kerala species name: GSK), 
Kerala and Mettupalayam (Tamil Nadu species name: GSM), Tamilnadu. 
The collected garlic samples were authenticated by Dr. Jalaja S Menon, 
Department of Horticulture, Kerala Agricultural University, Thrissur,  
Kerala (Voucher No. SJCOPS/GS/05/2017). Garlic bulbs of GSK (100 gm)  
were crushed and crushed garlic species were subjected to hydro-distillation  
with 100ml of distilled water using Clevenger apparatus for 5 h. On 
condensation oil-rich and water-rich layers were formed. These oil and 
water layers are separated by decantation. The percentage yield of garlic 
oil from GSK was 1.1% (w/v). The collected garlic oil was then dried 
using anhydrous sodium sulphate and kept sealed in dark glass vial. The 
same oil extraction procedure was repeated with 100gm of garlic bulbs of 
GSM in order to obtain garlic oil. The percentage yield of garlic oil from 
GSM was 0.6% (w/v).

Preliminary qualitative phytochemical analysis
Preliminary qualitative phytochemical analysis was carried out to  
identify the phytochemical constituents present in the garlic oil of GSK 
and GSM sample.5,6

Gas chromatography-Mass spectrometry (GC-MS) 
Analysis
Preparation of garlic oil samples of GSK and GSM for 
GC-MS analysis
Garlic oil was diluted with 7% by chloroform. An inert gas (nitrogen) 
was introduced, from a large gas cylinder through the injection part, the 
column and the detector. The flow rate of the carrier gas was adjusted 
to confirm reproducible retention time and to reduce detector dirt. The 
sample was injected using a micro-syringe through a heated injection 
part when it was vaporized and carried into the column. The long tube of  
the column was tightly packed with solid particles. The mobile and  
stationary phases were then partitioned by the samples and it was separated  
into the individual components. The carrier gas and sample component 
was then emerging from the column and passed through a detector. The 
amount of each component as concentration by the device and generates 
a signal which was registered electrically. The signal passed to a detector.

GC-MS Analysis
The garlic oil of two varieties of Allium sativum (GSK and GSM) were  
analyzed by Electron Impact Ionization method on GC- 17A gas chro-
matography with slight modification.7 GC-MS was coupled to a GC-MS 
2010 plus mass spectrometer. GC-MS was fused silica capillary column  
temperature of 40˚C was maintained with carrier gas helium at a constant  
pressure of 90kPa. Samples were injected by splitting with the split ratio  
10. Garlic oil sample of GSK was dissolved in chloroform. The operating 
condition were as follows: name of column- RTS-5MS, diameter 30 cm, 
length 0.25mm, temperature of the column initial temperature 40˚C,  
injector temperature 220˚C, holding time 5 min, column packing-  

column packing was done with 10% diethylene glycol succinate on  
100-120 mesh diatomic CAW, splitting- samples were injected by splitting  
with the spilt ratio 10, carrier gas- helium gas at constant pressure 90 kPa, 
sample dissolved- in chloroform, range of linear temperature increased  
10˚C per min. The same procedure of Gas chromatography-mass spec-
trometry (GC-MS) analysis was performed for GSM garlic oil.

In vitro anti-tumour activity
The in vitro anti-tumour activity of extracted GSK and GSM garlic oil 
against Dalton Lymphoma cells was studied using MTT assay with slight  
modification.8 The 3-(4,5-dimethylthiazol-2,5-diphenyltetrazolium  
bromide) dye reduction assay was conducted to diagnose the anti-
tumour activity of garlic oil of GSK and GSM sample at different  
concentrations. Briefly 1 mL of 1 × 106 DLA cells was seeded in  
RPMI1640 medium supplemented with 10% fetal bovine serum,  
streptomycin (100 μg/mL) and penicillin (100 units/mL) and incubated 
in a carbon dioxide incubator with 0.1% DMSO (vehicle). Cells in the 
exponential phase was harvested and counted using a haemocytometer 
with the aid of trypan blue solution. The cell suspensions were dispensed 
in triplicate into 96-well culture plates at optimized concentrations. After 
48 h incubation of Dalton’s lymphoma (DL) cells in various volume 
(0.1ml, 0.2ml, 0.3ml, 0.4ml, 0.5ml) of GSK garlic oil, cells were incubated  
with MTT (3-(4, 5- dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium 
bromide) reagent for 48 h in the incubator. Dimethyl sulfoxide (DMSO) 
was added to dissolve the precipitate formed inside the living cells. The  
coloured formazan product was assayed spectrophotometrically at  
570 nm using ELISA plate reader which corresponds to the cell viability. 
The same procedure was followed for GSM garlic oil in order to determine  
its anti-tumour activity against Dalton’s lymphoma (DL) cells. 

Statistical Analysis
Experiments were performed in triplicates. Data were presented as  
means ± SDs. All anti-tumour results were compared with relevant  
control using student’s t-test and a P<0.05 was considered significant.

RESULTS AND DISCUSSION
Garlic oil was extracted from garlic cloves of GSK and GSM sample  
by steam distillation using Clevenger apparatus and percentage yield of 
garlic oil were shown in Table 1.
Qualitative phytochemical analysis was performed for GSK and GSM 
garlic oil using standard methods and results were exhibited in Table 2. 
The phytochemical study revealed that garlic oil of GSK showed positive 
results for presence of alkaloids and flavonoid. But, garlic oil of GSM 
showed positive results for alkaloids only.

Gas chromatography-Mass spectrometry Analysis 
The biological active constituents of garlic oil of GSK and GSM were 
compared through GC-MS analysis (Table 3 and 4). The results indicated 
that GSK garlic oil containing principal components such as 3- Vinyl-
1, 2-dithiacyclohex-4-ene (1.09%), trisulfide (0.285), diallyl disulphide 
(7.21%), hexadecanoic acid (1.02%) and eugenol (5.645). But the GSM  
garlic oil containing 3- Vinyl-1, 2-dithiacyclohex-4-ene (1.40%), trisulfide  
(1.49%), diallyl disulphide (0.33%), hexadecanoic acid (5.38%).  
The GC-MS study results indicated novel biological compound such as 
eugenol (Figure 1) was detected only in garlic oil of GSK, whereas absent 
in garlic oil of GSM. 
Our results showed that garlic oil from both of the two varieties from two 
different places (GSK and GSM) containing complex mixture of numerous 
phytochemical compounds, many phyto-constitutents are found in trace 
amount. From our study, it was found that eugenol as novel compound  
in GSK variety of garlic sample. This confirms that the reported  
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the viability of Dalton Lymphomas cells in a volume-dependent fashion. 
GSK garlic oil significantly reduces the viability of Dalton Lymphomas 
cells in a volume-dependent fashion. Higher percentages of non-viable 
DL cells were observed in cells treated at high volume of GKS garlic oil 
within the range doses of 0.4 ml (% cell viability 56.33±1.20%) and 0.5 ml  
(% cell viability 50.30±0.47%) (Figure 2). But, lowest percentages of  
non-viable DL cells were observed in cells treated at high volume of  
GKM garlic oil within the range doses of 0.4 ml (% cell viability 
71±1.24%) and 0.5 ml (% cell viability 69±0.81%) (Figure 3).
Several garlic extract and its bioactive compounds have been reported  
for anti-tumour activity with various cancer/tumour cell lines. Szychowski  
et al. 2016 reported the determine the involvement of Reactive Oxygen  
species (ROS) production in the viability and apoptosis in human 
tongue squamous carcinoma (SCC-15) cell line after exposure to two 
Allium sativum L. cultivars, Harnaś and Morado. This study suggested 
that garlic Polish cultivar Harnaś manifested more prolonged potential 
to stimulate ROS production in human squamous carcinoma (SCC-15) 
cells.9 Yedjou et al. 2012 evaluated whether or not garlic extract-induced  
cytotoxicty and apoptosis in Human Leukemia (HL-60) cells is mediated 

Table 1: Percentage yield of garlic oil.

S. No Sample Percentage yield (%v/wt)

1 GSK (Garlic Species from Kanthallur) 1.1 %

2 GSM (Garlic Species from 
Mettupalayam) 

0.6 %

Table 2: Phytochemical analysis of garlic oil.

Phytochemical 
constituents

Phytochemical test GSK GSM

Carbohydrates Molish’s test - -

Benedict’s test - -

Alkaloids Dragendroff ’s test + +

Mayer’s test + +

Wagner’s test + +

Hager’s test + +

Flavonoids Lead acetate test + -

Terpenoids Libermann-buchard - -

Glycosides Keller killiani test - -

Borntrager’s Test - -

[+]: Present; [-]: Absent

Table 3: Gas chromatography-Mass spectrometry (GC-MS) Analysis of 
GSK garlic oil.

Sample Retention
Time (RT) 

in min

Name of the compound Peak area 
(%)

GSK garlic oil 4.32 3- Vinyl-1,2-
dithiacyclohex-4-ene

1.095

5.26 Trisulfide 0.28

16.01 Diallyl disulphide 7.21

21.46 Hexadecanoic acid 1.02

5.70 Eugenol 5.64

Table 4: Gas chromatography-Mass spectrometry (GC-MS) Analysis of 
GSM garlic oil.

Sample Retention
Time (RT) 

in min

Name of the compound Peak area (%)

GSM garlic oil 23.16 3- Vinyl-1,2-
dithiacyclohex-4-ene

1.40

17.78 Trisulfide 1.49

18.61 Diallyl disulphide 0.33

47.19 Hexadecanoic acid 5.38

phyto-constitutents variation in the garlic oil is due to geographic and 
ecological conditions.

Inhibition of Dalton Lymphomas (DL) cells proliferation 
by garlic oil
MTT assay was used to examine the anti-tumour activity of GSK and 
GSM garlic oil on Dalton Lymphomas cells for 48 hr. Data expressed 
from MTT experiments indicated that GSK and GSM garlic oil reduces 

Figure 1: GC-MS Analysis of Garlic oil of GSK containing Eugenol.

Figure 2: Anti-tumour activity of GSK garlic oil to Dalton lymphoma 
(DL) cells. DL cells were treated with amount of garlic oil in particu-
lar volume (0.1ml, 0.2ml, 0.3ml, 0.4ml and 0.5ml) for 48 h. Each point 
represents a mean ± SD of 3 experiments with 6 replicates per dose. 
*Significantly different (p <0.05) from the control, according to the 
student’s t-test.
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through oxidative stress and this study indicated that garlic extract-induced 
cytotoxicity and apoptosis in HL-60 cells involve phosphatidylserine 
externalization, caspase-3 activation and nucleosomal DNA fragmenta-
tion associated with the formation of MDA, a by-product of lipid per-
oxidation and biomarker of oxidative stress.10 Sundaram et al. 1996 com-
pared the effects of various oil-soluble compounds containing allyl and 
disulfide groups on the proliferation of cultured Human Colon Tumor 
cells (HCT-15) and study found that Diallyl Disulfide (DADS) was more  
effective in inhibiting the growth of HCT-15 cells than isomolar con-
centrations of S-allyl cysteine, Dipropyl Disulfide (DPDS), allyl chloride, 
allyl glycidyl ether and allyl alcohol.11 Jaganathan et al. reported the anti-
proliferative activity and molecular mechanism of the eugenol induced 
apoptosis against the cancer cells and animal models.12 Fadilah et al. 2017 
studied the anticancer activity of combination simple aromatic benzoate 
compounds and eugenol against colon cancer cell line HCT 116. The 
study results indicated that simple aromatic benzoate compounds and 
eugenol as phenolic compounds showed potential effects on inhibiting 
colorectal cancer cells.13

Although various anti-tumour/anti-cancer agents exist, still we could 
not find a single drug effective in all ways. Since in each individual the 
effect of cancer/tumour is not same, search for new drugs seems incon-
clusive. Already garlic extracts have been shown to have anti-cancer/
anti-tumour activity. But no research provided confirmation for the  
active compound responsible for it. In the present study, we had provided  
have anti-cancer/anti-tumour evidence for the novel isolated active  
compounds namely: eugenol from garlic oil of GSK. 

CONCLUSION
In the present study, our results indicated that garlic oil from two  
different places of Kanthalloor (Kerala) and Mettupalayam (Tamilnadu) 
having mixture of many compounds, which are present in trace amount 
and found new source of eugenol in the GSK sample. We examined anti-
tumour activity of garlic oil and results showed that garlic oil of GSK  
showed significant anti-tumour activity against DLA cells due to presence  
of new source of eugenol compared with garlic oil of GSM. This study 

confirms that the reported phytochemical variation in the garlic oil is  
due to geographic divergence and ecological conditions. However,  
further in vivo investigations are needed to understand the mechanisms  
of anti-proliferative effects and apoptosis induced by eugenol present in 
GSK.
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GRAPHICAL ABSTRACT SUMMARY

• GSK garlic oil showed anti-tumour activity against Dalton Lymphoma cells in an 
in vitro model due to presence of new source of eugenol compared with garlic 
oil of GSM. This study indicated that eugenol content in the garlic oil of GSK 
due to geographic divergence and ecological conditions.
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INTRODUCTION 

Triazene which is considered as one of the 

important versatile nitrogenous compound 

synthesised mainly from diazonium salts by 

diazotization reaction1 of primary amines and are 

not found in nature. They are also called as 

triazanylene, is an unsaturated inorganic compound 

with 3 nitrogen atoms and having a double bond in 

between two nitrogen atoms. It is the second 

ABSTRACT 

The introduction of different nitrogen moieties in the chemical structure increases the application of many synthetic drugs 

for different ailments now a days. This provides medicinal chemistry researcher to synthesis newer compounds containing 

nitrogen atom. Compounds containing triazene chain are toxic to cells and are generally used as alkylating agents in 

anticancer treatment. In this review article, biological potency of aryl triazene was studied by using different triazene 

derivatives. Antibacterial studies were performed by the use of different strains of bacteria like Enterococcus faecalis, 

Bacillus cereus, etc. and anti-tubercular was done by using Mycobacterium tuberculosis (H37RV stain) and Mycobacterium 

lufu. The anti-inflammatory activity was studied by inducing adjuvant arthritis (AA) by subplantar injections on a group of 

white mongrel rats. In vitro antileukemic studies are performed against K562 (human chronic myelogenous leukaemia) cell 

line and RAJI (human Burkitt lymphoma) cell lines at 10µM of test compounds. Halogen substituted molecules are more 

potent than other substituted derivatives especially in antibacterial and antileukemic studies. Increasing the length of 

triazene chain normally decreases the activity in the homologous series. Methyl substituted compounds are showing better 

activity than other alkyl substituted derivatives. This article highlights the different biological activities of Aryl Triazenes. 
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simplest member of the azene class of hydro-

nitrogen compounds. Being an electron rich group, 

it is able to adsorb metallic2 and organic cations3. 

Triazene group can be easily converted to lactams4, 

triazoles, dibenzopyranones and coumarins and they 

are showing wide variety of activities. 

 Aryl triazenes are those compounds in which this 

triazene chain is bonded to an aryl ring. Some of 

those aryl triazenes are widely used as anticancer 

agents5. They mainly work by alkylating guanine at 

the O-6 and N-7 position and thus considered as 

alkylating agent in cancer therapy. Examples are 

dacarbazine6 and temozolomide7. Dacarbazine, 5-

(3,3-dimethyl-1-triazenyl) imidazole-4-carboxamide 

(DTIC), have been used as one of the important 

anticancer drug which is used to treat malignant 

melanoma and Hodgkin tumours resistant to the 

MOPP therapy8. The mechanism of action of these 

compounds includes the methylation of guanine at 

O-6 position results in the formation of highly 

reactive species, Methyl diazonium ion9. The 

antitumor effect of these drugs are based on the 

formation of an adduct (DNA O6-methyl guanine 

adduct) that will generate base pairs which will 

mismatches with cytosine and thymine. These 

adduct results in the cell death of tumour origin and 

it will provoke somatic point mutations if the cell 

survives which is represented by C: G→T: A 

transition in DNA helix. Triazene drugs are 

showing excellent pharmacokinetic properties and 

less toxicity10. Because of this potent activity shown 

by the triazene drugs results in the research and 

development of various aryl and heteroaryl triazeno 

derivatives11. Aryl ring may be benzene, pyrazole, 

imidazole, thiazole, oxazole, isoxazole, etc.  

In this current study, different aryl triazenes are 

synthesising and determining their various 

biological activities according to the change in their 

molecular structure using different heterocyclic 

aromatic rings. The synthesis of novel aryl triazene 

derivatives remains the main focus of current 

medicinal research. 

 

 

 

BIOLOGICAL POTENTIAL OF ARYL 

TRIAZENE DERIVATIVES 

Antibacterial property 

Vanessia O Dominguis and co-workers were 

synthesised different benzene triazene derivatives 

by using scheme 112 and the schematic 

representation was given in Figure No.1. The 

synthesised derivatives A-C are given as Figure 

No.5, Figure No.6 and Figure No.7 and they were 

having antibacterial property. They were showing 

good activity against both gram-positive and gram-

negative bacteria. Among the three synthesised 

compounds, derivative A was the most active 

triazene which inhibits some of the bacterial strains 

like Enterococcus faecalis ATCC 29212, 

Aeromonas hidrophyla and Klebsiella oxytoca and 

having an MIC value of 128µg mL-1 and for 

Bacillus cereus the MIC value was 32 µg mL-1. 

Derivative B was also inhibiting some of the strains 

like Streptococcus agalactiae with an MIC value of 

64 µg mL-1. Derivative C was not having good 

activity when compared with A and B. 

Antitubercular activity 

A. V. Velikorodov and co-workers were synthesised 

different triazene derivatives of N-arylcarbamates 

by using scheme 213 and the schematic 

representation was given in Figure No.2. The 

Antitubercular activity of synthesised derivatives 

was studied using standard species of 

Mycobacterium tuberculosis (H37RV stain) and 

Mycobacterium lufu. The minimum inhibiting 

concentrations (MIC) as well as minimum 

bactericidal concentrations (MBC) were 

determined. The synthesised derivatives are given 

as Figure No.8 and Figure No.9. Also Acute 

toxicity (LD50) was determined using white mongrel 

mice weighing 20-25g and the results were 

statistically processed and were given in the Table 

No.1. 

N-arylcarbamate triazene derivatives D-H were 

showing great antimycobacterial activity against 

M.tuberculosis and M.lufu. And the activity shown 

by these derivatives were comparable to standard 

drugs like Dapsone and Isoniazid. 
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Anti-inflammatory activity 

M. Kazhemekaite and co-workers synthesised 

different 4-(3, 3-Dimethyl triazeno)-N-

acylbenzenesulfamide derivatives by using 

synthesising scheme 314 and the schematic 

representation was given in Figure No.3. The 

synthesised derivatives are given as Figure No.10, 

Figure No.11 and Figure No.12 and the derivatives 

I-K were having anti-inflammatory property. The 

anti-inflammatory activity of synthesised 

derivatives was studied by inducing adjuvant 

arthritis (AA) by subplantar injections on a group of 

white mongrel rats. Acetyl salicylic acid was used 

as standard drug. The results were summarised in 

the Table No.2. 

Study indicates that triazeno derivatives contains 

aliphatic acid residue in the sulfamide group shows 

greater anti-inflammatory activity. The derivatives 

I, J and K on the 17th day of experiment shows an 

efficacy greater than that of standard drug Acetyl 

salicylic acid which is only -38.5. 

Antitumor activity 

Giuseppe Daidone et al, synthesised various 3-

methyl-4-(3, 3-dimethyl triazeno)-5-(substituted 

benzamido) pyrazole derivatives by using scheme 

415 and the schematic representation was given as 

Figure No.4. The synthesised derivatives are given 

as Figure No.13, Figure No.14 and Figure No.15 

and the derivatives L-N were having anti tumour 

property.  

 

The synthesised derivatives were evaluated against 

K562 (human chronic myelogenous leukaemia) cell 

line and RAJI (human Burkitt lymphoma) cell lines 

at 10µM of test compounds. The standard drug used 

for the evaluation was Methotrexate. The results 

were summarised in Table No.3. 

The derivative L and M bearing chlorine atom were 

showing activity higher than that of reference drug 

Methotrexate. Derivative M (3, 4 dichloro 

derivative) was the most active one against both 

K562 and RAJI cell lines, with IC50 value 6µM. 

Derivative N also showing the activity but it was 

less than that of L and M. Derivatives bearing one 

and two chlorine atoms exhibits higher antitumor 

property than the others.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table No.1: LD50 and Anti-tubercular properties of Triazene derivatives of N-Arylcarbamates 

S.No DERIVATIVES 
LD50 

mg/kg 

TEST MICROBIAL STRAINS 

Mycobacterium tuberculosis Mycobacterium lufu 

MIC 

µg/ml 

MBC 

µg/ml 

MIC 

µg/ml 

MBC 

µg/ml 

1 D 1005 3.2±0.55 8.0±2.45 3.6±0.45 6.4±1.09 

2 E 1000 3.4±0.61 8.4±2.13 3.9±0.54 6.7±2.04 

3 F 987 3.3±0.58 8.5±2.34 3.8±0.61 6.8±2.13 

4 G 935 4.5±1.17 9.1±1.04 4.2±2.32 7.3±2.20 

5 H 842 5.1±2.13 9.7±1.41 4.3±2.17 8.0±1.94 

6 Dapsone  28.8±10.43 89.6±17.53 3.2±0.55 4.4±1.10 

7 Isoniazid  2.4±0.45 7.2±0.89 8.8±2.19 11.2±2.19 
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Table No.2: Anti-inflammatory and acute toxicity of triazene derivatives 

S.No DERIVATIVES 
LD50 

mg/kg 

Therapeutic 

Dose,mg/kg 

(p.o) 

Increment of joint tumefaction against control (%) 

3rd day 11th day 17th day 

1 I 1400 140 -8.9 -26.7 
-47.2 

p<0.06 

2 J 1400 140 -22.3 
-46.7 

p<0.05 

-67.2 

p<0.001 

3 K 1400 140 - -29.6 
-69.9 

p<0.001 

4 
Acetylsalicylic 

Acid 
1300 140 

-22.5 

p<0.02 

-47.2 

p<0.01 

-38.5 

p<0.05 

Table No.3: Percentage growth inhibition of triazene derivatives on K562 and RAJI cell lines 

S.No DERIVATIVES K562 RAJI 

1 L 93.1±6.8 89.2±10.3 

2 M 97.8±2.1 99.4±1.2 

3 N 90.8±8.3 63.3±6.4 

4 Methotrexate 86.7±3.2 75.1±3.5 
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Figure No.1: Synthesis of triazene derivative A-C 

NHCOOR

ON

R1

R2
alkyl-N-(4-nitrosophenyl)
       carbamates(a-e)

+ NXNH2
ethanol

N
N

NH
X

R1

R2

NHCOOR

Triazene derivatives of N-arylcarbamates  
(D-H)

subs. hydrazines

(a):R=Et, R1=R2=H (b):R=i-Pr, R1=R2=H (c):R=PhCH2, R1=R2=H (d):R=R1=Me,R2=NHCOOMe

D: R=Me, R
1
=R

2
=H, X=isonicotinoyl;E: R=Et, R

1
=R

2
=H, X=isonicotinoyl;F: R=i-Pr, R

1
=R

2
=H, 

X=isonicotinoyl;G: R=PhCH
2
, R

1
=R

2
=H, X=isonicotinoyl;H: R=R

1
=Me, R

2
=NHCOOMe, 

X=isonicotinoyl.
 

Figure No.2: Synthesis of triazene derivatives of N-arylcarbamates (D-H) 
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Figure No.3: Synthesis of triazene derivatives (I-K) 
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Figure No.5: Structure of derivative A 
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Figure No.6: Structure of derivative B 
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Figure No.7: Structure of derivative C 

N
N

NH

i-nicotinoyl

H

H

NHCOOCH3

Derivative D
 

Figure No.8: Structure of derivative D 
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Figure No.9: Structure of derivative E 
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Figure No.10: Structure of derivative I 
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Figure No.11: Structure of derivative J 
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Figure No.12: Structure of derivative K 
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Figure No.13: Structure of derivative L 
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Figure No.14: Structure of derivative M 
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Figure No.15: Structure of derivative N 
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CONCLUSION 
Although aryl triazenes were reported for its anti-

cancer activity like darbazine, it was found that 

various other aryl triazenes were also showing 

different activities like anti-bacterial, anti-

inflammatory, anti-tubercular, etc. Apart from this, 

some of the derivatives were showing very much 

potency against leukemic cell lines more than that 

of established drugs like Methotrexate. Halogen 

substituted molecules were showing varieties of 

activities and they were more potent than other 

substituted triazene derivatives especially in 

antibacterial and antileukemic studies. Increasing 

the length of triazene chain normally decreases the 

activity in the homologous series. Methyl 

substituted compounds were showing better activity 

than other alkyl substituted derivatives. So aryl 

triazenes was one of the magical moiety possessing 

many activities that can be marketed for the 

treatment of so many ailments in future. 
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Abstract 

Emulsomes are developed as a novel lipoidal vesicular system with an internal solid fat core surrounded by a phospholipid 

bilayer. Hence, this will act as a carrier and vehicle of choice for the poorly soluble drugs. Many techniques has been 

developed for increasing the solubility of poorly soluble drugs. Among them emulsomes is the most prominent and recent 

technology. It is designed to overcome the drawbacks associated with current lipoidal formulations. This review addresses the 

concepts of emulsomal drug delivery system and special attention to its advantages and various recent applications related to 

the drug delivery. 

 

Keywords: vesicular drug delivery system, emulsomes, phospholipid bilayer, sustain release 
 

Introduction 

Vesicular drug delivery system (VDDS) is the system which 

involves encapsulation of active drug in vesicular structure. 

Vesicles act as vehicle in the drug delivery system Eg: 

liposome, nio some, archeo some, transferosome, 

sphinosome, pharmacosome, ufasome, emulsome, etc [1]. 

Hence, it enhances the existence of drug in the systemic 

circulation and also reduce toxicity. The application of 

novel vesicular technology has changed the definitions of 

diagnosis and treatment in the different aspects of 

biomedical field. These types of systems are widely used in 

the gene delivery, tumour targeting to brain, oral 

formulations, in stability and permeability problems of 

drugs [2]. 

 

Objectives of vesicular drug delivery systems 

1. Prolong the existence of the drug in the systemic 

circulation, and hence reduces the toxicity if selective 

uptake can be achieved due to the delivery of drug 

directly to the site of infection. 

2. [2] Improves the bioavailability especially in the case of 

poorly soluble drugs. 

3. [3] Both hydrophilic and lipophilic drugs can be 

incorporated. 

4. [4] Delays elimination of rapidly metabolizable drugs 

and thus function as sustained release systems. 

 

Emulsomes 
Emulsomes are the novel lipoidal vesicular system with an 

internal solid fat core surrounded by a bilayer of 

phospholipid. Emulsomes are more stable than liposomes. 

The stability problems associated with convential liposomes 

or other vesicular delivery systems such as aggregation, 

susceptibility to hydrolysis and oxidation may be avoided 

by using emulsomes [3]. 

Emulsomes have the characteristics of both liposomes and 

emulsions. This technology is developed to act as a vehicle 

for poorly soluble drugs. Emulsomes act by encapsulating 

the active medicament in vesicular structure. Hence, it 

prolongs the existence of drug in the systemic circulation for 

a long period of time and reduces toxicity. The convential 

drug delivery system is unable to meet these needs [4]. 

Emulsomal formulations are stabilized by cholesterol and 

soya lecithin. It can encapsulate water-soluble drugs in the 

aqueous compartments of the outer phospholipid layers, 

while their cores can be loaded with high levels of 

hydrophobic drugs. Emulsomes thereby increase the 

solubility and improve the bioavailability of lipophilic drugs 

and facilitates sustained and controlled release.[5]The 

colloidal nature of emulsomes provide passive absorption 

from the bloodstream by liver and spleen macrophages after 

intraveneous administration [6]. 

Emulsomal drug delivery is a liquid based drug delivery 

system. It has a wide range of therapeutic application in case 

of parentral drug delivery, which is purely water soluble. In 

case of lipophilic drugs since it has limited water solubility, 

large quantity of surfactants and co-solvents has to be used, 

but it may lead to toxic effects.  

Emulsomes are distinct from standard oil in water 

emulsions. The high phospholipid content of the monolayer 

of phospholipids that cover the lipid core which is present at 

the interface thereby stabilizing the emulsions. The particle 

size distribution of of emulsomes is in the range of 10-

250nanometer, which is based on differential weight, 

making them suitable for intravenous administration. 

Emulsomal formulation exhibit a sufficiently slow drug 

release profile that is 12-15% after 24 hours.[7]Emulsomes 

may serve as efficient drug delivery systems because they 

exhibit good biocompatibility, stability, high entrapment 

efficiency and sustain release [8]. 

 

Advantages 

 Economical alternative to current lipoidal formulations. 

 Increased drug levels at injured tissues. 

 Protect drug from gastric environment. 

 Increase solubility and bioavailability of poorly 

aqueous soluble drugs. 

 Safe cytotoxicity profile. 

 Resist the development of multi drug resistance. 

 Modify the pharmacokinetics of drugs. 
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 Provide improved pharmacological activity and reduce 

toxicity. 

 Slow drug release profile and prolonged drug efficacy. 

 Surface modifications can be possible, eg: for cellular 

targeting. 

 High load capacity for poorly water-soluble drugs. 

 High stability. 

 Low production cost and simplicity of large scale 

production. 

 

Disadvantages 

 Low drug loading capacity. 

 Causes side effects while parentral delivery. 

 Due to the detergent properties, use of surfactants is 

limited in parentral administration. 

 High oil content reduces the stability of the 

formulation. 

 

Applications in drug delivery 
The solid lipid core and phospholipid (PL) multilayer 

surrounding the core of emulsomes allow encapsulation of 

lipophilic drugswhose medical implementation could be 

limited owing to thelack of solubility. 

 

Emulsomes in anti-viral therapy 

Azidothymidine (AZT), also called Zidovudine, was the 

first drug reported to be efficacious in inhibiting human 

immunodeficiency virus (HIV) replication. [9, 10] 

The delivery of AZT, is possible by trilaurin-based 

emulsomes, or solid lipid nanoparticles stabilized with 

dipalmitoyl phosphatidylcholine (DPPC) or amixture of 

DPPC and dimyristoylphosphatidylglycerol (DMPG). DPPC 

provide theemulsomes a neutral surface charge, whereas 

DMPG resulted in a net negative charge. An ester prodrug 

of Zidovudine, AZT palmitate (AZT-P), can be synthesized 

and incorporated in the emulsomes. AZT-P is an 

amphiphilic molecule and integrates within the PL bilayers 

of the Nano formulation than the internal solid core. 

Negatively charged PL bilayers, i.e. DMPG, enhance the 

incorporation of AZT-P compared with emulsomes of 

neutral charge.[11] 

Emulsomal formulations for the treatment of intracellular 

liver infections by sustained and targeted delivery of AZT 

can also be possible [12]. Trilaurin and tristearin based 

emulsomes with a positive charge are expected to protect 

the system from lysosomal degradation and ensure the 

internalization of the drug. Cationic emulsomes are able to 

maintain their high drug concentrations in liver for a long 

period time (at least 6 hours). 

Higher bioavailability of lamivudine at lymphatic system 

can be achieved successfully with lipid based carrier system 

like emulsome. Lamivudine loaded emulsome may be an 

effective carrier for anti-HIV drugs. It can be therapeutically 

more effective for the HIV management as compare to the 

convential drug delivery system [13]. 

 

Emulsomes in dermal therapy 

Dithranol, also known as anthralin, has been used for the 

treatment of psoriasis (i.e. a non-contagious autoimmune 

skin disorder). Its use has fallen steadily due to unwanted 

side effects such as skin irritation, erythema, peeking and 

staining.[14]However, encapsulation of dithranol within the 

lipidic core of emulsomes enhance significantly their 

permeation across the skin and improve drug retention in 

skin tissues.[15]Various compritol (glyceryl behenate) based 

emulsomes can be prepared by using the formulation by 

design (FbD) approach. Accordingly, the highest 

entrapment efficacy was achieved for emulsion formulations 

composed of 63-75% compritol and 25-37% PL. An 

increase in the amount of PLs decreased the permeation flux 

through the skin due to the assembly of multilamellar 

barriers [16]. Antipsoriatic study conducted on mouse-tail 

models showed that emulsomes has better 

pharmacodynamics activity than commercial products and 

no erythema and wrinkles are produced on the mice skin, 

provide evidence that, emulsomes can diminish potential 

side effects of dithranol while improving its medical 

efficacy. 

 

Emulsomes in Autoimmunity 

If a vaccine composition is combined with 

1. Protein or peptide antigens 

2. optionally added hydrophobic material and  

3. an immune-potentiating membranous carrier such as an 

emulsome, the antigenic integrity of the protein or 

peptide epitopes is preserved and the immunogenicity 

of the vaccine is improved. [17, 18] 

 

Emulsomes can be used as adjuvants for mucosal 

vaccines.[19] Combination of anti-CD3 mAb and emulsome 

(as adjuvant) suppress antibody production against type II 

collagen and improve the severity of joint pathology as a 

result of reduced inflammatory cytokines in joints. 

Emulsomes enhance the Th2 response resulting in the 

induction of LAP+ (latency associated peptide) regulatory T 

cells and suppression of ongoing arthritis by both nasal and 

oral anti-CD3 administration.[20] This approach was found to 

be safe and applicable for mucosal and non-invasive therapy 

for rheumatoid arthritis. 

 

Emulsomes in anti-neoplastic therapy 

Anti-neoplastic therapy has severe side effects. Emulomes 

can alter the metabolism, prolong circulation and half life of 

the drug and therefore decrease the side effects. 

Mainly two drugs, methotrexate (MTX) and curcumin can 

be used to incorporate in emulsomes.[21,22]MTX is an anti-

folate drug against broad spectrum of human cancers 

including osteosarcoma, lymphoma, choriocarcinoma and 

leukemia [23]. MTX is also used for psoriasis, rheumatoid 

arthritis, systemic sclerosis, placenta accreta, and ectopic 

pregnancy, since it is an anti-metabolite chemotherapeutic 

agent [24]. 

For lymphatic delivery of MTX, emulsome formulations are 

composed of compritol® 888 ATO as the lipid core and 

soya lecithin as a stabilizing shell.In vitro drug release 

analysis demonstrated that emulsomes slowly release MTX 

at pH 7.4 (simulated intestinal fluid), whereas at pH 1.2 

(simulated gastric fluid) a burst release of MTX occurs, 

indicating that in gastrointestinal tract the PL bilayers and 

compritol® 888 ATO did not provide stability to the 

formulation.[25]In vivo, emulsome formulations improve the 

bioavailability of MTX up to 5.7-fold. 

Curcumin, (diferuloylmethane) is a hydrophobic polyphenol 

derived from the rhizome of the herb Curcuma longa 

(turmeric) of Zingiberaceae family [26]. It has a wide range 

of therapeutic effect against a broad variety of different 

cancers including gastrointestinal, genitourinary, breast, 

ovarian, lung, and neurological cancer; leukemia and 
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lymphoma; head and neck squamous cell carcinoma; 

nmelanoma; and sarcoma.[27,28,29] It is mainly affected by its 

short biological half-life, poor water solubility and low 

bioavailability after oral administration [26, 30]. 

Curcumin- emulsomes Nano formulations (curcu 

Emulsomes), improve the solubility of curcumin and 

facilitate its delivery into cells and tissues.[22] Encapsulation 

increase the solubility of curcumin by up to 10,000-fold 

corresponding to a concentration of 0.11 mg/ml. Curcu 

Emulsomes successfully facilitate the delivery of curcumin 

into human liver carcinoma HepG2 cells in vitro, and the 

release of the drug at the target site was prolonged.  

 

Emulsomes in ophthalmic delivery 

Sparfloxacin belongs to Biopharmaceutical classification 

scheme class II (BCS CLASS II). It is poorly soluble in 

aqueous media. The activity of such drugs is dissolution 

rate-limited. It is a third-generation fluoroquinolones 

derivative. Sparfloxacin mainly used in external infections 

of the eye mainly conjunctivitis and bacterial keratitis. It has 

in vitro activity against a wide range of gram-negative and 

gram-positive microorganisms. It is available as 0.3 % (w/v) 

ophthalmic solution. Its dose is 1 to 2 drops every 4 hour or 

hourly in case of severe infection [31, 32]. 

Sparfloxacin emulsomes can be dispersed in an in-situ 

gelling vehicle. It will provide modulated drug release at the 

ocular surface. The physical barrier provided by the lipid 

bilayer and the slow diffusion of the emulsomes in the 

hydrogel will ensure steady, prolonged release and higher 

trans-corneal permeation of sparfloxacin. 

It can overcome the drawbacks associated with conventional 

sparfloxacinophthalmic formulations like short residence 

time, drug drainage and frequent instillation by formulating 

it into novel Emulsomal in situ gelling system, which 

provide improved patient compliance.[33] The in vivo and in 

vitro results of Sparfloxacin Emulsomal in situ gel showed 

that it has promising antimicrobial activity, that suggests its 

potential for an effective ocular delivery. Hence, it is proved 

that thermosensitive in situ emulsomal gel can be a viable 

alternative to convential eye drops. 

 

Emulsomes in hepatoprotective activity 

Silybin (SIL) is derived from the milk thistle plant, a natural 

remedy in the treatment of hepatitis and cirrhosis as well as 

in the protection of the liver from toxic substances. It is also 

effective in preventing hepatic lipid peroxidation and 

ischemia.  

Several factors such as low aqueous solubility (0.43 mg/ml 

in water), low oral bioavailability, and poor intestinal 

absorption limit its clinical use. 

SIL can be incorporated into emulsomes. This incorporation 

improve the bioavailability of SIL. Because it was bound in 

the internal solid lipid core, which display a sustain-release 

profile, in vitro and in vivo, in comparison with a control 

SIL solution. Emulsomes are recommended for the delivery 

of SIL in therapy of liver disease. SIL emulsomes are 

expected to be physically stable, due to its high absolute 

value of the zeta potential, reducing the probability of 

coalescence.[34] 

 

Emulsomes in visceral leishmaniasis 

Visceral leishmaniasis (VL) is the most severe form of 

leishmaniasis. It results from infection of the macrophages 

of the liver, spleen and bone marrow. Commonly prescribed 

drugs for the treatment are derivatives of antimony 

(antimonials), which are in higher concentrations can cause 

cardiac, liver and kidney damage. Use of emulsome in tests 

conducted showed that, it was possible to administer higher 

levels of the drug without triggering side effects, and thus 

allow greater efficacy in the treatment [35, 36]. 

 

Emulsomes in drug targeting 

Main useful aspects of emulsomes are their ability to target 

drugs. Usually it can be used to target drugs to the reticulo-

endothelial system. Emulsomes can also able to target drugs 

to organs other than the reticulo-endothelial system. A 

carrier system (antibodies) can be attached to vesicles to 

target them to specific organs [36]. 

 

Emulsomes in biotechnology 
Emulsomes can be used to study immune response due to 

their immunological selectivity, low toxicity and greater 

stability. They can be used to study the nature of the 

immune response by antigens [36]. 

 

Emulsomes in anti-fungal therapy 

Amphotericin B (AmB) is a polyene macrolide antifungal 

antibiotic agent, whose bioavailability by oral route is poor. 

Antifungal therapy with AmBhas some adverse reactions 

such as fever, chills, nausea, vomiting, headache and renal 

dysfunction with associated anemia, hypokalemia and 

hypomagnesaemia. Lipid based AmB formulations have 

advantages over convential AmB in terms of reduced renal 

toxicity [37]. 

 

Emulsomes in anti-inflammatory action 

Lornoxicam is a new Non-Steroidal Anti Inflammatory 

Drug belonging to oxicam class with analgesic property. It 

is having plasma half-life about 3 hours. Soya lecithin based 

emulsomal nanoparticles for percutaneous administration of 

Lornoxicam is used for the better management against mild 

to moderate pain and inflammation for musculo-skeletal and 

joint disorders like rheumatoid arthritis, osteoarthritis and 

ankylosing spondylitis [38]. 

 

Conclusion 

Emulsomes are a new generation of colloidal carriers. Its 

internal core is composed of lipid in a solidor liquid at 25˚c. 

Emulsomes can be used for parentral, oral, ocular, rectal, 

vaginal, intranasal or topical delivery of either fat-soluble or 

water-soluble substances. It can increase the solubility, 

improve the bioavailability of lipophilic drugs, facilitates 

sustained and controlled release. Hence, emulsomesserve as 

efficient drug delivery systems because they exhibit good 

biocompatibility, biodegradability, stability, high 

entrapment efficiency and sustained drug release. 
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ABSTRACT 

“Cognitive disorder, also known as neurocognitive disorder, 

predominately affects the cognitive abilities including learning, 

memory, perception and problem solving”. It occurs when a person has 

trouble in recollecting, understanding new things, attention, or making 

decision that affects their everyday life. This study provides the 

information about the numerous diseases related with cognitive 

impairment and also the pathophysiology of the various conditions. In 

DM, insulin resistance might to contribute cognitive impairment. The 

cognitive impairments in CVD are due the lowering of the cerebral 

perfusion. There are different types of tests used to identify the 

cognitive impairments in various diseases. The Mini-Mental Examination (MMSE 30 point 

test) is the test used to identify the problem related to the orientation, working, episodic 

memory, attention, language and visuospacial construction. Neuropsychological test and 

Addenbrooke’s cognitive examination are also used for screening the cognitive impairments. 

Different types of cognitive impairments are present, mild cognitive impairment and severe 

cognitive impairments, both are identified by the same methods.  

 

KEYWORDS: cognitive impairment, Hypertension, Diabetes mellitus, cardiovascular 

disease. 

 

INTRODUCTION 

Cognitive impairment is when a person has trouble recollecting, understanding new things, 

attention, or making decision that affects their everyday life. There are two types of cognitive 

impairments: mild cognitive impairments and severe cognitive impairments. People may 
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begin to notice changes in cognitive function, but still be able to do their everyday activities 

is the symptom of the cognitive impairment ranges from mild to severe impairment. Losing 

the ability to understand the meaning or importance of something and the ability to talk or 

write, resulting in the inability to live independently may be due to the severe levels of 

impairments. The few common signs of cognitive impairment are.
[1]

 

• Loss of memory. 

• Asking the same question frequently or the same story is repeated over and over. 

• Inability to recognize intimate persons and site. 

• Having trouble exercising decision, like knowing what to do in an emergency. 

• Mood or behavior changes. 

• Problem in vision 

• designing and fulfill tasks with great difficulty, such as following a recipe or keeping track 

of monthly bills. 

 

In America, an estimated population of 5.1 million people who are aged 65 years or above 

currently have Alzheimer’s disease, which is one of the most renowned form of cognitive 

impairment. Many studies found that cognitive impairment are commonly related with 

various diseases like hypertension, diabetes mellitus and cardiovascular diseases. 

  

COGNITIVE IMPAIRMENTS ASSOCIATED WITH HYPERTENSION 

“Hypertension is the force exerted by the blood against the walls of the blood vessels”. It can 

lead to severe complication and increases the risk of cardiovascular disease, stroke, cognitive 

impairments and death. Normal blood pressure is 120/80 mm Hg. “The relation of BP with 

cognitive function and dementia has recently received much attention in epidemiological 

studies”.  

 

Cognitive impairment is mainly due to the age and structural changes in cerebrovascular blood 

vessels. In hypertensive patients, so many changes occur such as
[2,3]

 

• Reduced cerebral mantle capillaries with thickening. 

• Formation of fibrotic basement membrane. 

• Changes in white matter. 

 

This may reduce cerebral blood flow and dysfunction of cerebral regulatory mechanism. 

Subsequently, imbalance in auto regulation of cerebral blood flow and cerebral vascular 

alteration causes the hypertensive cognitive impairments.
[4]
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Arterial stiffness is another cause of hypertensive cognitive impairments.
[5] 

“Cooper et al. 

reported that relationship between aortic stiffness and cognitive function in older is the 

consequence of damage in cerebral microvascularisation and microvascular parenchymal 

injury”.
[6,7]

 In elderly patients, white matter reduced due to the cerebral small vessel disease, 

increased pulse pressure and arterial stiffness white matter particularly found in frontal 

lobe.
[8,9,10]

 The other causes of hypertensive cognitive impairment are.  

• Activation of renin-angiotensin-aldosterone system and oxidative stress. 

• Endothelium mediated constriction and brain damage. 

• Alteration in vasodilator mechanism. 

• Blood brain barrier damage through direct effect of on oxidative stress, inflammation and 

vasoactive substance. 

• Cytotoxic substance leading to neuronal loss. 

 

In an epidemiological study conducted by sonal vermani et al. it suggests that the early 

identification of cognitive dysfunction may provide considerable benefit to hypertensive 

patient. In this study 50 consecutive hypertensive patients meeting the study were considered 

as one group, while 50 consecutive normotensives are included in the other grade. The two 

tests which were used for cognitive evaluations are namely Addenbrooke’s Cognitive 

Examination and Trail Making Test. Then statistical analysis is also done for the comparison. 

In hypertensive patients have a high prevalence of cognitive impairments when compared to 

normotensives.
[11] 

 

COGNITIVE IMPAIRMENTS ASSOCIATED WITH DIABETES MELLITUS 

“Diabetes is a chronic disease associated with abnormally high levels of the sugar glucose in 

the blood. Diabetes is due to one of two mechanisms. 1. Inadequate production of insulin, 2. 

Inadequate sensitivity of cells to the action of insulin”. The most ordinary form of the 

diabetes is found that type 2 diabetes mellitus (T2DM). Risk factors for type 2 diabetes are 

Adiposity, Malnutrition, and physical inactivity. Cognitive impairments occurrence have 

been associated with some of the clinical parameters like elevated fasting blood sugar levels, 

glycosylated hemoglobin (HbA1c), as well as the presence of neuropathy or retinopathy, in 

diabetes mellitus.
[12-14]

 

 

Cognitive impairments in diabetes mellitus mainly due to 

 Insulin resistance through a vascular mechanism.  

 The amyloid deposition increased with alteration of amyloid peptide (A_) metabolism.
[15]
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 Phosphorylation of the tau protein increased.
[16]

 

 Hyperinsulinemia increases the risk of cognitive impairment through microvascular 

abnormalities.
[17]

 

 

The CNS regions, including the hippocampus is the main site of the insulin receptor.
[18] 

In 

healthy human subjects improvement of cognitive function is by the activation of 

hippocampal insulin receptor.
[19]

 Pancreatic β-cells produced and released Insulin and crosses 

the blood–brain barrier (BBB) through a carrier-facilitated process.
[20]

 The activation of 

insulin receptor in hippocampal region activates the signaling cascades in tissues such as 

skeletal muscle and adipose tissue. Thus the trigger of the insulin receptor induces several 

signalling cascades following autophosphorylation of the insulin receptor β-subunits.  

 

In the hippocampus dysregulation of insulin signaling has shown to occur at several points in 

the signaling cascade and contribute to the development of hippocampal insulin resistance. 

Impaired BBB transport of insulin, decreased expression and or activity of the insulin 

receptor and modulation of the phosphorylation state of insulin receptor substrate (IRS) 

proteins are some of the dysregulation of insulin signaling. Decreased insulin receptor-

stimulated phosphorylation will also affect several downstream components of the insulin 

signaling cascade, including glycogen synthase kinase 3β, which regulates the 

phosphorylation state of the microtubule-associated protein and trafficking of the insulin-

sensitive glucose transporter type 4 (GLUT4) to the plasma membrane.
[21]

 Mitochondrial 

dysfunction can impair hippocampal synaptic plasticity by contributing to the development of 

hippocampal IR, as well as through more direct mechanisms. The ageing and access to a 

high-fat diet act in an additive manner to increase oxidative stress and the formation of lipid 

peroxidation products in the rodent hippocampus.
[22] 

 

Theresa van gemert et.al, conducted a clinical study which is a cross-sectional analysis within 

the German Diabetes and it includes the patients with type 1 or type 2 diabetes within the first 

year after diagnosis or five years after study inclusion and metabolically healthy individuals. 

Participants underwent comprehensive metabolic phenotyping and testing of different 

domains of cognitive function. For comparing cognition test outcomes and to test 

associations between cognitive function and possible influencing factors within the groups, 

linear regression models were used. The individuals with recently diagnosed type 2 diabetes 

and those people who are likely associated with higher body mass mainly show verbal 

memory impairments.
[23] 
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COGNITIVE IMPAIREMENTS ASSOCIATED WITH CARDIOVASCULAR DISEASE 

“Cardiovascular disease generally refers to condition that involve narrowed or blocked blood 

vessels which can lead to heart attack, chest pain or stroke. Other heart conditions, such as 

those that affect the heart’s muscle, valves or rhythm, also are considered to be forms of heart 

disease”. Cardiovascular disease (CVD) also shows cognitive impairments. Hypertension, 

smoking, diabetes mellitus, lipid abnormality, increasing age, overweight, and obesity are the 

risk factors for cardiovascular diseases.
[24,25]

 one of the main cognitive impairment in 

cardiovascular diseases is the atherosclerosis by potentially chronically lowering cerebral 

perfusion and by affecting the neurovascular unit.
[26] 

The atrial fibrillation or heart failure 

may result in reduced cardiac output, increase the risk for thromboembolism.
[27]

 The subtle 

changes in the brain due to the occurrence of silent cerebral infarcts, microemboli, 

microbleeds and cerebral hypoperfusion can occur because of the AF associated with 

thromboembolism.
[28]

  

 

Cardiac output and cerebrovascular reactivity lead to cerebral perfusion. The low systolic 

blood pressure and cardiac output was found to be connected with cognitive impairment and 

dementia.
[29-33] 

In heart failure patients, the cerebrovascular reactivity is appeared to be 

impaired. It is therefore found that, in patients with low cardiac output and low systolic blood 

pressure, there will be low cerebral blood flow that results in changes in neuroanatomical and 

neuropsychological mechanisms.
[34] 

 

Development of cerebral abnormalities due to chronic stroke or hypoperfusion in HF is 

another aspect of the pathophysiology of CI.
[35-37]

 Cardiac output is found to be in connection 

with information speed processing and lower brain volumes.
[38] 

The frontal cortex and Para 

hippocampal gyrus parts of the brain, which are cognitive impaired are found to be more 

vulnerable in heart failure patients.
[39] 

 

In Beijing, a longitudinal study of aging conducted by Haibin et.al states that the total of 1996 

participants were selected. Cognitive function was assessed using the Mini-Mental State 

Examination (MMSE). The association was estimated by Cox proportional hazard model. 

During a 20-year follow-up Hazard ratio (HR) and 95% confidence interval (CI) were 

reported. The participants with MMSE scores of <18 were independently associated with all-

cause mortality. The decrease in the MMSE score by a 5 point value was associated with a 

34% increased all-cause mortality risk and it also indicates a 56% increased risk of CVD 
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mortality. After using the competing risk model, the relationship remained statistically 

significant to consider non-CVD death as a competing risk event. Among the elderly patient 

Cognitive impairment measured by MMSE score was associated with elevated risk of all-

cause and CVD mortality.
[40]

 

 

CONCLUSION 

The cognitive performance in patient with various diseases would be more impaired than that 

in normal individuals. There is a more possibility for the occurrence of cognitive impairments 

in conditions like hypertension, diabetes mellitus, cardio vascular disorders etc. The early 

identification of the cognitive dysfunction will provide considerable benefits to the patients to 

cope with these neurocognitive impairments and also for adapting the secondary preventive 

measures.  
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ABSTRACT 

Convolvulaceae known as the morning glory family is widely distributed in tropical, 

subtropical and temperate regions.  The Convolvulaceae are mostly twining herbs or shrubs, 

sometimes with milky sap, comprising about 60 genera and nearly 1600 species in the world.  

The present study has been taken up to review one of the ethnomedicinal important plant 

under this family, Ipomoea pes-tigridis L. (Tiger Foot Morning Glory in English).  The study 

documented the details of its taxonomical, phytochemical, Microanatomical study, its folk 

lore uses and other scientific studies that were carried out on this plant. 

Key words: Plant, Phyto-chemicals, Biological act 
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INTRODUCTION 

Ipomoea pes-tigridis is a flowering plant of 

the Convolvulaceae family.  This plant 

belongs to the family Convolvulaceae and 

is commonly known as “Tiger Foot Morning 

Glory” in English and locally known as 

'Pulichuvadi' or 'Pulichuvadu' in 

Malayalam. It is widely distributed in 

tropical, subtropical,  and temperate 

regions. It is mainly present in the regoins 

like N.Nigeria, Tropical Africa, Australasia, 

Mascarene Island And Malaysia and also 

present in india[1] 

PLANT PROFILE 

It is usually found in bush land, riverside, 

cultivated ground and sandy soil. Ipomoea 

pes-tigridisL.is a twining, herbaceous, hairy, 

annual vine. The leaves are rounded, 6-10 

cm in diameter, palmately 5-9 lobed, 

heart-shaped at the based and hairy on 

both surfaces.  The lobes of the blade are 

elliptic, with narrowed base and rounded 

sinuses .  The 5- lobed leaf this plant 

resembles tiger's paw, which inspired its 

common name, as well as the botanical 

species name pes-tigridis.  The flowers 

occur in axillary, head, usually only one 

opening at a time.  The sepal is green 

colour and 1 cm long; flowers are white 

and about 4 cm long.  Flowers open at 

evening time and fade next morning.[2] 

PHYTOCONSTITUENTS: 

 

Chemical investigations of Ipomoea pes-

tigridis species have revealed the 

existence Alkaloids,Ergoline 

alkaloids,saponin, glycosides ,Cardenolides 

and BufadionolidesFlavonoids, Tannins and 

Polyphenolic compounds, Anthraquinones, 

Cyanogenic glycosides, Carbohydrates, 

Fixed oils, Fats, and Volatile oils.[3] 

 

The characteristic of   Leaf and Root 

powder with different chemical agents 

reported by Pratap et al., 2011[4]  (table 1) 

 

TAXONOMICAL DETAILS[5,6] 

Botanical Name  : Ipomoea pes-tigridis L.  

Kingdom              : Plantae  

Subkingdom      : Viridiplantae 

Infrakingdom: Streptophyta 

Superdivision: Embryophyta 

Division       : Tracheophyta 

Subdivision      : Spermatophytina 

Class        : Magnoliopsida 

Superorder      : Solanales 

Family       : Convolvulaceae 

Genus        : Ipomoea  

Species    : Ipomoea pes-tigridis L.  

Synonyms      : Ipomoea bilobaForsk., 

Convolvulus pes-caprae L. 

 Vernacular Names :Panchpatia (Hindi), 

Tiger’s Foot (English), Pulichuvadu   

(Malayalam) 
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MEDICINAL USE: 

The plants ipomoea pestigridis has high 

industrial, pharmaceutical, scientific, and 

cultural significance.It is used as folk 

medication for the treatment of 

hemorrhoids, diabetes, bronchitis and 

arthritis. This  herb conventionally used by 

the tribes of kerala as a single drug to treat 

painful conditions like headache etc, 

swellings, poisonous wounds and snake 

bites. 

Roots are laxative; used for the cure of 

carbuncles, bolis and dog-bites. 

Leaves are used to treat poulticing sores 

and pimples, haemorrhoids,arthritis, 

rheumatism, dropsy, swellings, oedema, 

gout, venereal diseases, in boils, 

carbuncles and dog bites.  

Petiole is used as diuretics, laxatives and 

pain killer. 

Leaf sap is used as antidotes for venomous 

stings, snake bites, etc. 

Seeds are used to treat stomach troubles.   

Stem is used in the treatment of tumors and 

cancers.  

Entire creeper is crushed and the juice 

extracted and taken orally for treatment of 

or prevention of rabies if bitten by a rabid 

dog . 

The plant is used for healing wound and 

Leaf powder is smoked to get relief from 

bronchial spasm[7] 

Folklore 

 In Java, it is used for poulticing sores, 

pimples, boils, carbuncles etc. In Sri Lanka, 

entire creeper is crushed and the juice is 

given orally for treatment of prevention of 

rabies if bitten by a rabid dog. In India, the 

plant is used for wound healing. The tribal 

community in Kerala state of India use the 

herb for various painful conditions like 

headaches, swellings, poisonous stings, 

snake bites etc.[8,9,10] 

Microanatomical study: 

Anatomy Of  Root:  

Well developed periderm with small fissure. 

Presence of starch grains and druse 

crystals in phloem parenchyma and cortex 

region. Wing shaped secondary xylem with 

large medullary rays. Distinct growth ring 

and oval or circular shape vessel elements, 

arrangement in solitary. 

Anatomy  Of  Petiole: 

 Epidermis covered by filiform unicellular 

trichomes. Presence of druse crystals in 

collenchyma. Five vascular bundles 

arranged as three dorsal, two ventral and 

open type. Dorsal vascular bundles girdle 

shaped.[11] 

Anatomy of leaf 

Lamina region  

Upper epidermis consists of single layered 

rectangular cells with cuticulerized outer 

walls. Abundant covering and glandular 

trichomes were observed in this region. 

Covering trichomes were long, slender, 

unicellular, uniseriate with pointed apex 

and bulbous base. Glandular trichomes 

were sessile with unicellular head. 

Mesophyll region was differentiated into 

palisade cells and spongy parenchyma. 

Palisade parenchyma was found to be 
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single layered, compactly and radially 

arranged. Spongy parenchyma was found 

in many layers, loosely arranged with 

intercellular spaces. Lower epidermis was 

identical to upper epidermis. Chlorophyll 

was found in these cells. Stomata and 

numerous trichomes (both covering and 

glandular) were seen in lower epidermal 

region too. Epidermal peelings of leaf 

showed the presence of abundant 

cicatrix, covering and glandular trichomes. 

Midrib region  

Epidermal layers of lamina were 

continuous in the midrib region. Strip of 

collenchyma in 2 to 3 layers above the 

upper epidermis and below the lower 

epidermis were observed. This was 

followed by cortical parenchyma cells and 

the centre of these region arch shaped 

bicollateral vascular bundles was 

observed. Below the vascular bundles 5 to 

6 layers of loosely arranged parenchyma 

cells with intercellular spaces were 

observed. Paracytic stomata and cluster 

crystals of calcium oxalate crystals were 

observed in this region.  

Anatomy of stem 

Transverse section of stem showed a 

circular shape. It was divided into the 

region as follows:   Epidermis: It was found 

to be the outermost layer and was made 

up of single layer of cells. The outer surface 

of Abundant covering trichomes also were 

observed. Hypodermis was seen just inner 

to the epidermis and it consist of 

collenchymatic cells.  

 Cortex: Cortex was found next to 

hypodermis and it was made of thin walled 

parenchymatic cells arranged in several 

layers with intercellular spaces. Pericycle 

was made up of two types of cells that is, 

parenchymatic cells and 

schlerenchymatic cells in 2 to 3 layers. The 

schlerenchymatic cells were lignified. Next 

to the pericycle a single layer of wavy 

barrel shaped endodermis was found.  

Vascular bundles: Bicollateral vascular 

bundles were present beneath the 

pericycle. Endarchmetaxylem and exarch 

protoxylem were seen.  The central region 

of the stem was occupied by the pith. It 

was made up of thin walled 

parenchymatic cells with intercellular 

spaces. Pith contained abundant starch 

grains, cluster crystals of calcium oxalate 

and calcium carbonate crystals in the form 

of cystolith. 

Powder macroscopy 

I. pes-tigridis powder organoleptic 

evaluaton:  

 For leaf:  

1) Colour– Green 

 2) Odour– Characteristic 

 3) Taste - Bitter, astringent 

 4) Fracture - Uneven  

 For stem:  

1) Colour - Light yellow  

2) Odour - Characteristic  
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 3) Taste – Bitter 

 4) Fracture - Uneven, flaky  

For fruit:  

1) Colour– Brown 

 2) Odour - Characteristic 

3) Taste - Bitter, astringent 

 4) Fracture - uneven, flaky  

 Powder microscopy for leaf  

Long slender, uniseriate, unicellular 

covering trichome with pointed apex and 

bulbous base were found in abundance. 

Rectangular calcium oxalate crystals, spiral 

lignified xylem vessels  and polygonal 

shaped epidermal cells  were observed 

throughout the powder. 

Powder microscopy for stem  

Lignified clustered fibres which were long 

and broken pieces, polygonal shaped 

epidermal cells with fibres, lignified spiral 

xylem vessels with lateral wall pits, long 

slender covering trichomes, isolated 

broken pieces of long non lignified fibres 

and polygonal epidermal cells  were main 

characters which were observed in large 

quantities throughout the stem powder. 

Powder microscopy of fruit  

 Non lignified isolated fibres similar to stem 

powder were  observed even in the fruit 

powder. The other characters found were 

yellowish brown coloured endosperm, 

polygonal colourless parenchyma cells, 

coveringtrichomes similar to leaf and stem 

powder  and short slender lignified fibres 

with tapering ends  were the major 

characters observed in the powder 

microscopy of fruit[12] 

PHARMACOLOGICAL  ACTIVITY: 

Anti –microbial Activity: 

A. NajithaBanu, A.M. Raut  and C. 

Balasubramanian reported  the present 

study demonstrated that the 

bioengineered nanoparticles using plant 

resources like I. pes-tigridis is a better 

alternative to physical and chemical 

synthesis, since this green synthesis is 

pollutant free and eco-friendly. The results 

suggested that I. pes-tigridis plays an 

important role in the attenuation and 

stabilization of silver nitrateto silver 

nanoparticles.  The particles illustrate high 

antibacterial activity against the multi drug 

resistant clinical pathogenic bacteria.[13] 

Thrombolytic Activity : 

MdRabiulHossainchowdhuryetal reported 

the Thrombolytic Activity:   Addition of 100-

μl Streptokinase, a positive control to the 

clots along with 90 minutes of incubation 

at 37°C, showed 86.3% clotlysis and mean 

% of clot lysis for water was found 5.69%. 

Clots when treated with 100μl of ethyl 

acetate and n-hexane extract of Ipomoea 

pes-tigridis showed average clot lysis 14.9% 

and 8.18% respectively. Among these 

clotlysis Ipomoea pes-tigridis showed minor 

significant clotlysisactivity.So finally we can 

conclude that, ethyl acetate and n 

hexane extract of Ipomoea pes-tigridis 

showed minor significant clot lytic 
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properties in different blood samples. The 

percent clot lytic activity was compared 

with water (negative control) and 

standard enzyme streptokinase (positive 

control).[14] 

Cytotoxic activity: 

The study on ethanolic extract of I. pes-

tigridis against HepG2 cell line (liver cancer 

cell line) showed that the extract has 

significant cytotoxic effect at the 

concentration of 500 µg/ml producing 

99.87% cell inhibition.(15) 

Analgesic activity: 

Ipomoea pes-tigridis , is a herb traditionally 

used by the tribes of kerala as a single drug 

remedy to treat painful conditions like 

headache etc, swellings, poisonous stings 

and snake bites. The ethanolic extract of 

Ipomoea pes-tigridis, Family: 

(Convolvulaceae) was evaluated for 

analgesic property using plate reaction 

time. I. pes-tigridis extract showed a dose 

dependent significant reduction of the 

number of writhes (P<0.05) with 100 mg/kg 

body weight dose giving the highest 

reduction. The extract showed an 

insignificant elongation of  the  hot  plate  

reaction  time  (P>0.05).[16] 

Neuropharmacological activity: 

In vivo Neuropharmacological activities of 

Petroleum Benzine extract of leaves of 

Ipomoea pes-tigridis[17] 

 

Antiacne activity and Anti - inflammatory 

activity  

This study states that the 2% herbal 

hydrogel loaded with the crude methanol 

extract of aerial parts of I.pes-tigridis are 

effective for acne. The formulation was 

evaluated for various parameters like 

organoleptic characters, pH, skin irritation 

test by multiple compartment patch, 

microbial contamination, extrude ability, 

spread ability, drug content, diffusion 

studies using pig skin, accelerated stability 

studies, drug excipient interaction studies 

by FTIR, in vitro anti acne and in vivo anti 

inflammatory activity. The formulated 

hydrogel passed all the evaluation 

parameters. The hydrogel was olive green 

in colour and had an excellent fragrance. 

The diffusion studies revealed that the drug 

release was in controlled release form. The 

accelerated stability studies revealed that 

formulation was stable at room 

temperature whereas its stability reduced 

with increase in temperature. The FTIR 

studies showed that there were no drug 

excipient interactions. The anti acne and 

anti inflammatory activity showed an 

activity comparable to that of the 

standard drugs clindamycin and 

diclofenac, respectively. Hence it can be 

concluded that the formulation can be a 

good substitute for the existing synthetic 

anti acne agents.[18] 
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In vitro Antioxidant study  

Antioxidant effect was conducted with 

DPPH method. The extract showed a dose 

dependent radical scavenging effect in 

DPPH assay [19,20] 

Conclusion: 

Ipomoea pes-tigridis L. is one of the 

important medicinal plants under 

Convolvulaceae family.  The present 

review has brought out overall details of 

the plant regarding its botanical 

characteristics, distribution, folk lore 

uses,microanatomical studies, medicinal 

uses claimed and scientific studies carried 

out.  It has been noted that there are some 

areas not much explored like chemical 

characteristics of the plant with reference 

to its active ingredients, principle 

compound quantification, parameters for 

quality assurance of the plant etc. Even 

though, there are number of research 

reports found for in vitro cytotoxic activity 

(cancer cell lines) of  I. pes-tigridis, not 

much reports seen for the research studies 

carried out in the aspects of anticancer 

activity through tumour induced animal 

model system extending to validate  the 

safety and efficacy of the plant at in vivo 

level.  The detailed in depth studies have 

to be carried out focussing on mode of 

action of the plant at tissue and molecular 

level for exploring the plant in a better 

way.   
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TABLE 1:  RESPONSE OF LEAF AND ROOT POWDER WITH DIFFERENT CHEMICAL AGENT. 

 

 

                                                                        Fig1 : Leaf 
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ABSTRACT 

Mosquitoes are important vector of many parasites (viruses, 

protozoans and bacteria) and cause diseases such as malaria, dengue 

and chikungunya fever. Aedes, culex, and anopheles larvae are 

responsible for these diseases. Mosquito control is an important 

approach for prevention of disease transmission. Over use of chemical 

larvicidal agents will result in development of resistance by organism 

leads to rebounding vectorial capacity and also leads 

toenvironmentalpollution and toxichazardstohumans. Natural products 

and oils from plant origin are safe and eco-friendly than the chemical 

agents. This review focused on the natural products and oils showing 

mosquito larvicidal activity. 

 

KEYWORDS: Mosquitoes, larvicidal activity, natural products, natural oils. 

 

INTRODUCTION 

Mosquitoes are the important vector of many parasites like virus, protozoans, bacteria, and 

nematodes which transmit diseases like malaria, yellow fever, dengue, chikungunya fever, 

Zika fever, and filariasis. Culex, Aedes, and Anopheles are the vectors responsible for these 

diseases.
[1] 

WHO reported 390 million dengue infections in an year(95% credible interval 

284–528 million), of which 96 million (67–136 million) manifest clinically (with any severity 

of disease).
[2] 

Another study, estimates that 3.9 billion people in 128 countries, are at risk of 

infection with dengue viruses.
[3] 

In 2017, an estimated 219 million cases of malaria occurred 

worldwide. India carried almost 80% of the global malaria burden. In 2017, there were an 
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estimated 435000 deaths from malaria globally, compared with 451 000 estimated deaths in 

2016, and 607 000 in 2010. Children aged under 5 years are the most vulnerable group 

affected by malaria. In 2017, they accounted for 61% (266 000) of all malaria deaths 

worldwide.
[4] 

 

Repeated use of synthetic and chemical agents for mosquito control has disrupted natural 

Biological control systems. They failed in part due to their efficiency in attaining 

physiological resistance and harmful effect on non-target organisms and other environmental 

components.
[5,6] 

Several Natural oils and products are reported for larvicidal activity which do 

not produce any adverse effects in the non-target organisms and are easily biodegradable in 

nature and are nontoxic to environment and humans.
[7,8] 

 

1. NATURAL PRODUCTS 

1.1 Curcumin 

Curcumin is a yellow pigment present in the spice turmeric. Both curcumin and its analogues 

have demonstrated many different biological properties including antimicrobial, antioxidant, 

anti-inflammatory, and anticancer activities. Curcuminoid compounds are commonly isolated 

fromcurcuma longa and were evaluated for their larvicidal effect against the mosquito Culex 

pipiens. Curcumin exhibited highly potent larvicidal activity with LC50 value of 19.07 mg L
−1

 

and its derivative called di-O-demethylcurcumin was found to be equally active with LC50 

value of 12.42 mg L
−1

. Based on the LC90 values, di-O-demethylcurcumin was the most 

active than curcumin, resulting LC90 value of 29.40 mg L
−1

, almost half of the LC90 value 

61.63 mg L
−1

 found for curcumin. Theseresults showed that the curcumin is a valuable 

natural product which can be used as vector control agent.
[9]

 

 

1.2 Gingerol 

Gingerols are the nonvolatile pungent ingredients present in zingiber officinale (ginger) 

belonging to the family zingiberaceae. 4-gingerol is mainly present in ginger and 24 h 

exposure of 4-gingerol against fourth instar larvae of Aedes aegypti shows LC50 value 4.25 

ppm and against culex quinquefasciatus, it shows LC 50 value 5.52 ppm. These results shows 

4-gingerol is most effective compound which can be used as larvicidal agent.
[10] 

 

1.3 Rutin 

Rutin is a plant pigment found in certain fruits and vegetables. it is also known as rutoside. 

rutin is a favonol abundantly found in plants such as passion flower, buckwheat, tea and 



www.wjpr.net                                 Vol 8, Issue 8, 2019. 

Dineshkumar et al.                                               World Journal of Pharmaceutical Research 

  

276 

apple. it is a nutritional component of food stuff.
[11]

 Rutin shows concentration dependent 

larvicidal activity and when the time of exposure increase the larvicidal activity also 

increases. rutin significantly inhibited growth and propagation of larvae aedes aegypti were 

maximum mortality of larvae was found at 72 hours. Rutin from codiaeum variegatum leaf 

causes significant behavioural change in the larvae of mosquito culex quinquefasciatus. 24 

hour exposure of rutin shows LC50 value 75.53 mg/L.
[12]

 

 

1.4 Quercetin 

Quercetin is a plant pigment (flavonol) that is abundantly present in food and medicinal 

plants. it is having several biological activities including antioxidant, anti-inflammatory and 

anti-tumour properties. It also exhibit larvicidal activities against bollworm and melon fruit 

fly. Quercetin adversely affected the larvae development at higher concentrations. quercetion 

induced around 50% mortality against aedes aegypti.
[13] 

 

2. NATURAL OILS 

2.1 Clove oil 

Cloves are the unblossomed flower buds of Eugenia caryophyllata belonging to the family 

Myrtaceae. Clove essential oil has been widely studied because of its popularity, availability 

and high eugenol content(80 to 90%). Eugenol have medicial uses such as stimulant against 

digestive ailments and diarrhea. several biological activities of eugenol were reported such as 

fungicidal, antiviral, antibacterial, antitumor, anesthetic and antioxidant and insecticidal 

activities. Larvicidal activity of eugenol were investigated against Aedes aegypti and it 

exhibited an LC50 value of 3.6 mg/mL against Aedes aegypti larvae. These findings shows 

that eugenol is potent as larvicidal agent against dengue vector.
[14] 

 

2.2 Gaultheria oil 

Gaultheria oil obtained from Gaultheria procumbens belongs to the family Ericaceae (oil of 

wintergreen). The essential oil of gaultheria procumbens is a colorless to yellowish liquid 

with a characteristic „wintergreen‟ odour, slightly soluble in water, soluble in organic 

solvents and oils. It is marketed for the external treatment of neuralgia, malign, arthralgia and 

other pains. gaultheria oil contains methyl salicylate as a major component. Gaultheria oil 

was treated against the filarial vector C. quinquefasciatus to evaluate the larvicidal and 

pupicidal activity with different concentrations (100, 200, 300 and 400 ppm). The LC50 

values of Gaultheria oil against different instar larvae were 166.40, 214.95, 303.47, 386.63, 

respectively and the LC90 values were 613.91, 669.40,755.80, 883.46, and 866.12, 
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respectively. The results obtained show that gaultheria oil exhibited significant activity and 

could be considered as potent natural larvicidal agent.
[15]

 

 

2.3 coccinia oil 

Coccinia oil is the Essential Oil from Leaves of Coccinia grandis belongs to the family 

Cucurbitaceae. It is a unique tropical plant, commonly known as „little gourd‟, growing 

abundantly and widely all over the India. It is a fast growing perennial climbing shrub with 

white flowers. Essential oil contains 23 different constituents and some major constituents 

were n-tetracosane (39.18%), n-eicosane (30.04%), tetratriacotane (2.97%), 7-octadecanal 

(2.81%), and tricosane (2.31%). Larvicidal activity of essential oil extracted from the leaves 

of Coccinia grandis against three mosquito species (Anopheles stephensi, Aedes aegypti and 

Culex quinquefasciatus) were evaluated. Essential oil from leaves of Coccinia grandis 

exhibited significant larvicidal activity against Anopheles stephensi with LC50 39.41ppm and 

LC90 123.24ppm. This was followed by Aedes aegypti with LC50 and LC90 values of 

48.20ppm 131.84ppm respectively and Culex quinquefasciatus with LC50 and LC90 values 

of 52.80ppm, 135.48ppm, respectively after 24h of exposure. This results shows that essential 

oils from leaves of coccinia grandis have significant larvicdal activity.
[16] 

 

2.4 Eucalyptus oil 

Eucalyptus oil are the essential oil obtained from Eucalyptus nitenbelongs to the family 

myrtaceae. Eucalyptus nitens, commonly known as shining gum. Eucalyptus nitens essential 

oil mainly contain terpenes such as 1,8-cineole and p-cymene, followed by β-triketones and 

alkyl esters. The larvicidal activities of the essential oil from Eucalyptus nitens were tested 

against Aedes aegypti and Aedes albopictus, the main vectors of these arboviruses. Essential 

oil showed LC50 value 52.83 ppm for Aedes aegypti and LC50 = 28.19 ppm for Aedes 

albopictus. Aedes albopictus was found to be less tolerant to the essential oil than Aedes 

aegypti.
[17] 

 

2.5 Betle oil 

Piper betel contains similar active compounds like clove. Although not as big as clove leaf, 

betel leaf is also one plant that has eugenol, generally containing 30% of eugenol. Betel oil is 

one of the highly potential essential oil in which has insecticidal properties obtained from 

Piper betle L., belonging to the Family Piperaceae. larvicidal activity of piper battle oil were 

studied. Oil shows LC₅₀= 50 mg/L and LC₉₉ = 160 mg/L against Aedes aegypti. These 

results showed that the betel oil have significant larvicidal activity.
[18] 
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2.6 Marjoram oil 

Marjoram (Origanum majorana) is an herb belonging to the family Lamiaceae. Origanum 

majorana is have several biological activities including antioxidant, anti-inflammatory, 

anticholinesterase effects and the species of this plant is having antimicrobial, antifungal, 

insecticidal and antioxidat effects. The major compounds present in essential oil of origanum 

majorana are 4-terpinene (28.96%), γ-terpinene (18.57%), α-terpinene (12.72%) and sabinene 

(8.02%). This oil showed significant larvicidal activity against culex pipiens. The LC50 and 

LC90 of the essential oil from the leaves of Origanum majorana showed 258.71 mg/L and 

580.49 mg/Lrespectively against culex pipiens.
[19]

 

 

2.7 Illicium henryi leaf oil 

Illicium henryi is evergreen shrub or tree belonging to the family Illiciaceae. It is 3-8 m tall 

and the fruit of the plant are poisonous. The essential oil from the leaf of illicium henryi 

contain almost 25 compounds and principle compounds are safrole (54.09%), myristicin 

(22.24%), and 1, 8-cineole (5.43%). phenylpropanoids (76.48%) are present more than 

monoterpenoids (10.79%) and sesquiternoids (11.72%) in this essential oil. It shows 

larvicidal activity against Aedes albopictus with lethal concentration (LC50) of 35.43 μg/mL. 

This findings indicate that the essential oil of Illicium henryi leaves can be effectively used in 

the control of Aedes albopictus larvae.
[20] 

 

2.8 Allium macrostemon oil 

Allium macrostemon is a species of wild onion widespread across east asia belonging to the 

family Amaryllidaceae. The dried bulb of the plant are known as traditional Chinese 

medicine “Xie Bai”, which is used for the treatment of thoracic pain, stenocardia and 

diarrhea. Juice of the plant is used as a moth repellent. The essential oil of Allium 

macrostemon exhibited larvicidal activity against the early fourth instar larvae of Aedes 

albopictus with an LC50 value of 72.86 μg/ml. Dimethyl trisulfide and methyl propyl 

disulphide are the constituent compound present and they possessed strong larvicidal activity 

against the early fourth instar larvae of Aedes albopictus with LC50 values of 36.36 μg/ml 

and 86.16 μg/ml, respectively. These results indicate that the essential oil from this plant can 

be used as a souce of larvicidal agent.
[21] 

 

CONCLUSION 

The control of mosquitoes by using chemical larvicidal agents will cause toxic to human and 

environment and also will become resistance to these agents by the mosquitoes. So to 
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overcome these circumstances the natural oils and natural products are used which are most 

effective as larvicidal agents. so the use of these natural products are safe and less expensive 

than the chemical agents. There are a lot of natural products and oils having larvicidal 

activity. By using these sources effectively we can reduce the transmission of vector borne 

diseases caused by different species of mosquitoes. 
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Abstract 

In recent years, science and technology have made many advances in 

the field of research and development of oral drug delivery systems. 

The reason behind this is the popularity of oral route as it is easy to 

administer than any other dosage forms. The review focuses on 

Medicated chewing gum, which are solid, single dose preparations 

which contain one or more active ingredients and other excipients 

that are incorporated into a gum base. This confectionary product 

should be chewed in order to release the drug but not to be 

swallowed. As it provides a steady drug release and fast onset of 

action medicated chewing gum have a lot of merits comparing to 

other oral solid formulations. Drug released from medicated chewing 

gum into saliva by chewing action. Drug absorbed directly via buccal 

membrane. This avoids metabolism in the GIT and the first-pass 

effect of the liver. The remaining unabsorbed drug will reach the 

gastrointestinal tract in easily available from via swallowing. There 

are different factors affecting the drug release which include, contact 

time, physicochemical properties, inter individual variability, 

formulation factors etc. There are wide applications for chewing gum 

such as analgesic, antithrombotic, antifungal, antiemetic, antacid, 

antioxidant actions, smoking cessation, oral health, weight 

management, memory enhancer, general heath and so on. 
 

 

Key words 
medicated chewing gum, solid dosage form, drug release, as per 

gum, vitamin gum, smoking cessation

INTRODUCTION 

Medicated chewing gum is one of the mobile, 

modern drug delivery system which releases drug 

by chewing action [1]. The major component of 

chewing gum is gum base into which the active 

ingredients as well as other excipients are 

incorporated [2]. Medicated chewing can be 

prepared by three different methods that is 

traditional method, cooling, grinding and tabletting 

method, direct compression method [3]. Medicated 

chewing gum, nowadays attaining great impact as 

it is much easier route of drug delivery. The active 

ingredients present in chewing gum provide its 

pharmacological activity [4]. 

 Advantages [5-9] 

 Fast , onset of action due to immediate drug 

release 

 Drug directly absorbed from oral mucosa, 

hence it prevent the drug degradation by the 
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gastric PH and first pass metabolism by the 

liver. 

 Pleasant taste. 

 No requirement of water for swallowing. 

 Ready for use. 

 Highly accepted by the children and 

patients. 

 Gum with excipients never reaches the 

stomach as it is discarded chewing process, 

hence fewer side effects. 

 Local as well as systemic action. 

 Termination of treatment at any time. 

 Dry mouth, muscular and nervous tension 

can be reduced. 

 Used for the treatment of Halitosis, 

Candidiasis, Caries and help to whiten the 

teeth. 

 Ease to carry. 

 Less cost of manufacture. 

 The risk of intolerance of gastric mucosa is 

reduced, as direct contact between 

excipients and stomach is less 

 Fraction of the drug dissolved in saliva 

delivered in regular and continuous manner, 

this increases the duration of action. 

 Medicated chewing gum stimulate the flow 

of saliva. 

Mechanism of drug release 

Drug released from medicated chewing gum into 

saliva by chewing action.  

Fate of drug released:   The released drug has got 

2 fates that occurs simultaneously [10,11].  

 Drug absorbed directly via buccal 

membrane. This avoids metabolism in the 

GIT and the first-pass effect of the liver.  

 Drug that are not absorbed through buccal 

membrane, will be swallowed and enter the 

stomach in a dissolved or a dispersed form 

in saliva for GI absorption. The drug will 

thus be presented to the GIT in an easily 

available form. 

Factors affecting drug release [13-14] 

 Contact time: medicated chewing gum 

produces both local and systemic effect. 

The time of contact of medicated chewing 

gum in oral cavity is the reason behind its 

local and systemic effect. In clinical trial, 

ordinary use includes the chewing time of 

30 minutes. 60 chews/minute is considered 

as average chewing rate. 

 Physiochemical properties: 

physiochemical properties have important 

role in drug release from chewing gum. The 

drugs which are hydrophilic in nature will 

be soluble in saliva and drug release will 

occur in few minutes. The lipophilic drugs 

are released to the gum base first and 

slowly to the saliva. 

 Inter individual variability: From person 

to person the chewing frequency as well as 

the chewing intensity may vary and which 

will affect the drug release rates. European 

pharmacopoeia suggest 60 cycles/minute as 

normal chewing rate for invitro study.  

 Formulation factor: The amount of gum 

base and other excipients will affect the 
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drug release. The drug release rate 

decreases when lipophilicity of gum 

increases [15].  

Medicated chewing gum in modern drug 

delivery system 

Chewing gum for analgesic and antithrombotic 

action:  

Aspergum: Aspergum contained 227 mg of aspirin 

in cherry and orange flavours. It is the trademark 

name of an analgesic chewing gum in US which 

contain aspirin as its active ingredient. They can be 

used for its analgesic, anti-inflammatory, 

antipyretic actions. Aspirin also provide 

antithrombotic effects. In 1953 Lawrence leaven 

general practitioner reported that the patient 

chewed as per gum after tonsillectomy for 

analgesic action bleed more easily, as a result of 

this, physicians now often recommend to take low 

dose aspirin to prevent heart attack and stroke. 

Medicated chewing gum are successful in 

treatment of minor pain , headache pain of  colds 

and muscular ache in which active ingredients are 

rapidly absorbed in their therapeutic doses hence 

faster pain relief. For example, Indomethacin 

chewing gum [16,17].  

Nicotine gum for smoking cessation: 

Nicotine gum can be used for smoking cessation. 

Nicotine replacement therapy is a treatment for 

smokers to quit smoking. The first variety of 

nicotine replacement therapy which extensively 

available was chewing gum. Nicotine in the 

nicotine chewing gum is directly absorbed by the 

buccal mucosa and the plasma concentration 

contains roughly half of that produced by cigarette 

smoking. Nicotine chewing gum can be available 

in various strength and can be used according to the 

scheduled interval or when needed. The amount of 

nicotine can be reduced per day. Normally nicotine 

chewing gum contain 2mg of nicotine , but for 

extremely dependent smokers who are unable to 

quit smoking 4mg of nicotine can be given [18,19].  

Table 1:  Medicated chewing gum for smoking cessation 

 

 

 

Chewing gum with anticandidial activity:  

Antifungal agents are used for treatment of 

candidiasis. The antifungal agents such as nystatin, 

miconazole, fluconazole etc formulated into 

chewing gum [20-22]. Nystatin medicated chewing 

gum: Nystatin is an antifungal agent with low 

solubility in water hence its release rate is very 

slow. To increase aqueous solubility and release  

 

rate PEG- 4000 and PEG-400 is used and 

incorporated into chewing gum which was found to 

be more efficacious than commercial nystatin 

suspension [23].  

Anti emetic chewing gum: 

Medicated chewing gum does not require water for 

swallowing hence it is beneficial for person who 

experience nausea or vomiting. It also increases the  

Therapeutic action Active pharmaceutical ingredients Trade name 

Smoking cessation Nicotine 

Nicorette 

Nicotinelle 

NiQuitin CQ 
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gastro intestinal motility that help to diminish 

nausea. Fast onset of action is provided by chewing 

gum as it is absorbed buccaly which is desirable for 

the treatment of nausea. Antihistamines are most 

suitable candidate for motion sickness. The 

anticholinergic, antihistamine and sedative 

properties are basis to facilitate antiemetic effect 

[24]. There are variety of receptor H, D2 serotonin 

5-HT3, cholinergic M and opioid μ in 

chemoreceptor trigger zone in area postern and 

nucleus tractus solitaris NTS through which emetic 

signals are relayed which are the targets of 

antiemetic drug. Diphenhydramine Hcl due to high 

salivary solubility and fewer side effects is a better 

candidate to formulate as medicated chewing gum 

to prevent motion sickness [25]. Medicated 

chewing gum using ginger [26] also formulated for 

this purpose. ondansetron Hcl medicated chewing 

gum formulated in order to prevent chemotherapy 

induced vomiting [27].  

Chewing gum for oral hygiene: 

Cariostatic activity is provided by fluoride which 

will re-elevates plaque pH that reduces the intensity 

and frequency of dental caries [28]. Calcium as 

tricalcium phosphate will provide dental hygiene 

and tooth whitening. Chlorhexidine is the 

antibacterial agent used to prevent tooth decay and 

to treat gingivitis, periodontitis and oral infections 

[29,30]. Chewing gum with fluoride 

supplementation for pregnant women to prevent 

dental caries in primary teeth of their children [31]. 

 

Table 2: Medicated chewing gum for oral health 

Therapeutic action Active pharmaceutical ingredients Trade name 

Cariostatic Fluoride Fluorette 

Tooth whitening calcium 

Orbit Happydent white 

Trident white 

Recaldent 

Antibacterial action Chlorhexidine 

Vitaflo CHX 

Advanced + 

HEXIT 

 

Chewing gum with acid neutralization/ Antacid 

activity: 

Calcium carbonate is used as the antacid which will 

provide acid neutralization in the stomach. This is 

formulated in form of medicated chewing gum in 

order to get the fast action. ''Chooz'' is one of the 

marketed chewing gum available for this activity 

[32,33].  

Chewing gum for general health: 

Vitamin C has antioxidant property, hence it will 

provide anti- ageing, anticancer  activity as well  as 

reduce the oxidative stress. Vitamin C can be 

formulated into medicated chewing gum inorder to 

improve the general health [34].   
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Table 3: medicated chewing gum for general health 

Therapeutic activity Active pharmaceutical ingredient Trade name 

Antioxidant Vitamin C 

Endykay 

Stamil 

Source 
 

Memory enhancer/ CNS stimulating chewing 

gum: 

Empiric findings showed that chewing gum will 

keep awake and alert and help to relieve the 

tension. L Wilkinson and co-workers produced a 

scientific basis for this which attain great 

acceptance. It included the study of 75 healthy 

volunteers and the result provide first evidence that 

chewing can improve episodic as well as working 

memory [35]. E.g.:-stay alert is  the brand name of 

the product which contain caffeine as the drug used 

as the stimulant [36].   

Chewable birth control chewing gum:  

Women will have chewable birth control pill in 

coming days. Spearmint flavored ovcon -35 a 

medicated chewing gum based birth control pill 

have been approved by FDA. 

Cold relief chewing gum:  

The new application of medicated chewing gum 

entered to citrizine as active drug. The study 

concluded the content uniformity and drug release 

after 15 minutes of chewing was satisfactory [37]. 

The Quigley Corp.'s Cold-Eeze , Spearmint Gum 

and Cold Remedy Bubble Gum Balls formulated 

with zinc gluconate glycineare the new cold relief  

chewing gums [38].  

Energy chewing gum:  

Health in gum caffeinated chewing gum cause total 

release of drug in 15 minutes. This will provide 

alertness and energy instantly for soldiers, 

sportsman and drivers. 

Tobacco stain removal chewing gum: 

Nicotine replacement therapy using nicotine 

chewing gum help to fade and remove the stain 

hence it encourage the smokers to engage in 

smoking cessation  program. Chewing gum with d-

limonene and baking soda will also help for 

removal of stain caused by smoking [39].  

Chewing gum for Probiotic delivery: 

Probiotics delivered from a chewing gum in an 

inactive state are released from the product during 

mastication (chewing). Upon hydration in the oral 

cavity, probiotics released into the mouth, 

reactivate, and attach within the oral cavity and to 

the oral mucosa. Activated probiotics will provide 

health benefits to the consumer and may help to 

suppress the pathogenic bacteria, Such as 

Streptococcus mutans associated with dental caries 

and  the Volatile-Sulfur forming bacteria (“VSC 

bacteria') that cause halitosis. Thus, there is a need 

for a chewing gum product which contains inactive 

probiotics which are activatable during chewing 

and thereby produce a health benefit [40,41]. 

Chewing gum for nutraceutical delivery: 

Center fill confectionery and chewing gum 

technology can be used as the delivery system to 

control the dosing of nutraceuticals. The center fill 

has a shell which is either be a hard confectionery 

or chewing gum with a soft core.  Number of 
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nutraceuticals can be loaded to both shell as well as 

to the soft core. Slow dissolution of hard confection 

or mastication of chewing gum in the oral cavity 

are the two methods by which nutraceuticals are 

released from the shell. After the shell has been 

penetrated, nutraceutical released from core by 

rapid dissolution. The nutraceutical is a botanical, a 

mineral, a mineral salt or a mixture thereof. 

Preferably the shell contains one or more mineral 

or mineral salts, and the core contains one or more 

botanicals [42]. 

Vitamin gum: 

The study was undertaken to investigate the 

potential of chewing gum in delivering calcium and 

vitamin D3 while targeting patient convenience and 

therefore improved patient compliance. 

Multivitamin gum:  

Researches demonstrated that , For the products 

tested, the water-soluble vitamins were almost 

completely extracted from the gum during the 

process of chewing. The fat-soluble vitamins were 

not completely released from the gum."Improving 

the release of fat-soluble vitamins from the gum 

base is the future considered area for further 

development for the manufacturer [43].  

Chewing gum for enzyme delivery: 

Phytase chewing gum : Phytase enzyme catalysis 

dephosphorylation of the potent iron chelator, 

phytic acid hence it  improves iron absorption.  The 

World Health Organization considered phytase 

from Aspergillus niger as safe for use in human 

food. In the human gastrointestinal tract  phytase 

produce action either prior to ingestion, or post 

ingestion, of food. Technicaly  phytases from 

Aspergillus niger and Escherichia coli can be 

incorporated into chewing gum and phytase were 

quantitatively released on chewing and  activity  is 

retained, 50-80% of the enzyme activity  was 

released within 10 minutes.  Phytase chewing gum 

showed good stability after 48 days of storage of 

the chewing gum at ambient conditions [44].  

Mutanase-containing chewing gum:Mutanase can 

be obtained from Paenibacillus sp. MP-1 

or Trichoderma harzianum F-340. Mutanase can be 

incorperated to gum base. After chewing of 

mutanase-containing chewing gum, the enzyme 

will be released into the oral cavity. Mutanase will 

hydrolyze sticky, extracellular glucans, e.g., mutan 

inhibiting cariogenic bacteria to cohere/adhere and 

form plaque. . Directly compressible medicated 

chewing gum bases can be used to avoid 

inactivation of mutanase during the manufacturing 

process [45].  

Chewing gum for women after caesarean 

section:   

Bowel motility: The current study suggests that 

gum chewing is associated with early recovery of 

bowel motility and shorter length of hospital stay 

for women after caesarean section. This safe and 

inexpensive intervention should be included in 

routine postoperative care following a caesarean 

section. In addition, no evidence emerged for any 

side effects of chewing gum [46,47]. Chewing gum 

can also be used in order to prevent postoperative 

ileusand to improve the intestinal function in 

women undergoing caesarean [48,49]. 
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Chewing gum in thyroid therapy: 

Radiation-induced salivary gland dysfunction is the 

most frequent side-effect of I-131 thyroid therapy. 

Here, a novel saliva sampling method with 

ordinary chewing gums administered to the patients 

at appropriate time intervals post-treatment (TIPT) 

was used to relate this effect to chewing gum saliva 

activity (CGSA) content [50].  

Chewing gum in Duchenne Muscular 

Dystrophy: 

In Duchenne muscular dystrophy patient produce 

masticatory problems. The aim was to determine 

the efficacy of mastication training in Duchenne 

muscular dystrophy using chewing gum for 4 

weeks. Mastication training by sugar-

free chewing gum in Duchenne muscular dystrophy 

patients improves the masticatory performance. 

The working mechanism of the improvement 

in chewing may relate to changes of the 

neuromuscular function and coordination, resulting 

in improved skills of mastication [51].  

Anecdotal effects of chewing gum: 

Weight reduction: The New England Journal of 

Medicine revealed energy expenditure increases 

about 19% while chewing the gum. So if a person 

chewed gum during walking hours, this would 

mean a 5kg weight loss yearly. Different marketed 

medicated chewing gum used for weight reduction 

are, 

E.g.:  1. Buzz gum and Go gum from guar an 

reduce feeling of hunger 

2. Chroma slim used in diet purpose 

3. Slim n trim and Chew away gum used to 

suppress appetite. 

Other therapeutic applications: 

1. Zoft menopause gum: symptomatic relief from 

menopausal syndrome 

2. Zoft virulity gum: Increases male sexual potency 

Future trends 

Medicated chewing gum is a potential drug 

delivery system that will produce both local and 

systemic action. Systemic effects include motion 

sickness, nausea, infections etc. Local actions 

include toothache, periodontal disease, fungal 

infections etc. As it is more patient friendly 

approach of drug delivery and less adverse effects, 

medicated chewing can be incorporated with other 

active pharmaceutical ingredients to produce 

various therapeutic actions. Various classes of 

drugs have been under investigation its 

incorporation into chewing gum. Treatment for 

sensitive teeth, tobacco stain removal, 

nutraceutical, probiotics and soluble fibre delivery 

through chewing gum and many other options are 

under investigation. 

CONCLUSION 

Medicated chewing gum is attaining great attention 

as it provides more patient compliance. Medicated 

chewing gum produces both local and systemic 

action hence in future more advances are made in 

the field of pharmaceutical sciences. The researcher 

can consider optimized novel formulation 

approaches for the drugs that are suitable for 

chewing gum formulations. This review article 

indicated that medicated chewing gum could be 

suitable for novel oral drug delivery system due to 

its easy oral administration and better absorption.

https://www.ncbi.nlm.nih.gov/pubmed/27831763
https://www.ncbi.nlm.nih.gov/pubmed/25792431
https://www.ncbi.nlm.nih.gov/pubmed/25792431


REVIEW ARTICLE 

Department of Pharmaceutics 

                       Dinesh et.al / UJPSR / 5 (1), 2019, 29-39 
           e ISSN: 2454-3764 

          Print ISSN: 2454-3756 

 
 
 

DOI: 10.21276/UJPSR.2019.05.01.234 

36 | P a g e  

 

REFERENCES 

1. T. A. M. kinjal. R. Shah, “Meicated 

chewing gum: A mobile oral drug delivery 

system,” Int. J. PharmTech Res., vol. 6, no. 

1, pp. 35–48, 2014. 

2. G. A. . G, “Medicated chewing gum -A 21st 

Century drug delivery system,” Int. J. 

Pharm. Sci. Res., vol. 2, no. 8, pp. 1961–

1974, 2011. 

3. P. v. . and T. M., “A comprehensive 

Review on medicated chewing gum,” Int J 

Res pharma Biomed. Sci, vol. 3, no. 2, pp. 

894–907, 2012. 

4. S. Pundir, “Oral Disintegrating Preparation 

- Medicated Chewing Gum,” Pharma Util., 

vol. 8, no. 1–2, 2014. 

5. D. R. Ikam VK, Kotade K, Gaware VM, 

“Medicated chewing gum as a novel drug 

delivery system,” A Rev. Pharmacol. 

onlline, vol. 3, pp. 403–413, 2011. 

6. B. V. N. N, “Medicated Chewing Gum : An 

Overview .,” J. Dent. Sci., vol. 2, no. 2, pp. 

50–64, 2014. 

7. G. S. Naik H, “Medicated chewing gum -

updated review,” Int. J. Pharm. Res. Dev., 

vol. 2, no. 8, pp. 66–76, 2011. 

8. P. PK, “medicated chewing gum : a novel 

drug delivery system,” J Appl. Pharma Sci, 

vol. 2, no. 6, pp. 40–50, 2012. 

9. R. MRS, Specialized oral mucosal drug 

delivery systems: chewing gums. 1996. 

10. N. Thombre and K. Patel, “Available online 

through A review on medicated chewing 

gum as a novel drug delivery system,” vol. 

4, no. 3, pp. 848–851, 2011. 

11. L. K. Runwal AV, VV Potnis, “Medicated 

chewing gum- A novel option.,” Pharm. 

Rev. e-journals, vol. 6, no. 3, 2008. 

12. K. and Sutradhar, “Medicated chewing 

gum: An unconventional drug delivery 

system,” Int. Curr. Pharm. J., vol. 1, no. 4, 

pp. 86–91, 2012. 

13. J. Gajendran, J. Kraemer, and S. R. 

Knudsen, “Product performance test for 

medicated chewing gums,” Dissolution 

Technol., vol. 17, no. 3, pp. 15–18, 2010. 

14. C. YW, Novel drug delivery systems. 1992. 

15. V. D. Tarade, S. Z. Chemate, J. V Tushar, 

and J. A. Kalyani, “A research on 

formulation and evaluation chewing gum of 

simvastatin.,” World J. Pharm. Res., vol. 5, 

no. 4, pp. 1465–1481, 2016. 

16. P. Sciences, “Research Article ISSN : 2456-

0189 DEVELOPMENT AND 

CHARACTERISATION OF MEDICATED 

CHEWING,” vol. 1, no. 2, pp. 150–157, 

2016. 

17. S. Mostafavi, J. Varshosaz, and S. Arabian, 

“Formulation development and evaluation 

of metformin chewing gum with bitter taste 

masking,” Advanced Biomedical Research, 

vol. 3, no. 1. p. 92, 2014. 

18. O. Chaturvedi and P. Chaturvedi, “Nicotine 

Gum in Smoking Cessation,” vol. 4, no. 9, 

pp. 1964–1966, 2017. 



REVIEW ARTICLE 

Department of Pharmaceutics 

                       Dinesh et.al / UJPSR / 5 (1), 2019, 29-39 
           e ISSN: 2454-3764 

          Print ISSN: 2454-3756 

 
 
 

DOI: 10.21276/UJPSR.2019.05.01.234 

37 | P a g e  

19. Yamini, “antibacterial chewing gum,” jyp, 

vol. 3, no. 4, pp. 10–11, 2004. 

20. M. Pedersen and M. R. Rassing, 

“Miconazole and miconazolenitrate 

chewing gun as drug delivery systems - a 

practical application of solid dispersion 

technique,” Drug Development and 

Industrial Pharmacy, vol. 16, no. 13. pp. 

1995–2013, 1990. 

21. J. L. Rindum, P. Holmstrup, M. Pedersen, 

M. R. Rassing, and K. Stoltze, “Miconazole 

chewing gum for treatment of chronic oral 

candidosis,” European Journal of Oral 

Sciences, vol. 101, no. 6. pp. 386–390, 

1993. 

22. K. S. Chowdary, M. G. Ahmed, and R. N. 

Charyulu, “Development and Evaluation of 

Medicated Chewing Gums of Fluconazole 

For The Treatment of Oral Candidiasis 

Abstract :,” no. March, pp. 413–416, 2015. 

23. N. Samiei, E. Olyaie, S. Saberi, and M. E. 

Zolfaghari, “Development of a gum base 

formulation for nystatin; a new drug 

delivery approach for treatment of oral 

candidiasis,” J. Drug Deliv. Sci. Technol., 

vol. 48, pp. 59–65, 2018. 

24. A. Shaikh, A. Agrawal, N. K. Jain, and M. 

K. Gupta, “F ORMULATION AND 

EVALUATION OF MEDICATED 

CHEWING GUM OF DOLASETRON AS 

AN ANTIEMETIC AGENT,” vol. 7, no. 4, 

pp. 125–128, 2017. 

25. P. T. Farhad Mehta, C. karthikayen, 

“Formulation and characterizationn of 

medicated chewing gum delivery of 

Diphenhydramine Hydrochloride,” vol. 2, 

no. 1, pp. 182–193, 2011. 

26. A. Aslani, A. Ghannadi, and F. Rostami, 

“Design, formulation, and evaluation of 

ginger medicated chewing gum,” Adv. 

Biomed. Res., vol. 5, no. 1, p. 130, 2016. 

27. P. Vaishya, A. Mishra, and A. Pathak, 

“Formulation and evaluation of medicated 

chewing gum of Ondancetron HCl for 

chemotherapy induced nausea and 

vomiting,” Der Pharm. Lett., vol. 7, no. 5, 

pp. 80–86, 2015. 

28. G. D. Edgar W, “Chewing gum and dental 

health- a review,” Br.Dent .J, vol. 168, pp. 

173–177, 1990. 

29. U. S. Lakshmi SV, Yadav HKS, Mahesh 

KP, “Formulation and evaluation of 

medicated chewing gum as antiplaque and 

antibacterial agent,” JYP, vol. 6, no. 4, pp. 

3–10, 2014. 

30. M. M. Pathan JA, “Formulation and 

evaluation of medicated chewing gum 

containing antibacterial agent..,” IJUPBS, 

vol. 3, no. 5, pp. 53–55, 2014. 

31. N. E. Takahashi Rena, Ota Erika, Hoshi 

Keika, Naito Toru, Hidemichi, Mori 

Rintaro, “Flouride supplementation in 

pregnant women for preventing dental 

caries in primary teeth of their children,” 

Socio-economic status Syst. Heal., vol. 2, 

2017. 

32. M. . . Zyck D.J, M.J.Barkalow D.G , 

Markse S. W, Suchnell P.G, “Method of 



REVIEW ARTICLE 

Department of Pharmaceutics 

                       Dinesh et.al / UJPSR / 5 (1), 2019, 29-39 
           e ISSN: 2454-3764 

          Print ISSN: 2454-3756 

 
 
 

DOI: 10.21276/UJPSR.2019.05.01.234 

38 | P a g e  

making coated chewing gum products 

containing various antacids,” US Pat., vol. 

6, p. 645, 2003. 

33. D. K, “Chewing gum : trick or treat,” saudi 

Dent. J, vol. 11, no. 1, pp. 27–34, 1999. 

34. T. Garg and A. K. Goyal, “Medicated 

Chewing Gum: Patient Compliance Oral 

Drug Delivery System,” Drug Deliv. Lett., 

vol. 4, no. 1, pp. 72–78, 2014. 

35. W. K. Wilkinson L, Scholey A, “Chewing 

gum selectively improves aspects of 

memory in healthy volunteers.,” Appetite, 

vol. 38, pp. 235–6, 2002. 

36. T. H. . Gudas v.v, Reed M.A, Suchnell P. 

G, “Method of controlled release of caffeine 

in chewing gum,” US Pat. 6, p. 165, 1998. 

37. S. A. Chaudhary SA1, “Directly 

compressible medicated chewing gum 

formulation for quick relief from common 

cold.,” Int J Pharm Investig, vol. 2, no. 3, 

pp. 123–33, 2012. 

38. “Suck, chew, or inhale: Lots of cough, cold 

remedies coming,” Drug Topics, 2004. 

39. E. R. Yankell SL1, “Efficacy of chewing 

gum in preventing extrinsic tooth staining.,” 

J Clin Dent., vol. 8, no. 6, pp. 169–72, 

1997. 

40. P. Fayerman, “Chewing gum delivers a 

healthy dose of bacteria (Vancouver Sun 

article),” Cult. care, 2010. 

41. Holly A. KnutsenPamela A. 

MazurekNarendra K.B. ShahDaniel J. 

SitlerClaire A. TheisHolly A. 

KnutsenPamela A. MazurekNarendra K.B. 

ShahDaniel J. SitlerClaire A. Thei, 

“US20110104239A1 United States,” 2009. 

42. N. Getahoun, “Chewing Gum as a 

Nutraceutical Delivery System,” food Insid. 

J., vol. 2010. 

43. W. Chu, “Effective vitamin delivery via 

gum an issue worth chewing over, suggest 

study,” News & Analysis on Supplements, 

Health and Nutrition - Europe US edition 

APAC edition, 2018. 

44. A. S. Nielsen, Anne Veller Friis, Meyer, 

“phytase application in chewing gum- A 

technical assessment,” Agro Food Ind. Hi. 

Tech., vol. 27, no. 5, pp. 21–23, 2016. 

45. Jafar Kolahi and M. Abrishami, “Mutanase 

- containing chewing gum: A new potential 

aproach for prevential of dental caries,” 

Dent. Hypotheses, vol. 4, no. 2, pp. 53–54, 

2013. 

46. D. M. Ledari FM1, Barat S, “Chewing 

gums has stimulatory effects on bowel 

function in patients undergoing cesarean 

section: a randomized controlled trial.,” J 

Basic Med Sci, vol. 12, no. 4, pp. 265–8, 

2012. 

47. M. Pereira Gomes Morais E1, Riera R, 

Porfírio GJ, Macedo CR, Sarmento 

Vasconcelos V, de Souza Pedrosa A, 

“Chewing gum for enhancing early 

recovery of bowel function after caesarean 

section.,” Cochrane Database Syst Rev, vol. 

17, no. 10, 2016. 

48. B. V. Ciardulli A1, Saccone G2, Di Mascio 

D3, Caissutti C4, “Chewing gum improves 



REVIEW ARTICLE 

Department of Pharmaceutics 

                       Dinesh et.al / UJPSR / 5 (1), 2019, 29-39 
           e ISSN: 2454-3764 

          Print ISSN: 2454-3756 

 
 
 

DOI: 10.21276/UJPSR.2019.05.01.234 

39 | P a g e  

postoperative recovery of gastrointestinal 

function after cesarean delivery: a 

systematic review and meta-analysis of 

randomized trials.,” J Matern Fetal 

Neonatal Med, vol. 31, no. 14, pp. 1924–

1932, 2018. 

49. H. A. Su’a BU1, Pollock TT2, Lemanu 

DP2, MacCormick AD2, Connolly AB3, 

“Chewing gum and postoperative ileus in 

adults: a systematic literature review and 

meta-analysis.,” Int J Surg, 2014. 

50. Okkalides. Demetrios, “Thyroid patient 

salivary Radio iodine transitand dysfunction 

assessment using chewing gum.,” 

Science.gov (united states), 2016. . 

51. M. H. Van Bruggen, H. Willemijin, Van 

den Engel- Hoek, Lenie, Steenks, “Fighting 

against disuse of masticatory system 

Duchenne Muscular Dystrophy: A pilot 

study using chewing gum,” Science.gov, 

2015.  

 

 

 

 

 

 

 

 

 

 



GSC Biological and Pharmaceutical Sciences, 2019, 07(03), 040–047 

Available online at GSC Online Press Directory 

GSC Biological and Pharmaceutical Sciences

e-ISSN: 2581-3250, CODEN (USA): GBPSC2 

Journal homepage: https://www.gsconlinepress.com/journals/gscbps 

 Corresponding author 
E-mail address:   

Copyright © 2019 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0 

(REV I EW  AR T I CL E) 

Nano sponges: A targeted drug delivery system and its applications 

Ravi Silpa C, Krishnakumar K and Nair Smitha K * 

Department of pharmaceutics, St James college of Pharmaceutical Sciences Chalakudy-680307, India. 

Publication history: Received on 31 May 2019; revised on 15 June 2019; accepted on 18 June 2019 

Article DOI: https://doi.org/10.30574/gscbps.2019.7.3.0098  

Abstract 

The recent innovative advance in nanotechnology has led to the development of targeted drug delivery system. 
Targeting a molecule to a particular site with the help of a drug delivery system efficiently requires the use of 
specialized drug delivery systems. The invention of Nano sponges has become a significant step in overcoming the 
problems associated with conventional drug delivery systems. These are able to carry both hydrophilic and 
hydrophobic drugs. Nano sponge technology widely provide the controlled and predictable release of the drug to the 
targeted site. The Nano sponge particles circulate around the body and get attached with the target site and release 
the drug. A wide variety of drugs can be incorporated in the Nano sponge formulation since it possess a porous 
structure in nature. Nano sponge technology has been studied widely for the drug delivery by oral administration, 
topical administration and parenteral administration. Nano sponges can be used to prevent drug and protein 
degradation. Another important characteristic of Nano sponge is that they can improve the solubility of poorly water 
soluble drug. In this review advantages, composition, method of preparation, evaluation and application of different 
formulations of drugs and recent studies on Nano sponge have been discussed. 

Keywords:  Nano sponges; Targeted dug delivery; Solubility enhancement; Controlled drug delivery 

1. Introduction

Nanosponge technology is a newer and emerging technology which uses the targeted drug delivery system to release 
the drug in a controlled manner to the targeted site. Nano sponges are class of materials made up of tiny sponge like 
structure with narrow cavity of few Nano meter, with an average diameter below 1µm. They cross-link the segments 
of polyester to form a spherical shape which has many cavities where the drug can be stored. Those narrow cavities 
can be filled with different type of substance .These are able to carry both hydrophilic and lipophilic drug substances 
and thereby increasing the solubility of poorly water soluble drug substance [1]. This technology is considered to be a 
novel approach which offers controlled drug delivery system for topical use. It efficiently offers the entrapment of 
ingredients with reduced side effects, improved stability, increased elegance and enhanced formulation flexibility  [2]. 

Nanosponges are type of encapsulating nanoparticles which encapsulate the drug molecule within the core by 
different method of association and it can be classified into encapsulating nanoparticle, complexing nanoparticles, 
conjugating nanoparticles. When comparing with other nanoparticle, Nano sponges are insoluble in water and organic 
solvents. Nano sponges are mostly in solid form and it can also be formulated as oral, parenteral, topical or inhalation 
dosage form. Proteins, peptides, genes, anti-cancer agents and biomolecules have been widely studied using the 
nanoparticulate system which helps to lower undesired effects and to increase the efficacy.  

 When orally administrating, these may be dispersed within a matrix of excipients, diluents and lubricants and anti-
caking agents which are more suitable for the formulation of either capsule or tablet. Saline or other aqueous solution 
or simply mixing with sterile water can be used for parenteral administrations [3]. 

https://www.gsconlinepress.com/journals/gscbps
http://creativecommons.org/licenses/by/4.0/deed.en_US
https://doi.org/10.30574/gscbps.2019.7.3.0098
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1.1. Advantages 

 Efficient entrapment of ingredients and reduced side effects. 

 Improved stability, increased elegance and enhanced formulation flexibility. 

 These formulations are stable up to a temperature of 130°c. 

 These formulations are compatible with most vehicles and ingredients. 

 These are self-sterilizing as their average pore size is 0.25µm which makes the bacteria unable to penetrate. 

 These are free flowing and can be cost effective. 

 These formulations modify the release of the drug. 

 They increase the solubility of poorly soluble drug. 

 It can be used to mask flavours and to convert liquid substance to solids. 

 These formulations increase the bioavailability of the drug. 

 They are non-irritating. Non mutagenic, nontoxic and non-allergic. 

 It has an extended release which provide continuous action up to 12 hrs. 

 Easy scale up for commercial production 

 Biodegradable 

 The material used in this system can provide a protective barrier that shields the drug from premature 

destruction within the body [4].  

1.2. Disadvantges 

 They include only small molecule. 

 They depend only upon the loading capacities [4]. 

2. Composition of nanosponges 

2.1. Polymer 

The selection of polymer can influence the formation along with the performance of Nano sponges. The cavity size 
must be suitable to incorporate the particular drug molecule. The polymer selection is based upon the required 
release and drug to be enclosed. The selected polymer should have the property to attach with specific ligands [5]. 

2.2. Cross linking agent 

The crosslinking agent selection can be carried out depending upon the structure of polymer and the drug which is to 
be formulated. The different examples include Diphenyl carbonate,Dichloromethane, Diaryl carbonates, Diisocyanates 
[5]. 

2.3. Drug substance 

 Molecular weight between 100 and 400 Daltons. 

 Drug molecule consists of less than five condensed rings. 

 Solubility in water is less than 10 mg/ml. 

 Melting point of substance is below 250 °C [5]. 

3. Method of preparation 

3.1. Nano sponges made from hyper cross-linked β-cyclodextrins 

Nano sponges are made from materials that makes a non-porous molecules that are carriers called cyclodextrins for 
drug release. These cyclodextrins are a hyper-cross-linking agents that forms a numerous networks in nano networks, 
or can be even a spherical shaped with many networks of protein channels, pores etc. These cross linkers stabilizes 
the sponge with specific surface charge density, porosity and pore sizes based on the molecules contained in them. 
The cross linkers help to retain the Nano sponges at different acidic and even neutral pH [6]. 
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3.2. Emulsion solvent method 

The main polymers used in this method are ethyl cellulose and polyvinyl alcohol in varying proportions. The 
dispersed phase is formed by adding ethyl cellulose and the available drug which is dissolved in 20ml of 
dichloromethane. The drop wise addition of continuous phase is by prepared by dissolving polyvinyl alcohol in 150 ml 
of distilled water. Then the mixture is allowed to stir for 1000rpm for about 2 hrs. The obtained Nano sponges are 
collected, filtered and dried in oven for around 1 day and stored in desiccators [7]. 

3.3. Solvent used method 

The above used polymer can be used along with some suitable polar aprotic solvent such as Dimethylformamide, 
dimethylsulfoxide and mix proportionally. Then to this mixture, cross-linkers available are added with a ratio of 4: 16. 
A temperature is maintained from 10°C for reaction of polymers for 2 days. Most of the carbonyl cross linkers 
(Dimethyl carbonate and Carbonyl diimidazole) are used. After the reaction is complete the product kept to cool at 
room temperature, then add the mixture with distilled water for recovering and filtered under air oven and  
purification is done by soxhchlet apparatus added with ethanol for further extraction. Again go for drying under 
vacuum and and powdered mechanically to get a homogeneous white powder [8]. 

3.4. Ultrasound-assisted synthesis 

In this procedure Nano sponges can be obtained by using polymers with carbonyl cross linkers in the absence of 
solvent and kept for sonication. These developed Nano sponges will have uniform spherical dimension .Mix the 
polymer and the cross-linker in a sufficient quantity and is taken in a flask. The flask is filled with water and heats it to 
90°C for utrasonication. The mixture is kept for 5 hours for continuous sonication. Then the mixture is cooled and 
washed the product with distilled water and allowed to purify it with soxhlet extractor using ethanol. The final 
product obtained is dried at 25˚c and whitish powder is collected and store from humidity [9]. 

4. Factors influencing nano sponge formulation 

4.1. Type of polymer  

The formation as well as the performance of nanosponge depend upon the selection of suitable polymer. The cavity or 
pore size of the nanosponge should be able to accommodate the drug molecule of suitable size [10]. 

4.2. Type of drug 

 The molecular weight must be between 100 to 400 Daltons 

 The drug molecule structure should contain not more than five condensed rings. 

 The solubility in water should be less than 10 mg/ml 

 The melting point should be less than 250 °C [10]. 

4.3. Temperature 

The change in temperature can affect the drug complexation. The increase in the temperature decreases the 
magnitude of the apparent stability of the nanosponge complex which may occur due to possible reduction of drug 
nanosponge interaction forces, van der waals force and hydrophobic forces with rise of temperature [11]. 

4.4. Method of preparation 

The loading of drug into the nanosponge formulation can affect the complexation. The nature of the drug and polymer 
can affect the complexation. In many cases freeze drying was found to be more effective method for the drug 
complexation [11]. 

4.5. Degree of substitution 

The nanosponge formulation can be highly affected by the type, number and position of substituent on the parent 
molecule [11]. 
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5. Loading of drug into nanosponge 

The nanosponges formulated for the drug delivery first of all should be pretreated to obtain a mean particle size below 
500nm. The nanosponges are then suspended in water for some time and subjected to sonication so as to avoid the 
formation of aggregates. The obtained product suspension is subjected to centrifugation to obtain a colloidal fraction. 
The obtained product supernantant is separated and sample is dried by freeze drying [12]. 

 In other way a nanosponge aqeous suspension is prepared and dispersed it with constant stirring for a specific period 
of time. The nanosponge solid crystals are obtained by the solvent evaporation or either by freeze drying. The 
nanopsonge crystal structure plays a very important rule in the complexation with the drug. The drug loading is high 
in crystalline nanosponge than the paracrystalline one. In nanosponges which contain poor crystalline structure the 
drug loading occurs as a mechanical mixture rather than forming inclusion complex [13]. 

6. Evaluation of nanosponges 

6.1. Microscopic studies 

To study the microscopic aspects of a drug, Nano sponge, or the product it can be subjected to Scanning Electron 
Microscopy (SEM) and Transmission Electron Microscopy (TEM). The difference in the crystallization state indicates 
the formation of inclusion complexes [14, 15]. 

6.2. Loading efficiency 

It can be determined by quantitative estimation of the drug which is loaded into the nanosponge using either by UV 
spectrophotometer or HPLC method. The loading efficiency can be calculated by [16]. 

 

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
 𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛 𝑛𝑎𝑛𝑜𝑠𝑝𝑜𝑛𝑔𝑒  

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
× 100 

6.3. Solubility studies 

The most frequently used method include phase solubility method described by Higuchi and Connors which helps to 
determine the effects of nanosponge upon the solubility of the drug. The degree of complexation was indicated by 
phase solubility diagram [17, 18]. 

6.4. X ray diffraction studies 

For the solid state, powder X ray diffractiometry can be used to determine the inclusion complexation. When the drug 
molecule is liquid and liquid have 0 diffraction pattern of their own the diffraction pattern of a newly formed 
substance clearly differs from that of uncomplexed nanosponge. This difference in the diffraction pattern indicates the 
complex formation. When the drug compound is a solid substance, a comparison has to be made between the 
diffractogram of the complex and that of mechanical mixture of the drug and polymer molecules. A diffraction pattern 
of physical mixture is often the sum of those of each component, while the diffraction pattern of complexes are 
apparently different from each constituent and lead to a new solid phase with different diffractograms. Diffraction 
peaks for a mixture of compounds are useful in determining the chemical decomposition and complex formation. The 
complex formation of drug with nanosponge alters the diffraction pattern and also changes the crystalline nature of 

the drug. The complex formation leads to sharpening of the existing peaks and shifting of certain peaks [19]. 

6.5. Single crystal x ray structure analysis 

Single crystal X ray structure analysis is used to determine the detailed inclusion structure and mode of interaction. 
The interaction between the host and guest can be identified and precise geometrical relationship can be established 
[20]. 

6.6. Infra – red spectroscopy 

This spectroscopy method is mainly used to estimate the interaction between nanosponge and drug molecule in the 
solid state. Upon the complex formation nanosponge bands are tend to change often and if the fraction of guest 
molecules encapsulated in the complex is less than 25%, bands which could be assigned to the included part of the 
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guest molecules are easily masked by the bands of spectrum of nanosponges. The application of infra-red 
spectroscopy is limited to drugs having charecterstic bands such as carbonyl   or sulfonyl group. Infra-red spectral 
studies gives information regarding the involvement of hydrogen in various functional group [21]. 

6.7. Thin layer chromatography 

The Rf values of the drug molecule diminish to considerable extend in thin layer chromatography and this helps in 
identifying the complex formation between the drug and nanospsonge formulation [21]. 

6.8. Particle size and polydispersity 

The particle size of a nanosponge formulation can be determined by dynamic light scattering using 90 plus particle 
sizer equipped with MAS OPTION particle sizing software. From the data obtained mean diameter and polydispersity 
index can be determined [22]. 

6.9. Zeta potential 

Zeta potential is measured to find the surface charge. It can be measured by using additionl electrode in particle size 
equipment [23]. 

6.10. Production yield 

The production yield can be determined by calculating intitial weight of raw materials and final weight of 
nanosponges [23]. 

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑦𝑖𝑒𝑙𝑑 =
 𝑝𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑛𝑎𝑛𝑜𝑠𝑝𝑜𝑛𝑔𝑒 

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑚𝑎𝑠𝑠
× 100 

7. Pharmaceutical application of nanosponges  

Due to their biocompatibility and versatitlity, nanosponges have many applications relating the pharmaceutical field. 
Nanosponges can be used as excipients in preparation of tablets, capsules, pellets, granules, suspension, solid 
dispersion or topical dosage forms [24]. 

7.1. Nanosponges as a sustained delivery system 

Acyclovir is one of the widely used antiviral agent for the treatment of herpes simplex virus infection. Its absorption in 
the GIT is slow and incomplete and highly variable. The in vitro release profile of the acyclovir from different types of 
Nano sponges showed sustained release of the drug. The percentage release of acyclovir from carb-nanosponges and 
nanosponges after the 3 h of administration were about 22% and 70%. The drug was not adsorbed on the nanosponge 
surface since no initial burst effect was not observed. [25, 26]. 

7.2. Nanosponges in solubility enhancement 

Itraconazole is a BCS class Ⅱ drug which has a dissolution rate limited poor bioavailability. Thus the application of 
nanosponges improved the solubility of the drug more than 27- fold. The solubility was found to be exceeded to 55-
fold, when copolyvidonum was added as a Supporting component. Either by masking the hydrophobic groups of 
itraconazole, by increasing the wetting ‘of the drug or by decreasing the crystallinity of the drug nanosponges improve 
the solubility of the drug. [27]. 

7.3. Nanosponges in drug delivery 

Nanosponges can be formulated by different dosage form like topical, parentral, aerosol, tablet and capsules. 
Telmisartan (TEL) is a class Ⅱ drug with dissolution rate limited bioavailability. TEL was incorporated in nanosponge 
formulation. The saturation solubility and vitro dissolution of β-CD complex of TEL was compared with plain TEL and 
the nanosponge complexex of TEL. The highest solubility and in vitro drug release was observed in inclusion 
complexes prepared from nanosponge and NaHCO3. Paclitaxel is an anticancer drug with poor water solubility. β-CD 
based nanosponges is an alternative to classical formulation in cremophor because cremophor reduces the paclitaxel 
tissue penetration. The biological effect of paclitaxel in vitro is highly enhanced by nanosponge formulation. Econazole 
nitrate is an antifungal agent used for skin infections and dermatophytosis. Adsorption is not significant when 
econazole is applied to skin. Thus econazole nitrate nanosponges is made up by solvent diffusion method and loaded 
as hydrogel form. [28]. 
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7.4. Nanosponges in enzyme immobilization 

Nanosponges have been widely used for stabilizing the enzyme. CD-NS show much higher inclusion constants as 
compared to CD and is suitable to support for enzyme immobilization. They help to preserve the catalytic proficiency 
and stability of the immobilized enzymes. Enzyme immobilization is important for enzyme recycling and facilitates the 
separation and recovery of the formed products along with its increased thermal and operational stability of the 
biocatalysts. Boscolo et al. also studied about the high catalytic performance of some pseudomonas flurescens lipases 
adsorbed on cyclodextrin – based nanosponge. Lipases are widely used for catalysing the hydrolysis of triacylglucerols 
and trans esterification reactions which are involved in a number of industrial applications. [29]. 

7.5. Nanosponges for protein delivery 

A major barrier in the protein formulation development is the maintenance of the original protein structure both 
during the formulation process and upon long term storage. Swaminathan et al studied about new swellable 
cyclodextrin based poly nanosponges. Through water uptake studies they observed very good swelling capacity stable 
for 72 hrs. Bovine serum albumin was used as a model protein and is incorporated into the prepared nanosponge. 
Enhanced swelling property along with increased stability of protein was observed. At physiological pH, the lactone 
ring opens up and develop inactive carboxylate form. The fusion of camptothecin in nanosponges lead to a prolonged 
release profile in an active form which hinders the hydrolysis of the lactone form and resulting enhanced stability. 
[30]. 

7.6. Nanosponges as protective agent from light or degradation 

The Gamma–oryzanol can be encapsulated in the form of nanosponge which shows a good protection from the 
photodegrdation. Gamma oryzanol is a ferulic acid mixture which is a natural antioxidant and mainly used to stabilize 
the food and pharmaceutical raw materials. Its application is limited because of its high instability and 
photogegradation [31]. 

7.7. Nanosponges as a carrier for biocatalyst 

Nanosponges act as carrier for the delivery of enzymes, vaccines, proteins and antibodies for diagnosis purpose. 
proteins and other macromolecule are adsorbed and encapsulated in cyclodextrin nanosponge [32]. 

7.8. Nanosponges as gas delivery system 

The deficiency of adequate oxygen supply named hypoxia, is related to various pathologies from inflammation to 
cancer. Cavalli et al developed a nanosponge formulation for oxygen delivery through a topical application. Safety of 
nanosponge was studied in vero cells. Oxygen penetration through a silicone membrane was studied using a CD –NS 
hydrogel combination system. Trotta et al. reported CD-NS prepared using carbonildiimidazole cross –linker for 
encapsulation of 1- methylcyclopropene, oxygen and carbondioxide [33]. 

8. Conclusion 

Nanosponges are drug delivery system which can carry both hydrophilic and hydrophobic drugs. They can be 
formulated in different formulation such as oral, parentral and topical system.  Nano sponge technology have wide 
application in Pharmaceutical industry. Drugs developed by this technology provide prolonged and controlled release 

of the drug in a safe and effective way. 
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Abstract

Background:

Pesticide delivery system has been formulated in the form of emulsifiable concentrates, water solutions,
aerosols, or spray formulations. However, such formulations showed health hazards. Encapsulation
technique is the more suitable method to reduce health hazard and to deliver and release the pesticides.
Natural biopolymers have been widely studied for encapsulation of pesticide compounds, as they are
biodegradable, biocompatible, and low toxic to mammalian. Neem oil has been reported for controlling of
the mosquitoes and more eco-friendly insecticide than synthetic insecticides. The present study was
designed to prepare a cross-linked polymeric network capsules loaded with neem oil as effective controlled
release formulation against Culex quinquefasciatus larvae.

Materials and Methods:

Neem oil-loaded chitosan/alginate/gelatin capsules were prepared by cross-linking method. Neem oil-
loaded capsules were characterized with respect to their capsule size, scanning electron microscopy (SEM)
analysis, and swelling property. In vitro larvicidal activity of neem oil-loaded polymeric capsules was

studied against C. quinquefasciatus larvae.

Results:

The cross-linking method produced spherical shape of neem oil-loaded capsules. Ultraviolet spectroscopy

analysis indicated that 10% of neem oil was loaded with capsule. A swelling study indicated that swelling
of the loaded capsules tends to be more stable. SEM analysis showed that loading of the neem oil with the
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capsules fills all pores and capsules were found with good compatibility between chitosan, alginate, and
gelatin due to the uniform shape of the capsule. Formulated neem oil-loaded capsules showed potential
larvicidal activity (100% of mortality) against C. quinquefasciatus larvae in an in vitro model.

Conclusion:

Formulated neem oil-loaded capsules showed a simple method of preparation and eco-friendly. These

polymeric capsule containing neem oil exhibited potential larvicidal activity against C. quinquefasciatus
larvae.

Keywords: Capsules, Culex quinquefasciatus, larvicidal activity, neem oil

INTRODUCTION

Mosquitoes cause a major public health menace as vectors of serious human disease. Mosquitoes belonging
to the genera Anopheles, Culex, and Aedes are the vectors responsible for the transmission of different
diseases such as malaria, filariasis, Japanese encephalitis, dengue and dengue hemorrhagic fever, epidemic
polyarthritis, yellow fever, and chikungunya. Culex quinquefasciatus is the principal vector of lymphatic
filariasis(Bernhard et al., 2003). Filariasis is an endemic, disabling, and disfiguring disease.[1]

Different approaches have been developed to control mosquito menace. One such approach to prevent
mosquito-borne disease is by killing mosquito at larval stage. The current approach for mosquito control is
based on synthetic insecticides. Even though they are effective, they resulted in many problems such as
insecticide resistance, pollution, and toxic side effect on human begins. One of the most effective
alternative approaches under the biological control program is to explore the floral biodiversity and enter
the field of using safer insecticides of biological origin as a simple and sustainable method of mosquito
control.[2,3]

Larvicides are agents that kill insect larvae. Larviciding can reduce overall pesticide usage in a control
program by reducing or eliminating the need for ground or aerial application of chemicals to kill adult
mosquitoes. Neem plant belongs to the genus Azadirachta of which (Azadirachta indica) native of India,

belonging to the Family Meliaceae.[4] Azadirachtin is a biologically active compound in A. indica which
has been promoted as a new insecticide that is considered more eco-friendly insecticide than synthetic
insecticides.[5]

Development of controlled release formulations with environmentally friendly application depends on
using of natural biodegradable materials instead of synthetic polymers. Natural biopolymers such as
chitosan and alginate used for encapsulation are biodegradable, biocompatible, and low toxic to
mammalian cells.[6]

Aim

The present study aims to prepare and develop a cross-linked polymeric network capsule-loaded neem oil
and investigation of its larvicidal activity against C. quinquefasciatus.

MATERIALS AND METHODS

Materials

Neem oil was purchased from local Ayurveda market of Thrissur, Kerala. Biopolymers such as chitosan,
sodium alginate, and gelatin were purchased from Sigma Aldrich, Mumbai.

Mosquito species
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Measurement of capsule size

Scanning electron microscopy analysis

Swelling properties

In vitro larvicidal activity against Culex quinquefasciatus larvae

C. quinquefasciatus larvae were obtained from susceptible reared strain provided by the National Institute
for Communicable Diseases, southern India branch field station located in Mettupalayam (Coimbatore
district, Tamil Nadu, India), and reared under laboratory conditions. Approximately, 400–600 C.

quinquefasciatus larvae were reared in white enameled and shallow trays containing 2–3 L of dechlorinated
water. The room is maintained at temperature approximately 28°C ± 2°C and relative humidity 70%–90%.

Preparation of neem oil-loaded chitosan/alginate/gelatin capsules by cross-linking method

Chitosan/alginate/gelatin capsules were prepared by cross-linking with glutaraldehyde. Sodium alginate
solution 1% (w/v) was prepared in distilled water and stirred mechanically until dissolved completely.
About 2.5% (w/v) of gelatin solution was prepared in distilled water. Chitosan solution 1% (w/v) was
prepared by dissolving chitosan in 1% acetic acid solution. For the capsule formation, 25 ml of 1% (w/v)
sodium alginate solution containing 2 ml of glutaraldehyde solution was placed in a beaker and another
beaker containing a mixture of 12.5 ml of 1% (w/v) chitosan solution and 12.5 ml of 2.5% (w/v) gelatin
solution. Chitosan/gelatin solution was then dropped by a syringe into a sodium alginate/glutaraldehyde
solution contained in a beaker at 25°C. After the dropwise addition, product with spherical shape was
obtained. The capsules were removed from the solution by filtration. The capsules were dried and kept in
desiccator until further use. Capsules with neem oil were prepared by the same method by mixing neem oil
(1 g) with chitosan solution.

Characterization of neem oil-loaded chitosan/alginate/gelatin capsules

Dried form of prepared capsules was selected and their sizes were
measured using digital Vernier caliper.

The main purpose of scanning electron microscopy (SEM)
analysis is to observe the surface morphology of the prepared capsules. The instrument used was JEOL
JSM-5300 microscope. The dry gel spheres were mounted on metal stubs with double-sided tape, sputtered

with gold, and viewed in the SEM. The observations were performed at an accelerating voltage of 15 Kv.

The swelling studies of the loaded and unloaded capsules were demonstrated by the
following method. The water uptake ability of capsules was determined by immersing a definite weight of
dried capsules into distilled water and allowed to swell and then by recording the water gain at different
time periods up to 10 days. Excess surface water was removed by being wiped with soft paper, and the
percentage of swelling was calculated by the following equation:

Swelling (%) = (Wt − Wo/Wo) ×100

Where, Wt and Wo are the weights of swollen sample at time (t) and that of the original sample,
respectively. Experiments were conducted in triplicate, and the obtained data were averaged.

Larvicidal activity of neem oil-loaded
chitosan/alginate/gelatin capsules was assessed according to the WHO standard procedure with slight
modifications.[7] The first instar larvae of C. quinquefasciatus were exposed to different weight of neem
oil-loaded capsules. About 100 ml of running water was taken in series of 250-ml glass beakers. Four
different weights of capsules (5, 10, 20, and 50 mg) were immersed into 100 ml of running water contained
50 instars of C. quinquefasciatus larvae in the beaker, and larvae death was monitored as a function of time
daily for a period of time without change of water but with fresh larvae. Control sample was maintained by
keeping larvae in the running water under the same conditions with unloaded capsules. The number of dead

larvae at the end of 24 h was recorded, and the mortality percentage values were calculated. This
experiment was repeated three times. The percentage mortality was calculated using the following
equation:
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Scanning electron microscopy analysis

Swelling properties

Percentage of mortality = Number of dead larvae/number of larvae introduced × 100.

Statistical analysis

All the obtained data were analyzed using SPSS statistical software version 13.0 software program (Oxzus
Solutions, Cochin, Kerala, India). Data of average larval mortality were subjected to probit analysis for
calculating LC  and LC  values which were assessed by fitting a probit regression model.

RESULTS AND DISCUSSION

Formulation of neem oil-loaded chitosan/alginate/gelatin capsules by cross-linking
method

Neem oil-loaded chitosan/alginate/gelatin capsules were prepared by cross-linking method. In the present
study, the reaction between chitosan (1%) and sodium alginate (1%) cross-linked with glutaraldehyde (2%),

and their combination with gelatin (2.5%) produced spherical capsules. The capsules were in yellow color
before drying and brown in color after drying. The same method was followed to prepare the loaded
capsules. Neem oil was used to prepare the loaded capsules. Capsules loaded with neem oil, as determined
by ultraviolet (UV) spectroscopy at 270 nm. Chitosan and alginate react via ionic interaction between the
carboxyl residues of alginate and the amino terminals of chitosan. The interaction could also be via
intermolecular hydrogen bonding and the reaction mechanism between chitosan and alginate in cross-
linking. This complex reduces the porosity of the alginate capsules and decreases the leakage of the
encapsulated substances.[8,9] Our study indicated that unloaded capsules are bigger in diameter (985 μm)
than that loaded with the neem oil (916 μm) which gave 800 and 2350 capsules/g, respectively [Table 1].
Capsules were loaded with 10% of neem oil, as determined by UV spectroscopy at 270 nm.

Characterization of neem oil-loaded chitosan/alginate/gelatin capsules

SEM study indicated that unloaded capsules were characterized
irregular in shape with cavities and yellow gold in color [Figure 1] and their surfaces morphology were
examined under power of magnification ×5000 and appeared a lot of pores and wrinkles. After loading
with the neem oil, the capsules appeared under SEM as oval in shape with cavity and its surface
morphology under power of magnification ×5000 seemed more rough with scars. This confirmed that the
loading of the neem oil on the capsules fills all pores. It was found that the capsules were characterized
oval in shape, which shows a good compatibility between chitosan, alginate, and gelatin biopolymers. The

capsules diameter was found to be 900–1000 μm in size.

The swelling ability of the capsules is an important factor to evaluate its property,
used as scaffold materials for controlled neem oil release in water to play an active role as a larvicide for a
long period. Swelling property refers to the hydrophilic groups and more positively charged amino groups
along of the biopolymer chains lead to much-expanding polymer network. In addition, the swelling
behavior of the capsules mainly results from the electrostatic repulsion between the negatively charged
carboxyl groups on alginate and gelatin.[10] In our study, swelling studies of unloaded and loaded capsules
with neem oil has been shown in Figure 2. Swelling capacity of loaded and unloaded capsules was studied
for 10 days of the experiment. The unloaded capsules gradually increased in their weight and exhibited a
higher water absorption rate than the loaded capsules through the first 6 days. The capsules rapidly swelled
within the first 24 h. The highest swelling degree was obtained at the 3  day (260%); however, it was

decreased to 50% on the 7  day and then remained constant up to the 10  day. However, it can be noted

that the swelling of the loaded capsules tends to be more stable along the experiment (15%–50%). This
result may be due to the reduction in the porosity of capsules thereby it decreases the sorption of the water
into capsules.
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In vitro larvicidal activity against Culex quinquefasciatus larvae Neem oil-loaded chitosan/alginate
/gelatin capsules were subjected to larvicidal bioassay using running water as vehicle. A total number of 50
larvae were exposed to different weight of the neem oil-loaded biodegradable capsules. The observed

percentage of mortalities of C. quinquefasciatus larvae based on probit regression analysis for different
weight of the neem oil-loaded biodegradable capsules was shown in Table 2. Awareness has been
considered to use natural, eco-friendly pesticide compounds for larvicidal activity. At present, chemical
pesticides are not safe for controlling of mosquito due to pesticide resistance by vectors as well as
environmental imbalance. Further, continuous usage of chemical pesticides can produce harmful effects,
and chemical pesticides do not give absolute results for controlling of mosquito. Therefore, alternative
methods for mosquito control are needed.[11] Other scientific studies on larvicidal activity, Bhan et al.,
2014, showed that the highest mortality rate was observed by the slow release of lesser amount of
pesticides after encapsulation: 0.003 mg/L for 8% temephos formulation and 0.019 mg/L for 4%
imidacloprid as compared to their noncapsulated form of temephos and imidacloprid (0.004 and 0.021
mg/L) after 72 h of exposure against C. quinquefasciatus larvae. Based on this study, encapsulated form of
pesticides is considered economical and eco-friendly due to controlled slow release of pesticides.[12] Tsuji,
2001, reported that development of highly effective and reduced dose of pesticides is needed. Micro-
encapsulation techniques could be suitable for improved handling safety of pesticides with exposure and
hazard reduction as well as masking of odor of pesticides.[13] A study of Sun et al., 2014, indicated that
encapsulation of hydrophilic methomyl in shell cross-linked nanocapsules formed by the self-assembly of

photo-cross-linkable carboxymethyl chitosan followed by the rapid UV irradiation was attained. The shell
cross-linking and its degree of cross-linking were responsible for the diffusion behavior of pesticide.[14]

In our study, results indicated that larvicidal activity of neem oil-loaded biodegradable capsules against C.
quinquefasciatus larvae was gradually increased based on the weight of the neem oil-loaded biodegradable
capsules [Figure 3]. The LC  and LC  values (95% confidence intervals) for neem oil-loaded

biodegradable capsules were found to be 16.32 and 44.10, respectively. With this information, we found
that neem oil-loaded biodegradable polymeric capsules have a potential larvicidal activity against C.
quinquefasciatus.

CONCLUSION

On the basis of the above results, biodegradable capsules with the combination of chitosan/alginate/gelatin
were effectively formulated to encapsulate the neem oil for the larvicidal activity against larvae of C.
quinquefasciatus. The synthetic or chemical pesticides can be available easily with low cost. However, the
use of the natural medicinal oils for controlling of mosquito larvae offers a safer product, easy to handle,
and safer alternative. The biodegradable polymeric capsules are eco-friendly materials and could be
suitable to encapsulate the neem oil for larvicidal activity. Therefore, this study concluded that the
encapsulated of neem oil with biodegradable polymeric capsules showed potential larvicidal activity

against C. quinquefasciatus larvae.
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Table 1

Properties of chitosan/alginate/gelatin capsules unloaded and loaded with neem oil

Parameters Unloaded capsules Capsules loaded with neem oil

Components ratio (ch:alg:gel:glut:neem oil) (%) 1:1:2.5:2:0 1:1:2.5:2:1

Capsule color Yellowish-brown Yellow

Weight before drying 18.24 11.46

Weight after drying 2.43 1.02

Capsule (no/g) 800 2350

Flexibility

 Before drying Flexible Flexible

 After drying Hard Hard

Capsule diameter (µm) 985±24; 916±35
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Figure 1

(a) Neem oil-loaded chitosan/alginate/gelatin capsules; (b) scanning electron microscopy analysis of unloaded
chitosan/alginate/gelatin capsules; (c) scanning electron microscopy analysis of neem oil-loaded chitosan/alginate/gelatin

capsules
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Figure 2

Swelling studies of unloaded capsule without neem oil and loaded capsules with neem oil
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Table 2

Observed percentage of mortality of Culex quinquefasciatus larvae exposure to neem oil-loaded
chitosan/alginate/gelatin biodegradable polymeric capsules

Weight of the capsule with

neem oil in 100 ml of

running water

Number of

larvae exposed

Number of

larvae dead

Percentage of

mortality

Probit for

larvicidal

LD50 LD90

5 mg of capsule 50 14 28 4.42 16.32 44.10

10 mg of capsule 50 22 44 4.85

25 mg of capsule 50 34 68 5.47

50 mg of capsule 50 48 96 6.75

Mortality rate was analyzed using probit regression analysis
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Figure 3

Percentage mortality of Culex quinquefasciatus larvae against neem-loaded capsules
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ABSTRACT 

Respiratory tract infections (RTIs) among paediatrics are categorized 

as the main reasons for both physician visits and hospital admissions, 

being related with significant morbidity and mortality. Various studies 

revealed that an increased risk of RTIs are due to vitamin D deficiency 

and vitamin D supplementation is the possible preventive measure 

against RTIs. Pubmed and Medline literature search was done using 

respiratory tract infections and vitamin D as key words. Papers for 

citation were selected by the authors on the basis of quality and 

relevance. The principal aim of this review is to encapsulate the recent 

evidence from the literature about the association between vitamin D 

and RTIs in children. 

 

KEYWORDS: Respiratory tract infections, Vitamin D, Children, Immunomodulatory effect, 

Vitamin D supplementation. 

 

The most common illnesses in paediatric population is Respiratory tract infections. Among 

all these respiratory illnesses 50% in children less than 5 years old and 30% in children aged 

5-12 years. The frequency and nature of illnesses are ascertained by diverse factors which 

includes environmental factors, host factors and infecting agents.
[1]

 Respiratory tract 

infection(RTI) is defined as any infectious disease of the upper and lower respiratory tract
[2]

. 

Upper respiratory tract infections (URTIs) comprising  rhinitis/common cold, tonsillitis, 

pharyngitis / laryngitis, otitis media and sinusitis, and Lower Respiratory Tract Infections 

(LRTIs) comprising acute bronchitis, chronic bronchitis, bronchiolitis and pneumonia.
[3]
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The significant role of vitamin D is in regulating calcium homeostasis and immune 

response.
[4-7] 

The results from diverse studies reveals that vitamin D has a cardinal protective 

effect against respiratory tract infections.
[8,9]

 Vitamin D is also known as sunshine vitamin 

and  it is a prohormone also with various functions in the body.
[10]

 Prohormone belongs to a 

group of fat-soluble secosteroids. There are mainly two types of vitamin D. They are vitamin 

D2 or ergocalciferol and vitamin D3 or cholecalciferol.
[11]

 The cardinal function of vitamin D 

in the body is in the absorption of calcium from the small intestine, indeed helps to prevent 

diseases such as osteoporosis and osteomalacia in adults and rickets in paediatric 

population.
[12-16]

 Besides to its chief role in skeletal development and maintenance, there is 

increasing authentication that vitamin D has a beneficial effect on extraskeletal tissues. 

Vitamin D receptor (VDR) is expressed by brain, skin, heart, stomach, pancreas, lymphatics, 

gonads and prostate tissues and are tissues which are composed of cells, including B and T 

lymphocytes. Vitamin D is considered to have principal roles in the immune function 

improvement and the reduction of inflammation among these tissues.
[17,18] 

Hence, the 

consumption of vitamin D may reduce respiratory tract infection (RTI) susceptibility in 

paediatric population, this have been showed as a result of various accumulating evidence 

from diverse areas.
[19,20] 

Originally, the archetypical disease link was tuberculosis (TB), 

besides there are numerous recent studies that shows an association with various other  RTIs, 

such as bronchiolitis, pneumonia, acute otitis media (AOM), pharyngotonsillitis and 

rhinosinusitis.
[21,22]

 The cardinal aim of this review is to determine the evidence in the 

literature of the association between vitamin D and RTIs in children. 

 

Current research studies revealed that by increasing immunity vitamin D has a potential role 

in the prevention of ARI. In certain observational studies, it was observed that the increased 

incidence of respiratory tract infections is linked with low vitamin D level in blood.
[23]

 There 

fore, it is important to have a good knowledge regarding the functions of vitamin D in the 

prevention of respiratory tract infections in the light of clinical trials which were done to 

explore this phenomenon. Consequently, this systematic review and meta-analysis have been 

conducted with the principle aim to determine the impact of vitamin D supplementation in 

prevention of ARI.  

  

Search Methods 

Pubmed and Medline literature search were done using various combinations of the following 

terms: vitamin D; cholecalciferol; calcitriol; calcifediol; respiratory infections; influenza; 
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pneumonia; respiratory syncytial virus, respiratory tract infection; immunisation. Because of 

the diverse nature of the extant literature in this field we conducted a topic review rather than 

a formal systematic review. Many papers were identified in abstract form by the initial 

search, from which some were deemed by the authors to be of sufficient quality for reading in 

depth. Those chosen for citation were selected by the authors on the grounds of relevance to 

the topic and scientific credibility. Some other papers and sources have been included in the 

reference list to support the clinical context and historical perspective of the review. 

 

Sources and Chemistry of Vitamin D 

The primary source of vitamin D for the healthy humans living at the full range of latitudes is 

through photosynthesis from precursors in skin. The principal foods containing vitamin D 

(Table 1). Endogenous 7-dehydrocholesterol is converted to cholecalciferol in the epidermis 

by ultraviolet B in sunlight. This is then hydroxylated to calcifediol (25- 

hydroxycholecalciferol) by liver cells, then hydroxylated again to calcitriol (1,25-

dihydroxychlocaciferol), the active form of vitamin D, by renal cells.
[24]

 Alternatively, 

calcitriol can be supplied in natural dietary sources, such as fish, eggs and dairy products, and 

in foods fortified during manufacture. Calcifediol and calcitriol can also be given as 

medicines in tablet form. 

 

Immunomodulatory Function of Vitamin D 

The fully characterized function of vitamin D is the cardinal role it plays in calcium 

homeostasis, along with that it is having major functions in parathyroid hormone and 

calcitonin in which it controls the intestinal absorption and renal reabsorption of calcium, and 

bone turnover via an influence on osteoclast activity.
[25]

 An understanding is emerging of the 

equally important but considerably more complex contribution made by vitamin D to the 

integrity of immune function in both innate and adaptive immune systems. In this review we 

will consider that contribution at three main levels. First, the discovery that a range of 

immune competent cells can synthesize calcitriol. Second, the function of vitamin D 

receptors (VDRs) on immune cell membranes. Third, the function of vitamin D in the 

regulation and modulation of immune systems. 

 

Definitions and Epidemiology of Vitamin D Deficiency 

Normally, the plasma concentration of calcifediol (25- hydroxycholecalciferol) is measured 

for determining the vitamin D status. Vitamin D is said to be deficient when a plasma level of 

< 25 nmol/L is found, chiefly due to the greater risk of osteomalacia(adults) and rickets 
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(children). According to The Institute of Medicine dietary reference committee view < 30 

nmol/L to be deficient, 30-50 nmol/L to be inadequate and > 50 nmol/L to be sufficient.
[26]

 

Moreover, the European Task Force on vitamin D defines deficiency as < 50 nmol/L, with 

52-72 nmol/L considered inadequate and > 75 nmol/L sufficient.
[27]

 The major contributing 

factors to deficiency of vitamin D are low sunlight exposure, mainly for those who with 

darker skin, there is a need to wear clothes that cover almost all skin, and inability to venture 

outdoors due to immobility or frailty. At greater latitudes these effects are amplified. 

 

Risk Factors for Deficiency 

Predominantly breast-fed infants: High risk of vitamin D deficiency have exclusively 

identified in infants mainly who are breast-fed and do not get adequate vitamin D 

supplementation, especially if they receive little sun exposure and/or have dark skin.
[28]

 

 

Obesity: The risk of vitamin D deficiency increasesb y obesity. 

Use of sun screen with a sun protective factor pf 8 inhibits more than 95% of vitamin D in the 

skin.
[29]

 

 

Inflammatory bowel disease, fat malabsorption syndromes, liver and kidney disorders results 

in impaired absorption and conversion due to its active form.  

 

Manifestations of Vitamin D Deficiency 

Vitamin D deficiency causes various bone diseases including Osteomalacia, Osteoporosis 

including Rickets and craniotabes and abnormal softening of the skull are found to be the the 

earliest sign of sub clinical vitamin D deficiency.
[30]

 

 

The susceptibility to various chronic diseases including cancer, multiple sclerosis, 

depression
[31]

, high blood pressure
[29]

, peripheral arterial disease
[32]

 and several auto immune 

diseases including type 1 diabetes
[33]

, chronic muscle pain and weakness in both children and 

adults
[34] 

are increased by vitamin D malnutrition. The risk of respiratory tract infections such 

as Influenza
[35]

 and Tuberculosis
[36] 

will also be increased by vitamin D deficiency. 

 

The serum concentration of 25(0H) D which is the major circulating form of the hormone 

must be measured for determining the vitamin D status.
[37]

 

 

Vitamin D Supplementation  

The approved daily intake of vitamin D has been the focus of numerous discussions.
[38-42]
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Currently, in 2011, the Institute of Medicine (IOM), by publishing dietary reference intakes 

for calcium and vitamin D, suggested a small increase in the recommended daily dose of 

vitamin. Table 2 reveals the dietary reference intakes (DRI) for vitamin D for all life stage 

groups. The tolerable upper intake level for children 0–

children 6– –

and for children 4–  the tolerable 

upper intake level was establi .
[43]

  

  

VITAMIN D AND RESPIRATORY INFECTIONS IN CHILDREN  

Respiratory tract infections are considered as the most encountered illnesses in children and it 

is the major cause of morbidity and mortality among paediatric population.
[44,45] 

RTIs in 

children and inadequate vitamin D concentrations have an association and it have been 

identified through various current studies. Recently, a link between RTIs in children and 

vitamin D deficiency was identified after a greater incidence of respiratory tract infections 

was found among infants and children with rickets.
[46] 

The cause of increased incidence of 

RTIs in these children was mainly by both poor nutritional status and compromised lung 

compliance due to the rib deformities associated with severe rickets. Finally, the prototypical 

example of a connection between vitamin D insufficiency and susceptibility to infectious 

disease was found to be TB; various recent studies published over the last twenty years have 

revealed the link between increased severity and/or susceptibility to TB infection and 

decreased serum calcitriol concentrations.
[47,48]

 

 

Circumspectly, various other RTIs among paediatrics have also been associated to vitamin D. 

The evidences from diverse studies revealed that winter months are the months when the viral 

infections are at the peak and when synthesis of vitamin D across the skin is naturally 

impaired supported the association.
[49] 

Along with that a greater risk of RTIs have seened in 

infants as a result of vitamin D deficiency in their mothers during their pregnancy. It has been 

revealed  that serum 25(OH)D levels during pregnancy can lead to condition the expression 

of certain tolerogenic genes linked with diseases other than congenital rickets.
[50]

 Therefore, 

beneficial effect on children’s health can be acquired by vitamin D supplementation during 

pregnancy. 
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Table 1: The Principal Foods Containing Vitamin D. 

MAIN FOOD SOURSES OF VITAMIN D 

Fatty fish (e.g., tuna, salmon, mackerel) 

Liver 

Cheese 

Milk(fortified) 

Egg 

Other fortified foods(e.g.,cereals) 

 

Table 2: Vitamin D Reference Intakes(Dris) For Adequacy(Amount/Day). 

LIFE STAGE GROUP AI RDA 

Infants 

0 to 12 months 
400IU (10µg) _ 

Children 

1-8 years 
_ 600 IU(15µg) 

Adults(males and females) 

9-70 years 

>70 years 

_ 600 IU(15µg) 

Pregnancy 

14-50 years 
_ 800 IU(20µg) 

Lactation 

14-50 years 
_ 600 IU(15µg) 

AI = adequate intake; IU = international unit; RDA = recommended dietary allowance. 

Adapted from IOM.  

 

CONCLUSION 

Diverse current studies reveal that vitamin D has various immunomodulatory functions and it 

has been linked with greater chance of RTIs in paediatric population. In this regard, it is very 

essential to know the definition of deficiency and insufficiency of vitamin D and how to 

manage this serious state. 

 

Maintenance of adequate amount of vitamin D may be an inexpensive and effective 

prophylactic method against various RTIs, but the information regarding supplementation 

regimen has not been clearly defined. Further clinical trials are needed to determine the 

vitamin D concentrations associated with an increased risk of RTIs and optimal vitamin D 

supplementation regimen according to the type of RTI. 
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INTRODUCTION  

Tiliacora acuminata is a large woody climber with 

branches cinereous and striate. Leaves are long, 

acuminate, ovate, cordate, or rounded at the base and 

the flowers are yellow in colour and are elongate, lax,  

 

 

 

 

 

 

 

 

 

 

 

 

axillary, racemose panicles(1) (Fig-1). This plant also 

finds frequent mention in ancient literature on 

Ayurvedic medicine as ‘Krsnavetra‘which alleviates 

many ailments and cures cancerous 

diseases(2).Traditionally, it has been used to treat 

snake bites(3)  in the form of  paste of root or leaf  

applied on the bites. Cuts and wounds were cured by 

application of the leaf paste or macerated juice on the 

affected part(4). The synonyms of the plant are 

Tiliacora racemosa Colebr., Cocculus acuminatus 

DC. , Menispermum acuminatum Lam., Tiliacora 

abnormalis Miers. The regional names of the plant are 

Vallikanjiram (Malayalam), Tapering leaf Tiliacora 

(English), Nakamutti & Perunkattukkoti (Tamil), 

Kuriballi (Kannada), Bagamushada (Hindi).  

  

ABSTRACT 

 

Medicinal plants often form an important constituent of many formulations used by the folk medical 

practitioners. Tiliacora acuminata of Menispermaceae family is such a medicinal plant largely available in 

India. It is considered as an ingredient in many of the ayurvedic preparations. It is also regarded as an antidote 

for snake bite. As most parts of the plant have various pharmacological actions, this plant is known to be a 

wonder plant. The objective of this review is to understand the extend of phytochemical and pharmacological 

evaluations carried out on this plant. 

Key words: Menispermaceae, Krsnavetra, Antibacterial, Tiliasine 
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Figure-1 Tiliacora acuminata 

 

PHYTOCHEMISTRY 

The phytoconstituents present in a plant can be used 

for a number of medicinal purposes. The 

phytochemical constituents present in the plant 

T.acuminata were identified by examining the crude 

extracts of its leaves and stem. The phytoconstituents 

present are alkaloids, anthraquinones, catechins, 

coumarins, flavonoids, phenols, quinones, saponins, 

steroids, sugar,glycosides and xanthoproteins (Table-

1) (5). Saraswathi Bai had reported the isolation of 

alkaloid Tiliacorine from the plant Tiliacora 

acuminata. Rao and Row later isolated another 

alkaloidTiliarine.Three 

diphenylbisbenzylisoquinoline alkaloids, Tiliacorine, 

Tiliacorinine, Nortiliacorinine A were isolated from 

the ethanol extract of the plant(6). Ray et al in 1990 

reported the isolation of a 

diphenylbisbenzylisoquinoline alkaloid, Tiliaresine 

from the leaves of Tiliacora racemosa colebr(7) .Then 

later in 2001 Seal T et al had isolated another two new 

diphenylbisbenzylisoquinoline alkaloids, Tiliacosine 

and Tiliasine. They were isolated from the benzene 

extract of leaves of Tiliacora acuminate(8) and an 

alkaloid, N-Methyl Tiliamosine(9) was also isolated 

from the leaves of the plant.In 2008 Joseph et al 

reported the isolation of a lactone from the aerial parts 

of both the female and male flowers (10). The 

chloroform extract was used for the isolation.                  

Joseph et al in 2009 reported the isolation and 

characterisation of some novel esters from the aerial 

parts of the plant (11). 

A colourless oil, Accuminatide was isolated from the  

seeds of the plant T.acuminata by Britto et al and the 

IR spectra and the NMR spectra was noted and thus 

from the IR spectra, suggested the presence of CO 

group and from the NMR , the presence of two 

olefinic protons and nine methylene groups (12).  

Table- 1 Phytoconstituents of different extracts of 

Tiliacora acuminate 

PHARMACOLOGICAL ACTIVITIES 

Antioxidant activity 

 Flavonoids are able to scavenge hydroxyl radicals, 

superoxide anion radicals and lipid peroxy radicals, 

which highlights many of the flavonoids health 

promoting functions in organisms. They are important 

for prevention of diseases associated with oxidative 

damage of membrane, proteins and DNA (13). Ethyl 

acetate extract of the leaves of the plant showed 

antioxidant activity due to the presence of natural 

antioxidants ,flavonoids and tannins(14). Nishanthini 

et al had evaluated the in-vitro antioxidant activities 

of the seeds of Tiliacora acuminata. Antioxidant 

activity was evaluated using DPPH radical scavenging 

activity, Hydroxyl radical scavenging activity, 

superoxide radical scavenging activity, ABTS method 

and reducing power method (15). The elevated level 

of Lipid peroxidation in alloxan induced rats was 

reduced on the administration of ethanol extract of 
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seeds at a dose of 200mg/kg and 400 mg/kg of body 

weight for seven days (16). 

Antimicrobial activity 
The methanolic extract  of T.acuminata leaves have 

shown antibacterial activity against the bacterial 

strains Serratia spp, Bacillus subtilus, Pseudomonas 

aeruginosa and the antifungal activity against the   

fungal strains Candida albicans, Actinomycetes spp., 

Aspergillus nige(17) .Sagayaraj et al evaluated the 

antimicrobial activitiy of the ethanolic extract of 

T.acuminata against some microorganisms and shown 

inhibition against E.coli, Pseduomonas aeruginosa, 

Salmonella paratyphi and Bacillus cereu (18) . 

Antimicrobial efficacy of the plant has also been 

evaluated by Ben.C. et al and concluded that the 

activity is due to the presence of bioactive compounds 

as alkaloids and saponins (19). 

Anti inflammatory activity 

.Various extracts of the whole  plant exhibited 

moderate anti inflammatory activity when assessed by 

the carageenan induced paw oedema model using 

Diclofenac as the standard drug. The anti-

inflammatory effect was thought to be due to 

alkaloids, flavonoids and tannins present in the drug 

(20). 

Anticancer activity 

Tiliacora racemosa, a plant frequently used in 

Ayurvedic medicine for the treatment of cancerous 

diseases was examined for cytotoxic  action in four 

human tumour cell lines: acute myeloblastic 

leukaemia (HL-60), chronic myelogenic leukaemia 

(K-562), breast adenocarcinoma (MCF-7) and cervical 

epithelial carcinoma (HeLa). The alkaloid fraction 

from Tiliacora racemosa has exhibited maximum 

cytotoxicity against all four cell lines. On microscopic 

examination the cells treated with these agents 

exhibits the characteristic morphological features of 

apoptosis, such as cell shrinkage. Apoptosis induced 

by alkaloids, an active principle present in Tiliacora 

racemosa was found to be mediated by the activation 

of caspases (21) . Five diphenylbisbenzylisoquinoline 

(DBBI) alkaloids such as tiliacorinine, tiliacorine, nor- 

tiliacorinine A, tiliarine and tiliamosine were isolated 

from the ethanolic extract of the roots of T. racemosa 

Colebr. and of these (+)-tiliarine was found to exhibit 

a selective inhibitory effect against the human 

melanoma cells (G 361) but  had no activity on 

normal human fibroblasts (CCD 974 SK) (22) . 

Anti-diabetic activity     
The water extract of Tiliacora acuminata was found 

to produce marked reduction in the blood glucose 

level between 2-4 hours of administration in both 

alloxan induced hyperglycaemic and normoglycaemic 

rats. When compared with the control Glibenclamide, 

the water extract caused noticeable reduction in the 

blood glucose level and the constituents present in the 

extract have similar activity as of Glibenclamide (23). 

Thrombolytic activity 

The aqueous extract of the bark of Tiliacora 

acuminata was subjected to evaluate the thrombolytic 

activity in Albino wistar rats. And at a dose of 400 

mg/kg, the aqueous extract shows significant 

thrombolytic activity (24). 

 Antidiarrhoeal activity 

The antidiarrhoeal activity of the ethanolic extract of 

the Tiliacora acuminata leaves was evaluated and it 

was tested by Castor oil induced diarrhoea in which 

Loperamide 50 mg/kg bodyweight was used as the 

standard and also tested by the Magnesium sulphate 

induced diarrhoea using Loperamide 3mg/kg 

bodyweight as the standard (25). 

Wound healing property 

Wound healing activity of the leaves was evaluated 

using the Excision wound model in Wistar rats using 

Nitrofurazone (0.2 %w/w in simple ointment) as 

standard drug. The leaf juice treated group showed 

94.19% wound healing (26). 

Miscellaneous activity 

 Mosquitoes are major vectors of many vector borne 

diseases which have the potential to kill more than a 

million victims (27). In many of the tropical 

developing countries Culex quinquefasciatus 

mosquito transmits the pathogen of Filariasis and they 

are easy to control in their habitat during their larval 

stage. The use of synthetic insecticides has shown 

adverse effect to the ecosystem resulting in harmful 

effects to human health. The use of biodegradable  

phytochemicals in mosquito control programme is 

thus a better alternative to synthetic chemicals.  

Singha et al have investigated the synergistic effect of 

crude and solvent extracts of fruits of Croton caudatus 

and flower of Tiliacora acuminata against Culex 

quinquefasciatus. When applied separately each 
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extract showed maximum activity ie the highest 

mortality at 0.5%. 100% mortality was shown when 

the 0.2% concentration of the mixtute of fruits of 

Croton caudatus and flower of Tiliacora acuminata  

in 1:1 ratio were applied (28). Someswar Singha has  

investigated the dose dependent pupicidal, adulticidal 

and ovicidal activities of Tiliacora acuminata leaf 

extracts .The acetone extract and crude extract  were 

tested on Culex vishnui  and the acetone extract 

showed more promising activity against the three 

lifecycle stages of the mosquito Culex vishnui (29) . 

RESULT AND DISCUSSION 

Table-2 shows the results of plant parts and 

phytoconstituents and activity of Tiliacora acuminate 

Table-2 Results of Tiliacora acuminate 

Plant parts used Leaves, Bark, Root, Seed 

and Flowers 

Solvent extracts  n-hexane , Chloroform, 

Ethyl acetate, Ethanol, 

Methanol, and Aqueous 

extracts. 

Constituents 

isolated 
 Alkaloids   : Tiliacorine, 

Tiliacorinine, 

Nortiliacorinine A, 

Tiliaresine, Tiliacosine, 

Tiliasine, N-methyl 

Tiliamosine 

 Lactone : 4-hydroxy-3-

[heptadeca-5’(ɛ)-

dienyl]-5-

nonadecadihydrofuran-

2(3H)-one  

 Esters    : 

Octyl(benzoylamino)ac

etate and  Heptadeca-4-

ene-acetate 

  Oil       : Acuminatide 

Activity Antioxidant, Antibacterial, 

Antifungal, Anticancer,     

Anti inflammatory, 

Antidiabetic, Thrombolytic, 

Antidiarrhoeal, Wound 

healing activity. 

 

 

 

 

CONCLUSION 

The world over there has been considerable increase 

in demand for the herbal medicines. The side effects 

associated with the allopathic drugs necessities the 

herbal drug usage. Many studies have revealed the 

diverse pharmacological actions such as anti 

inflammatory, antidiabetics, antimicrobial, anticancer, 

antidiarrhoeal, antioxidant and wound healing 

property of Tiliacora acuminata plant. It seems 

worthwhile to explore further  the individual 

phytoconstituents  of Tiliacora acuminata for  specific 

pharmacological activities. 
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ABSTRACT 

Corticosteroids are the drugs used for multifarious diseases because of their widespread action. It 

is suggested that these drug use should not be ceased rapidly, rather than it should be finished 

gently. Due to their diversity of actions and uses, more no of interactions with the drugs and 

diseases were recorded. It is well known that there is a strong relationship between corticosteroid 

use and psychiatric effects. Both the steroid induced psychiatric symptoms and diagnosis are 

uncertain. Hence Pharmacists are the best person to mould a suitable drug therapy and a 

management regimen for corticosteroids induced adverse events in patients. They can also play an 

important role in educating the patients about corticosteroids and their psychic disturbances. Since 

physicians do not take any interest in to alert the patients about the usage, interactions and highly 

severe psychiatric problems of steroids, the need of pharmacists becomes very important. 
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INTRODUCTION 

Corticosteroids are the widely used drug for multifarious diseases. Cortisone was first legally 

introduced in July 19501 and the reports about psychiatric adverse effects also came out in the 

same year2. Corticosteroids are the compounds having the sterols nucleus with the side chain at 

Carbon-17 varies and are produced in the adrenal gland from cholesterol. These are two types 

Glucocorticoids e.g. Beclomethasone, budesonide, hydrocortisone etc. & Mineralocorticoids, e.g. 

Aldosterone 3.The important physiological functions of steroid hormones are stress management, 

immune response, regulation of behaviour & inflammation, blood electrolyte levels, carbohydrate 

metabolism and protein catabolism. Glucocorticoids like cortisol affect metabolism of 

carbohydrate, fat and protein, and have vasoconstrictive, immunosuppressive, anti-inflammatory 

and anti-proliferative actions.  Mineralocorticoids like aldosterone are mainly involved in the water 

and electrolyte balance by regulating ion transport in the epithelial cells of the renal tubules of the 

kidney4. It is suggested that these drug use should not be ceased rapidly, rather than it should be 

finished gently. Due to their diversity of actions more number of interactions are reported with the 

drugs and diseases.3, 5.And also corticosteroids are associated with a number of serious adverse 

effects, both physiologic and psychiatric6.  It is already established that the long term and high 

doses of corticosteroid use produce several side effects. The systemic side-effects are very much 

important that include mainly diabetic mellitus, infection, hypertension, osteoporosis, peptic ulcer, 

weight gain, Cushingoid features and the psychiatric problems7. Mental changes in patients are not 

uncommon after corticosteroid use. Steroid psychosis-related symptoms include depression, 

mania, psychosis, and delirium8. The relationship between corticosteroids and psychiatric adverse 

effects has been known for several decades9. The syndromes are known to be as “steroid 

psychosis,” which is considered as representative exogenous psychiatric disorder. However, 

steroid psychosis is not a clearly defined clinical entity but consists of heterogeneous syndromes 

with obviously different pathophysiological mechanisms10. But the exact underlying mechanism of 

steroid-induced psychiatric problems, diagnosis and their treatment options have been   labelled. 

Both the symptoms and the diagnosis of steroid psychosis are unclear. When corticosteroid 

induced psychosis emerge, physicians had to face a difficulty in treating the underlying medical 

diseases. Thus, clinical studies including    corticosteroid induced psychiatric disturbances are 

challenging and they can provide some treatment options and can shed some light on the 

pathomechanisms of endogenous psychiatric disorders11. Also there is an urgent need for clinical 

research and it should focus on the longitudinal course and therapeutic response of these cases. 
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Pharmacists can play a vital role in patient’s education about corticosteroids.Eventhough, 

pharmacists’ knowledge about corticosteroid-induced psychiatric problems may be limited, and 

they can effectively coordinate a multidisciplinary team to provide a suitable drug therapy for the 

patients. A studious attention is needed by pharmacists in counselling and educating patients and 

their caregivers to facilitate their knowledge about these potentially serious health problems. Since 

physicians do not take any interest in to alert the patients about the usage, interactions and highly 

severe psychiatric problems of steroids, the need of pharmacists becomes very important12, 13. 

Incidence 

It is very important to think carefully about the baseline prevalence of psychiatric illness. 

According to a report from the National Institute of Mental Health (2011), except the 

developmental and substance use disorders the prevalence of serious mental illness was found out 

4% in adults14. A meta-analysis conducted by, Lewis and Smith involving 11 uncontrolled studies 

by 935 adult patients, found the incidences of 13% to 62% psychiatric reactions and stated an 

average incidence of 27.6%.The severity of psychiatric reactions was found out by 3 point scale 

scored according to mild, moderate, severe the reaction and found out that most of the reactions 

were considered as mild or moderate. The authors form the same article also showed a best 

assessment of severe corticosteroid-introduced psychiatric disturbances. They specified in their 

meta-analysis study of 2555 patients from 13 uncontrolled studies, the occurrence of 5.7% average 

psychiatric incidence contributed  by corticosteroids8.Naber et al stated in his study containing 50 

ophthalmologic patients without any psychiatric symptoms, received a high-dose 

methylprednisolone or fluocortolone for 8 days. In which within 3 days of therapy 26% developed 

mania, and 10% developed depression15. Also in a double-blind crossover prospective study of 

Wolkowitz et al found that eight subjects developed symptoms of mild hypomania and 1 of 

depression from 12 healthy volunteers who were received 80 mg of prednisone or placebo for 5 

days16. Likewise Bolanos et al observed in his case-control study of 20 patients who were under 

the long-term low-dose corticosteroid therapy and 14 volunteers with similar illnesses who were 

not receiving corticosteroid therapy a 60% lifetime risk of corticosteroid-induced mood or anxiety 

disorder. Here the dose of corticosteroid (prednisolone) was 7.5mg/day and time period for the 

therapy was more than 6 months. In this study 20 patients compared with the 14 volunteers and 

discovered that patient presented more commonly with depression than with mania12. When go 

through the children response, Mitchell et al observed 1500 children during Acute Lymphoblastic 

Leukaemia (ALL) therapy, found an incidence of 6% behavioural adverse effect due to 

Dexamethasone. The behavioural adverse effects include both the externalising and internalising 
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behaviour abnormalities. Also he provided a good estimate on developing depression for girls and 

aggressive domain for boys17. 

Risk Factors 

By assessing the literatures there is a few threads to identify individuals at risk for steroid 

psychosis. The risk factors for corticosteroids are mainly the dose, gender and the concurrent 

diseases. Gender considered as one of the risk factor to develop steroid psychosis. Females have 

statistically significant, increased risk for psychiatric disturbances than males18, 19, 20. Dosage was 

also shows a direct relation with the occurrence of adverse effects. A high dose seems to be a 

primary risk factor for psychosis. The Boston Collaborative Drug Surveillance Program reported 

that among patients taking prednisone, psychiatric disturbances are seen in 1.3% of patients taking 

<40 mg/day, 4.6% of patients taking 40-80 mg/day and 18.4% of patients taking >80 mg/day21. 

Hence, it is well contributed that high steroid dose is a reason for the precipitation of psychotic 

symptoms in these patients22. Rosenberg et al reported an incidence of developing mental 

disturbances in 33% of patients suffering from pemphigus who were under corticosteroid 

treatment23. So other concurrent diseases are associated with the development of mental 

disturbances, e.g. rheumatoid arthritis, psoriasis1, ulcerative colitis24, and asthma25. A history of 

previous psychiatric problems or a steroid psychosis can increase a patient’s risk for developing 

psychotic reaction. Other risk factors include hypoalbuminuria and use of drugs which can 

increase circulating levels of corticosteroid like cytochrome P450 enzyme inhibitor 18, 20. 

Psychiatric Adverse Events 

Approximately 60% reports are came out about the psychiatric adverse events due to the regular 

intake of corticosteroid for their drug therapy of various deseases9, 12. Mania is related with usage 

of high-dose steroids and occur much earlier in the course of treatment, whereas Depression 

developed with long-term corticosteroid use12, 15, and 26. According to the evidence based studies, it 

was shown that patients experienced 26% mania and 10% depression during the therapy of 

Prednisolone 80mg/day dose for five days15. Psychiatric adverse effects can also occur in patients 

receiving lower doses of corticosteroids for variable duration27, 28.Cognitive impairment and 

psychosis, presenting with confusion, hallucinations and delusions, have also been reported29, 30. 

The most commonly reported corticosteroid-induced psychiatric disturbances are affective, 

including mania, depression, or mixed states12. 

 Management Strategies 

The main management strategies of corticosteroids induced psychic disturbances are reduction of 

the dose, treatment discontinuation or treated with medications normally used in patients with 
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psychiatric or neurological disorders31. In the event that patient suffer corticosteroid induced 

psychiatric reactions, the use of antipsychotic medications alone or in combination, has proven 

very helpful. Most of the antipsychotic drugs are emerged to treat the corticosteroid-induced 

psychiatric adverse effects.eg: risperidone, aripiprazole and lamotrigine32, 34, 35, 36, 37. Mood-

stabilizing drugs, such as lithium and valproics acid, are able to control the symptoms caused by 

corticosteroids38. A review of literature conducted by Lewis and Smith suggested that usage of 

single steroid was found to be effective in more than 90% of cases. But there will be a lack of 

guidelines to treat corticosteroid related psychic problems among the prescribers8. 

To educate the patients about adverse effects at each patient encounter can enhance early 

identification for adverse corticosteroid-induced psychiatric reactions. To illustrate this have an 

example of study conducted by, Reckart and Eisendrath recruited 8 patients with chronic diseases 

to discuss their experience with corticosteroid adverse effects. Out of 8 patients only one had been 

interacted by physician about the development of adverse psychiatric disturbance and 5 got 

psychic problems, but they had not reported about their ADR due to their fear to communicate 

with physician. The end result of study concluded that an overly stimulating environment 

exacerbated patient’s condition39.  

In summary, for acute corticosteroid-induced psychiatric disturbances, atypical antipsychotics are 

generally act as a treatment option to yield the greatest outcome with the lowest adverse effects. 

Limited data suggest a role for antidepressants in depressed patients who require long-term 

corticosteroid administration40.  From a review of the literature, it can be observed that diverse 

classes of medications have been used to manage a range of psychiatric disturbances that develop 

in patients taking corticosteroids across the lifespan41.  

Pharmacist Role In Management Of Psychiatric Disturbances 

The role of the pharmacist in the management of psychiatric symptoms has changed over the past 

several years. They can be actively involved in drug distribution and therapeutic drug monitoring 

and thus allowing the pharmacist to make pharmacotherapy recommendations and to become 

involved in designing and monitoring treatment plans. Pharmacists have had a positive impact on 

the quality of patient care and outcomes in several diseases like asthma, chronic obstructive 

pulmonary diseases, immunological diseases etc., where the corticosteroids used. Patient can 

effectively communicate with physicians through pharmacist as they help to improve their 

approaches to the medications42, 43. So it concluded that along with the prescription of specific 

pharmacological agents, Pharmacists should take a stand and work closely with doctors for 

identifying and managing psychiatric disturbances.  
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Table 1: Drugs used for the treatment of corticosteroid induced psychiatric problems. 

Drugs Classification Indication Adverse  event associated with drug use 

Aripiprazole Antipsychotic  Mania Akathisia, light-headedness. 

Chlorpromazine 

 

Antipsychotic Mania infertility, sedation, anticholinergic effects, 

orthostatic hypotension 

Haloperidol 

 

Antipsychotic Psychosis Extrapyramidal side effects, orthostatic 

hypotension, neuroleptic malignant 

syndrome,  

Olanzapine 

 

Antipsychotic Mood changes weight gain, diabetes, sedation, increased 

risk of stroke in older dementia patients 

Risperidone Antipsychotic Psychosis Akathisia, orthostatic hypotension, 

increased risk of stroke and mortality in 

older dementia patients 

Sertraline 

 

Antidepressants Depression and 

psychosis 

agitation, confusion, dizziness, insomnia,  

hyperthermia, muscle rigidity 

Sodium 

valproate 

Mood 

stabilizers 

Mood changes Ataxia, drowsiness, paraesthesia. 

Lithium 

 

Mood 

stabilizers 

Psychosis Fatigue, nephrotoxicity, skin reactions, 

polyuria, vertigo, weight gain 

Lamotrigine 

 

Mood 

stabilizers 

Cognitive  

impairment 

Double vision, dizziness, loss of 

coordination, ataxia, skin reaction. 

CONCLUSION 

In the current scenario various psychiatric problems such as delirium, depression, mania, psychosis 

and cognitive/memory impairment occur in a large proportion of patients taking corticosteroids as 

their regular medications. Even though there are no clinical guidelines on the treatment of 

psychiatric adverse effects. So the pharmacist should take it as a challenge to overcome this 

situation by several means of pharmaceutical care. A more proactive approach should be taken 

whereby unique educational programs are implemented in pharmacy practice to specifically focus 

on counselling patients and family caregivers in relation to corticosteroid use. Pharmacist should 

establish relationships with patients to ensure the appropriateness of corticosteroid therapy and 

patients understanding about the therapy and to monitor the psychic effects of therapy. It can 

achieve a definite outcome that improve patient’s quality of life. 
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INTRODUCTION 

Heterocyclic compounds are cyclic compounds 

which possess at least one heteroatom within the 

ring system. The heteroatom may be nitrogen, 

oxygen, sulphur, phosphorous and boron. These 

compounds are used as pharmaceuticals, veterinary 

products, sanitizers, developers, copolymers, dye 

stuff, and agrochemicals. A large number of 

heterocyclic compounds, both synthetic and natural, 

are pharmacologically active and are in clinical use. 

The interesting fact about heterocyclic compounds is 

ABSTRACT 
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mercaptopyrimidines and 2-aminopyrimidines exhibit greater similarity with pyrimidine nucleobases. This is one 

reason why they hold broad-spectrum of biological activities. Substitutions on these pyrimidine ring systems 

results in compounds with numerous biological activities like antioxidant, anti-inflammatory, antimicrobial, 

analgesics, antitubercular and so on. Chalcones on condensation with urea derivatives in the presence of a base 

and an alcohol produces pyrimidines. Chalcones are prepared by Claisen-Schmidt Condensation reaction. This 

review is intended to study the synthetic routes, chemistry and biological activities of various substituted 

pyrimidines. 
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that, they are essential for sustaining life on earth, as 

they constitute the major compounds which are 

involved in the mechanism of life. Genetic material, 

the basis of each life, is also composed of 

heterocyclic bases like pyrimidines and purines1. 

Pyrimidines are six membered heterocyclic aromatic 

organic compounds containing two nitrogens within 

the ring system, at 1 and 3 positions. It is present in 

nucleic acids and vitamins2. The pyrimidine bases 

that are present in living cells are thymine, cytosine 

and uracil. The nucleic acids RNA (ribonucleic acid) 

and DNA (deoxyribonucleic acid) have cytosine 

moiety, whereas thymine is present only in DNA and 

uracil in RNA3. The base pair analogs of pyrimidine 

nucleotides play a vital role in drug development. 

The pyrimidine nucleus possess a wide array of 

pharmacological activities like antimalarial, 

antimicrobial4,5, antioxidant, anti- inflammatory, 

cytotoxic3
 
and antitubercular activity6-8. The diverse 

pharmacological activities of pyrimidines have 

created interest in designing promising novel 

molecules. Numerous marketed drugs having 

pyrimidine and fused pyrimidine are proof of their 

pharmacological potential. A few drugs among this 

category are Methotrexate, Flurouracil, Floxuridine, 

Tegafur, Trimethoprim, Flucytosine and 

Idoxuridine9. 

 

SYNTHESIS OF PYRIMIDINE DERIVATIVES 

Classic method for the synthesis of pyrimidine is 

Biginelli reaction. Falsone F S et al, reported on the 

one-pot synthesis of dihydropyrimidines. They used 

an aldehyde, acetoacetate, urea and tetrahydrofuran 

(THF) containing polyphosphate ester (PPE) to 

produce dihydropyrimidine derivativee10. 

Electrophilic activation of N-vinyl or N-aryl amides 

with carbonitriles using 2-chloropyridine and 

trifluromethanesulphonic anhydride yields 

pyrimidine derivatives9. 

Another synthetic procedure is a two-step process. 

First step involves the claisen-schimdt condensation 

of an aldehyde with aromatic ketone to produce 

chalcones. These chalcones on reaction with urea 

derivatives in the presence of a base and alcohol 

yield pyrimidine derivatives11-13. As in Figure No.1. 

Thiophene-2-carbaldehyde on reaction with 

substituted aromatic ketones yield corresponding 

chalcones, which up on reaction with urea in the 

presence of sodium hydroxide and ethanol forms 

various 2-hydroxy pyrimidine derivatives14. 

A mixture of substituted chalcones produced by the 

reaction of 4- nitrobenzaldehyde and substituted 

acetophenone; in presence of ethanol/glacial acetic 

acid and sodium hydroxide yields 2- 

mercaptopyrimidine derivatives15. 

Prasad Y R et al, synthesized a series of 2-

aminopyrimidines using chalcones of 4’-piperizino 

acetophenone and substituted aldehyde, with 

guanidine hydrochloride in ethanol and potassium 

hydroxide16. Studies also show that chalcones on 

reaction with guanidine hydrochloride in the 

presence of potassium tert-butoxide in butanol gives 

2-aminopyrimidine derivatives. 

Sahoo B M et al, reported the green chemistry 

approach by microwave irradiated synthesis of 2-

hydroxypyrimidine derivatives. The study was 

carried out, using microwave at 210 W for 7-10 min 

for a reaction mixture containing Chalcone and urea 

dissolved in ethanol and 40% potassium hydroxide 

solution17. 

 

PHARMACOLOGICAL ACTIVITY OF 

PYRIMIDINES  

Antimicrobial Activity 

Monica Kachroo et al, reported that 2-

aminopyrimidine derivatives (3a-3e) showed more 

antibacterial activity than the corresponding 2-

mercaptopyrimidine derivatives and 2-

hydroxypyrimidine derivatives. Compounds 4-

Pyridin-4-yl-6-p-tolylpyrimidin-2- ylamine (3b) and 

4-(4-methoxyphenyl)-6-pyridin-4-yl-pyrimidin-2- 

ylamine(3c) showed good antibacterial activities 

against gram positive and gram negative bacteriae11. 

M. Mumtaz Mohammed Hussain et al, reported that 

2- Hydroxypyrimidines (4a-4l) showed significant 

activity against gram positive and gram negative 

bacteria. 2-hydroxypyrimidines with substitutions 4-

methyl, 4- bromo and 3-nitro groups showed 

significant activity against gram positive bacteria 

like E.fecalis and S.aureus,; whereas all compounds 

displayed  moderate activity against gram negative 
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bacteria K.pneumoniae. Compounds 4-(4-

nitrophenyl)-6-(thiophen-2-yl) pyrimidin-2-ol and 4-

(3-nitrophenyl)-6-(thiophen-2-yl) pyrimidin-2-ol 

showed good activity against E.coli. 4- (substituted 

phenyl)-6-(thiophen-2-yl) pyrimidin-2-ol showed 

good antifungal activity against C.albicans and 

A.fumigatus14. 

Studies also revealed that 2-mercaptopyrimidine 

derivatives (RPY 1-RPY 8) showed moderate 

antifungal activity when compared with the standard 

drug fluconazole. Compound 6-(substituted phenyl)-

4-(nitrophenyl) pyrimidin-2-ol with substitutions 4-

fluro, 4-amino and 4-methoxy groups showed good 

antibacterial activity against gram positive and gram 

negative bacteria15. 

Anti-tubercular Activity 

It has been reported that the compound 4-(4-

fluorophenyl)-6- pyridin-4-yl-pyrimidin-2-ylamine 

Figure No2 showed excellent antitubercular activity 

at a concentration of 3.12μg/ml as compared to other 

compounds11. Studies showed that 2-

hydroxypyrimidines possess significant 

antitubercular activity with Minimum Inhibitory 

Concentration ranging at 12.5μg. Compound 4-

(substituted phenyl)-6-(thiophen- 2-yl) pyrimidin-2-

ol with substitutions 4-nitro, 4-amino, 4-fluro and 3-

nitro showed potent antitubercular activity when 

compared with the standard drug INH14. Bhat K I et 

al, reported that compounds 6-(4-methylphenyl)-4- 

(nitrophenyl) pyrimidin-2-ol [RPY 5] and 6-(2-

methylphenyl)-4- (nitrophenyl) pyrimidin-2-ol [RPY 

7] showed significant antitubercular activity at a 

concentration of 6.25μg/ml compared to the standard 

drugs streptomycin and pyrazinamide15. 

Antioxidant Activity 

Monica Kachroo et al reported that most of the 2-

hydroxy, 2- amino and 2-mercaptopyrimidine 

derivatives showed moderate antioxidant activity as 

compared to the standard ascorbic acid. Compounds 

like 4-(4-fluorophenyl)-6-pyridin-4-yl-pyrimidin-2- 

ylamine (3d) and 6-(4-flurophenyl)-4-pyridin-4-yl-1, 

6- dihydropyrimidin-2-thiol (2d) exhibited excellent 

activity at 10μg/ml11. 

Cytotoxic Activity 

Studies revealed that the in vitro cytotoxicity against 

Ehrlich Ascites Carcinoma (EAC) cells reported that 

compounds 6-(4- flurophenyl)-4-(nitrophenyl) 

pyrimidin-2-ol [RPY 2] and 6-(2- methoxyphenyl)-

4-(nitrophenyl) pyrimidin-2-ol [RPY 8] possess 

potent activity. These compounds induces an activity 

more than 60% at a concentration of 200μg/ml on 

EAC cells15. 

Anti-inflammatory Activity 

Derivatives of 2-mercaptopyrimidine exhibited 

excellent anti- inflammatory activity when compared 

to the corresponding derivatives of 2-hydroxy and 2- 

amino pyrimidine [Figure No.3]. Compounds 2e, 2d 

and 3d showed potent activity as compared to 

standard indomethacin at 200μg/ml. Also 2b, 3c and 

4c exhibited good in vitro anti-inflammatory 

activity11. 

Vishal D Joshi et al reported that 4-chlorophenyl and 

4- flurophenyl derivative of 2-hydroxy pyrimidine 

(D1, E1), 2- mercaptopyrimidine (D2, E2) and 2-

aminopyrimidine causes significant inhibition of 

paw edema at the dose 100μg/ml. As compred to the 

standard drug diclofenac sodium, 4-flurophenyl 

derivatives showed maximum inhibition at the 4th 

hour16. 

Analgesic Activity 

Vishal D Joshi et al reported that 4-chlorophenyl and 

4- flurophenyl derivative of 2-hydroxy pyrimidine 

(D1, E1) and 2- mercaptopyrimidine (D2, E2) 

showed significant analgesic activity when 

compared to the standard drug pentazocine. The 

study also points that the activity decreases after 90 

minute of administration, which points its shorter 

duration of activity16. 

Antihistaminic Activity 

Prasad Y R et al reported that 2-aminopyrimidine 

derivatives showed significant antihistamine activity 

as compared with standard drug mepiramine. The 

study points out that the percentage histamine 

inhibition increases with increase in concentration of 

compounds (RCP 1-5) from 0.1μg/ml to 0.8μg/ml. 

Fluorine substituted compound, RCP 1 [Figure 

No.4] showed greater antagonistic activity, whereas 

chlorine substituted ones exhibited moderate 

activity17. 

Rahman S A et al, also studied on pyrimidines 

derived from chalcones of 4’-piperazine 

acetophenone and reported that bromine-substituted 
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and 2-hydroxyphenyl-substituted pyrimidines 

showed greater anti-histaminic activity18. 

Anthelmintic Activity 

Sahoo et al, reported that derivatives of 2-

hydroxypyrimidines showed excellent anthelmintic 

activity as compared to the standard drug 

albendazole. Compound 4-(4-hydroxyphenyl)-6- 

phenylpyrimidin-2(1H)-one [4e] [Figure No.5] 

exhibited potential anthelmintic activity 25 ± 0.36 

and 35 ±0.72 min for paralysis and death 

respectively. All other compounds showed 

significant anthelmintic activity19. 

Antihypertensive Activity 

Rana K et al, reported that dihydropyrimidine 

derivatives possess potent antihypertensive activity. 

Various 6-methyl-4- substitutedphenyl-2-thioxo-1, 2, 

3, 4-tetrahydropyrimidine-5- carboxylic acid ethyl 

esters and 6-methyl-4-substituted phenyl-2-S- 

alkyl(benzyl)-1, 4-dihydropyrimidine-5-carboxylic 

acid ethyl esters were synthesized and evaluated for 

their calcium channel blocking activity, by 

comparing with the standard drug nifedipine. S-

Ethyl derivative possess potent antihypertensive 

activity with least IC50 value20. 

Kumar B et al reported a similar study on 

antihypertensive activity on 6-methyl-4- 

substitutedphenyl-2-oxo-I, 2, 3, 4 

tetrahydropyrimidin-5-carboxylic acid ethylesters, 

6methyl-4-substitutedphenyl-2-thioxo-I, 2, 3, 4 

tetrahydropyrimidin5-carboxylic acid ethyl esters 

and 6-methyl- 4substitutedphenyl-2-S-alkyl-1, 4-

dihydropyrimidin-5-carboxylic acid ethyl esters. The 

S-benzyl moiety in the S-derivatives possess 

maximum activity due to the increased lipophilic 

character21. 

Anticonvulsant Activity 

Shaquiquzzaman M et al studied 14 derivatives of 2-

(2-{1- phenyl-ethylidene}hydrazinyl) 4-(4-methoxy-

phenyl)-6-oxo-1, 6- dihydro-pyrimidine-5-

carbonitrile for their anticonvulsant activity by 

measuring their ability to reduce seizure spread and 

by evaluating seizure threshold. It has been found 

that p-substituted bromo and m-substituted nitro 

groups possess greater activity, with lesser CNS 

depressant effect22. 

Anticancer Activity 

 Xie F et al synthesized 2, 4, 5-substituted 

pyrimidine derivatives and evaluated their inhibition 

on human hepatocellular carcinoma BEL-7402 

cancer cell line. The results suggest that most 

compounds exhibited excellent activity with lesser 

IC50 value. The study also reveals that an electron 

donating group in the 2nd position of pyrimidine, 

determines the anticancer activity23. 

Hypoglycemic and Hypolipidemic Activity 

Lee H W et al studied on various substituted 

pyrimidine derivatives having Thiazolidinedione 

(TZD) moiety for their hypoglycemic and 

hypolipidemic activity as compared to pioglitazone 

and rosiglitazone. Results showed that compounds 5-

(4-{2-[methyl-(6-phenoxypyrimidin-4-yl) amino] 

ethoxy} benzyl) thiazolidine-2, 4-dione and 5-

(4-{2-[6-(4-methoxyphenoxy) pyrimidin-4-yl] 

methylamino ethoxy}benzyl) thiazolidine-2, 4dione  

are having excellent hypoglycemic and 

hypolipidemic activity24. 

Antiviral Activity 

Holy et al studied the antiviral activity of 6-[2- 

(Phosphonomethoxy) alkoxy] pyrimidine derivatives 

and concluded that 6-[2-(phosphonomethoxy) 

ethoxy] and 6-[2- 

(phosphonomethoxy) propoxy] pyrimidines are the 

most active antiviral agents among the series. Their 

activity is comparable to 9-[2-(phosphonomethoxy) 

ethyl] adenine (PMEA) and 9-(R)-[2- 

(phosphonomethoxy) propyl] adenine (PMPA). 

These compounds are active against a series of 

viruses like herpes viruses [herpes simplex type 1 

(HSV-1) and type 2 (HSV-2)] and retroviruses 

[human immunodeficiency virus type 1 (HIV-1) and 

type 2 (HIV-2)25. 

Ramiz M M M et al, reported that N-substituted 

pyrimidine glycosides possess antiviral activity 

against Hepatitis B Virus (HBV), and was evaluated 

using the HepG2.2.2.15-cell line26. 

Danesh A et al synthesized four pyrimidine 

derivatives and evaluated their antiviral activity 

using plaque reduction assay. Compound2-(4-

methyl-6-morpholino-5-nitropyrimidin-2- ylamino)-

3-phenylpropanoic acid and 2-(4-methyl-5-nitro-6- 

(pyrrolidin-1-yle)-pyrimidin-2-ylamino)-3-
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phenylpropanoic acid shows significant activity. The 

study also points out that the 5- nitropyrimidine 

derivatives possess potential antiviral activity27. 
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Figure No.2: 4-(4-fluorophenyl)-6-pyridin-4-yl-pyrimidin-2-ylamine 
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Figure No.3: General structure for 2-substituted pyrimidine derivatives 
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Figure No.5: Structure of 4-(4-hydroxyphenyl)-6-phenylpyrimidin- 2(1H)-one [4e] 

 

CONCLUSION 

Pyrimidine derivatives showed a variety of 

biological activities. Derivatives of 2-

hydroxypyrimidine, 2-mercaptopyrimidine and 2- 

aminopyrimidine showed significant antimicrobial, 

anticancer and antitubercular activity, depending on 

the substitution of electron withdrawing and electron 

donating groups on the pyrimidine nucleus. 2-

Substituted pyrimidines possessing 4-flurophenyl 

group or 4-chlorophenyl group shows potent 

antioxidant, anti- inflammatory, antihistaminic 

activity and analgesic activity. Cytotoxic activity is 

shown by 2-mercaptopyrimidines with fluorine at 4th 

position. 2-hydroxypyrimidines exhibits excellent 

anthelmintic activity. Dihydropyrimidine derivatives 

shown anticonvulsant and antihypertensive activity. 

Depending on the substitutions, pyrimidine moeity 

possess antiviral, hypoglycemic and hypolipidemic 
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activity. This review has been done with the sole 

objective of understanding the various 

pharmacological activities of pyrimidine nucleus and 

it seems to have enormous potential to be explored 

further. 
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ABSTRACT 

Glochidion velutinum is a small tree or a large shrub which belongs to the family 

Euphorbiaceae, which is widely distributed in India, Nepal and Pakistan. Velvety Melon 

Featherfoil and Downy melon feather foil are the common names of the plant whereas it is 

well known with its synonyms such as Gynoon heyneanum and Phyllanthus nepalensis etc. 

The whole plant was reported as medicinally important. The various phytochemicals 

reported with the plant species are tannins, flavonoid, alkaloid and steroidal saponins etc. 

Various pharmacological activities also were reported with the particular plant species, 

including cytotoxicity, anti-diabetic activity, antioxidant activity, anti-bacterial activity. This 

review work mainly emphasizing on the pharmacological effects of the various plant extracts 

with special attention to its reported phytochemical constituents. Various databases were 

referred to include a systematic, relevant and up to date review. 
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INTRODUCTION 

Nature is being the greatest and the most 

reliable source of medicines which can 

cure a large variety of ailments and to 

keep the humans healthier1. Natural plant 

products are the best therapeutic agents 

now a day. This fact is the greatest 

attraction to many of the research scholars 

to focus on the potential biological 

activities of the plant kingdom 2.  

 

Glochidion velutinum is such a promising 

plant species which is exhibiting a plethora 

of biological activity. It belongs to the 

family of Euphorbiaceae (Table: 01) and is 

particularly well known with its anti cancer 

property 3 .There are more than 250 species 

under this genus worldwide, while most of 

them are still unexplored 4. 

    
Fig:01Glochidion velutinum   Fig: 02 Leaves, Fruits and                Fig: 03 Stem Bark 

                                Small tree                              Male flowers           

                                                  [Picture courtesy 5] 

 

Glochidion velutinum, is a small 

monoecious tree or large shrub up to 9 m 

with subcomplanate branches and leaves. 

It is mainly seen in India, Nepal, China etc 

and it is locally known as Matachhar6, 

Chinna usiri, Velvety melon. Traditionally, 

this plant was widely used in the treatment 

of diabetes, inflammation, cancer, healing 

of wounds and diarrhea7. A tribal 

community of far-western Nepal named 

‘Raute’ were used the paste of the bark for 

correcting the dislocation of bones and 

the paste of the fruits for curing pimples8,9. 

The crude extracts of root, stem and leaf 

exhibit good membrane stabilizing 

capacity on human RBC10. The suspected 

reason for these activities are the 

phytoconstituents such as alkaloids, 

tannins, saponins and flavonoid known to 

be present in it or reported 11. 
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PLANT PROFILE 

Binomial name: 

Glochidion velutinum Wight 

Kingdom Plantae 

Phylum Tracheophyta 

Class Magnoliopsida 

Order Malpighiales 

Family Euphorbiaceae 

Genus Glochidion 

Species velutinum 

Table 01: Plant profile (12) 

SYNONYMS 

Glochidion velutinum is well known with many of its synonyms (13) such as follows. 

certBradleia ovata Wall. 

Diasperus asperus Kuntze 

Diasperus heyneanus (Wight) Kuntze 

Diasperus nepalensis Kuntze 

Diasperus velutinus (Wight) Kuntze 

Eriococcus glaucescens Zoll. 

Glochidion asperum Bedd. 
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Glochidion nepalense Kurz 

Gynoon heyneanum Wight & Arn. 

Phyllanthus asperus Arg. 

Phyllanthus heyneanus (Wight) Arg. 

Phyllanthus nepalensis Arg. 

Phyllanthus velutinus (Wight) Arg. 

GEOGRAPHICAL DISTRIBUTION:  

A good percent of varieties in Glochidion genus is chiefly distributed in Tropical Asia, Pacific islands and 

Malaysia. A few in Tropical America and Africa. Glochidion velutinum is mainly seen in eastern parts of Asia, 

particularly, China, Pakistan, India, Nepal, Bangladesh, Myanmar, Thailand, Cambodia, Laos, Vietnam 14. 

COMMON NAMES 15:  

Malayalam   : Kayara, Kaira, Chathakkadambu 

Tamil   : Chinna usiri, Panickaavu 

Telungu  : Mattachaar 

Others   : Velvety Melon Feather foil 

: Downy Melon Feather foil 
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FAMILY DESCRIPTION 

Plants coming under Euphorbiaceae family 

are usually found as trees, shrubs or herbs 

often present with milky sap. They posses 

simple or stellate hairs, rarely peltate sceles 

and the leaves are alternate, sometimes 

opposite or palmate at base usually 

stipulate. They can be monoecious or 

dioecious with small flowers, solitary or in 

clusters, spikes, racemes, pannicles or 

cymes or in cup like cyathia, unisexual 

actinomorphic. Their Calyx are of 3-6  

partly united segments, petals 3-6, stamens 

2-many which are free or variously united 

into a column or bundles. Ovary is superior 

and 2-4 celled. Styles are 2-4, free or 

united, simple or bifid with ovules of 1-2 per 

ceel, acile. Fruits are usually  capsule 

aplitting into 2-3 segments, each have 1-2 

seeds, occasionally fleshy or leathery and 

indehiscent seeds often16. 

GENUS DESCRIPTION 

Glochidion is mainly evergreen trees 

or shrubs where leaves are alternate, 

pinnately veined, entire and stipulate. They 

are monoecious and its flowers are in 

axillary clusters. Male flowers have 6 sepals, 

no petals, no disc-glands, 3-8 stamens, and 

their filaments connate into a column 

which dehiscing by vertical slits. Female 

flowers have sepals (6-12), petals (0), ovary 

3-15 celled, styles connate and usually 

columnar lobed at apex, sometimes 

globose or broas and flat. Fruits are woody 

capsule, 3-15 lobed, seeds 3-15 each with 

a red ari-like coat. 16 

 

SPECIES DESCRIPTION 

Glochidion velutinum is a large shrub or 

tree to 10m and the shoots densely pale 

tomentose. Leaves are ovate broadly 

elliptic or obovate, 4.5-8 x 2-5cm, acute or 

bluntly apiculate base cuneate or 

rounded. They became dark brown on 

drying, densely pubescent beneath 

petioles 2-3mm. Male flowers are on 

pedicels 4-8mm, stamens 3, whereas 

female pedicels 2-5mm, styles froming a 

slender pubescent column obscurely 

toothed at apex. Capsules are depressed 

with globose 9-13mm, conspicuously 8-12 

lobes pubescent 16. 

BOTANICAL DESCRIPTION 17 

Habit : A monoecious small tree or a large 

shrub of about 6-10 m height 

Trunk\bark: Bark brown, scaly when 

mature and blaze pink. 

Branch lets : Branch lets terete and 

tomentose. 

Leaves: Leaves simple, alternate, distichous 

stipule caducous and leaving scar  

petioles up to 0.5 cm long, planoconvex in 

cross section, tomentose 

lamina 14.5 x 5 cm, ovate to elliptic-

oblong, unequal sided, apex acute with 

mucronate tip, base asymmetric, margin 

entire, tomentose beneath 

secondary nerves 6-8 pairs, nerves hairy on 

both surfaces 

tertiary nerves horizontally percurrent 

Flowers : Inflorescence axillary clusters, 

tomentose 
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flowers unisexual, monoecious. 

Fruit& seed     : Capsule depressed 3-6 

locular, lobed. 

Key identification  

Features :Shrubs or small trees with 

flexuous,velvety-pubescent 

branches.  

:Leaves ovate- elliptic, sub 

acute, pubescent along 

nerves. Stamens 3. 

: Calyx of female flowers 

deeply lobed, style villous.  

:Schizocarp distinctly stalked, 

depressed globose, 8-lobed 

 

PHYTOCHEMICAL STUDIES: 

 Various parts of the plants such as 

leaves, stem, root were subjected to the 

preliminary phytochemical investigations 

and different phytochemical constituents 

such as Tannins, Alkaloids, Flavonoid, 

Starch, Saponins, carbohydrates etc were 

found 18. 

Islam et al had reported the 

presence of carbohydrate, alkaloid, 

steroid, tannin, flavonoid and saponin in 

the methanolic, ethyl acetate and n-

hexane extracts of the leaves of 

Glochidion velutinum19. Sandhya S et al 

reported that carbohydrate, protein, 

alkaloid, tannins, steroids and saponins 

were present in the Petroleum ether 

extract, Chloroform extract, N-Butanol 

extract and Methanol extracts of roots of 

Glochidion velutinum20. 

More interestingly, both the bark 

and leaf extracts had shown the 

absence of Triterpenoid19,20, whereas the 

Glochidion genus mainly posses 

triterpenoidal saponins1 in many of its 

species such as Glochidion hohenuckeri 
21  and Glochidion ellipticum22 to provide 

the various biological potentials. 

PHARMACOLOGICAL POTENCY 

CYTOTOXICITY  

Glochidion velutinum have a folklore claim 

for Anti cancer activity3. A recent work on 

the investigation of cytotoxicity of the 

leaves of Glochidion velutinum on eggs of 

Artesia saline through Brine Shrimp lethality 

bioassay (BSLA)23 by using various extracts 

of the leaves (20 mg of extract in 400 µL of 

pure Dimethylsulfoxide [DMSO], and sea 

water [3.8% NaCl] to a total volume of 20 

mL) was done. The work was concluded 

that, cytotoxic activity of the plant with 

LC50 values of 428.47μg/ml, 651.92 μg/ml 

and 598.54μg/ml respectively for 

Methanol, Ethyl Acetate and n-Hexane 

extracts and a concentration dependent 

increment was observed in the percent 

mortality. Here, methanol extract of the 

leaf was said to be toxic, ethyl acetate 

and n-Hexane extracts as weakly toxic on 

the basis of their LC50 values. Finally, they 

had suggested for an extensive research 

work to derive the active constituent 

responsible for this activity19. 

 

Sandhya et al had investigated all the 

parts of the plant such as leaf, stem and 

root for the evaluation of the cytotoxic 

property of the Glochidion velutinum. The 

various plant parts were powdered and 
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extracted with Petroleum ether, 

Chloroform, n-Butanol and Water. 

Cytotoxicity evaluation was done with 

Trypan blue exclusion method on Daltons 

Lymphoma Ascites (DLA) and Erlisch 

Ascites Carcinoma (EAC) cell lines and 

Brine shrimp lethality test. These are the two 

preliminary screening techniques for the 

cytotoxicity studies of the extracts and 

here it showed an excellent result for 

Glochidion velutinum extracts with 90-100 

% cytotoxicity at a concentration of 50, 100 

and 200 μg/ml. n-Butanol extract of stem 

showed more activity among all the 

extracts 18.  

 

ANTI OXIDANT ACTIVITY  

 

Antioxidant activity of the plant extract is 

of great interest for the researchers, 

because of the free radicals like reactive 

oxygen species which can be responsible 

for the cure of several diseases such as 

Heart disorders, stroke, arteriosclerosis, 

cancer, aging and much more24. All the 

parts of the plant such as leaf, stem and 

root were used in this investigation to 

evaluate the antioxidant property of the 

Glochidion velutinum. The various plant 

extracts were made up with Petroleum 

ether, Chloroform, n-Butanol and Water for 

different parts of the plant. Total Phenolic 

content, Superoxide radical scavenging, 

Hydrogen peroxide scavenging, inhibition 

of  hydrogen peroxide induced 

erythrocyte hemolysis and FRAP assay 

were  involved here to evaluate the anti 

oxidant potential of the extracts, which 

was expected to be attributed due to their 

high polyphenol content25.  

 

 A similar work on antioxidant activity, a 

comparative study of non-polar and polar 

solvent extracts of Glochidion velutinum 

was done by employing DPPH free radical 

scavenging assay28, where the scavenging 

of free radical was indicated by the color 

change of deep violet color to pale yellow 

or colorless. 1.56 to 800 μg/ml of the crude 

extract was observed for free radical 

scavenging against a standard Ascorbic 

acid solution of 1.56 to 50 μg/ml. All the 

four extracts were showed significant 

difference in their antioxidant activity 

which is evident from their LC50 values, 30 

μg/ml, 25.4 μg/ml, 0.755 μg/ml, 2.6 μg/ml 

respectively for hexane, chloroform, 

methanol and ethanol extracts.  

 

Total Phenolic content determination by 

Folin-Ciocalteu reagent (FCR) based 

colorimetric method26 at 765 nm also had 

performed by using Gallic acid as the 

standard whereas Quercetin was the 

standard used for the total Flavonoid 

estimation by colorimetric method 

involving Aluminium chloride27. Hexane, 

Chloroform, Ethanol and Methanol extracts 

were subjected to that particular study. Of 

the various extracts, Methanol and ethanol 

extracts exhibited higher total Phenolic 

content (29.89 ± 2.28 and 17.9 ± 1.26 

mg/gm GAE [Gallic acid equivalent] 

respectively) as well as Flavonoid content 

(48.12 ± 2.28 and 30.22 ± 2.84 mg/gm QE 

[Quercetin equivalent]) and thus posess 

better antioxidant activity 21  
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ANTIDIABETIC ACTIVITY 

 

Diabetes mellitus is a group of metabolic 

disorder associated with hyperglycemia, 

glycosuria etc. A study on the evaluation 

of the in- vivo anti-diabetic activity of the 

leaves of Glochidion velutinum by 

employing alloxan (140 mg/kg) induced 

diabetes with Albino wistar rat models. This 

was performed to know the efficacy and 

the safety of local herbal drugs as an anti-

diabetic agent. Methanolic and the 

aqueous extracts of the plant were 

subjected to the study. 400g/kg of crude 

aqueous extract as well as the methanol 

extracts of the leaves were injected to 

both the normal rats and alloxan induced 

diabetic male rats. After the oral 

administration of the extracts, blood 

glucose levels of the rats were monitored 

at a time interval of 0,2,4,6 and 8 hour 

each day, up to 15 days. This particular 

research work provided scientific evidence 

to the significant anti-hyperglycemic 

activity exhibited by both the extracts of 

the leaves which are comparable to that 

of the standard drug Glibenclamide 0.28 

mg/kg. Blood sugar level was decreased 

to155±4 and 160±4 mg/DL from 314±5 

mg/DL by the methanolic and aqueous 

extract respectively over 15 days29.   

 

Another study which was done with 

Streptozotocin-Nicotinamide induced type 

2 diabetic rats also proves the activity of 

the plant extract. Diabetes mellitus was 

induced by 60mg/kg Streptozotocin and 

120 mg/kg Nicotinamide on overnight 

fasted rats30.  Here, ethanolic extract of G. 

velutinum leaves, at a dose of 200 and 400 

mg/kg to the rats were administered and a 

significant rate of blood glucose level 

reduction, comparable to the standard 

drug Glibenclamide 10mg/kg, was 

reported for induced diabetic rats in 

comparison with the diabetic control rats. 

Both the doses of ethanolic extract 

resulted in a noticeable alteration in the 

lipid profile, SGOT, SGPT levels than that of 

the diabetic control rats. This work also 

supporting the anti diabetic activity of the 

methanolic extract of the plant where it 

shows more activity for 400 mg/kg dose 

than that of 200 mg/Kg extract with a 

percentage reduction of 52.19±2.71 and 

31.90±4.05 respectively31. 

 

ANTIUROLITHIATIC ACTIVITY 

 

The process of stone formation in the 

kidney, bladder, and urethra is called as 

Urolithiasis. No any side effects were 

reported yet with the herbal drug usage in 

Urolithiasis and it is the major attracting 

feature for having more herbal remedies. 

Methanolic extract of dried leaves of the 

Glochidion velutinum was employed as a 

preventive measure in the Urolithiasis 

induced in the rat models for this research. 

0.75% ethylene glycol and 1% ammonium 

chloride were employed to induce 

Urolithiasis32 for 21 days in rats and the 

efficacy of the drug was tested against 250 

and 500 mg/Kg of the extract while 

750mg/kg Cystone was the standard drug 

used here. Then the levels of calcium, 

phosphate, oxalate in 24 hour urine and 

kidney along with BUN, creatinine, uric 

acid in serum were measured. 

Histopathlogical analysis of kidney was also 
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done. Conclusion of the work was the 

significant reduction in the stone formation 

rate observed in calculogenic rats by the 

methanolic extract of the dried leaves of 

Glochidion velutinum which is confirming 

the nephroprotective effect of Glochidion 

velutinum33. 

 

ANTI BACTERIAL ACTIVITY 

 

A recent work employing high throughput 

antibacterial method by using the dye 

resazurin (1 ml of 0.01% dye) as an 

indicator of bacterial growth exhibited a 

good profile for the aqueous extract of 

stem bark (0.1 to 10 mg/ml) of Glochidion 

velutinum as an anti bacterial agent. This 

particular work was done to evaluate the 

anti bacterial activity of the selected 

medicinal extract against various strains 

such as E. coli, B. subtilis, P. aeruginosa and 

S. aureus (multi-drug resistant strain) by 

incorporating the evaluation of drug 

susceptibility by combined measurements 

of microtitre-plates, colorimetric and 

haemocytometric assays. In the preliminary 

screening, aqueous extract shows activity 

against Staphylococcus aureus, Bacillus 

subtilis, Pseudomonas aeruginosa, with a 

Minimum Inhibitory Concentration (MIC) of 

200, 190, 110(μg/ml) and Minimal Bacterial 

Concentration (MBC) of 250, 250, 

200(μg/ml) respectively for each organism) 

with streptomycin and tetracycline as 

reference antibiotics35. 

 

A similar work was done to have a 

preliminary antibacterial screening of 

Glochidion velutinum extract 6 by the disk 

diffusion method using nutrient agar 

medium. The paper disks of 6mm diameter 

were made from sterile Whatman-1 filter 

paper followed by the impregnation with 

500 μg of hexane, chloroform, methanol 

and ethanol extracts. Disks were then 

gently placed on the agar plates seeded 

in the test micro organism, where the zones 

were previously marked. From the results of 

antibacterial activity, it is evident that the 

methanol and ethanol extracts of the 

leaves exhibited better activity than the 

hexane and chloroform extracts6. 

 

CONCLUSION: 

This review work was an attempt to 

postulate the phytopharmacological 

characters of Glochidion velutinum, a 

promising natural weapon. Even though 

Glochidion is a very vast genus containing 

more than 250 species of well known 

potentials and folklore claims, we have to 

say Glochidion velutinum is not yet 

explored well as per the reported works. 

Most of the species coming under 

Glochidion genus are expected to provide 

their pharmacological effects due to the 

widely constituted Flavonoid and 

Triterpenoid Saponins. However, the 

phytochemical screening of this particular 

plant species indicates the absence of 

Triterpenoids and the presence of 

Polyphenols, which attributing the 

appreciable antioxidant properties. These 

facts also making an interesting platform 

for the upcoming researchers to discover 

the actual phytochemistry behind this 

plant. The significant results reported by the 
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various extracts as cytotoxic, antioxidant, 

antidiabetic, anti urolithiatic and 

antibacterial agent will boost up our 

confidence level to go ahead with this 

plant species to fasten the access of this 

novel molecule to enhance the human 

health 
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ABSTRACT

According to the WHO, “Self-medication is an element of self-care based on selection and use of medicines by 
individuals to treat self-recognized illnesses or symptoms.” Antibiotics are necessary drugs in developing countries 
where most of the death due to infectious diseases. Growth of pathogen resistance in human to antibacterial drugs 
mainly due to the antibiotic self-medication and is a major reason for the transmission of antibiotic drug resistance. Self-
medication with antibiotics can lead to irrational drug use, which exposes patients to drug interactions, development of 
drug resistance, and difficulties in diagnosing different diseases. Inadequate dose, less duration of treatment, and the 
often regarded as the irrational drug use practices in self-medication practice. Therefore, standard guidelines for the 
antibiotic use should be framed to reduce the human pathogen resistance along with proper educational programs in the 
community level to improve the knowledge of the patients about the adverse effects and consequences of self-medication 
practice. The review mainly focused to discuss the prevalence, commonly treated illnesses, source of antibiotic choice, 
antibiotic usage, causes of self-medication, consequences, the influence of resistance on economy and health of public, 
and different challenges. This paper also discusses the current scenario of antibiotic resistance and newer antibiotic 
development.

KEY WORDS: Antibiotic Resistance; Self-Medication; Prevalence; Infectious Disease

INTRODUCTION

“Self-medication is an element of self-care based on selection 
and use of medicines by individuals to treat self-recognized 
illnesses or symptoms.[1]” Among the world, antibiotics 
are mainly used to purchase as compared to other class of 
drugs.[2] The different aspects which lead to antibiotic self-
medication are poverty, unreachability, medical professional’s 
unavailability, healthcare facilities of a low standard, 
uncontrolled medicines distribution, and consumer’s 
misinterpretation about physician’s attitude.[3,4]
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Self-medication with antibiotics can lead to irrational 
drug use, which exposes patients to drug interactions, 
development of drug resistance, and difficulties in 
diagnosing different diseases.[5,6] Inadequate dose, less 
duration of treatment, withdrawal of treatment on reduction 
of symptoms of disease, and distribution of medicines to 
other patients are the often irrational drug use practices 
in self-medication practices.[7] The major problem with 
the antibiotic resistance is the development of bacterial 
strains of multidrug-resistant, which are resistant to 
almost all the class of antibiotic drug available in the 
market. Increased duration of illnesses, frequent doctor 
visits, more hospital stays, decreased drug options, the 
requirement of costly medications, and even death are the 
end products of antibiotic drug resistance.[8] The increased 
probability of self-medication with antibiotics is mainly 
due to inappropriate dispensing practice, important that all 
the sales should be regulated to control the misuse of the 
antibiotics.

National Journal of Physiology, Pharmacy and Pharmacology 



Sunny et al. Self-medication and antibiotic resistance

 National Journal of Physiology, Pharmacy and Pharmacology   8222019 | Vol 9 | Issue 9

Bacterial resistance now becomes a major concern for 
physicians from all over the world due to its vast spread in 
society and potential hazardous behavior.[9] Evidence required 
from the different studies to implement various steps to 
improve the drug use among the community. These evidence-
based information helps to decrease bacterial resistance.[10]

PREVALENCE OF SELF-MEDICATION

About 7.3–85.59% is the prevalence of self-medication 
among various countries, with an average prevalence of 
42.64%. The rate of prevalence varies greatly between the 
study volunteers and different countries. Among the various 
countries, India and Nepal resulted in high prevalence of self 
medication practice and low rate of self medication practice 
reported from Indonesia and Bangladesh. The males were 
more exposed to self-medication with antibacterial in most 
of the studies. The medical students and health professionals 
are more prevalent to self-medication with antibiotic while 
comparing with the general public.[10]

In India, the prevalence of self-medication differs greatly 
between different regions of the country. About 55% of self-
medication practice reported in Meghalaya, which were 
male gender predominates the female gender in the use of 
self-medication.[11] Similarly, Ahmad et al. stated that 50% 
of self-medication practice shown in Northern India.[12] The 
study in Uttar Pradesh shows the prevalence of 69.6% within 
the recall period of 1 year[13] and in Southern Rajasthan, the 
prevalence of self-medication was found to be 73.6% within 
recall period of past 3 months.[14] In South India, Balmurugan 
and Ganesh revealed that 71% of the study population using 
self-medication practice.[15] However, the study in medicals 
students of South India reports 92% of self-medication 
practice.[16] The study from Urban Delhi shows a significant 
higher percentage of self-medication practice with 92.8%.[17] 
In Puducherry and Kochi, the prevalence of self-medication 
much lesser than other places with 11.9%[18] and 21.5%,[19] 
respectively.

Outside India, the prevalence of self-medication was found 
to be 77.6% in Malaysia[20] and 86.4% in Brazil.[21] In China, 
self-medication practice is reported with approximately half 
of the total study population (50%).[22] About 69.2% practiced 
self-medication in Italy at least once[23] and prevalence of self-
medicine use in Sri Lanka was reported that 33.9% and 35.9% 
in urban and rural population, respectively.[24] In Ethiopia, 
Abrha et al. stated that 62.8% of subjects using self-medication 
practice as modern drugs and herbs which were females are 
more self-medicated than male population[25] and Shafie et al. 
revealed that 69.9% were female and 30.1% were male with 
self-medication prevalence rate of 75.5%.[26] According to 
Afridi et al. and Baig, the prevalence of self-medication was 
reported to be 84.8% (males 88.4% and females 81.2%)[27] 
and 61.2% (males 64.5% and females 58.5),[28] respectively, 

in Pakistan. The prevalence of self-medication practice 
in elderly patients of Iran was reported to be 83%[29] and 
significantly lesser 33.7% of prevalence was found to be in 
students of Kermanshah University of Medical Science in 
Iran.[30]

COMMONLY TREATED ILLNESSES

Self-medication mainly used for the symptoms or illnesses 
such as fever, gastrointestinal tract diseases, sore throat, 
respiratory diseases, and common cold.[10]

In Northern Israel, upper respiratory tract infection and 
cystitis are the most frequent disease condition for the use 
of antibiotics followed by tonsillitis, pneumonia, and otitis/
sinusitis.[31] Similarly, antibiotics usage mainly reported for 
cystitis disease condition in Sweden.[32]

In Northwest Nigeria, Ajibola et al. revealed that “malaria, 
typhoid, stomach pains, diarrhea, and dysentery were the 
most common illnesses for which self-medicated antibiotics 
were used among undergraduate students and community 
members.[33]” In Northwest Ethiopia, Gelayee stated that 
“headache was the common symptom for irrational use of 
antimicrobials.[34]”

Similarly, bronchitis, sore throat, and common cold were 
the most prevalent causes for self-medication, followed by 
urinary tract infection and dental infection in Europe.[35,36]

CAUSES OF SELF-MEDICATION

Nowadays, patients desire to take a prominent part in the 
nurture of their own health and are frequently capable to 
control recurrent and chronic infections after correct medical 
diagnosis and with only periodic professional advice, 
for example, use of antifungal agents, antibiotics, oral 
contraceptive drugs, topical corticosteroids, and histamine 
H2-receptor blocker agents. They are preferably reluctant to 
accept to the troublesome of attending a doctor as they think 
they can handle the situation with their own knowledge.[37]

Phalke et al. stated that “Urge of self-care, feeling of sympathy 
toward family members in sickness, lack of time, lack of 
health services, financial constraint, ignorance, misbelieves, 
extensive advertisement, and availability of drugs in other 
than drug shops are responsible for growing trend of self-
medication.[38]”

Similarly, Nepal and Bhatta. stated that “Previous experience 
of treating a similar illness, feeling that the illness was mild 
and did not require the service of a physician, less expensive 
in terms of time and money, gaps in terms of knowledge, 
attitudes, and practices regarding antibiotic use, such as 
keeping leftover antibiotics for future use, sharing antibiotics 
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with others, and belief that antibiotics can speed up recovery 
and eradicate any infection, were the most common reasons 
for self-medication with antibiotics among the general 
public.[10]”

ANTIBIOTICS USAGE IN SELF-MEDICATION

As the information from Apoteket (the National Corporation 
of Swedish Pharmacies), penicillin V and doxycycline were 
the most widely used antibiotic in the region.[39] Similarly, 
penicillins were the most commonly used antibiotic followed 
by cephalosporins and macrolides in Northern Israel.[31]

Furthermore, the metronidazole and ampicillin/cloxacillin 
were the most repeatedly used antibacterial in the group 
of undergraduate students and community members, 
respectively. In addition, the community members are more 
exposed to self-medication with ciprofloxacin as compared to 
undergraduate students.[33] The reports in Bangladesh similar 
to the study of undergraduate students as metronidazole were 
the most commonly self-medicated antibiotic.[40] Penicillins 
(ampicillin and amoxicillin) are regularly used for the 
treatment of different diseases among Nigeria, UAE, and 
Mongolia revealed in similar studies.[41-43]

In Nigeria and other developing countries, fluoroquinolones 
inappropriate use has been the main reason for the transmission 
of pathogens of fluoroquinolones resistant, causes first-
line treatment/empirical therapy more difficult to cure the 
diseases such as typhoid and other bacterial infections.[44,45]

Dermatological problems and stomach ache/diarrhea are 
often self-reported adverse reactions.[36]

SOURCE OF ANTIBIOTIC CHOICE

Antibiotics can be easily procured in developing countries as 
compared to western countries were mainly due to the strict 
rules for the use of antibiotics in patients. As a result, less 
cases of antimicrobial resistance reported from developed 
countries when compared to developing countries.[46]

The pharmacists were the major source for the choice of 
self-medication with antibiotic followed by friends and 
family. As compared to the doctors, the pharmacist has 
limited amount of knowledge about the disease pathology. 
Hence, the pharmacist mainly considered for the patient 
counseling about the drug use and its consequences, instead 
of dispensing medication without a valid prescription. Thus, 
counseling patients, promoting rational use of antibiotics and 
elimination of drug dispensing without the right prescription 
are the main duties of a pharmacist.[10]

Dispensing without prescription was the main source for the 
self-medication in eastern countries, followed by leftover 

medications. However, as compared to the northern, southern, 
and western countries, leftover medication was the major 
reason for self-medication than the direct dispensing from 
the pharmacy. The other origin of self-medication was drugs 
procured from friends and relatives, stored drugs procured 
from abroad, and drugs obtained over the internet.[35]

Similar two studies performed in the U.S., Ceaser, and Wurtz 
interviewed 101 adults on a city street, 26% comment that they 
had kept the remaining portion of their antibiotic prescription 
and 14% responded as they would use the leftover antibiotic 
without consulting a health-care provider.[47] In suburban 
Emergency Department, 43% of patients reported using 
antibiotics in the past year (vs. 38% in the present survey) and 
17% had taken antibiotics available in the premise without 
consulting a physician in a second survey of 1363 patients.[48]

CONSEQUENCES

A vital drawback of antimicrobial self-medication is the 
continuing emergence and spread of antimicrobial resistance 
all over the world, with more cases reported from the 
developing countries than the developed countries due to the 
inappropriate drug dispensing without prescription.[49]

Its indiscriminate use expands the severity of adverse events, 
symptoms of drug discontinuation, drug interaction, bacterial 
infection, hypersensitivity, and correct diagnosis tend to 
delay due to masking of diseases symptoms.[49-52] Among, the 
development of bacterial strains of multidrug-resistant, often 
called as “super bugs” is the most important complication in 
antibiotic self-medication. These harmless bacteria can cause 
life-threatening infection by the development of multidrug 
bacterial resistance.[53]

Fatal Diarrhea

In children, inappropriate use of antibiotics mainly due to the 
incorrect diagnosis of the disease, which was the main reason 
for the fatal diarrhoea in children. For example, treatment 
with antibiotics for common cold due to viral infection, 
which is completely ineffective except for secondary 
infection. According to Frieden, “When antibiotics are 
prescribed incorrectly, our children are needlessly put at risk 
for health problems including Clostridium difficile infection 
and dangerous antibiotic-resistant infections.[53]”

Changes in Gut Flora

Irrational use of antibiotics may damage the normal function 
of gut flora. Due to high doses of antibiotics can kill beneficial 
bacteria in the intestine.[53] Greater risk of urinary tract 
infection also due to the continuous exposure of small doses 
of antibiotics which may change the gut flora, as resulted in 
young women of child bearing age.[54]
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Transfer of Resistant Gene

The bacteria can transfer their resistant gene to other type of 
bacteria while progress through the colon and by secreting 
genes between the membranes. These resistant genes 
eventually develop into antibiotic drug resistance.[53]

Untreatable Gonorrhea

Antibiotic resistant gonorrhea can develop through the 
inappropriate selection of drug and dose of the antibiotic 
medication. At present, CDC approves only cephalosporin 
antibiotics for the treatment of the drug-resistant gonorrhea.[53]

The wrong or inappropriate drug use expands the probability 
for the growth and spread of antibacterial resistance. 
Therefore, proper guidelines for the antibiotic use should be 
framed to reduce the human pathogen resistance and other.[55]

INFLUENCE ON ECONOMY AND HEALTH

The numerous resistant gene has been developed due to 
inappropriate antibiotic use[56] and antibiotic resistance can 
be lead to a burden on cost, morbidity, and mortality.[57] More 
toxic and expensive medications such as broad-spectrum 
antibiotics are required for the treatment of patients infected 
with drug-resistant microorganisms along with extended 
hospital stay.[56,58]

Prolonged hospital stay, highly expensive second-line drugs, 
increased requirement of diagnostic tests and care, higher 
chance of complication, and isolation charges are the main 
factors that contribute to the expensive treatment of the 
patients.[56]

In developing countries as compared to the developed 
countries, the effect of antibiotic resistance on health and 
economy is more significant due to the determinants such as 
increased health care cost, more vigorous disease condition, 
and tremendous increase in death rate.[58]

CURRENT SCENARIO OF ANTIBIOTIC 
RESISTANCE

Recent studies reveal that the current available medicines are 
infective against the new infection and it is also important to 
note that the studies on discoveries of antibiotics against the 
antibiotic-resistant pathogens are limited.[59,60] As compared to 
investment in drugs for chronic diseases, the pharmaceutical 
industries are not much interested in the development of 
newer antibiotics due to the concern of profit.[59-63]

In India, antibiotic-resistant bacteria infections account for 
more than 58,000 infant deaths in 2013, and about a total 
40% of the world’s antibiotics are manufactured in India.[64]

Nowadays, in some countries, a new practice has been 
followed as the transition of prescription drugs to Over The 
Counter (OTC) drugs often after a specified period time. 
The switch of “Rx to OTC” based on the scientific evidence, 
information from the patient about the use of drug and along 
with the experience in the treatment period. However, this 
switch promotes consumers to use drugs themselves to 
improve the disease condition without any proper consultation 
from the doctors. This practice can be lead to a more harmful 
condition in the patients for a long period of time.[65]

DEVELOPING NEW ANTIBACTERIALS

Discovery of newer antibiotics should be immediately 
launched to prevent the drug-resistant pathogens and to 
minimize the mortality connected with drug resistance.[61,66]

Today, we confront with a different situation, antibiotics 
currently available are losing their effect at an increased speed, 
along with diminished progress in new antibiotic development. 
In between the 1930s and 1960s, more than 12 new different 
classes of antibiotics were developed, but after that period, 
only two class of antibiotics were developed.[67]

The optimal drug treatment for multi-resistant Gram-negative 
infections not achieved till yet, and no any development 
of drugs from novel classes is performed shows in a study 
conducted by the top 15 pharmaceutical companies. The 
study also shows that only 1.6% of antibiotics development 
in the total development of drugs.[68]

However, reduced demand for antibiotics exists and the 
reduction of the anticipated return of investment due 
to the development of resistance, so the incentives are 
helpful to stimulate development of new antibacterial.[68] 
Scientific challenges are also an important challenge for the 
development of new antibiotics.[69]

The analysis at present must need to mainly focus on the 
current resistance patterns of the drug, in which more 
attention given to the drugs for the treatment of serious 
disease condition. At the same time, incentives should be 
provided to encourage the development of antibiotics with a 
new mechanism of action.[70]

Another problem is unavailability of the economic and 
efficient diagnostic method with high specificity and 
sensitivity to differentiate the bacterial disease from viral 
disease and to find the bacterial resistance pattern.[70]

CONCLUSION

Antimicrobial self-medication is an important concept to 
review to control antimicrobial resistance. Prevalence of 
antibiotic self-medication differs broadly among different 
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parts of the world, with the highest rates in Asia. Availability 
of drugs at home is accounted for the main risk factor for self-
medication practice, which mainly encourages as in the form 
of leftover drugs.[71-76]

The inappropriate use of antibiotics and the concurrent 
depletion in research and development of new antibiotics 
was the main reason for the development of antibiotic 
resistance. The attainment of a new era of medicine such as 
organ transplantation, cancer chemotherapy, and surgeries is 
restricted due to ineffective treatment and lack of standards in 
the prevention of antibiotic resistance.[70]

Patients role as consumers is growing stronger in case of 
antibiotics used as they required to access the information 
and knowledge to improve the use of antibacterial in self-
limiting infections, and treatment decisions should be based 
on scientific evidence along with modern tools is beneficial 
for the doctors to explain their decisions.[78]

Reduction of inappropriate antibiotic usage requires action 
at several levels. First is the exigency for well-organized 
execution of previously framed law to ensure that antibiotics 
are available without a prescription should enforce regulatory 
measures restricting access to prescription-only. Second 
is the need for the improvement in the quality of health 
facilities to attract more patients to health settings for the 
treatment. Third, proper education programs should conduct 
at the community level to improve the knowledge of the 
patients about the adverse effects and consequences of self-
medication practice.[77]
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ABSTRACT  

Statins or 3-hydroxy-methylglutaryl coenzyme-A (HMG-CoA) 

reductase inhibitors are cholesterol synthesis inhibitors. Statins are 

commonly prescribed drugs for the prevention of cardiovascular 

disease resulting from hypercholesterolemia. However, research study 

on statins showed pleiotropic effects, independent of cholesterol 

reduction. Tumor targeting of statins are supported by pleiotropic 

effects. Statins can be able to target tumour in drug delivery system. 

This review highlights the tumor targeting of statins in drug delivery 

systems and their applications. 

 

KEYWORDS: Statins, HMG-CoA reductase, tumor targeting, cancer therapy. 

 

INTRODUCTION  

Statins or 3-hydroxy-methylglutaryl coenzyme-A (HMG-CoA) reductase inhibitors are a 

potent class of cholesterol synthesis inhibitors and an established therapy for primary and 

secondary prevention of coronary artery diseases.
[1]

 Several large studies confirmed reduction 

in cardiac mortality and morbidity through the treatment with statins.
[2]

 These clinical 

benefits were majorly due to lowering of low-density lipoprotein cholesterol.
[3]

 Statins are 

commonly prescribed drugs for the prevention of cardiovascular disease resulting from 

hypercholesterolemia.
[4]

 Statins exhibit pleiotropic effects, independent of cholesterol 

reduction. In addition to their well-described antiatherosclerotic, antithrombotic, and anti-

inflammatory properties, data obtained from both in vitro and in vivo studies suggest that 

statins also have antiproliferative, antiangiogenic, and antimetastaticproperties.
[5]

 Cancer is 

second leading cause of death around the world. The most common treatment approaches for 
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cancer includes surgery, radiation, and chemotherapy. Now a days nanotechnology offers 

new technique for delivery of chemothery drugs.
[6]

 It offers high efficacy and specific 

targeting. Targeting approaches for tumor therapy includes different biological sites for drug 

targeting. They are targeting cytomembrane, endoplasmic reticulam, lysosome, mitochondria, 

cell nucleus, tumor microenvironmrnt. Statins may thus represent a novel therapeutic 

approach for cancer prevention and treatmen and improve intracellular calcium 

mobilization.
[7]

 The discovery of statins led to high improvement in the primary and 

secondary prevention of coronary heart disease.
[8]

 Lot of clinical benefits are accompanied 

with therapy and are significant. Clinical benefits correlated the reduction of blood 

cholesterol with reduction of the number of major coronary events and general mortality in 

coronary patients.
[9]

 

 

Several reports have indicated that statins possess anticancer properties under in 

vitro conditions.
[10]

 Time- and dose-dependent viability reduction has been observed in a 

number of cancer cells treated with different statins. In human melanoma cell lines, lovastatin 

has been shown to reduce viability or proliferation and induce caspase-dependent apoptosis 

through a geranylation-specific mechanism.
[11]

 Similar results have been obtained using 

simvastatin. Viability reduction, DNA fragmentation, cell cycle arrest and subsequent 

increase in the mRNA levels of p21 and p27 have been observed after prolonged incubation 

with the tested drug.
[12]

 However, the level of sensitivity to simvastatin is different in various 

cell lines used in this study. Atorvastatin has been reported to inhibit geranylation and thus 

reduce the in vitro metastatic potential of human melanoma cells.
[13]

 Statin derivatives 

reported for antic-cancer, anti-diabetic, antip-lipedemic activities. Rosuvastatin clinical 

application is limited due to its hydrophilicity.
[14]

 Selection of the appropriate statin for each 

cancer indication must be controlledby preclinical and clinical information available for 

specific drugs within particular class.
[15]

 Although all statins lower plasma lipids to a certain 

level, there are structural and pharmacologic differences that may lead to differences in 

anticancer activity. For example, the prodrug forms (lovastatin, simvastatin) have a greater 

effect on activity than active forms. Also, the statins obtained from fungal fermentation 

(lovastatin, simvastatin, pravastatin) are generally have the most potent antiproliferative 

effects.
[16]

 The hydrophilic statins such as pravastatin and rosuvastatin expected to have less 

anticancer activity than the lipophilic class due to a reduced ability to enter tumor cells. 

Pravastatin has less in vitro activity against breast cancer cell lines, this is due to either its 

hydrophilic nature or failure to enter the cells.
[17]
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Pravastatin has in vitro activity against multiple myeloma cells, is associated with lowering 

the risk of colorectal cancer. It appears to have significant activity in hepatocellular cancer. 

This proves that, certain drugs of the statin class will likely have activity against some 

cancers, and the need for trials that are controlled for both statin and tumor type.
[18]

 Structural 

modifications that would preserve tumor growth inhibition activity but allow for higher 

plasma levels and broader tissue distribution would potentially improve the anticancer effect 

of currently available statins.
[19]

 

 

CHARACTERISTICS OF STATINS 

Statins are chemically and pharmacologically different group of drugs that have the ability to 

inhibithydroxymethylglutaryl coenzyme A reductase.
[20]

 It is the enzyme that controls the rate 

limiting step of cholesterol synthesis. This inhibition is followed by other subsequence events 

associated with the mevalonate pathway.
[21]

 The clinical effects of statins were result from the 

ability to reduce cholesterol synthesis. It suggested that the benefit provided by simvastatin in 

individual patients indeed related to the change in low-density lipoprotein cholesterol.
[22]

 

Later studies explains however, clinical benefits of statins as a class on cardiovascular 

morbidity and mortality in patients with or without established atherosclerotic disease. 

Through the inhibition of HMG-CoA reductase, statins may affect a variety of processes; this 

may help to explain their non-lipid-related pharmacologic properties.
[23]

 Several recent in 

vitro and in vivo experiments have demonstrated that HMG-CoA reductase inhibitors have 

antiatherosclerotic effects.
[24]

 They are not related to lipid lowering. Because of their broad 

effects and their extremely low incidence of side effects, statins might even be called as the 

new aspirin.
[25]

 The currently available common statins are lovastatin, simvastatin, 

pravastatin, atorvastatin, fluvastatin and rosuvastatin.
[26]

 Cerivastatin was cause increased 

number of fatal rhabdomyolyses. Because of that cerivastatin withdrawn from the market.
[27]

 

The process of metabolization of statins is important from the safety circle of point. Several 

statins are metabolized via cytochrome P450.
[28]

 Only a small proportion of rosuvastatin and 

fluvastatin are metabolized via cytochrome P450 2C9. Because of that there is no high risk of 

dangerous drug interactions associated with statins as well.
[29]

 Patients taking other drugs 

which are metabolized by the same cytochrome P450 are at higher risk of side effects of 

statins.
[30]

 Only two of the statins are hydrophilic, they are pravastatin and rosuvastatin. It 

also important in prevention of “increased fluidity” of muscle cell membrane and then 

increased risk of myopathy.
[31]
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PHARMACOLOGICAL PROPERTIES 

The statins are orally administered and absorbed from the GI tract with bioavailability 

ranging from 5%-25%.
[32]

 The statins concentrated in the liver, they reduce hepatic 

cholesterol synthesis, which resulting in upregulation of hepatic LDL receptors.
[33]

 It will 

results in increased clearance of LDL receptors cholesterol from plasma. Except for 

rosuvastatin, statins are metabolized in the liver to active or inactive metabolites.
[34]

 All 

statins are eliminated by biliary excretion into feces. Statins are differ in their solubility 

properties. pravastatin and rosuvastatin are hydrophilic and remaining are lipophilic.
[35]

 

 

STATINS AND ANTI-INFLAMMATORY EFFECTS 

Inflammation plays a key role in coronary artery disease. Immune cells dominate early 

atherosclerotic lesions, and activation of inflammation can elicit acute coronary 

syndromes.
[36]

 In the study, decrease of CRP achieved 89% in the atorvastatin group and 85% 

in the pravastatin group. Generally, the greatest decreases of CRP were observed after 

treatment with atorvastatin or rosuvastatin.
[37]

 

 

STATINS AND PLAQUE GROWTH 

Statins have antiproliferative effects and inhibit transformation of contractile smooth muscle 

cell. Statins decrease synthesis of extracellular matrix and proteins, and thus decrease plaque 

growth.
[38]

 

 

STATINS AND ANGIOGENESIS 

Statins activate proteinkinase in endothelial cells and promote activity of endothelial nitric 

oxide synthethase. It helps to increased NO production and neoangiogenesis. It also improves 

myocardial aerobic metabolism.
[39]

 

 

STATINS AND PLAQUE RUPTURE 

Statins significantly reduce metalloproteinases activity. It play important roles in plaque 

rupture or fissuration. Decrease of blood pressure observed during long-term treatment with 

statins and it lead to improvement of rheology and arterial stiffness.
[40]

 

 

STATINS AND THROMBOSIS 

Statins have capacity to reduce fibrinolytic activity of the blood, decrease activity of PAI-1 

and inhibit thrombine generation.
[41]
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STATINS AND PLAQUE STABILITY 

The several pleiotropic effects of statins described are should be responsible for the stability 

of the atherosclerotic plaque.
[42]

 The most important discovery for plaque stability is the 

combination of lipid-lowering effects with pleiotropic ones.
[43]

 

 

TUMOUR TARGETING OF STATINS 

The results of toxicological studies showed that statins might prevent cancer. Statins are safe 

and well tolerated by most people who take them, and there is no persuasive evidence linking 

these drug to the development of cancer in humans.
[44]

 Results of case control studies support 

the hypothesis that prevent the certain malignancies including melanoma, and cancers of the 

breast, colon, and possibly prostate.
[45]

 

 

TUMOUR TARGETING OF ROSUVASTATIN AGAINST COLON CANCER 

Rosuvastatin may stop the growth of tumor cells by blocking the enzymes needed for cell 

growth. Giving rosuvastatin after surgery may kill any tumor cells that remain after surgery. 

It may also keep polyps from forming or colon cancer coming back. It is not yet known 

whether rosuvastatin is more effective than a placebo in treating colon cancer that was 

removed by surgery.
[46]

 

 

TUMOUR TARGETING OF LOVASTATIN AGAINST BRAIN TUMOR 

Lovastatin has been evaluated in a phase 1 trail in which maximum tolerated dose was 

25mg/kg/d administered on days1 through 7 of a 28-day cycle. No unexpected toxicity was 

observed at any lovastatin dose level. There were two minor and two partial responses in this 

group and no complete responses.
[47]

 Lovastatin was associated with little toxicity in this 

study and no patient discontinued the drug due to adverse events. Although two patients 

experienced episodes of atharalgias, no patients developed myopathy.
[48]

 These studies 

suggest that lovastatin is well tolerated at high doses and may have modest anticancer activity 

in high grade brain tumors.
[49]

 

 

TUMOUR TARGETING OF PRAVASTATIN AGAINST LIVER CANCER 

Pravastatin had anticancer activity when administered to patients with advanced 

hepatocellular cancer. The 83 patients were successfully completed the induction phase of the 

study and were randomly assigned to receive pravastatin, 20 mg daily for 2 weeks followed 

by 40 mg daily until disease progression or no further therapy.
[50]

 There were no significant 

differences among baseline patient characteristics in the two groups. The median survival in 
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the pravastatin group was significantly longer than that in the control group, and in 

multivariate analysis, pravastatin was a significant factor contributing to survival. The 

increase in maximal tumor diameter was smaller in the pravastatin group at 6 months and 1 

year, suggesting that pravastatin had a tumor growth inhibitory effect.
[51]

 

 

STATINS AND APOPTOSIS 

Statins trigger apoptosis in numerous experimental cancer models including both solid tumor 

and hematologic malignancies.
[52]

 Upregulated expression of certain proapoptotic proteins 

and downregulation of antiapoptotic proteins have both been observed in statin-associated 

apoptosis.
[53]

 Tumor cells can be rescued from statin-induced apoptosis by the addition of 

mevalonate or GGPP but only partially and released by FPP and not at all rescued by 

intermediates downstream of GGPP and FPP, including cholesterol.
[54]

 

 

EFFECTS ON COAGULATION PATHWAYS 

There is a relationship between cancer and coagulation and the use of anticoagulant drugs for 

prevention and treatment of thrombosis in cancer patients is common place, that 

anticoagulants have anticancer activity, especially in certain tumor types such as melanoma 

and small-cell lung cancer.
[55]

 Studies have shown that statins have antithrombotic activity, 

and it may be this characteristic of the drugs, rather than their lipid-lowering properties. Their 

efficacy in preventing cardiovascular, cerebrovascular, and venous thrombosis.
[56]

 The statins 

decrease the expression of tissue factor, a cell surface protein that is essential for the initiation 

of coagulation reactions and the synthesis of thrombin, a coagulation protein, is a potent 

growth factor for melanoma.
[57]

 Tissue factor is commonly expressed on the surface of 

melanoma cells and leads to thrombin production in the immediate vicinity of tumors.
[58]

 The 

mechanism by which statins may hinder melanoma growth and metastasis is by inhibiting 

Rho protein isoprenylation, which, results in diminished thrombin activity.
[59]

 

 

THE FUTURE OF STATINS FOR TUMOUR TARGETTING  

Because of the inhibitory mechanism of action, statins can be use in the natural history of 

cancer when disease burden is lowest in the adjuvant. The low incidence of side effects and 

the appreciative results suggested that these drugs will be taken as a prime candidates to test 

as chemoprevention agents.
[60]
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CONCLUSION 

The statins have multiple effects that may be used for other purposes including cancer 

prevention and supportive care of oncology patients. This review indicated that different 

statin derivatives showed different tumour targeting properties. Rosuvastatin can be used for 

targeting colon cancer. Lovastatin can target brain tumour. Pravastatin will target liver 

cancer. Stains can trigger apoptosis in both solid tumour and hematologic malignancies. 

Statins exerted effects on apoptosis, plaque stability, and angiogenesis The tumour targeting 

effects of statins helps to incorporate the drugs with different drug delivery systems.  
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ABSTRACT  

Isoxazoles are 5 membered heterocyclic compounds with 

promising biological activities. The marketed drugs such as 

valdecoxib and cloxacillin used as antibiotics have proven the 

efficacy of the isoxazole containing moiety. The substituted 

isoxazole derivatives displayed antimicrobial, antitubercular, 

anti-viral, anti-inflammatory, hypoglycaemic, antioxidant and 

anticancer activities. This mini-review describes the reported 

strategies to synthesize and evaluate the antibacterial, antifungal 

and antitubercular activities of some of the substituted isoxazole 

derivatives. 
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INTRODUCTION 

Heterocyclic compounds are widely distributed in nature which is essential for various 

biological activities. Nitrogen containing heterocyclic compounds are important building 

blocks in both organic and medicinal chemistry1. One of the major 5 membered heterocyclic 

compound isoxazole is an azole with an oxygen atom next to the nitrogen atom. Isoxazole 

exhibits a broad spectrum of biological activities and also forms a basis of several bioactive 

agents2. The substituted isoxazole derivatives displayed antibacterial3, antifungal4, antiviral5, 

anti-inflammatory, hypoglycemic6 and anticancer activities7. Isoxazole derivatives such as 

sulfamethoxazole, sulfisoxazole, cloxacillin, cycloserine, acivicin have been in commercial 

use for many years. The synthetic androgenic steroid, danazol also possess an isoxazole ring. 

Due to these activities, isoxazole containing drugs have been used as a prominent 

pharmaceutical agent. 

SYNTHESIS OF ISOXAZOLE DERIVATIVES 

1. 3-Alkyl, 5-aryl isoxazoles can be synthesized from aryl cyclopropanes with NaNO2 in 

CF3COOH8 (Scheme 1). 

R
R

1

R

N

O

R
1

NaNO2 / CF3COOH

Scheme 1
 

2. Claisen-Schmidt condensation of substituted acetophenone and aromatic aldehyde yields 

chalcones which on treatment with hydroxylamine hydrochloride and in presence of alkali 

affords respective isoxazoles9 (Scheme 2). 
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3. In the presence of isoamyl nitrite or tert-butyl nitrite provides the one-pot synthesis of 

3,5-disubstituted isoxazoles from substituted aldoximes and alkynes10(Scheme 3). 

R CH3

N

OH

+ CH R
1 ONO CH3

CH3

ethyl methyl ketone

65°C, 2 - 5 h

N

O
R

R
1

Scheme 3
 

4. An equivalent mixture of  3-(dimethylamino)-1-arylprop-2-en-1-one derivative and 

hydroxylamine hydrochloride was stirred at 50 °C in aqueous media to obtain 5-arylisoxazole 

derivatives in good yield11 (Scheme 4). 
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5. 9-chloro acridine on reflux with para amino acetophenone affords 1-(4-acridine 9-

ylamino) phenyl ethanone and reacted with various aldehyde to yield chalcone substituted 9-

anilino acridines. Substituted chalcones cyclized with hydroxylamine hydrochloride yields 

corresponding isoxazole substituted 9-anilino acridines12 (Scheme 5). 

N

Cl

N

NH

CH3

O

Ethylene glycol + 

piperidine
R-CHO

N

NH

O

CH3

NH2OH.HCl/EtOH/AcOH

N

NH

N O

R

2 -BuOH

Para amino acetophenone

Scheme 5
 

6. Various substituted acetophenones reacted with diethyl oxalate in the presence of sodium 

ethoxide to form 2, 4-diketo esters which on treatment with hydroxylamine hydrochloride 

furnishes substituted 3-isoxazole esters13(Scheme 6). 
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7. Regioselective synthesis via 1, 3-dipolar cycloaddition of aldoxime, sugar alkyne and 

triethylamine in dichloromethane and sodium hypochlorite affords sugar conjugates of 

isoxazole14 (Scheme 7). 

O

CH

D Glucose

R N

OH

N

O

O

R

D Glucose

CH2Cl2, NaOCl, Et3N

0°C_RT, 8 to 10 hrs

Scheme 7
 

ANTIMICROBIAL AND ANTITUBERCULAR STUDIES 

Francis Chevreuil et.al synthesized new 2-aryl-1-azol-1-ylpropan-2-olbearing a phenyl 

substituted 5-membered heterocyclic ring (Fig 1) by 1,3-dipolar cycloaddition and reported 

the synthesized compounds could be considered as potent broad-spectrum antifungal agents 

which is capable of overcoming the increased activity of efflux pump required for acquired 

resistance of azoles. Their antifungal activity was screened against C. albicans, C. glabrata, 

A. fumigatus and an azole-resistant petite mutant of C. glabrata. Tioconazole, fluconazole, 

voriconazole were used as standard drugs. Minimum Inhibitory Concentration (MICs) was 

determined using a microdilution assay in RPMI-1640 culture medium15. 
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Suryawanshi V.S reported the synthesis of 4,5-dihydro-3-(5-methyl benzofuran -2-yl)-5-

arylisoxazole (Fig 2) by the reaction of benzofuran chalcones with hydroxylamine 

hydrochloride in the presence of potassium hydroxide in ethanol. The synthesized compounds 

were characterized by IR, 1H NMR and elemental analysis and screened for their 

antimicrobial activity by cup plate method at the concentration of 500 μg/ml. Antibacterial 

activity was done against various microbes such as S. typhi and S. aureus. Antifungal activity 

was performed against A. niger and C. albicans. Penicillin and Griseofulvin were used as the 

standard. The synthesized compounds showed significant antimicrobial activity16. 

 

The synthesis of new isoxazole derivatives carrying 4-thiomethyl moiety was carried out by 2 

step synthesis.  In the first step, 4-Methylthiobenzaldehyde was condensed with various aryl 

ketones in the presence of potassium hydroxide to give a series of 1-aryl-3-(4-

methylthiophenyl)-2-propene-1-ones. In the second step, the obtained compound was treated 

with hydroxylamine hydrochloride in the presence of aq. alkali to yield 3,5-diarylisoxazoles 

(Fig 3). The synthesized compounds were characterized by FT-IR, 1H NMR, mass 

spectroscopy and compounds possess good antimicrobial activity against E. coli, S. aureus, 
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P. aeruginosa and K. pneumoniae bacterial strains by a disc diffusion method using 

ciprofloxacin as standard drug17. 

 

Substituted 2–amino benzothiazoles were prepared from different substituted amines via 

substituted phenylthiourea. 5-(substituted-benzothiazole-2yl)-amino-3- methyl isoxazole 

derivatives (Fig 4) have been prepared by the reaction of various synthesized 3-

Carboxamido-(substituted benzothiazole-2yl)-propane-2-one and hydroxylamine 

hydrochloride. The structures of the isoxazole compounds have been confirmed by elemental 

analysis and spectral analysis. Most of the compounds resulted in prominent antibacterial 

activity against various gram positive and gram negative organisms by agar plate method 

using chloramphenicol as standard18. 

 

Novel 3,4,5-trisubstituted isoxazole derivatives were synthesized by multi-step synthesis. In 

the first step 3,5-diarylisoxazole-4-carboxamide derivative (Fig 5) and in the second step, 

3,5-diaryisoxazole-4-methylamine derivatives (Fig 6) were synthesized. The structures of the 

newly synthesized compounds were characterized by 1H NMR, 13C NMR, LC-MS and 
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screened for their antifungal activity against A. flavus, F. oxysporum and C. albicans by the 

disc diffusion method. Most of the newly synthesized 3,4,5-trisubstituted isoxazole 

compounds exhibited remarkable antifungal activity19. 

 

 

A series of Isoxazole derivatives (Fig 7) were synthesized from chalcones and evaluated for 

their antimicrobial activities. Chalcones were synthesized by reaction of furan-2-

carbaldehyde with various acetophenones by Claisen-Schmidt condensation and chalcones on 

treatment with hydroxylamine hydrochloride and sodium acetate in ethanol yield isoxazole 

derivatives. Most of the compounds showed moderate to good antibacterial and antifungal 

activity (by cup plate method) compared to the standard drugs20. 
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Kamala Chand Gautam et.al, synthesized a series of new chalcones by the reaction of 2-

acetyl thiophene and substituted benzaldehydes. These were made to undergo cyclization 

reaction with hydroxylamine hydrochloride in ethanol to synthesize isoxazole derivatives of 

thiophene (Fig 8). The synthesized compounds were purified and elucidated with the help of 

IR and 1H NMR spectroscopy. The compounds were screened for antibacterial activity and 

antifungal activity by agar plate diffusion method, which suggested that four of the 

synthesized compounds were moderate to highly active21. 

 

5-(2,8-Bis (trifluoromethyl)quinolin-4-yloxymethyl) isoxazole-3-carboxylic acid ethyl ester 

(Fig 9) was reported to have promising antitubercular activity against both replicating and 

non replicating Mycobacterium tuberculosis. The antitubercular activity was specific for 

organisms of Mycobacterium tuberculosis complex and it reduced bacterial numbers in 

infected macrophages and it may act as a prodrug22. 
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The cyclization of 1-azido-4-methoxy benzene with acetylacetone in the presence of sodium 

ethoxide furnished 1-(4-methoxyphenyl)-5-methyl-1H-1,2,3-triazole-4-yl) ethanone and the 

Claisen-Schmidt condensation of the compound with different aromatic aldehydes yield 

triazolyl Chalcones. This on refluxing with hydroxylamine hydrochloride in glacial acetic 

acid afford 4-(5-(4-substituted phenyl) isoxazol-3yl) -1- (4-methoxyphenyl) - 5-methyl - 1H- 

1,2,3-triazoles (Fig 10). Antitubercular activity was performed against H37RV and DKU 156 

strain by using broth dilution assay. The results revealed that the synthesized compounds 

possess antimycobacterial activity23. 

 

One pot three component condensation reaction involving 4-(4-Nitrophenyl)-thiazol-2-

ylamine,benzaldehyde and mercapto acetic acid in the presence of catalyst given 4-(4-

Nitrophenyl)-2 phenyl-(2,3)bithiazolyl-4-one, which on reaction with aromatic aldehydes in 

the presence of CH3COONa and treatment with hydroxylamine hydrochloride result in 

isoxazolo-thiazole derivatives (Fig 11). The synthesized compounds were characterized by 

IR, 1H NMR, 13C NMR and MS spectra and screened for their antimycobacterial activity 

against  H37Rv. Thus the article reported that the synthesized compounds exhibited promising 

antimicrobial and remarkable anti-TB activity24. 
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Various chalcones were synthesized by the base catalyzed reaction between substituted 

aromatic ketones and substituted aromatic aldehydes. These chalcones on reaction with 

hydroxylamine hydrochloride furnished 3,5-disubstituted isoxazole derivatives (Fig 12). All 

the synthesized compounds were characterized by IR, NMR and mass spectroscopy. Further, 

these disubstituted compounds were evaluated for their antimicrobial, antifungal and 

antitubercular activity and thus it was concluded isoxazole derivatives substituted at 3 and 5 

position with aromatic rings posses promising activity25. 

 

CONCLUSION 

With the emergence of the researcher's interest in synthesis and evaluation of isoxazole 

derivatives have been emphasized the utility of isoxazole as a broad spectrum antimicrobial 

agent. Thus the present review describes the enhanced antimicrobial activity is due to the 

presence of substituents such as 4-methyl, 4-fluoro, 4-methoxy, 4-hydroxy, 4-amino, 4-

bromo, 4-nitro, 5-chloro and 6-chloro groups on aromatic ring directly attached to the 
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isoxazole. Smaller ester substituents such as propyl and butyl esters at position 3 of isoxazole 

ring favoured for the increased antimycobacterial activity. 
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ABSTRACT 
 

Nowadays, the term ‘hybrid drugs’ come to have recognition in the pharmaceutical field as they can potentially overcome most 

of the pharmacokinetic drawbacks and used in the treatment of many diseases. Discovery of hybrid anticancer drugs with high 

therapeutic activity leads to trigger two or more cytocidal pharmacological mechanisms of action acting in synergy to inhibit 

tumor growth. The review showcases the research that is at the prime edge of hybrid anticancer drug discovery. Isoxazole and 

its derivatives are an important class of heterocyclic compounds show a broad spectrum of biological activities which have made 

them significant structures. A modification in their structures by incorporating heterocyclic ring to the isoxazole moiety has 

offered a high degree of diversity that has manifest beneficial for the discovery of hybrid molecules of isoxazole derivatives with 

potent activity. Thus this review explains the various synthesis of different isoxazole hybrid molecules and their evaluation of 

the anticancer activity. 

 

Keywords— Hybrid molecules, Isoxazole derivatives, Synthesis, Anticancer activity 

1. INTRODUCTION 
A new series of hybrid molecules are developed by chemical hybridisation in which two drug pharmacophores are clubbed in to a 

single molecule with multifunctional or conjugated action.Hybrid molecules may also present synergestic effect compared to the 

discrete pharmacophores. Derivatives of isoxazoles containing fused heterocycles played an important role in the heterocyclic 

chemistry and offered a high degree of diversity that has manifest useful for the progress of new therapeutic agents having significant 

potency and lesser toxicity. Heterocycle linked isoxazole derivatives rising prevalence importance in medicinal chemistry so a 

remarkable amount of research effort has been fascinated on this nuclei.A new series of diverse isoxazole linked heterocycle hybrids 

are clinically preferred to traditional cytotoxic treatment.They also possess various range of biological activities such as 

anticonvulsant, anti-tubercular, anthelmintics,antioxidant ,anti-inflammatory,antimicrobial and so on. Modification in their structure 

has emerged as powerful technique for bring on new molecules useful for drug discovery. 

 

The main objective of this review article is to collect all possible methods that are used to synthesize isoxazole derivatives contain 

heterocycle by conventional method and to evaluate anticancer activity of selected compounds that exhibit a spectacular activity 

against the different cancer cell lines. 

 

2. SYNTHESIS 
Thiriveedhi et al., synthesized thirteen novel hybrid molecules of isoxazole derivatives (8a-m) by the Claisen-Schmidt condensation 

of suitable substituted acetophenones (1a-d) with isoxazole aldehydes. The key intermediates 5-substituted phenyl-isoxazole-3-

carbaldehydes (6a-d) were prepared in four sequential steps.The obtained carbaldehydes were condensed with 1-(substituted phenyl) 

ethanone (7a-d) in the presence of 10% aqueous sodium hydroxide solution to form isoxazole chalcone compounds as shown in 

figure 1. 

 

Twelve novel isoxazole synchronized quinazolinone derivatives (14a-l) were designed and synthesized by Radhika tumma et al., 

condensation of different 3-aryl-5-methyl isoxazole-4-carbohydrazides (13a-h) with 2-phenyl/2-methyl-(4H) 3, 1-benzoxazine-4-

ones to give the target compounds. The synthesis was accomplished as shown in figure 2. 
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Scheme 1 : Synthesis of novel hybrid isoxazole derivatives 
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Fig. 1: Synthesis of novel hybrid isoxazole derivates 
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Fig. 2: Synthesis of novel isoxazole synchronized quinazlinone derivates 
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Khaled et al., synthesized four new derivatives of isoxazole containing coumarin moiety (17a-d) by the treatment of 3-acetyl 

coumarin derivatives (15a-d) with Dimethyl Formamide Dimethyl Acetal (DMFDMA) in toluene afforded enamine derivatives 

(16a-d) which on cyclocondensation with NH2OH.HCl in absolute ethanol yielded the final compounds. 

 
Fig. 3: Synthesis of isoxazole containing coumarin derivatives 

 

Jagdish et al., framed an idea of incorporating thiophene moiety in to isoxazole derivative inorder to generate compounds with better 

pharmacological activity. It started with the condensation of 2-acetyl thiophene (18) with the various aromatic aldehydes (19a-l) in 

the presence of base to furnish the respective chalcones .Reaction between (20a-l) and hydroxylamine HCl in the presence of dry 

pyridine offered respective thiophene incorporated isoxazole derivatives (21a-l). 
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Scheme 4: Synthesis of isoxazole containing thiophene derivatives

21a =4-H                21g= 4-OH        

21b= 2-Cl               21h= 4-CH3

21c= 3-Cl               21i= 4-OCH3

21d= 4-Cl               21j= 4-NH2

21e= 4-Br               21k= 4-N(CH3)2

21f= 4-f                  21l= 3,4-(OCH3)2  
Fig. 4: Synthesis of isoxazole contacting thiophene derivates 

 

A new series of diverse isoxazoles linked 6-hydroxy coumarin were synthesized by Shakeel et al., using click chemistry 

approach.The precursor (22) was subjected to alkylation at the hydroxyl position using propargyl bromide in the presence of a base 

to furnish 6-(prop-2-ynyl-oxy)-2H-chromen-2-one.It was eventually subjected to 3+2 cycloaddition with various organic oximes 

(24a-l) to yield desired isoxazoles linked 6-hydroxy coumarin. (25a-l) 
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Scheme 5 : Synthesis of isoxazole linked 6-hydroxy coumarin derivatives
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Fig. 5: Synthesis of isoxazole linked 6-hydroxy coumarin derivates 
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Reddy et al., was carried out the synthesis of isoxazole tagged 2H –chromene derivatives from salicyaldehyde and ethyl-4,4,4-

trifluoromethyl)-2H-chromene-3-carboxylate.(28) was then treated with propagyl bromide in acetone using K2CO3 as a base and 

yield o-propargylated chromene derivatives which was again reacted with different aryl aldoximes to give isoxazole functionalized 

2H-chromene intermediate (31a-g )                 
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Scheme 6 : Synthesis of isoxazole tagged 2H-chromene derivatives
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Fig. 6: Synthesis of isoxazole tagged 2H-chromen derivates 

 

Structural modifications on benzothiazole moiety lead the way to design a number of isoxazole linked 2-phenyl benzothiazole by 

Kumbhare et al., The synthesis was carried out from the compounds thiophenol (32) and 2-hydroxy benzaldehyde (33) to yield 2-

(2’-hydroxy phenyl) benzothiazole compound (34) coupled with propargyl bromide to give compound (36) which were treated with 

oximes and aromatic /aliphatic azides generated respective isoxazoles (37a-g). 

 

 

NH2

SH
+

OH

OHC

N

S

OH

+ Br

N

S

O

N

S

O

O
N

R

(32) (33) (34) (35)

(36)(37a-g)

Scheme 7: Synthesis of isoxazole linked 2-phenyl benzthiazole 

derivatives
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2
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3
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(iii)Aq NaOCl(9-12%),DCM,Et3N,oxime,rt,24hrs,65-75%   

37a  R= 4-CH3

37b  R= 4-OCH3

37c  R= 2-F

37d  R= 4-Cl

37e  R= 4-Br

37f  R= 4-OCF3

37g R= 3,4,5-OCH3

 
Fig. 7: Synthesis of isoxazole limked 2-phenyl benzthiazole derivates 

 

A new class of isoxazole derivatives containing 1,2,4-triazole moiety were synthesized by Khanage et al., as illustrated in figure 8. 

Reacting the suitable 1,2,4-triazoles (38) with acetic anhydride and Conc.H2SO4 offered the acetylated compounds (39 ).These were 

simply turned to the corresponding chalcones (40 ) by reacting them with the substituted aromatic aldehydes. Cyclisation of the 

chalcones with hydroxyl amine HCl in basic medium imparted the desired isoxazole derivatives (41). 
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Scheme 8 : Synthesis of isoxazole derivatives containing 1,2,4-triazole moiety

 
Fig. 8: Synthesis of isoxazole derivates containing 1, 2, 4-triazole moiety  

 

A convenient synthesis of novel isoxazole substituted 9-anilino acridine derivatives (49a-j) was reported by Kalirajan et al.,They 

have synthesized ten derivatives of isoxazole containing heterocyclic compound acridine exhibit synergetic effect compared to the 

individual pharmacophores.Intermediates chalcones (48a-j) were synthesized by using several Claisen condensation of 1,(4 –

(acridin-9-yl amino)phenyl) ethanone (46) which are treated with substituted aromatic aldehyde (47a-j) in the presence of 10% 

NaOH by using ethanol as solvent. Cyclisation of chalcones with hydroxyl amine HCl results in to respective isoxazole derivatives. 
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Scheme 9 : Synthesis of isoxazole substituted 9-anilino acridine derivatives 
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Fig. 9: Synthesis of isoxazole substituted 9-anilino acridine derivates 

 

In a strive to synthesize a series of novel isoxazole derivatives incorporating benzofuran moiety.Chetan et al., conventionally reacted 

benzofuran chalcones with hydroxyl amine HCl in presence of sodium acetate in ethanol. 
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Scheme 10 : Synthesis of isoxazole derivatives incorporating benzofuran moiety

(i) Ethanol(95%),KOH(10%) (ii) NH
2
OH.HCl,CH

3
COONa,Ethanol

(ii)+

 
Fig. 10: Synthesis of isoxazole incorporating benzofuran moiety 

 

3. ANTICANCER ACTIVITY 
Compounds (54a-54m) were evaluated for their anti-cancer activity in selected human cancer cell lines like prostate cancer 

(DU145), breast cancer (MDA MB-231,MCF-7) and non-small cell lung cancer cell lines (A549) by using sulforhodamine B(SRB) 

method using trimethoxy chalcone(TMC) as positive control. Comparison of the IC50 values of the compounds revealed that 54a, 

54b, 54e, 54i, 54j and 54k exhibited potent cytotoxic activity against prostate DU-145 cancer cell line. 
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54a, R1=R2=R3=OCH3; Ar=3, 4, 5-trimethoxy phenyl 

54b, R1=R2=R3=OCH3; Ar=3, 4-dimethoxy phenyl 

54c, R1=R2=R3=OCH3; Ar=4-methoxy phenyl 

54d, R1=R2=R3=OCH3; Ar=4-fluoro phenyl 

54e, R1=H, R2=R3=OCH3; Ar=3, 4, 5-trimethoxy phenyl 

54f, R1=H, R2=R3=OCH3; Ar=3, 4-dimethoxy phenyl 

54g, R1=H, R2=R3=OCH3; Ar=4-methoxy phenyl 

54h, R1=H, R2=R3=OCH3; Ar=4-fluoro phenyl 

54i, R1=H, R2=OCH3, R3=H; Ar=3, 4, 5-trimethoxy phenyl 

54j, R1=H, R2=OCH3, R3=H; Ar=3, 4-dimethoxy phenyl 

54k, R1=H, R2=OCH3, R3=H; Ar=4-methoxy phenyl 

54l, R1=H, R2=OCH3, R3=H; Ar=4-fluoro phenyl 

54m, R1=H, R2=F, R3=H; Ar=3, 4, 5-trimethoxy phenyl  

 

 

Fig. 11: Hybrid isoxazole-chalcone derivates (54a-m) 

 

The synthesized final compounds (55a-55j) were subjected to short term study for in vitro cytotoxic activity against Dalton 

Lymphoma Ascites (DLA) cells. All the isoxazole substituted derivatives have a promising role to play as anti-cancer agents and 

55i (Cyto50=311.75µg/ml) showed more potent cytotoxic activity. 

NH

N O

R

Isoxazole-substituted 9-anilino acridine derivatives(55a-55j)

O Cl

Cl

Cl

OH

OH

NO 2

NO 2

S

a b c d e

f g h i j
 

Fig. 12: Isoxazole substituted 9-anilino aceidine derivates (55a-55j) 

 

Using the SRB method, compounds (56a-h) were evaluated at single concentration of 10-5M towards the panel of approximately 60 

cancer cell lines derived from nine different cancer types such as leukemia, lung, colon, melanoma, ovarian, CNS, renal, prostate 

and breast cancers. The most efficient anticancer compound (56e) was found to be active with selective influence on leukemia 

cancer cell lines with a growth % of 71.72. 

NN

N

CH3

R
1

N
O

Ar
-

Isoxazole derivatives containing 1,2,4 triazole moiety
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NO2
N

CH3 CH3

O
CH3

Cl
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f g h

Ar   =

O

 
Fig. 13: Isoxazole derivates containing 1, 2, 4 triazole moiety (56-h) 

 

Evaluation of cytotoxic activity of compounds (57a-g) against HeLa cell lines of two fold dilution of seven concentration ranging 

from 1000-15.5µg/ml was carried out using MTT assay. Among all the compounds tested, 57d (CTC50=376.25 µg/ml) shows potent 

cytotoxic effect, while compound 57e (CTC50=762.28 µg/ml) shows moderate cytotoxic effect on HeLa cells. 

O

N

Ar
-

O

R1

R2

R3

Hybrid isoxazole-chalcone derivatives (54a-m)
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Fig. 14: Benzfuran substituted isoxazole derivates (57-a-) 

 

Following the MTT assay, compounds (58a-g) were screened against four human cancer cell lines namely Lung cancer A549,Breast 

cancer MCF7, Prostate cancer DU145,HeLa-cervical cancer.5-Fluorouracil was used as the positive control.58a and 58f showed 

moderate activity at <50µM concentration. 

O
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O

O N
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Isoxazole functionalized 2H-chroman derivatives

(58a-g)

R = 4-CH3C6H4

                 
a
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        b

4-FC6H4

         
c

3-CF3C6H4

         d

2-C9H8

         e

4-OCH3C6H4

         f

4-NO2C6H4

         g

 
Fig. 15: Isoxazole functionalized 2H-chroman derivates  

 

All the derivatives of isoxazole linked 6-hydroxy coumarin (59a-l) were subjected to MTT cytotoxicity screening against a panel of 

5 different human cancer cell lines viz. Prostate (PC-3), colon (HCT-116 and COLO-205), Leukemia (HL-60) and Lung (A-549) to 

check their cytotoxic potential.Compounds 59h and 59k showed the best activity with IC50 of 8.2 and 13.6µM against PC-3 cancer 

cell lines. 
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Fig. 16: Isoxazole linked 6-hydroxy coumarin derivates (59a-l) 

 

4. CONCLUSION 
Isoxazole is a monocyclic heteroarene with a structure consisting of 5-membered ring containing heteroatoms, oxygen and nitrogen 

adjacent to each other. This review presents the synthesis of hybrid molecules of isoxazole derivatives and evaluation of their 

anticancer activity. The structural modification of isoxazole compounds confers a synergistic effect on the tested cancer cell lines.  

These observations would be valuable for further development of heterocyclic linked isoxazole derivatives. 
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INTRODUCTION 
 

When considering the scenario in high-income countries 

thromboembolic diseases are the main cause of disability 

and death. And the incidence of thromboembolic 

diseases is also dramatically increasing in middle- and 

low-income countries. 

 

There are two types of clots that is arterial clots and 

venous clots. Arterial clots are usually formed at the sites 

of vascular injury under high shear rates and are 

responsible for myocardial infarction and stroke, venous 

clots lead to venous thromboembolism (VTE), including 

pulmonary embolism (PE) and deep vein thrombosis 

(DVT). Anticoagulant agents should be regarded as a 

vital therapeutic tool in the management of these patients 

as blood hypercoagulability have an important role in 

thrombogenesis.
[1,2] 

 

Over 17.5 million losses occur in each year due to 

Cardiovascular diseases and this regarded as most 

worldwide epidemic disease.
[3,4]

 Oral anticoagulant drugs 

are mainly prescribed to treat this condition.
[5] 

 

Thrombus extension and embolic complications are 

prevented by using anticoagulants. They act by reducing 

the rate of fiber in formation and they have the capability 

to prevent devastating medical complications. 

Anticoagulants are mainly indicated in the treatment of 

pulmonary embolism (PE), deep vein thrombosis (DVT), 

prosthetic heart valve, myocardial infarction (MI), 

unstable angina, defibrination syndrome, rheumatic heart 

disease, extra corpuscular circulation, retinal vessel 

thrombosis, hemodialysis and vascular surgery.
[6,7]

 

 

Era of Novel Anticoagulants 

Over the past 20 years, there is a tremendous growth in 

anticoagulant therapy. A number of antithrombotic 

compounds such as low-molecular-weight heparins, 

direct thrombin inhibitors like argatroban, bivalirudin, 

lepirudin, and desirudin, and indirect factor Xa inhibitors 

such as fondaparinux, were introduced and these 

compounds have relatively specific targets within the 

coagulation pathway. These drugs are costlier than oral 

vitamin K antagonists and they require parenteral 

administration. Apart from this, the newer anticoagulants 

have numerous peculiarity over unfractionated heparin. 

Thus despite of disadvantages, for most patients 

requiring chronic anticoagulation, VKAs are the only 

therapeutic option.
[8] 

 

Traditionally, heparin is given as parenteral 

anticoagulant and warfarin is given as oral anticoagulant. 

But in recent years there is tremendous growth in 

anticoagulant therapy and there is an urge to develop 
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ABSTRACT 
 

Anticoagulants are the cornerstone therapy for many thromboembolic diseases. Theses drugs bring their action by 

reduce the rate of fiber in formation and indicated to prevent thrombus extension and embolic complications. 

Traditionally, heparin is given as parenteral anticoagulant, whereas warfarin is given as oral anticoagulant. In the 

last several years, 4 noval oral anticoagulants are approved by FDA includes dabigatran (2010), rivaroxaban 

(2011), apixaban (2012) and edoxaban (2015). In Randomized clinical trials and observational studies shows that 

the efficacy and safety of DOACs for stroke prevention in patients with atrial fibrillation have been shown to be 

comparable or superior to warfarin. Clinical development paves way for the emergence of novel oral 

anticoagulants. Because of their ease of use and favorable pharmacodynamic profile, the older agents are replaced 

by the newer ones. However, these agents are not free of adverse events. Hemorrhage is most commonly occurring 

adverse event. When taken into consideration the overall OAC utilization pattern remained steady. In the starting 

of 2010, there is a gradual decrease in warfarin use with corresponding increase in the use of direct oral 

anticoagulants. 
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more efficacious drugs which ultimately result in 

emergence of newer anticoagulants. Introduction of these 

drugs helps to overcome medical problems associated 

with warfarin therapy as it is a narrow therapeutic range 

drug and it require routine laboratory monitoring.
[9,10]

 

 

Food and Drug Administration (FDA) approved warfarin 

to prevent ischemic stroke in AF patients. In order to 

prove its effectiveness and safety a wide varieties of 

studies were carried out. For decades, warfarin has been 

more often prescribed as OAC.
[11,12,13] 

However, warfarin 

use is related with harmful issues these results in poor 

medication compliance. The problems associated with 

warfarin therapy includes complex dose–response 

relationship that requires close monitoring of the 

laboratory values, a number of drug–food interactions 

that require avoidance of certain foods or drugs, and a 

risk of bleeding.
[14,15,16] 

 

In most of the study, the drug warfarin has proved as an 

oral anticoagulant, still found that 40–60% of patients 

who are eligible and should receive it not prescribed with 

warfarin, and of those patients who are treated with 

warfarin, the serum warfarin levels only achieved a time 

in therapeutic range (TTR) equal to INR 2–3 about 55–

60% of the time. This indicate there is a need for 

achieving better anticoagulation in patients as only about 

1 in 4 patients are adequately anticoagulated with 

warfarin, for anticoagulation, physicians have sometimes 

use antiplatelet therapy like aspirin or clopidogrel and 

this will lead to doubling of the risk of thromboembolic 

events.
[17]

 

 

Dabigatran, rivaroxaban, apixaban, edoxaban are the 4 

DOACs that are recently approved by FDA. In October 

2010, dabigatran is the first DOAC was approved and 

marketed as Pradexa by Boehringer Ingelheim 

pharmaceuticals. In november 2011 rivaroxaban 

approved as Xarelto, by Janssen pharmaceuticals. 

Bristol-Myers Squibb pharmaceuticals introduce 

apixaban as Eliquis and it is approved by FDA in 

December 2012 and in early 2015 edoxaban approved by 

FDA and it is marketed as Savaysa by Daiichi Sankyo 

pharmaceuticals. Randomized clinical trials and 

observational studies reveals that the efficacy and safety 

of novel oral anticoagulants were superior to warfarin.
[18]

 

 

These 4 oral agents have unique mechanism of action 

than VKAs that is they produce their anticoagulant effect 

by inhibiting a single activated clotting factor, either 

thrombin (factor IIa) or factor Xa. This is totally 

different from VKAs, as they bring their action by alter 

the hepatic synthesis of multiple clotting proteins 

whereas DOACs are act by directly antagonizing a single 

target in the clotting pathway.
[8]

 

 

Features of Doac
 

Dabigatran 

Dabigatran is a prodrug and its bioavailability is 6.5%. 

the main advantage of the drug is presence of food not 

affect the absorption. Tmax is 0.5-2 hours and the 

biological half life is 12-14 hours. Its metabolism is very 

low. Dabigatran is mainly excreted by renal route that is 

85% and 6% excreted through feces. The usual dose 

given is 2*150 mg or 2*110mg. 

 

Rivaroxaban 

It is not a prodrug. Presence of food affect the absorption 

of drug. when administer <15mg of drug its 

bioavailability is 80-100%. if the dose is 15 mg and the 

patients on fasting the bioavailability is 665%. if the dose 

is 15 mg and the drug administer after food intake the 

bioavailability is 100%. Tmax is 2-4 hours and the 

biological half life is 5-9hours in case of young patients, 

if the patients are older the half life is 11-13 hours. its 

metabolism is high. Rivaroxaban is mainly excreted by 

renal route that is 33% unchanged and 33% as 

metabolite. 33% excreted through feces as metabolite. 

The usual dose given is 1*20mg for patient having atrial 

fibrillation. In case of DVT-PE the dose is 2*15(21Days 

then) 1*20mg.2*2.5 mg is the usual dose given in case of 

POST ACS. 

 

Apixaban
  

Apixaban is not a prodrug and its bioavailability is 50%. 

the main advantage of a the drug is presence of food not 

affect the absorption. Tmax is 3-4 hours and the 

biological half life is 12hours. its metabolism is very 

high. Apixaban is mainly excreted through feces that is 

27% and 27% excreted through renal route. The usual 

dose given is 2*5 mg or 2*2.5mg. 

 

Edoxaban  

Edoxaban is not a prodrug. and its bioavailability is 62%. 

the main advantage of the drug is presence of food not 

affect the absorption. Tmax is 1.5 hours and the 

biological half life is 10-14 hours. Its metabolism is very 

low. Apixaban is mainly excreted through feces that is 

60% of absorbed drug 70% excreted unchanged. and 

35% excreted through renal route. The usual dose given 

is 1*60mg.
[19] 

 

Indications of DOACs 

In prevention and treatment of thrombosis, the 

introduction of direct oral anticoagulants was an 

important therapeutic advance. DOACs include the 

dabigatran, which is direct thrombin inhibitor and the 

anti-Xa agents include rivaroxaban, apixaban and 

edoxaban. stroke and systemic embolisms can be 

prevented by the use of DOACs in adults with NVAF. 

The ischemic or hemorrhagic stroke, and all-cause 

mortality are better controlled by the administration of 

DOACs than VKAs.
[20]

 DOAC have been a mainstay in 

the prevention of VTE after a major elective orthopedic 

surgery and in the secondary prevention and treatment of 

VTE.
[21] 

Other indications of DOACs are still 

investigated like use of DOAC in acute coronary 

syndrome.  
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Advantages of DOACs 

New Oral Anticoagulants have Potential advantages over 

VKAs. They are: 

 There is no need for bridging therapy as sudden 

onset of action 

 Anticoagulant effect can be easily controlled as their 

biological half life is short 

 There is no need of dietary restrictions like warfarin 

because of limited food interactions. 

 The number of drugs which interact with DOACs 

are less. 

 Routine coagulation monitoring is not necessary  

 Easy to predict anticoagulant effect. 

 

Disadvantages of DOACs 

 Poor patient compliance due to high cost. 

 If required, no monitoring is possible.  

 There is no specific antidote to treat toxicity.  

 In case of renal impaired patients and elderly more 

than 80 years warfarin is the drug of choice, If 

glomerular filtration rate is 15–30 mL/min as it 

cause serious bleeding events.
[22]

 

 

Laboratory Tests 

Due to lack of sensitivity, routine coagulation tests like 

activated partial thromboplastin time (aPTT) or 

prothrombin ratio (PR), are not suitable in the clinical 

settings. The absence of clinically active blood levels of 

dabigatran is related to a normal thrombin clotting time 

(TCT).  The effect of heparin manily monitored by using 

the plasma anti- Xa assay, it is also applicable to exclude 

clinically active blood levels of rivaroxaban or apixaban, 

when anti-Xa activity is below 0.1 IU/ml. Fixed doses of 

DOACs can be administered for the long time without 

routine coagulation monitoring because DOACs are 

developed to be used without any biological 

monitoring.
[19]

 

 

Risks Of Doacs 

Overall bleeding risk under DOACs 

Intracranial hemorrhage and gastrointestinal bleeding are 

clinically significant bleeding events under DOACs 

treatment. These events are remarkable and also common 

under VKA treatment. The main risk factor associated 

with this is age. The Elderly patients are more prone to 

these bleeding complications.
[21]

 especially in patients 

over 75 years of age, with severe renal  and liver 

function impairment, low body weight (<60 kg), 

diabetes, history of gastrointestinal bleeding, 

hypertension, or receiving concomitant systemic 

treatment by strong inhibitors of CYP3A4 and P-gp.
[19] 

 

There are some controversies regarding overall bleeding 

risk associated with DOAC therapy. Some observational 

studies reveal that overall bleeding risk in patients 

treated with DOACs is comparable with VKAs, whereas 

some studies states there is a reduction in overall 

bleeding in patients receiving DOACs. This marks a 

decline in the risk of intracranial hemorrhage.
[23,24] 

 

Gastrointestinal bleeding risk under DOACs 

The patients treated with anticoagulants shows that 

gastrointestinal bleeding risk at a rate of 1.5–5% in each 

year. It is more prevalent in older people because of 

associated comorbidity as well as Polypharmacy. The 

anti platelet  and non steroidal anti-inflammatory are the 

drugs which shows interactions with anticoagulant drugs 

and they cause serious bleeding events.
[25,26]

 In 

comparison with VKA, the incidence of gastrointestinal 

bleeding is less in patients  who are treated with  direct 

oral anticoagulants.
[27]

  

 

Providing direct oral anticoagulants (DOACs) was a new 

treatment modality in nonvalvular atrial fibrillation 

(NVAF) and venous thromboembolic disease care. The 

bleeding risk associated with DOACs studied extensively 

to safety associated with their use. Ruff CT et al. 

randomized four pivotal controlled trials including 

71,863 patients with atrial fibrillation (AF) stated that 

DOACs are equal and not superior, to vitamin K 

antagonists (VKAs) in preventing stroke with a survival 

benefit.
[20]

 But when considering the adverse events 

associated with the treatment of DOACs, the overall 

bleeding risk is lower, especially a lower risk of 

intracranial hemorrhage.
[19]

 

 

David Deutsch et al. conducted six randomized 

controlled trials with 26,997 patients to prove the 

efficiency and safety of DOAC, in the management of 

deep vein thrombosis (DVT) and pulmonary embolism 

(PE). The study discloses that the efficiency of DOAC 

and heparin are equal. when considering the safety 

profiles, the overall bleeding risk is less but the 

occurrence of gastrointestinal bleeding is very high.
[19]

 

 

CONCLUSION 
 

For the past few years, there is a signaled growth in 

anticoagulant therapy, particularly by integrating 

DOACs. Clinical development paves way for the 

emergence of novel oral anticoagulants. Because of their 

ease of use and favorable pharmacodynamic profile, the 

older agents are replaced by the newer ones. However 

these agents are not free of adverse events. Hemorrhage 

is most commonly occurring adverse event. The clinician 

should have thorough knowledge and understanding 

about its pharmacology, dosing, monitoring and toxicity. 

It is mandatory to overcome intercepting and averting 

problems. 

 

When compared to injectable anticoagulants the patient 

compliance and adherence is more with the newer oral 

anticoagulants. The newer OACs like apixaban, 

rivaroxaban and dabigatran are considered as potential 

candidates for future anticoagulant therapy. When taken 

into consideration the overall OAC utilization pattern 

remained steady. In the starting of 2010, there is a 

gradual decrease in warfarin use with corresponding 

increase in the use of direct oral anticoagulants. 
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ABSTRACT 

Total Knee Replacement (TKR), is a surgical procedure to replace the 

weight-bearing surfaces of the knee joint to relieve pain and disability. 

It is most commonly performed for osteoarthritis, rheumatoid arthritis 

and other deformed knee. TKR improve pain free movement with full 

functionality of the joint, and to recreate a stable joint with a full range 

of motion. Post –operative care are very important in TKR surgery. 

Total Knee Replacement leads to a higher quality of life, less pain and 

better mobility. After surgery post- operative care provides patients 

satisfaction and improve quality of life. 

 

KEYWORDS: Total knee replacement, Total knee arthroplasty, 

improvement. 

 

INTRODUCTION 

Total Knee Replacement (TKR) is also known as Total Knee Arthroplasty (TNA), is one of 

the most common surgery in worldwide. The surgery was first done in 1968, According to 

agency for healthcare research and quality, more than 600,000 knee replacements are takes 

place each year in the united states, Total Knee Replacement has proved as a successful for 

improving pain and function in patients with severe arthritis.
[1] 

TKA has been performed 

significant pain relief and functional improvement compared with the non-surgical treatment 

Total Knee Replacement has associated with significant pain relief, functional improvements 

and increase in the quality of life.
[2] 

Osteo arthritis (OA) is the leading cause of disability on 

TKR, among adults older than 65 years, end stage arthritis of knee is managed with Total Knee 

Replacement surgery.
[3] 

Knee osteoarthritis is a disease causing pain, functional limitation 

and disability on knee, and its incidence rate is gradually increase in the elderly population.
[4]
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Total Knee Replacement has and a reliable and reproducible operations that provide pain 

relief, improve functions and corrects the deformity in patients with knee arthritis.
[5] 

 

One of the main symptoms found among knee osteoarthritis patients is severe pain and 

deformity. there is a high relationship between pain and limited functional mobility’s. the pain 

affects the range of knee flexion and, as a daily life activities it effects, quality of life can 

change.
[6] 

The knee replacements performed in the age of 65 is increasing nowadays, the 10th 

national joint registry reports that 18-20%of patients are more knee replacement in England 

and wales are under the age of 60 years.
[7] 

Patient related factors such as age, sex, medical 

comorbidities, are main factors effect arthritis.
[1] 

 

Total knee replacements results in a high outcomes in a patient satisfaction and provide long 

term benefits in quality of life, pain relief and functional activities, among which 30%of 

patients are dissatisfied.
[8] 

The most of dissatisfaction related factors are patients quality of life 

such as physical factor, behavioural factors, social and physiological factors.
[4,9] 

 

Table 1: Dimensions of quality of life and total knee replacement.
[8]

 

Physical deficiencies Symptoms Pain or stiffness 

Activity limitations Function Unable to go down stairs 

Social limitations Occupational 
Unable to get around, or do 

errands 

Psychological or 

emotional aspects 
Mental Pessimistic 

 

Patient expectations 

Some of the patients are dissatisfied with the outcome of Total Knee Replacement surgery due 

to alignment of implant, optimal size of implant, and satisfactory ligament balancing. The 

parent satisfaction is related to ability to carry out of daily living performance. Going up and 

down stairs, getting in and out of a vehicle, walking and standing, moving sideways and 

crouching, house chore activities, proper driving are correlated with a patient’s preoperative 

expectations. These expectations are more related and to expected in younger and athletic 

patients.
[6,8,10,11]  

 

Total knee arthroplasty (TKA) is one of the most successful and effective surgical options to 

reduce pain and restore functions for patients with severe osteoarthritis, patient satisfaction 

can be evaluated from two categories.
[12]
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Determinants of satisfaction and components of satisfaction 

1. Patient satisfaction 

The concept of patient satisfaction first developed by 1873, Patient satisfaction after surgery 

can be associated with patient’s expectation, pain relief and functional improvement, but 

restoration of full motion is uncommon especially above 90 yrs. The motion of knee 

replacement after surgery can be predicted by the internal determinants and external 

components considered as a evaluation of patient activities.
[13] 

patient satisfaction of TKA has 

been increasing ranging as from 75% to 92%.According to National Joint Registry for 

England and wales: 71%of patients were improvement outcomes of knee symptoms, TKA in 

terms of restoration of daily living activities and pain relief, patient satisfaction level quality of 

life was moderate.
[14] 

 

2. Patients satisfaction measurement tools 

Patient satisfaction are important in TKR surgery. Various types of measurements are used to 

assess the satisfaction. The assessment scales are used to perform satisfaction, expectation, 

and physical activities, and improvement in quality of life. Scales are used as a disease specific 

measures in patients with O.A. and also self-administered questionnaires designed to assess 

the outcome of treatment of anterior ligament injuries and meniscus injuries. measurement 

tools such as OKS, WOMAC and KOOS. OKS are most effective disease specific 

measurement tools and patients related questionnaires with degenerative arthritis,pain 

mobility, physical function, and mental health.
[15,16] 

The knee society clinical rating scale 

system has been used since 1989 for the assessment of TKA.
[17,18] 

 

3. Patients dissatisfaction: causes and types 

Patient dissatisfaction are varies, dissatisfaction range mostly in elder patients with severe 

OA, The most causes included as residual pain and limited functional performance, pain 

relief and functional recovery have a significant correlation in many studies.
[19] 

89% of the 

patients were satisfied, with the ability to perform daily living activities and 91% were 

satisfied in terms of pain relief and improve quality of life.
[20] 

 

4. Internal determinants of patient satisfaction 

Internal determinants of patients satisfaction includes age, gender, working exposure, patients 

expectations, physical and physiological comorbidities. 

 

AGE: Patients were more satisfied with the outcome of TKA when they were 60 years or 
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younger.
[21]

  

Gender: Pain and stiffness are more prevalent in female TKA patients.
[22] 

Working exposure: working people are more performance in TKR surgery.
[23] 

Comorbidities: Comorbities include post-operative pain with medical or physiological 

comorbidities.
[24] 

 

Patient related factors affect quality of life after TKA.
[8]

 

Factors Quality of life 

Age 
Elderly patients having higher morbidity and 

mortality rate, 68% is the satisfaction rate 

Gender 
Higher functional score and activity levels in 

men than in woman 

Excess wt. and obesity 
Obesity improves the patients quality of life 

with normal body mass index 

Patients psychological status 
Patients with poor psychological state had a 

high dissatisfaction rate. 

 

SAFETY AND COMPLICATIONS 

The safety of TKRs is well-documented and reported, According to the American Academy of 

Orthopedic Surgeons, “Serious Complications can occur after surgery as surgical error, a 

medical error, a patients noncompliance etc.
[25] 

The number of major and minor 

complications after surgery was monitered. major complications include deep vein 

thrombosis, pulmonary embolism, cerebrovascular accident, myocardial infraction, trauma 

and death, remaining all other complications were considered as minor.
[26,27] 

 

EXTENDING THE LIFE AFTER A KNEE REPLACEMENT SURGERY 

After TKA, expectations of patients are high, patients can expect a better quality of life and 

improved functions and pain levels.
[28]

 After TKR patients are more comfortable and earlier 

in their postoperative courses and better outcome in quality of life.
[29,30] 

 

DAILY LIFE AFTER A KNEE REPLACEMENT SURGERY 

DRIVING 

During past, many patients with right TKA s have not been able to drive for extended periods 

because of pain and lack of mobility functions. After surgery the patients can drive earlier in 

the postoperative evaluations.
[31] 

 

 BACK TO WORK 

Set realistic expectations about when should go back to work. The working performance can 
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be increased rapidly after post-operative evaluations, in most cases, it’ll be three to six weeks 

before can return to work. Patients may be able to get back to little works within 10 days if 

work at home. Patients are successful return to work is being increasingly recognized as an 

important outcome for this group of patients with social and economic developments for 

patients, employers and society.
[32] 

The impact of OA on work participation ad delayed 

intervention was identified in the study. 

 

 TRAVEL 

Traveling is tough on before surgery, especially long flights with tight legroom. Stretch and 

walk around the plane whenever possible. In fact, be sure to get up and walk around a bit 

once an hour to help prevent blood clots from developing. Knee may also swell, pain due to 

changes in cabin pressure.
[33]

 Patients may want to talk with doctor before any long-distance 

travel to be sure they don’t have any special concerns during the first few months after surgery 

is important.
[34]

 Airport security may become more of an issue after your surgery. The metal 

components in your artificial knee could set off airport metal detectors. Be prepared for extra 

screening. Wear clothing that makes it easy to show knee incision to security agents.
[35] 

 

 SEXUAL ACTIVITY 

Before TKA, sexual frequency was limited in 45% of patients because of their knee pain and 

deformity, patients experienced a limitations in sexual activity before surgery, resulting 

largely from pain (87%) and diminished range of motion (44%), after surgery most people 

find that they’re able to engage in sexual activity several weeks following surgery. However, 

it’s generally fine to proceed as soon as don’t feel pain and comfortable of knee.
[36] 

 

 HOUSEHOLD CHORES 

Patients can easier in cooking, cleaning, washing and other household tasks after feel 

comfortable on feet and able to move around freely after surgery. Before surgery patients can 

fully shed the crutches or cane using a pad to cushion deformity knees in the meantime.
[37] 

 

 EXERCISE AND GETTING AROUND 

Exercise can help patients easily recovery. Patients should begin walking as soon as possible 

and use an assistive device for only as long as need on before surgery. This’ll help regain 

strength in knee. Patients can start walking farther and also begin to engage in other activities 

after about 12 weeks. Emory Healthcare recommends riding a stationary bike and swimming, 

as these low-impact activities are easy on knee. Make sure wound has completely healed 
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before entering a pool and adequate rest, Avoid placing weights on leg and doing leg lifts on 

weight machines for the first few months, until get the go-ahead from physical therapist or 

doctor performance was improved.
[12,28]

 

 

GETTING BACK TO NORMAL 

Patients will return to a fairly on a normal routine over time. Help with doctor, Physical 

therapist, or occupational therapist if have questions about activities and body. They can 

assess to better understand life and lifestyle following a knee replacement. Successful return 

to life is increasingly recognized as an important outcome for patients following joint 

replacement with social and economic implications for patients, employers, and society. 

Early return to employment has recognized physical and mental health, social and economic 

benefits for patients and society has possible.
[39] 

there is increasing awareness that successful 

return to work is a crucial marker of outcome for patients after TKR surgery.
[34] 

 

PHSICAL THERAPY 

Most patients begin exercising their knee the day after surgery a physical therapist will assess 

and proper guidance, exercise to strengthen leg, reduce pain, and restore knee movements to 

allow walking and other normal daily activities soon after younger surgery as possible.
[40,39] 

 

POSTIVE OUTCOMES 

A successful TKR or partial knee replacement (PKR) typically leads to a higher quality of 

life, less pain, and better mobility. If deformed knee is severely damaged by arthritis or 

injury, it may be hard for to patients perform simple activities, such as walking, daily living 

activities and climbing stairs.it may even begin to feel pain while you are sitting or lying 

down.
[41] 

If nonsurgical treatments like medications and using walking supports are no longer 

helpful in up to days living, patients may want to consider total knee replacement surgery. 

Joint replacement surgery is a safe and effective procedure to relieve pain, correct leg 

deformity, and help to resume normal activities.
[42,43]

 

 

CONCLUSION 

Total Knee Replacement surgery has been established as one of the most successful surgical 

interventions for reducing pain and enhancing physical functions in damaged knee. 

Complications following TKR may be more frequent and serious in arthritis patients, because 

of poor healing nature of soft tissues and higher rate of deep wound infections. The TKR 

surgery leads to an improved patient satisfaction in deformed knee patients. Surgery have 
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improving outcomes of quality of life. 
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ABSTRACT 

3, 4-Dihydropyrimidinones are considered as six membered heterocyclic compounds containing pyrimidine ring having two nitrogens 
as heteroatoms and two keto groups, one on the ring and one on α position to the ring. The pyrimidine ring and keto groups in  the 
structure impart various biological actions to the compound. The synthesis of Dihydropyrimidinone is mostly done by Biginelli  three 
component reactions. The classical Biginelli reaction requires high reaction time and often the yield is low. Here we emph asize on 
various modified synthetic protocols of this three-component reaction for the synthesis of 3, 4-Dihydropyrimidinones with low 
reaction time and better yield of product compared to the conventional Biginelli reaction. The broad range of biological activities of 
these moieties makes it a cascade for the development of the compound into various drugs having Anti-viral, Anti-bacterial, Anti-
oxidant, Anti-cancer and Cytotoxic activities. The various reported studies show that 3, 4-Dihydropyrimidinones when optimized gives 
drug moieties having better action than the existing standards.  

Keywords: Biginelli reaction, Dihydropyrimidinone, Anti-oxidant, Anti-viral, Cytotoxic, Anti-bacterial. 

 
INTRODUCTION 

eterocyclic compounds are the basic structures in 
majority of the drugs. Hence their study is 
inevitable in the field of medicinal chemistry. 

Pyrimidine is one of these heterocyclic compounds having 
a wide range of biological activity. Pyrimidines are the 
fundamental structures of nucleic acids, which makes 
them a better ligand for various biological targets.1 The 3, 
4-Dihydropyrimidinone derivatives contains Pyrimidine as 
the core structure along with two keto groups one on the 
ring and the other attached to the α position to the ring.2 
This particular core is responsible for the various biological 
actions of the compound. Their wide range of activities 
have called the attention of researchers for studying and 
developing the compound for producing various drug 
moieties having 3, 4-Dihydropyrimidinone as the basic 
nucleus.3 

The simplest and most common method for the synthesis 
of 3, 4-Dihydropyrimidinone was reported first by Biginelli 
in 1983. It is a one pot three component reaction involving 
the condensation reaction with Benzaldehyde, 
Ethylacetoacetate and Urea/thiourea. This reaction is 
called as the Biginelli reaction. The conventional Biginelli 
reaction requires longer reaction time around 20 hrs and 
also some aldehydes don’t give good yields. Being the 
simplest method, researchers were studying the reaction 
and have been developed various modified protocols of 
the conventional Biginelli reaction which are having less 
reaction time and improved yield of the product.1, 3 The 
basic reagents remain the same, only the conditions of the 
reaction, derivatives of the reagents and certain catalysts 
are the new modifications introduced. The reported 
studies shows these modified protocols shows better yield 

of the product in lower reaction time compared to the 
conventional Biginelli reaction. 

DIFFERENT TYPES OF REACTION CONDITIONS FOR THE 
SYNTHESIS OF 3, 4-DIHYDROPYRIMIDINONE VIA THREE 
COMPONENT BIGINELLI CONDENSATION 

1. Green synthesis in presence of Fruit juice 

Anandarao A. Kale in 2019 studied the synthesis of 3, 4-
Dihydropyrimidinone via a green synthesis protocol in 
presence of Fruit juices like Amla, Orange and Lime juice. 
This reaction is a one pot three component condensation 
of an aromatic aldehyde, a β keto ester and urea in lemon 
juice. Different types of 3, 4- Dihydropyrimidinone 
derivatives were synthesized using urea, aromatic 
aldehydes and ethyl acetoacetate. The various aromatic 
aldehyde used in this study are Benzaldehyde, 4-
chlorobenzaldehyde, 4-methoxy Benzaldehyde, 
anisaldehyde, cinnamaldehyde and salicylaldehyde etc. 
The synthesized compounds were characterized by IR and 
NMR spectroscopy. The yield was better compared to the 
conventional methods (80-95%). The main advantages of 
this method is the operation simplicity, better yield of the 
product, lower reaction time and it doesn’t use any organic 
solvents since it is a Green synthesis. The general reaction 
is illustrated below.4 
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Ethylacetoacetate Urea Aromatic aldehyde 3,4-Dihydropyrimidinone derivative  

Figure 1: Synthesis of 3,4-Dihydropyrimidinones in 
presence of Lime juice 
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2. Green synthesis of Dihydropyrimidinones/thiones 
derivatives of Curcumin. 

N. Khaldi-Khellafi et al in 2018 synthesized Curcumin 
analogues of 3, 4-Dihydropyrimidinone. In this study in 
place of ethylacetoacetate Curcumin is used as the 
βketoester. Curcumin is known for its various biological 
actions like anticancer, anti-microbial, anti-inflammatory 
and antioxidant actions. This is the reason for the thought 
of combining Curcumin with Dihydropyrimidinones. In the 
study the reaction is carried out with Curcumin, 
substituted aromatic aldehyde and urea/thiourea in less 
volume of ethanol in the presence of a commercial 
heteropolyacide Keggin type H3PMo12O40 as recyclable 
catalyst by means of conventional heating and also 
microwave irradiation. By using this catalyst a yield of 80-
98% was obtained. And the microwave method requires 
only short reaction time of 2-3 mins. The Curcumin 
analogues were screened for anti-oxidant and anti-
bacterial activities and promising results were obtained. 
The general reaction is given below.5 

O
CH3

OH

O O

O

OH

CH3 + NH2

NH2

X

+ H

O

R

NH

N
H

OH

O

CH3

OH

O
CH3

O

X

R

H3PMo12O40
D/mW

Curcumin Urea/thiourea
Aromatic aldehyde

3,4-dihydropyrimidinones/thiones of 

curcumin
 

Figure 2: Synthesis of Curcumin analogues of 
Dihydropyrimidinones 

3. Solvent free Biginelli synthesis of 
Dihydropyrimidinones using CuCl2 

Mohammed Hosein Farjam and Ramin Rezaei in  2018 
carried out the synthesis of Dihydropyrimidinone through 
a green protocol. It is an effective one pot synthesis using 
aromatic aldehyde, 1, 4-Diketone and urea in the presence 
of CuCl2 as catalyst. The study shows that the product was 
formed in short reaction time than conventional methods.  

R3

O O

O R2 + NH2 NH2

O

+ R1

O

H

NH

N
H

OR3

R1

OR2

Urea Aromatic aldehyde 3,4-Dihydropyrimidinone derivative1, 4-Dicarbonyl compound

CuCl2

1100C

 
Figure 3: Synthesis of Dihydropyrimidinone using CuCl2 as 
catalyst 

Also the yield was comparatively higher in this method. In 
this reaction the catalyst is reusable and there is no use of 

organic solvents, so it is an environment friendly method 
for the synthesis of Dihydropyrimidinones.6 

4. A Green one pot Biginelli condensation using Dicalcium 
Phosphate as reusable Catalyst 

Zakaria Benzekri et al in 2017 carried out the synthesis of 
3, 4-Dihydropyrimidinone/thiones derivatives through a 
green protocol using Dicalcium Phosphate dihydrate as a 
reusable catalyst. The study reports there is excellent yield 
of product in shorter reaction times compared to the 
conventional method. The study shows a yield of 51% 
(lowest yield) to 98% (highest yield). The reaction time 
taken was 25-35 mins.7 
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O CH3+ NH2 NH2

X

+ R
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N
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OCH3

R

XCH3

Ethylacetoacetate Urea/thiourea Aromatic aldehyde 3,4-Dihydropyrimidinone derivative

7 mol % DCPD

10ML Ethanol, reflux

 

Figure 4: Synthesis of Dihydropyrimidinone using DCPD as 
catalyst 

5. Synthesis of 3, 4-Dihydropyrimidinone/thiones/imines 
via a Lewis base catalyzed Biginelli reaction under solvent 
free conditions. 

S. Sheik Mansoor et al in 2016 carried out the synthesis of 
3, 4-Dihydropyrimidinone/thiones/imines by a modified 
Biginelli cyclocondensation reaction catalyzed by 
Triphenylphosphine (PPh3). The study reports there was a 
yield of 80-90% and the reflux period was 8hrs. The 
reaction is carried out in a solvent free condition hence it 
is considered as an environment friendly protocol.8 
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O CH3+ NH2 NH2

X
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H

OCH3

R

XCH3

Ethylacetoacetate Urea/thiourea Aromatic aldehyde 3,4-Dihydropyrimidinone derivative

PPh3, solvent free

1000C

 

Figure 5: Lewis base catalyzed synthesis of 3,4-
Dihydropyrimidinones 

6. Green Chemistry approach for the Synthesis of 3, 4-
Dihydropyrimidinone derivatives under solvent free 
conditions. 

Hajelsiddig and Saeed in 2015 studied the synthesis of 3, 4-
Dihydropyrimidinone/thiones by slight modification of 
Biginelli protocol. It involves the three-component 
condensation of various aldehydes, ethylacetoacetate and 
urea/thiourea without any solvent under reflux monitored 
by TLC. The study shows the reaction time was shorter (2-
4.5hr) and there was excellent yield of 76-96%. The 
aldehydes used in the study are Benzaldehyde, 
acetaldehyde, furfural, cinnamaldehyde and 
salicylaldehyde.2 
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Ethylacetoacetate Urea Aromatic aldehyde 3,4-Dihydropyrimidinone derivative

solvent free

 

Figure 6: Solvent free synthesis of 3, 4-
Dihydropyrimidinones 

BIOLOGICAL ACTIVITIES OF 3, 4-DIHYDROPYRIMIDINONE 
DERIVATIVES 

1. Dihydropyrimidinone derivatives as Cytotoxic and Anti-
Cancer agents 

S. Sana et al in 2019 studied the designing and cytotoxic 
and tubulin inhibitory actions of aryl α-halo acrylamide 
linked Dihydropyrimidinone derivatives. The study shows 
promising cytotoxic and tubulin inhibitory activities. The 
screening was done in human cancer cell lines like MCF-7 
(Human breast cancer), MDA-MB-231(human breast 
cancer), HCT-116 (human colon cancer), HCT 15 (human 
colorectal adenocarcinoma), HT-29(human 
adenocarcinoma), DU145 (human prostate cancer) and 
HFC-1(normal lung fibroblast). Cytotoxic activity of 
synthesized compounds was found out and expressed as 
IC50 value of 0.54 ± 0.12 to 8.35 ± 0.82 for the screened cell 
lines. Certain compounds found to inhibit tubulin 
polymerization (IC50 6.91± 0.43µM) with microtubule 
destabilizing activity.9 
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Figure 7: Compounds showing cytotoxic and tubulin 
inhibitory action 

A.S Mostafa and K.B. Selim in 2018 studied the synthesis of 
a series of Dihydropyrimidinone derivatives bearing N-
heterocycles and screened for their anti-cancer activity 
using 60 cancer cell lines according to NCI (USA) protocol. 
Certain compounds showed significant activity against 
various cancer cell lines with growth inhibition of 85-
88%.10   
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Figure 8: Synthesized compound with anticancer activity 

3. Curcumin analogues of Dihydropyrimidinones with 
Anti-oxidant and Anti-bacterial activities. 

N. Khaldi-Khellafi et al in 2018 studied the synthesis of 
Curcumin analogues of Dihydropyrimidinone derivatives 
and screened them for anti-oxidant and anti-bacterial 
activity. The study reports that most of the synthesized 
compounds show better anti-oxidant and anti-bacterial 
activity than Curcumin.5 
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Figure 9: Curcumin analogue of Dihydropyrimidinones 
having anti-oxidant and Anti-bacterial activity 

In 2016 J. Lal et al synthesized various Curcumin 
Dihydropyrimidinones and evaluated their anti-oxidant 
and anti-inflammatory activity. The results of the study 
reveals most synthesized compounds show higher activity 
compared to Curcumin.12 
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Figure 10: Curcumin Dihydropyrimidinone having anti-
oxidant and anti-inflammatory activity 

4. 3, 4-Dihydropyrimidinone derivatives having Antiviral 
activity 

D. Kumaraswamy et al in 2017 synthesized and evaluated 
invitro for various DNA and RNA viruses. The compounds 
show good activity against various viruses especially Punta 
Toro virus, a member of Bunyaviridae.11 
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Figure 11: Compound having potent Anti-viral activity 

Sari et al. in 2015 synthesized dihydropyrimidine α, γ-
diketobutanoic acid derivatives and screened their activity 
against HIV Integrase. They synthesized 20 new molecules 
out of which 7 molecules were found to have potent 
activity against HIV Integrase.1 
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Figure 12: Compound having Anti-HIV activity 

5. Anti-SARS activity of 3, 4-Dihydropyrimidinone 
derivatives 

 In 2010, Ramajayam et al synthesized various pyrimidine 
derivatives including dihydroprimidinone derivatives and 
screened for their activity against Severe Acute Respiratory 
Syndrome (SARS). The compounds were tested against 
SARS-CoV 3CLpro using previously developed assay 
methods. In this study two compounds having nitro and 
chloro substitutions showed potent activity against SARS 
with IC50 values 10.6 and 6.1 respectively.1  

NNH
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N
+ O

–
O

Cl
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Figure 13: Compound having Anti-SARS activity 

CONCLUSION 

3, 4-Dihydropyrimidinones are having various biological 
activities like anti-cancer, anti-bacterial, anti-oxidant and 
anti-viral activities. Hence they are a scaffold for the 
development of variety of novel drugs. The newer 
modified methods for the synthesis have significantly 
uprooted the study and designing of novel drugs from 
Dihydropyrimidinone derivatives. The reported studies are 
showing promising activity for Dihydropyrimidinone 
derivatives. Hence the study and optimization of 
Dihydropyrimidinones are paving a new path in the field of 
medicinal chemistry. 
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ABSTRACT 

Complementary and alternative medicine (CAM) refers to a wide range of clinical therapies 

outside of conventional medicine the term “complementary “ refers to  the therapy that are used in 

conjunction with conventional medicine where as alternative medicine includes therapy that are 

used in place of conventional medicine. The term “integrative medicine that has been advocated by 

some CAM providers More than one-third of patients with diabetes in the united state use some 

type of complementary and alternative medicine herbs, dietary   supplements and mind body 

medicine are the most commonly used studies and CAM modalities to treat diabetes including 

proposed mechanisms a summary of evidence and adverse effect. It also offers recommendation 

for counseling patient regarding CAM use. The use of CAM for patients with diabetes was 

reported to be common in almost all parts of the world However, different definitions were used 

for CAM, which was one of the reasons for a wide range of prevalence of CAM use ranging from 

17% to 73% CAM use prevalence in the USA ranged from 31% to 57% among diabetes patients , 

63% in Bahrain 62% in Mexico 7% in UK  and 25% in Canada  China had a long tradition of use 

of herbal medicine for diabetes The findings of a systematic review reported that Chinese herbal 

medicines were reported to be more effective for diabetes compared with lifestyle modification 

alone  In China, traditional medicines accounts for 40% of all healthcare. 
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INTRODUCTION 

Complementary and alternative medicine (CAM) refers to a wide range of clinical therapies 

outside   of conventional medicine the term “complementary “ refers to  the therapy that are used 

in conjunction with conventional medicine where as alternative medicine includes therapy that are 

used in place of conventional medicine. The term “integrative medicine that has been advocated by 

some CAM providers[1].The use of CAM for patients with diabetes was reported to be common in 

almost all parts of the world However, different definitions were used for CAM, which was one of 

the reasons for a wide range of prevalence of CAM use ranging from 17% to 73% CAM use 

prevalence in the USA ranged from 31% to 57% among diabetes patients  63% in Bahrain 62% in 

Mexico 7% in UK  and 25% in Canada  China had a long tradition of use of herbal medicine for 

diabetes The findings of a systematic review reported that Chinese herbal medicines were reported 

to be more effective for diabetes compared with lifestyle modification alone  In China, traditional 

medicines accounts for 40% of all healthcare[2]. 

Use of complementary and alternative medicine in India 

India is the second largest country in the world after China with an estimated 69.2 million adults 

with type-2 diabetes .It is a major public health problem that requires regular to medication along 

with lifestyle modification in order achieves adequate control [4]. In developing countries such as 

India, access to modern medicine is limited in the public sector and patients usually approach 

private sector including all systems of medicine Previous studies have reported that patients with 

Diabetes was more likely to use complementary and alternative medicine (CAM) compared with 

other patient groups [6]. The major reasons for using CAM for the treatment of diabetes were fear 

about side effects, dissatisfaction with healthcare providers and higher costs of modern medicine 

Other reasons were higher level of medication adherence along with better understanding of the 

need for lifestyle changes for diabetes management during CAM treatment and easy availability of 

CAM without the prescription of a doctors few studies reported CAM use from different parts of 

India [7].One such study from the state of Uttar Pradesh reported a prevalence of 68% CAM use 

among diabetes patients [8]. CAM use for selected chronic diseases (HIV, epilepsy, rheumatoid 

arthritis and diabetes) in India was reported to be 35% with the highest use of CAM among 

diabetes patients (63.2%) in Maharashtra India has a rich tradition of use of ayurvedic medicines 

and has government department for CAM which is named as AYUSH’ (Ayurveda, Yoga, 

Naturopathy, Unani, Sidha and Homeopathy Within India, Kerala state reported the highest 

prevalence of type-2 diabetes (20.6%) in rural areas Adherence to modern medicines among 
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diabetes patients using Morrissey’s scale in rural Kerala was reported to be26% indicating a 

probability of higher use of CAM in the state However, only one study was reported 

Form Kerala on CAM use based on a convenient sample of50 diabetes patients from urban areas. 

Types of diabetes 

Type 1 Diabetes 

Type1 diabetes is also called insulin dependent diabetes it  is used to be called juvenile onset 

diabetes because it often begins in childhood .type1 diabetes is an autoimmune condition it is 

caused by the body attacking its own pancreas with antibodies the damage pancreas does not make 

insulin[9]. 

Type 2 Diabetes 

By far the most common form of diabetic is type2 diabetes accounting for 95% of diabetes cause 

in adult some 26 million American adult have been diagnosed with diabetes accounting for 95% of 

diabetic cause in adult have been diagnosed with disease type 2 diabetes used to be called adult 

onset diabetes but with the epidemic of obese and overweight kids more teenagers are now 

developing type 2 diabetes [10]. 

Gestational Diabetes 

Diabetes that’s triggered by pregnancy is called gestational diabetes (pregnancy to some degree 

leads to insulin resistance) It is often diagnosed in middle late pregnancy because of higher blood 

sugar level in mother are circulated through placenta to the baby gestational diabetes must be 

controlled to protect the baby growth and development[12]. 

Allopathic medicine for Diabetes 

Anti diabetic drug are all pharmacological agents that have been approved by hyperglycemic 

treatment in Diabetes. All this agent reduces blood sugar level to acceptable range and relive 

symptoms of diabetes such as thirst excessive urination and  keteo acidosis serious complication of 

diabetes that occurs when the body cannot use glucose as an energy fuel .and the anti diabetic 

agent can also prevent the complications like diabetic retinopathy and diabetic keto  acidosis and  

diabetic neuropathy[14]. 

Table 1: Allopathic medicine for Diabetes 

Drug class Route of 

administration 

Advantages Disadvantages 

Bigunides Oral Effectively lowers HbA1c 

low cost does not cause 

weight gain 

GI compliance minimal risk of 

lactic acidosis 

Sulfonylureas Oral Available as generic Can cause weight gain 

Bigunides Oral Do not promote weight Flatulance abdominal discomfort 
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gain safe in patient with 

renal failure reinforce 

carydrate reduction 

diarrhea relatively high cost 

Sulfonyl 

ureas  

Oral  Available as generic  Can cause weight gain  

Thiazolidnes Oral  May preserve beta cells 

from ongoing distruction 

Cause fluid retention n stimulate 

accumulation of adepose tissues 

Meglatinide Oral  Rapid disappearance time 

result in lower risk of 

hyper glycemia 

Much shorter duration of action 

than sulfolnyl urea thus this 

agent must be taken before meal 

moderately high cost 

Amylin 

analog  

Parentral Weight lose can be occurs Nausea unpredictable 

hypoglycemia 

Diabetes perspective of Ayurveda 

Ayurveda (In Sanskrit “knowledge of life” or “knowledge of longevity”) is one of countries like, 

Sri Lanka, Malaysia, Mauritius, South Africa, Japan, Russia Europe, and North America (Elder, 

2004; Hankey,2005; Patwardhan, 2010 and Vaidya, 2001)[16]. Herbs are commonly used for 

treatment in Ayurveda. Indian healthcare consists of various systems of medicines and Ayurveda 

still remains dominant compared to modern medicine, particularly for treatment of a variety of 

Chronic disease conditions. Considerable research on pharmacognosy, chemistry[17] 

.pharmacology and clinical therapeutics has been carried out on ayurvedic  plants (Patwardhan, 

2004.The Ayurvedic Pharmacopoeia of India is especially rich in herbal treatments for diabetes 

(Ayurvedic Pharmacopoeia of India, 2008[19]. Ethno botanical studies of traditional herbal 

remedies used for diabetes around the world, have identified more than 1,200 species of plants 

with hypoglycemic activity although only a few of them have been scientifically studied 

(Ajgaonkar, 1979[20]. Yoshiharu, 1994; Alarcon, 2000[21]. WHO, 2005 and Vaidya, 1979) 

Medicinal plants used to treat hypoglycemic or hyperglycemic conditions are of considerable 

interest for ethno-botanical community as they are recognized to contain valuable medicinal 

properties in different parts of the plant and a number of plants have shown a varying degree of 

hypoglycemic and anti hyperglycemic activity[22].India is endowed with traditional wealth of 

medicines as is evident from the fact that the ‘Shushruta-Samhita’, the ancient repository, 

differentiated between genetically and the acquired forms of diabetes and recommended different 

treatments for the two types of diabetes (Grover, 2002). In India, plants have long been used for 

the empirical treatment of diabetes (Pulok, 2006 and Vaidya, 2008). The hypoglycemic activity of 

large number of these plants have been evaluated and confirmed in different animal models 

(Preston, 1985; Portha,2007 a; Frode, 2008). Diabetes mellitus was well known to the ancient 

http://www.ajptr.com/


Abhishek et. al.,  Am. J. PharmTech Res. 2020;10(01)  ISSN: 2249-3387 

www.ajptr.com  132 
 

founders of Ayurveda, as judged from the detailed descriptions of the disease in the classic texts 

like Charaka –Samhita, Sushruta-Samhita and Bhrigu-Samhita etc. 

Phyto constituents with hypoglycemic potentials 

Alkaloids 

Various alkaloids have been isolated from numerous Indian medicinal plants and Berberine is 

known to have potent hypoglycemic activity. It is obtained from Tinospora cordifolia (Singh et al., 

2003)[23]. The mode of its anti hyper glycemic activity was investigated in the Caco-2 cell line. 

Berberine effectively inhibited the activity of  disaccharides  in Caco-2 cells, decreased sucrose 

activity after preincubation with Caco-2 cells for 72 h but failed to produce any significant effect 

on gluconeogenesis and glucose consumption of Caco-2 cells, suggesting that the anti 

hyperglycemic activity of berberine is at least partly due to its ability to inhibit alpha-glucosidase 

and decrease glucose transport through the intestinal epithelium (Pan, 2003). Alkaloids like 

catharanthine , vindoline and vindolinine, obtained from Catharanthus roseus also lower blood 

sugar level (Chattopadhyay,1999). 

Imidazoline compounds 

Certain imidazoline compounds are known to have a stimulatory action on insulin secretion by 

activation of imidazoline binding sites in the pancreatic beta cell. Beta-carbolines, having activity 

at imidazoline sites been studied for their effects on insulin secretion [24]. Harmane, norharmane 

and pinoline, the betacarbolineswere found to increase insulin secretion two-to three-fold from 

isolated human islets of Langerhans. Harmane and norharmane obtained from Tribulusterrestris L. 

and may account for the hypoglycemic property of the plant (Nadkarni, 1976; Kirtikar, 1993)[25]. 

Harmane stimulates insulin secretion in a glucose-dependent manner. The results strongly 

substantiated the claim of betacarbolines as potent insulin secretagogues[26]. 

Polysaccharides 

Various Indian hypoglycemic plants like Aloe vera, Ocimum sanctum, Alpiniagalanga are found to 

contain polysaccharides. A protein-bound polysaccharide isolated from water-soluble substances 

of pumpkin was investigated for hypoglycemic activity in various doses (500 and 1000 mg/kg 

body weight) in alloxan diabetic rats. The results indicated that the polysaccharides increased the 

levels of serum insulin, reduce the blood glucose levels and improve tolerance of glucose 

(Quanhong, 2005)[27]. 

Naturopathic treatment for Diabetes 

The objective of naturopathic treatment of diabetes is to reduce high level of glucose in blood and 

ensure the overall well-being of the patient utilizing natural therapies such as diet, exercise, 
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neutritional supplement and herbs depending on the individuals. Dietary control is the mainstay of 

treatment for type 2 diabetes and plays an integral part in the management of type Dietary 

recommendations have undergone extensive reviewing recent years and considerable changes have 

been made Generally speaking, healthy eating advice for people with diabetes is the same as for 

the general population eating about the same amount of carbohydrate at The blood glucose level is 

closely affected by carbohydrate intake. Previous guidance for people with diabetes recommended 

restriction of carbohydrates. As a consequence of this advice number of people tended to eat more 

fat. Current guidance for carbohydrate consumption still emphasizes the importance of total 

carbohydrate intake, but it focuses on selecting carbohydrates with a lower glycaemic index, that is 

carbohydrates which give sustained release of sugars over time, as opposed to carbohydrates with a 

high glycaemic index that give high peaks in blood glucose concentration. Examples of 

carbohydrates with a low glycaemic index include beans, pulses and starchy foods like whole meal 

pasta and wholegrain bread Total carbohydrate consumption should not exceed 45–60%of energy 

intake, with monounsaturated fat and carbohydrate combined making up 60–70% of energy intake 

Sucrose or ‘sugar’ may be included in the diet, according to the new guidance, but sucrose should 

account for no more than 10% of total energy and should be spaced throughout the day, rather than 

being consumed all in one go. Sugar alcohols for example, sorbitol, maltitol and xylitol, often used 

as sugar [28]. 

They are therefore considered to confer little advantage over sucrose. Non-nutritive or intense 

sweeteners such as aspartame, saccharin, acesulphame K, cyclamate and sucralosemay be useful, 

especially for those who are overweight Alcohol. Alcohol contains carbohydrates and, if consumed 

in excess, may cause hyperglycemia. However, more dangerously it is also associated with later-

onset (up to 16 h post-hypoglycaemia and hyperglycaemia unawareness of the public. 

CONCLUSION 

Patients with sub-optimally controlled type 2 diabetes expressed a high level of interest in trying 

non diabetic care. Those patients with the greatest interest were less satisfied with their diabetes 

care, more motivated to engage in self-care, and more likely to use other CAM therapies for their 

diabetes. 
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ABSTRACT 
 
Polymeric micelles have been the subject of many studies in the field of drug delivery. The interest has specifically been focused on the potential 
application of polymeric micelles in three major areas in drug delivery: drug solubilisation, controlled drug release and drug targeting. Polymeric 
micelles represent an effective delivery system for poorly water-soluble anticancer drugs. The present article is focusing the in vitro cell line study of 
different drug loaded polymeric micelles of various anticancer drug like ursolic acid, methotrexate, curcumin, doxorubicin and paclitaxel by various in 
vitro cytotoxic assay like MTT and CCK-8 against different cancer cell lines like HepG2, L-02, CT26, HT-29, Caco-2, MCF-7 and A549. Cell culture 
model are adequate for screening toxicity of several substances including polymeric micelles and the assays help to determine whether any of the 
anticancer drug loaded polymeric micelles has toxicity or proliferative activity. The data from those models can provide an indication of safety use of 
these particles in humans. 
 
Keyword: In vitro cytotoxicity, polymeric micelles, cell lines 
 
 
INTRODUCTION 
 
Polymeric micelles is nanoscopic core shell type nanoparticle 
formed through the self-assembly of block copolymers which are 
composed by the hydrophobic blocks and hydrophilic blocks. The 
hydrophobic blocks of the polymer are separated from the 
aqueous exterior to form the inner core which solubilizes 
lipophilic drugs and hydrophilic blocks of the polymer forms the 
outer shell which makes the micelles water soluble. It is widely 
applied as a novel nano-sized drug delivery system due to its 
numerous advantages. For example, the nanosize (10-100 nm) 
and hydrophilic outer shells of polymeric micelles prevent their 
uptake by reticuloendothelial system (RES) and prolong their 
circulation time in blood.1,2 Additional advantages of polymeric 
micelles are reduced side effect of the encapsulated drug, ability 
to slow down opsonization, easy and reproducible scale-up and 
the possibility of longer circulation times.3 

 
Cancer is one of the serious health problems that threaten human 
life. Tumor cell proliferate quickly and uncontrollably. They are 
characterized by the formation of abnormalities and the 
combination of mutagenic stages.4 After surgery, chemotherapy 
is the commonly used tumor treatment. Chemotherapeutic drugs 
suffer from poor pharmacokinetic and from an inappropriate bio 
distribution. Because of their high hydrophobicity and/or low 
molecular weight, the most of the routinely used 
chemotherapeutic agent are characterized by a large volume of 
distribution and short circulation time, leading to very low 
concentration at tumor sites and also prominent localization in 
healthy non-target tissues. It is resulting in significant toxicity. To 
improve the tumor concentration of chemotherapeutic agent and 
its circulation time and also decrease their accumulation in 
healthy tissues, many different nanosized drug delivery systems 

have been designed. One of the clinically relevant examples of 
nanosized carrier material is polymeric micelles (PM). 
Mechanism of action of this system is based on Enhanced 
Permeability and Retention (EPR) effect.5,6 It is very important to 
evaluate and ensure that these chemotherapeutic drugs are 
effective and potent prior to patient administration. In vitro cell-
based assays have been used to rapidly determine the cytotoxicity 
activity of several chemotherapeutic agents. This cell-based assay 
is also developed to determine variation in susceptibility of 
different target cells to several compounds. Several 
chemotherapeutic drugs are available in market. The efficacy of 
these products has been tested at the site of production and passed 
quality assurance and quality control requirements. Hence, it may 
be important to test randomly selected lots for their activity to 
ensure efficacy. The objective of the study is to evaluate potency 
and cytotoxicity activity of commercially available generic 
chemotherapeutic drugs in comparison with originator using 
various human cancer cell lines in an in vitro cell based assay.7,8 
 
Advantage of Polymeric micelles 
 
• Improved controlled release function. 
• Multifunctional design possible. 
• Suitable for intravenous administration9 
• Capacity to solubilizes hydrophobic drug10 
• Tunable chemical and physical properties 
• Protecting drug from environmental condition  
 
Disadvantage of Polymeric micelles 
 
• Lack of stability in blood  
• Limited number of polymers for use. 
• Lack of suitable methods for scale up 
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• It dissociates very slowly. 
• Used only for lipophilic drug  
• Low drug-loading capacity 
• Dependency to critical micelle concentration.11 
 
Types of Polymeric micelles 
 

Based on the type of intermolecular forces leading the separation 
of the hydrophobic segment such as core from the aqueous 
environment, polymeric micelles can be classified into; 
 
• Conventional 
• Polyion complex micelles 
• Non-covalently connected polymeric micelles.12,13 
 
Conventional 
 
These types of polymeric micelles are formed by hydrophobic 
interactions between the corona region and core segment in the 
aqueous environment. One of the amphiphilic block copolymer 
such as, poly (ethylene oxide)-b-poly (propylene oxide)-b-poly 
(ethylene oxide), forms micelles as a result of hydrophobic 
interactions. 
 
Polyion Complex Micelles 
 
Poly electrolytes enables for the generation of polymeric 
micelles. These poly electrolytes can penetrate in the corona of 
micelles and it brings poly ionic micelles. Such formed micelles 
are termed polyion complex micelles (PICMs). They have some 
particular features such as easy to assemble in aqueous solution, 
prolonged circulation in the blood, simple synthetic route and 
high-level drug loading capacity. The core of the polyion 
complex micelles can entrap many therapeutic agents such as 
hydrophilic compound, hydrophobic compound, charged 
macromolecules and metal complexes through hydrophobic, 
electrostatic, hydrogen bonding interactions and release them 
after receiving suitable trigger. Sizes of polyion complex micelles 
were about 50-200 nm and drug loading efficiency of micelles 
was greater than 80% (w/w). 
 
Noncovalent Connected Polymeric Micelles 
 
Novel “block-copolymer-free” technique can also be used for the 
preparation of polymeric micelles. Polymeric micelles obtained 
by random copolymer, homo polymer, graft polymer or oligomer 
for which inter polymer hydrogen bonding complexation serve as 
driving force. The core and shell of polymeric micelle is non-
covalently linked to their homo polymer chain end through the 
specific intermolecular interaction such as H-bonding in the 
resultant structures, hence these are called as non-covalently 
connected micelles. 
 

In vitro cell line study of different cancer cell lines 
 
In vitro Cytotoxicity Study of Cisplatin Loaded Polymeric 
Micelle in Lewis Lung Carcinoma Cells (LLC) and Colon 
Tumor Cell Line (C26) by 3-(4’5-Dimethylthiazol-2-Yl)-2, 5-
Diphenyltetrazolium Assay 
 
Cisplatin is a well-known chemotherapeutic drug. It has been 
used for numerous human cancer treatment including head and 
neck, bladder, ovarian, lung and testicular cancer. Cisplatin is 
clinically proven to effective against various types of cancer, 
including carcinomas, lymphomas, germ cell tumors and 

sarcoma.14 The LLC cell line was derived from the lung of a 
C57BL mouse bearing a tumor of primary Lewis lung carcinoma. 
It is primarily used as syngeneic animal model as well as 
evaluating the efficacy of chemotherapeutic agents in vivo.15 The 
colon tumor cells (C 26) were used to study the effect of various 
anti- cancer agents.16 The study indicated that the cisplatin loaded 
polymeric micelles exhibit lower toxicity than free cisplatin at 
each incubation time (42 h and 72 h). This study reported that 
cisplatin loaded polymeric micelles after pre-incubation in 
physiological saline resulted in in vitro cytotoxicity nearly 
comparable with that of free cisplatin.17 

 
In vitro Cytotoxicity Study of Methotrexate-Polymeric 
Micelles in Colon Carcinoma Cell Line CT26 by MTT Assay 
 
Methotrexate (MTX) is 4-amino-4-deoxy-N¹⁰-methyl-
pteroylglutamic acid. MTX is a weak bicarboxylic acid. It 
essentially ionized and lipid insoluble at physiological pH.18 
MTX has an important role in the treatment of small lung cancer, 
lymphocytic leukemia, head and neck cancer, choriocarcinoma, 
breast cancer, osteosarcoma and intra thecal chemotherapy. It is 
one of the most studied and potent therapeutic agents to treat solid 
tumors. Methotrexate act as chemotherapeutic agent by inhibiting 
dihydrofolate reductase (DHFR) with high affinity.19 CT26 colon 
carcinoma cell line was developed by exposing BALB/c mice to 
N-nitroso-N-methylurethane (NMU). It is resulting in a rapid-
growing grade IV carcinoma that is easily implanted and readily 
metasizes. CT26 colon carcinoma is one of the widely used cell 
line in drug development.20 The study indicated that 
methotrexate-incorporated polymeric micelles showed slightly 
lower cytotoxicity against cancer cells. MPEG is exposed on the 
surface of particle in aqueous environment. The stealth properties 
of polymeric micelles may delay the uptake of particle into tumor 
cell and much of drug-incorporated particle may remain in the 
media. This fact might be one of the reasons for the lower toxicity 
of polymeric micelles.21 

 
In vitro Cytotoxicity Study of Curcumin Loaded Polymeric 
Micelle in Colon Carcinoma HT-29 and Caco-2 Cells by MTT 
Assay 
 
Curcumin is the active ingredient of the Curcuma longa plant. It 
has received great attention over as an antioxidant, anti-
inflammatory and anticancer agent. Previous excellent studies 
have recommended that curcumin is a universal anticancer agent, 
defeating many types of cancers. Curcumin also has potential in 
overcoming multidrug-resistant cancers. It shows synergistic 
anticancer effect with other antitumor agents.22 HT29 is a human 
colon cancer cell line used extensively in biological and cancer 
research.23 Human colon adenocarcinoma cells (line HT29) was 
isolated by Fogh and Trempe from a human carcinoma of the 
colon.24 The Caco-2 cell line of heterogeneous human epithelial 
colorectal adenocarcinoma cells are developed by Sloan-
Kettering, Institute for Cancer research conducted by Dr. Jorgen 
fogh.25 The study indicated that there is no significant difference 
in cytotoxicity effect of N-naphthyl-N, O-succinyl chitosan 
(NSCS) and N-octyl-N, O-succinyl chitosan (OSCS) micelles in 
the Caco-2 cells has been observed. The low molecular weight 
chitosan (3.8-13kDa; DDA 87-92%) with concentration lower 
than 5 mg/mL had low toxicity to Caco-2 cells after 2 h of 
incubation (24). This revealed that chitosan micelles had low 
cytotoxicity on Caco-2. The blank NSCS and OSCS micelles 
showed minimal cytotoxicity in HT-29 cells at the concentration 
up to 0.5 mg/mL. This study suggested that blank micelles may 
be regarded as a safe drug carrier.26 
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In vitro Cytotoxicity Study of Doxorubicin Loaded Polymeric 
Micelle in Cell Line MCF-7 and SMMC-7721 by CCK-8 
Assay 
 
Doxorubicin is an anthracycline drug. It is first extracted from 
Streptomyces peucetius var in 1970’s. Doxorubicin is commonly 
used in the treatment of various cancers including lung, breast, 
thyroid, ovarian, gastric, non-Hodgkin’s and Hodgkin’s 
lymphoma, sarcoma, multiple myeloma and pediatric cancer.27 

MCF-7 is mostly used breast cancer cell line. These cells were 
isolated from the pleural effusion of a 69-year-old woman with 
metastatic disease. MCF-7 cell line proves to be a suitable model 
cell line for breast cancer investigation worldwide, including 
those regarding anticancer drug.28 In this study, cells were treated 
for 48 h at various doxorubicin concentration ranging from 0.2-
25 µg mL-1 and both cells viability decreased as the micelles 
concentration increased at highest DOX concentration (25 µg mL-

1). The viability of both cells decreased to 57.9 ± 1.3% and 26.9 
± 1.1% respectively. The IC50 of DOX-loaded polymeric micelles 
are for MCF-7 cells and SMCC-7721 cells as approximately 6.3 
µgmL-1 and 40 µgmL-1 respectively. The IC50 of “free” DOX for 
both MCF-7 cells and SMCC-7721 cells are approximately 40 
µgmL-1 and 1 µgmL-1 respectively. This study indicated that 
blank micelles showed lower toxicity at this concentration 
because the PEG block overcomes the cytotoxicity of hyPEI.29 

 

In Vitro Cytotoxicity Study of Paclitaxel Loaded Polymeric 
Micelles in Lung Cancer Cell Line A549 by MTT Assay 
 
Paclitaxel is a powerful chemotherapeutic agent. Paclitaxel assist 
polymerization of tubulin, thereby leading cell death by 
disrupting the normal microtubules dynamics needed for cell 
division and vital inter phase processes. Paclitaxel has action 
against a broad band of tumour types including breast, lung, head, 
ovarian, head and neck cancers.30 A549 cell are adenocarcinomic 
human alveolar basal epithelial cells. A549 cells are used as 
models for the study of lung cancer and the development of drug 
therapies against it.31 The study indicated that Stragen® and free 
PTX showed similar cytotoxicity in the range of 0.03 to 1.5 
µg/mL of paclitaxel concentration. The cytotoxicity of the free 
drug did not change in concentrations higher than 1 µg/mL. 
Paclitaxel loaded polymeric micelles showed the highest 
cytotoxicity among studied group which was significant at 
concentration greater than 1 µg/mL. The empty micelles did not 
exhibit any measurable cytotoxicity at low concentration (< 1 
µg/mL).32 

 
CONCLUSION 
 
Polymeric micelles have been extensively studied over the last 
decade as versatile and efficient drug delivery systems for cancer 
therapy. In the present study, the systematic steps in order to do 
the cell line study of different drug loaded polymeric micelles at 
different concentration by using different in vitro cell line study. 
The review discussed in vitro cell line study of various examples 
of polymeric micelles in different cancer cell lines like HepG2, 
L-02, CT26, HT-29, Caco-2, MCF-7 and A549 cell line. The 
assays significantly help to determine whether any of the 
anticancer drug loaded polymeric micelles has toxicity or 
proliferative activity. 
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INTRODUCTION 

The post operative infections are most common 

complications after surgery and it leads to associated 

mortality and morbidity in open surgeries. According to 

Centre for Disease Control and Prevention (CDC), 

surgical site infection is the second most commonly 

reported hospital acquired infection. Recently the 

laparoscopy and robot assisted surgery have been used 

successfully because of their safety and efficacy.
[1] 

 

The minimally invasive technique has become popular in 

surgical procedures due to it’s advantages over open 

procedures, like decreased hospital stay, reduced post 

operative pain, return to daily activities etc. The 

laparoscopic technique was introduced in 1980s.
[2]

 The 

introduction of minimally invasive technique is one of the 

most important surgical advances in the last four decades. 

The benefits of this approach include decreased surgical 

trauma, improved cosmetic outcome, less post operative 

pain, reduced hospital stay and rapid return to normal 

activities. The robotic surgery is designed for greater 

dexterity and precision and it help to overcome the 

limitations of pre existing minimally invasive techniques 

and open surgery. 

 

The successful use of robotic surgery has been fueled by 

rapid patient recovery time, reduced blood loss and less 

pain compared to traditional open surgery.
[3]

 The robotic 

surgery field generates around 3 billion dollars per year 

and it is expected to grow 15% per year until 2022.
[4] 

The 

da Vinci surgical system provide improved technologies 

with 3-D views and improved dexterity.
[5]

 Robotic 

surgery has been rapidly adopted in various surgical 

procedures due to it’s technical demanding and provide 

maximum comfort of surgeon.
[6]

 A recent cohort study 

including 169404 patients reported that the use of robotic 

surgery was increased from 1.8% to 15.1% during the 

2012 to 2018. Also after the adoption of robotic surgery, 

the performance of laparoscopic technique declined 

0.3%.
[7] 

 

HISTORY OF ROBOTIC SURGERY 

Robot surgery was first performed in 1985 by Kwoh et.al 

using Puma 560, a robot to perform neuro surgical 

biopsies with greater precision. Puma 560 was again 

used after three years by Davies et.al to conduct trans 

urethral resection of prostate. This leads to the 

development of PROBOT (1988), a robot designed for 

prostate surgery. In 1992 ROBODOC was introduced by 

Integrated Surgical Supplies Ltd. for hip replacement 

surgeries. The first surgical robot approved by FDA was 

ROBODOC.
[8]

 The concept of robotic telepresence 

technology was introduced by Stanford Research 

Institute, the Department of Defence and the National 

Aeronautics and Space Administration.
[9]

 In 1990’s a 

robotic system ARTEMIS, developed with a surgeon 

console and two robotic arms have greater degrees of 

freedom.
[10]

 A voice controlled robotic endoscope, 

AESOP was introduced in 1994 and it was followed by 

ZEUS system, the first fully integrated robotic surgical 
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system. In 1997, the da Vinci surgical system released 

and it was approved by FDA in 2000. It is the 

commercially available robot for minimally invasive 

surgery.
[11]

 The MARO Robotic Interactive Orthopaedic 

Arm and Acrobot systems were released subsequently. In 

2008 Neuroarm introduced was the first image guided 

magnetic resonance imagining-compatible robotic device 

capable of performing neurosurgical procedures.
[12]

 The 

da Vinci Si was launched in 2009. 

 

TECHNOLOGY IN ROBOTIC SURGERY 

The general surgical robotic system consist of three 

parts: a patient-side robot, a vision cart, and the robotic 

master console. The operation is conducted through 

remote master console by surgeon using a combination 

of hand controls and foot pedals. The camera movement 

and horizontal orientation is controlled using one foot 

pedal and the focus is controlled by next pedal. The next 

pedal is designed with a clutching mechanism that help 

in repositioning of hand controls. The monopolar and 

bipolar energy sources is controlled by another set of 

pedals. Patient-side cart is wheeled in between the 

patient’s legs, and the robotic arms are attached to 

stainless steel robotic trocars through docking. The hand 

controls regulate the two robotic instruments or camera 

at a time. From the master console the surgeon is capable 

of manipulating, repositioning, grasping, retracting, 

cutting, dissecting, coagulating, and suturing. A three-

dimensional imaging is arranged in master console 

through a stereoscopic viewer. A bedside assistant is 

required in robot-assisted cases to perform the instrument 

exchanges, suction and irrigation, suture introduction and 

retrieval, and additional retraction.
[13]

 (figure1) 

 

 
Fig. 1: Robotic surgery. 

 

CLINICAL EFFECTIVENESS 

Robotic surgery provide better precision and accuracy in 

clinical procedure because of its 3D dexterity and it offer 

less surgical complications.
[14]

 The recent surgical 

procedures using robotic system indicates decreased 

postoperative surgical and non-surgical complications, 

reduced blood loss, better recovery rates, and reduced 

length of stay in comparison with open surgery.
[15]

 The 

increased length of surgery time is the one concern 

regarding the robotic assisted surgery.
[16]

 In some 

specialities the robotic surgery in obese patients are 

reported to have reduced operative time compared with 

open surgery.
[17]

 In geriatric patients robotic surgery 

produce better outcome with reduced complications and 

length of hospital stay.
[18]

 Various studies in robotic 

surgery among different specialities shown that there is no 

difference in outcome between younger and older patient 

found that age alone is not a risk factor.
[19]

 Robotic 

technique enables complex procedures with complete 

physical fitness in shorter duration of time and these 

make this technique more adopted.
[20] 

 

A systematic review conducted through the literatures of 

robotic surgery for past 30 years conclude that robotic 

surgery has lower blood loss at 50.5%, reduced 

transfusion rate at 27.2%, decreased length of hospital 
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stay at 69.5%, and reduction of complications rate at 

63.7% when compared to open surgery. Operative time 

is 7.3% higher than the open surgery.
[21]

 

 

COST EFFECTIVENESS 

Cost of robotic surgery depends on a number of different 

variables like type of procedures, cost attribution, 

facility, surgical volume etc. A retrospective study 

conducted to compare the cost of robotic surgery with 

their laparoscopic technique reported that robotic surgery 

creates higher cost. The higher cost is associated with the 

cost of equipment and the increased surgical volume 

make it cost effective. The reduced length of hospital 

stay make robotic surgery cost advantage.
[22] 

 

The investment for acquiring robotic technology is high, 

and to reduce the cost the institutions should maximize 

caseloads, if possible keep the robot operational for 

longer and use it for multiple indications, especially 

those with high potential impact on patient outcome and 

cost savings. Cost minimization analysis of robotic radial 

prostatectomy reported that shorter length of stay reduces 

the hospitalization cost compared to open and 

laparoscopic surgery.
[23]

 

 

SURGICAL APPLICATIONS 

 Neurosurgery 

In neurology the robotic surgery improved the feasibility 

and effectiveness of complex procedures. Recently 

sophisticated systems are introduced for procedures like 

brain tumour removal, deep electrode placement for 

stereo electro encephalopathy recording etc.
[24] 

 

 Orthopaedic surgery 

Orthopaedic is the one of the first area were robotic 

surgery is applied. The use of robotic systems has 

increased with short term surgical outcomes when 

compared with traditional orthopaedic procedures. 

 

 Gastric surgery 

Various studies shown that the robotic surgery in gastric 

cancer is safe and has better patient outcome in 

postoperative oral intake, hospital stay and complication 

rate.
[25]

 Also the surgery require longer operative time 

and is more expensive.
[26]

 Robotic surgery is also applied 

in the field of bariatric surgery. 

 

 Colorectal surgery 

In colorectal surgery the robotic system has applied in 

rectal cancer surgery. Because the surgical robots are 

focused in complex procedures or in surgeries that are 

difficult to perform using laparoscopic approach.
[27] 

 

 Liver surgery 

A study performed to compare the clinical outcome and 

cost in liver surgery reported that robotic liver resection 

had reduced blood loss, morbidity, ICU and hospital stay. 

This leads to decreased cost for robotic surgery. The liver 

resection using robotic surgery is financially comparable 

to open procedure.
[28] 

 Endocrine surgery 

Reports shown that robotic thyroidectomy is safe with 

excellent cosmesis. The short term outcomes are 

comparable with endoscopic or open thyroidectomy in 

terms of complication, including permanent recurrent 

laryngeal nerve injury.
[29] 

 

 Cardiac surgery 

Using da Vinci robotic system the Total Endoscopic 

Coronary Artery Bypass (TECAB) can be performed 

with reduced postoperative pain, better cosmesis, and 

faster healing.
[30]

 The cardiac robotic surgery is 

successful with better patient satisfaction. 

 

 Gynaecologic surgery 

In gynaecology the application of robotic surgery is in 

oncology. The study revealed that the surgery result in 

reduced blood loss and shorter duration of hospital stay. 

The operative time is comparable to open surgery and is 

associated with less complication rate.
[13] 

 

COST/BENEFIT ANALYSIS OF ROBOTIC 

SURGERY 

 Length of hospital stay 

Length of stay is influenced by post -operative pain, 

Peri- operative blood loss and complication rates. The 

robot assisted surgeries are associated with reduced post 

operative length of stay compared to the open surgery. A 

observational cohort study reported that the robotic 

prostatectomy was experienced with shorter length of 

hospital stay than open prostatectomy.
[23]

 The decreased 

length of stay counterbalance the increased operative 

room cost associated with robotic surgery. 

 

 Blood loss and transfusion rates 

Several studies evidence that robotically performed 

surgeries are associated with reduced blood loss and 

transfusion rates. 

 

 Cost of robotic surgery 

The cost of robotic surgery include capital acquisition 

cost, training expense for health care professionals, 

equipment maintenance, repair of equipment and 

operating room setup time. The cost for robotic surgery is 

high compared to other surgical techniques, but the 

reduced complication rate and better clinical outcome 

make it more feasible. 

 

 Incidence of complications 

The robotic surgery reduces the complication rates 

compared to other minimally invasive procedures and 

open surgery. 

 

 Operative time 

Robotic surgery was reported to be associated with 

reduced operative time than laparoscopic prostatectomy 

and increased operative time compared with open 

hysterectomy and prostatectomy. 
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 Patient return to usual activity 

The robotic surgical procedure may have rapid return to 

their normal life and better patient outcome compared to 

their open or minimal invasive technique. 

 

CONCLUSION 

The robotic surgery has expanded the range of minimally 

invasive surgery and it leads to new surgical demands. In 

robotic assisted surgeries only the operating time is 

higher than the traditional open surgeries. On the other 

hand the blood loss, complication rate, length of hospital 

stay are reduced. Robotic assisted surgery leads to 

improved surgical outcome in healthcare industry. This 

technique have the potential to improve safety and 

effectiveness of surgeries. 
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INTRODUCTION 
 

Myocardial infarction, which is also known as heart 

attack occurs when blood flow to the heart decreases or 

stops to a part of the heart causing permanent damage to 

the heart.
[1]

 Now a days MI are the most reported case 

among cardiovascular disease and major reason for death 

among cardiovascular patients. Based on the severity of 

occlusion and ST–Elevation on ECG findings, MI can be 

classified into 2 categories ie; ST-Elevation Myocardial 

Infarction (STEMI) and Non ST-Elevation Myocardial 

Infarction (NSTEMI). STEMI are more dangerous than 

NSTEMI and the treatment includes surgical procedures 

rather than drug therapy. STEMI occurs when complete 

occlusion of artery occurs and tissues become deprived 

of oxygen due reduced blood supply. Therefore the 

management of STEMI is very important. 

 

Pathogenesis  

 Cholesterol deposits in the coronary artery. 

 The deposited cholesterol forms plaques within the 

artery, known as atherosclerotic plaque. 

 This plaque may rupture to form thrombus within 

the artery by the activation of clotting mechanism. 

 This occlusive thrombus interrupts blood supply to 

the heart by the complete occlusion of the coronary 

artery. 

 It can cause death or irreversible damage to the 

myocardial cells which results in the development of 

ST-Elevation Myocardial Infarction. 

 

 

Aims of management 

The primary concern is to prevent death, to minimize 

patient’s discomfort and distress and to limit the extend 

of myocardial damage. 

1. Emergency care is given to relieve pain and also to 

prevent cardiac arrest when main considerations are 

to make rapid diagnosis. 

2. Initiating reperfusion therapy as soon as possible to 

limit infarct size and infarct extension. 

3. Subsequent care in which the complications that 

usually ensure later are addressed. 

4. Risks are assessed and measures to prevent 

progression of coronary artery disease, new 

infarction, heart failure and death. 

 

Emergency care 

Initial diagnosis and early risk stratification 

A working diagnosis of myocardial infarction should be 

made first. This is usually based on severe chest pain 

lasting for 20min, evidence of autonomic nervous system 

activation (pallor, sweating) irregularities of pulse, 

bradycardia or tachycardia, faintness or syncope, 

previous history of coronary artery disease etc. 

 

An electrocardiogram should be obtained as soon as 

possible. Repeated ECG recordings should be taken and 

when possible it should be compared with previous 

one.
[2,3]

 In case of ST-Elevation (in case of STEMI) 

reperfusion therapy needs to be given and measures to 

initiate this treatment must be taken as soon as possible. 

Blood test should be done to check elevated cardiac 
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ABSTRACT 
 

Heart Attack or Myocardial Infarction is a medical emergency caused by the blockage of blood flow to the heart. 

Without sufficient blood flow, the myocardial cells become deprived of oxygen and get infarcted and eventually 

death of myocardial cells occurs. Later it can lead to heart failure and life threatening condition. ST- elevation 

myocardial infarction (STEMI) is more dangerous than Non ST-elevation myocardial infarction as it is caused by 

complete occlusion of coronary artery. Therefore the management of STEMI is very important. The treatment 

procedure includes Fibrinolysis, Percutaneous Coronary Intervention (PCI), Coronary Artery Bypass Grafting 

(CABG) and these primary preventive methods followed by secondary preventive methods. 
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markers, but not wait for the results to initiate 

reperfusion treatment. 

 

Two- dimensional echocardiography is also a useful 

technique to check motion abnormalities after coronary 

occlusion. Myocardial perfusion scintigraphy is also 

helpful to rule out acute myocardial infarction. 

 

Relief of pain, breathlessness and anxiety 

Relief of pain is the first aim to be achieved. Intravenous 

opioids like morphine (4-8mg), diamorphine are the 

commonly used analgesics. If the opioids fail to relieve 

the pain after repeated administration, intravenous beta-

blockers or nitrates can be used. Oxygen (2-4 L/min) 

should be administered to people suffering from 

breathlessness. Tranquilizers should be used in addition 

to opioids in excessively disturbed patients. 

 

Pre- hospital or early in-hospital care 

Restoring coronary flow and myocardial tissue perfusion 

For patients with presentation of myocardial infarction 

and with persistent ST-segment elevation, early 

mechanical or pharmacological reperfusion should be 

performed unless clear contraindications are present. 

 

Fibrinolytic treatment 

The evidence for benefit 

For patients within 12 hours of onset of symptoms of 

infarction, evidence for the benefit of fibrinolytic 

treatment is overwhelming. 

 

According to the Fibrinolytic Therapy Trialists(FTT) 

analysis, approximately 30 deaths are prevented per1000 

patients treated within 6 hr of symptom onset and 20 

deaths prevented per 1000 patients treated for those 

between 7-12 hr. 

 

Fibrinolytic regimen 

Fibrinolytics are the preferred pharmacological class for 

the management of STEMI due to their ability to achieve 

reperfusion when administered within 12 hours of 

symptom onset. The US approved fibrinolytic agents for 

the treatment of STEMI are streptokinase, alteplase, 

reteplase and tenecteplase. Alteplase is given as iv 

infusion. Reteplase is administered as double bolus and 

tenecteplase is given as single bolus. Fibrinolytic therapy 

should not begiven to patients with symptoms more than 

12 hr, because there is no convincing evidence of benefit 

beyond 12 hr.
[4-9] 

 

Table 1: Fibrinolytic regimen for acute myocardial infarction.ss. 
 

Drugs Initial treatment Antithrombin cotherapy 
Specific 

contraindications 

Streptokinase (SK) 
1.5 million units in 100ml of 5% 

saline over 30-60min. 

None or i.v heparin for 24 

to 48 hr 
Prior SK or anistreplase 

Alteplase (tPA) 

15 mg i.v bolus 

0.75mg/kg over 30 min then 

0.5mg/kg over 60min i.v 

Total dosage not exceed 100 mg 

i.v heparin for 24 to 48 hr  

Reteplase (r-PA) 

 

10 U +10 U i.v bolus given 30 min 

apart 
i.v heparin for 24 to 48 hr  

Tenecteplase (TNK-

tPA) 

Single i.v bolus 

30 mg if <60 kg 

35 mg if 60 to <70 kg 

40 mg if 70 to <80 kg 

45 mg if 80 to <90 kg 

50 mg if ≥90 kg 

i.v heparin for 24 to 48 hr  

 N.B. Aspirin should be given to all patients without contraindications. 

 

Table 2: Contra-indications to fibrinolytic therapy. 
 

Absolute contraindication Relative contraindications 

Haemorrhagic stroke or stroke of unknown origin 

at any time 

Ischaemic stroke in preceding 6 months 

Central nervous system damage or neoplasms 

Recent major trauma/surgery/head injury (within 

preceding 3 weeks) 

Gastro-intestinal bleeding within the last month 

Known bleeding disorder 

Aortic dissection 

Transient ischaemic attack in preceding 6 months 

Oral anticoagulant therapy 

Pregnancy or within 1 week post partum 

Non- compressible punctures 

Traumatic resuscitation 

Refractory hypertension (systolic blood pressure >180 

mm hg) 

Advanced liver disease 

Infective endocarditis 

Active peptic ulcer 
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Percutaneous Coronary Intervention (PCI) 

Percutaneous coronary intervention is the first choice of 

treatment for STEMI, if it is available. PCI can be 

divided into primary PCI, PCI combined with 

pharmacological reperfusion therapy and ‘rescue PCI’ 

after failed pharmacological reperfusion. 

 

Primary PCI 

This is defined as angioplasty and stenting are performed 

without prior or concomitant fibrinolytic therapy and it is 

the preferred option when performed within 90min after 

the first medical contact. It is only performed in hospitals 

with an established interventional cardiology 

programme. 

 

The PCI procedure involves the insertion of a catheter 

into the blood vessels of the arm or groin. Using 

fluoroscopy X-ray technique the catheter is threaded 

through the coronary artery where it is blocked. When 

the catheter tip is in place, the balloon tip covered with 

stent is inflated and compresses the plaque and expands 

the stent. Once the plaque is compressed and stent is in 

place, the balloon is deflated and withdrawn. The stent 

stays in the artery, holding it open and now a days, dug 

eluting stents are used to prevent tissue 

proliferation.
[10,11] 

 

Primary PCI is effective in maintaining and securing 

coronary artery potency and avoids bleeding risk of 

fibrinolytics. Primary PCI is the preferred treatment for 

patients in shock. 

 

 
Figure 1: Percutaneous Coronary Intervention (PCI). 

 

PCI combined with fibrinolysis 

PCI is performed immediately after fibrinolytic therapy 

in order to enhance reperfusion or reduce the risk of 

reocclusion. The availability of stents and more potent 

antiplatelet agent have made PCI after fibrinolysis 

effective and safe. The combined pre-hospital 

pharmacological and mechanical reperfusion strategy is 

proved to be beneficial.
[12,15] 

 

Rescue PCI 

‘Rescue PCI’ is defined as the PCI performed on a 

coronary artery which remains occluded despite 

fibrinolytic therapy. Limited data from a number of 

studies indicate that transfer to a tertiary care hospital for 

rescue PCI can be performed safely. Coronary 

intervention in patients who received full-dose 

fibrinolytics and glycoprotein IIb/IIIa antagonist may 

lead to excessive bleeding complications.
[16] 

 

Coronary Artery Bypass Grafting (CABG) 

A number of patients need coronary artery bypass 

surgery in the acute phase of myocardial infarction. In 

the CABG procedure, a healthy artery or vein from the 

body is grafted to the blocked coronary artery. The 

grafted artery bypasses the blocked coronary artery and 

thus becomes a new path for blood flow to the heart. 

 

 
Figure 2: Coronary Artery Bypass Grafting (CABG). 
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Secondary prevention 

Diet and dietary supplements 

According to the Lyon Diet Heart study, all patients 

should be advised to take Mediterranean type diet which 

is low in saturated fat, high in polyunsaturated fat and 

high in fruits and vegetables. 

 

Antiplatelet therapy 

The Antiplatelet Trialists collaboration meta analysis 

demonstrated about a 25% reduction in reinfarction and 

death in post infarction patients. Aspirin is the most 

prescribed antiplatelet drug and doses ranged from75 to 

325 mg daily. Oral anticoagulation can be considered in 

patients who cannot tolerate aspirin. In patients who do 

not tolerate aspirin, clopidogrel-a thienopyridine, is 

considered to be good alternate antiplatelet therapy. 

 

Beta-blockers 

Beta-blockers are used in patients after PCI, because of 

their potential to limit infarct size, to reduce the 

incidence of fatal arrhythmias, and to relieve pain. 

Normally beta-blockers are used to control high blood 

pressure and metoprolol were the most prescribed one. 

Evidence from available studies suggests that beta-

blockers should be used indefinitely in all patients who 

recovered from acute myocardial infarction and without 

any contraindications. 

 

Calcium antagonists 

The benefit of calcium channel antagonists are much 

weaker than beta-blockers. Verapamil and diltiazem can 

be used in patients when beta-blockers are 

contraindicated. 

 

Angiotensin-converting enzyme (ACE) inhibitors 

ACE Inhibitors reduce the mortality after acute 

myocardial infarction with reduced residual left 

ventricular function. The co-administration of aspirin and 

beta-blockers along with ACE Inhibitors reduce the 

chance of reinfarction after PCI. 

 

Lipid-lowering agents 

Lipid lowering agents are given to post MI patients to 

reduce the chance of reocclusion. Statin treatment should 

be extended to those with even lower lipid levels, 

including elderly patients. In patients with low HDL-

cholesterol levels, a fibrate should be considered. 

 

Table 3: Secondary prevention.
[17] 

 

Recommendations  

• Stop smoking 

• Optimal glycaemic control in diabetic patients 

• Blood pressure control in hypertensive patients 

• Mediterranean type diet  

• Supplementation with 1g fish oil n-3 poly-unsaturated fatty acids 

• Aspirin: 75-325 mg daily 

If aspirin is not tolerated 

Clopidogrel (75mg daily) 

Oral anticoagulant 

• Oral beta-blockers: to all patients if no contraindications 

• Continuation of ACE-Inhibition started on the first day 

• Statins: 

If in spite of dietary measures total cholesterol>190mg/dl and LDL cholesterol>115mg/dl 

• Fibrates: 

If HDL cholesterol ≤45mg/dl and triglycerides ≥200mg/dl 

• Calcium antagonists (diltiazem or verapamil) if contra indications to beta-blockers and no heart failures 

  

 
Figure 3: Treatment algorithm for STEMI. 
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CONCLUSION 
 

Most of the MI occurs due to coronary artery disease and 

STEMI is the most life threatening among them. 

Therefore the management of STEMI is very important. 

Surgical intervention along with pharmacological 

therapy is the mostly used pattern and secondary 

prevention of STEMI is very important as same as 

primary prevention. 
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ABSTRACT 

Depression is one of the major co morbid complications present in type 

2 diabetes mellitus patients which are mostly not diagnosed early.  

Increased depressive symptoms in diabetes patients will endanger the 

therapeutic compliance leads to reduced diabetes self care and thus 

quality of life. So the early detection and treatment is important to 

reduce the depressive symptoms and to improve patient health care. 

This paper highlights the importance of detecting depression in type 2 

diabetic patients. 

 

KEYWORDS: Diabetes mellitus, Depression, HbA1c. 

 

INTRODUCTION 

Diabetes mellitus is a common chronic disease and progressive 

disorder characterized by hyperglycemia and abnormalities in 

carbohydrate, fat and protein metabolism.
 [1]

 It is a major rising health problem in the world 

population. There are two types of diabetes. Type 1 DM and Type 2 DM. More than 90% of 

diabetic patients have type 2 diabetes mellitus. It was estimated from the studies that the 

quality of life of diabetic patients are reduced due to burden over medicine and 

expenditures.
[4] 

Diabetes mellitus is a metabolic disorder which have complications both short 

term complication (hypoglycemia) and long term complication (kidney failure, retinopathy, 

stroke etc).
[3]

 

 

Depression is one of the major co morbid complications among type 2 diabetes mellitus 

patients. It has become a risk factor for developing type2 DM. The American Psychiatric 
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Association Diagnostic and Statistical Manual of Mental Disorder (DSM-5) describe 

depression as a mood disorder that alters the functionality of an individual by disturbing 

emotion, cognition and behavior.
[5]

 Depression includes anhedonia, feeling of guilt, 

hopelessness, disrupted sleep, reduced appetite and energy which leads to inability to manage 

daily activities.
[6]

 

 

Depression can leads to reduced adherence to diabetes management and lack of self care 

which will eventually lead to further diabetic complications and reduced quality of life. 

Diabetic patients with depression have reported higher HbA1c and high blood sugar level 
[7]

. 

So the early screening, detection and treatment are required in type2 DM patients with 

depressive risk factors to improve their self care and quality of life. 

 

Depression and Diabetes Mellitus 

Depression and diabetes mellitus were different entities but are major health problem in 

world population. Depression increases the risk of developing diabetes. Depression causes 

poor treatment outcomes and reduces the quality of life. Studies shows that the prevalence of 

depression is two-fold in people with T2DM than those without T2DM. 

 

The cause of depression in T2DM patients is unknown but it was found that the association 

between depression and DM is bidirectional. Depression reduces self care in diabetic patients, 

leads to reduced therapeutic compliance which gradually causes increase in depressive 

symptoms and this vicious cycle continues.
[6]

 

 

Various factors contribute to depression in diabetes patients. Physiological and behavioral 

factors such as poor sleep, lack of physical activity have an important role in causing 

depression in diabetic patients.
[8]

 Studies show that chronic stress can activate the 

hypothalamus-pituitary- adrenal axis (HPA- axis) and the sympathetic nervous system (SNS) 

leads to increased production of cortisol. Hypercortisolemia and SNS activation promote 

insulin resistance leads to diabetes mellitus.
[9] 

Hippocampus is a region involved in 

depression as well as T2DM. Hypercortisolemia disturbs the neurogenesis in the 

hippocampus leads to depression in diabetic patients. 
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Recent studies show that the risk of developing depression in T2DM patients is more 

prevalent and mostly they are undiagnosed. The psychological burden of being ill plays a role 

in triggering depression in type2 diabetic patients. Risk factors include unfavorable lifestyle, 

physical inactivity, unhealthy diet, stressful lifestyle, economy etc.
[10]

 

 

Importance of Detecting Depression in Diabetes Mellitus 

Depression is the most common psychiatric illness seen in people. Coexistence of depression 

and diabetes is a challenge for pharmaceutical care since it worsens the outcome of each 

other. Depression in T2DM patients can reduce the overall quality of life, self management of 

diabetes, and life expectancy.
[11] 

Depression will contribute to low dietary adherence, 

physical activity, and high stress level leading lower medication adherence.
[12] 

Studies 

indicated that diabetic patients with depression exhibit poor glycemic control and increased 

prevalence of multiple diabetic complications like nephropathy, retinopathy and neuropathy. 

 

Both depression and diabetes mellitus have negative impact on life of an individual. Due to 

the negative impact on health, both diseases should be recognized and treated simultaneously. 

In most cases depression in type2 diabetes mellitus were not diagnosed. This leads to 

increased stress level thus decrease the medication adherence causing diabetic complications. 

In order to ensure adequate quality of life multidimensional approach should be considered to 

manage depression in diabetes mellitus. 

 

The American Diabetes Association recommends regular screening of depression in type 2 

diabetic patients and also recommend patients with T2DM to receive proper counselling and 

support.
[13]

 

 

Tools for Screening Depression 

Depression in most cases remains not diagnosed or untreated in diabetic patients. So early 

screening of depression in diabetes may increase the clinical outcome. Depression can be 

screened using validated questionnaires, which is a simple and quick way of screening.
[14]

 A 

wide variety of questionnaires are available to measure depressive symptoms. Among those 

depressions screening questionnaires Beck Depression Inventory (BDI), Centre for 

Epidemiological Studies Depression Scale (CES-D) and Patient Health Questionnaire (PHQ) 

were mostly used. Since large number of questionnaires is available it is difficult to use most 

suitable questionnaire for monitoring or screening depression in diabetic patients.
[15] 

The 

questionnaire should have reliability, validity and responsiveness. A reliable questionnaire 
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helps to screen the depression precisely. A valid questionnaire has the ability to measure the 

intended construct. A responsive questionnaire is sensitive to changes in the construct to be 

measured.
[16]

 

 

Screening of Depression in Diabetes 

Depression is a common co morbid complication present in T2DM patients. The early 

screening of depression in diabetes can improve the therapeutic outcome thus improve the 

quality of life. Multiple strategies can improve screening of depression among diabetic 

patients. Offering training to health care providers helps them to easily recognize depression 

in diabetes. Proper health records of patients helps for further screening, references, treatment 

and follow up. Educating diabetic patients about this mental health condition could help the 

patients to recognise their own mental health needs and helpful for better healthcare 

interventions.
[17]

 

 

Treatment Approaches for Depressed Patients with Diabetes Mellitus 

Studies shows that the prevalence of depression in diabetes patients are high than in non 

diabetic patients. So the early detection and treatment is important in diabetic patients with 

depression to improve their quality of life.  

 

Both psychological and pharmacological therapies should be determined on individual basis. 

Studies recommend treating both depression and diabetes simultaneously with treating 

depression as a priority as it is able to see the response within 2-4 weeks while increased 

HbA1C level and improvement in glycemic control takes several months.
[18]

  

 

Psychological Intervention 

Psychology interventions mainly include behavioural therapy provided by health care 

providers like nurses, doctors. Other common psychological intervention used in depressed 

with diabetes are problem solving, interpersonal therapy, motivational speaking, counselling, 

educating about their health conditions etc. 

 

Identifying the common trigger for diabetes and depression will helps to improve the 

treatment strategies in depressed diabetic patients. Lifestyle changes such as dietary 

modification, regular physical activities, adequate sleep and social interaction can improve 

depression as well as depression.
[19]

 Diabetes self management education and support is 
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effective in decreasing diabetes related depression and improvement in overall quality of life 

in type 2 Diabetes mellitus patients.
[20]

 

 

Collaborative Care 

Collaborative care can improve the clinical outcomes in diabetic patients.
[21]

 Collaborative 

care includes the care provided by the doctors, nurses, psychologists, pharmacist and social 

workers. They can provide proper intervention based on clinical state of individual patients. 

The interventions include psychological approaches, antidepressant therapy and intensive 

care for severely depressed patients. 
[21]

 Collaborative care can help to achieve specific goals 

and long term benefits mainly in diabetic patients with depression and diabetic distress. 

 

CONCLUSION 

Depression is one of the most under diagnosed co morbidity seen in type 2 diabetes mellitus 

patients. Patients with depression are at higher risk of harm due to inadequate glycemic 

control. So it is important to detect and treat the depression in diabetic patients in order to 

improve the therapeutic compliance in diabetic patients and to improve the overall quality of 

life.  
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ABSTRACT  

Hypertension have to be treated effectively to reduce the 

disease burden and to prevent various complications, for that 

the clinician need to individualize the drug therapy for the 

patients according to their condition. The rational prescribing of 

antihypertensive drugs along with other drugs can be assessed 

effectively using Prescription Quality Index (PQI) tool. Aim: 

To assess the quality of prescribing in patients with 

hypertension at a tertiary care hospital using PQI. Materials 

and methods: A prospective cross-sectional study was 

conducted for a period of 6 months in the general medicine, 

cardiology, gynecology and surgery departments of a 450 

bedded tertiary care hospital. A specially designed data entry 

format was prepared for data collection and a total of 100 

prescriptions were collected and analyzed using PQI tool. Data 

was analyzed using Statistical Package for Social Science 

version 20. Finally, the percentage of poor quality (score ≤ 31), 

medium quality (score 32-33) and high quality (score 34-43) 

prescriptions were determined. Results: Prescriptions of 100 

patients were analyzed and found that 54% were females and 

46% were males. Most of the patients are from the age group 

70-80 years (48%) and 60-70 years (26%). Using PQI tool it 

was found that 44% of the prescription were of medium quality, 

39% were of high quality and the remaining 17% were of poor 

quality. Conclusion: The study concluded that out of the 100 

prescriptions, majority of them were of medium quality. The 

PQI is a useful tool for determining the quality of prescription 

in various clinical settings. 
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INTRODUCTION 

Prescribing is the process involved in the decision making which is undertaken by the 

prescriber before the act of writing the prescription. A rational approach to prescribing 

involves evidence based prescribing and it has outcome goals and evaluation alternatives in 

partnership with the patient. There is a need for a systematic approach for prescribing and 

understanding of the factors that influence the decision to prescribe a medicine. The WHO 

promotes the rational use of medicines. The rational use means that the patients receives 

medications appropriate to their clinical needs, in doses that meet their own individual 

requirements, for an adequate period of time and at the lowest cost of them at their 

community. 

Prescription quality index (PQI) is a reliable and valid tool to assess quality of prescription in 

patients with chronic diseases. It is practical, applicable to a broad variety of medications and 

clinical condition. Also, it can easily be adopted for application in different settings and in 

limited availability of data.[5] 

Nowadays the prevalence of Cardiovascular diseases are increasing worldwide and increasing 

day by day due to risk factors like smoking, obesity, Low Density Lipoprotein Cholesterol, 

Hypertension, Diabetes Mellitus, Chronic Kidney Disease etc and is the most common cause 

of adult death in the world. Many strategies for the treatment and prevention of heart diseases 

are present and are highly effective and have been subjected for evaluation. The evidence 

based for the treatment of CVD is stronger than for any other disease group.[3] Hypertension 

doubles the risk of cardiovascular diseases, which includes coronary heart disease (CHD), 

congestive heart failure (CHF), ischemic and hemorrhagic stroke, renal failure and peripheral 

arterial disease (PAD). There are significant clinical benefits in treating patients of 

hypertension with rational use of medications. Rational prescribing has to be checked for 

validity. The patients who are admitted in the hospital for the treatment of any conditions 

including some chronic diseases, who is having hypertension and taking antihypertensive 

therapy should be prescribed adequately. The rational prescribing of antihypertensives can be 

assessed effectively using prescription quality index tool. 

Prescription Quality Index (PQI) developed by Hassan et al., in 2010 contains 22 criteria in 

questionnaire form. The PQI has been claimed to be an ideal tool applicable to a broad 

variety of medications and clinical conditions and applicable in different settings and with 
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limited data. Validation of the PQI was performed in patients with chronic diseases. This 

study was approved by the University of Sains Malaysia Research and Ethical Committee. 

Prescriptions may be containing a single drug or multiple drug therapy. In PQI, for 

prescriptions consisting of more than one drug, each drug was rated individually. Similarly, if 

patients suffered from more than one disease state, each disease state was rated separately. 

The minimum score was then selected for the PQI summation. The criteria in the PQI were in 

question form and the range of scores varied from ‘0’ to‘4’ for very important criteria, ‘0’ to 

‘2’ for criteria considered as important and ‘0’ to ‘1’ for less important criteria. Compliance 

criterion was measured based on physician notes in patient’s medical record. When it was not 

possible to obtain certain data such criteria were rated as having no information and score of 

‘9’ was given. If a drug was not indicated, criterion 1 should be scored as ‘0’ (not indicated). 

Subsequently, criterion 2 (dosage), criterion 13 (duration) and criterion 14 (cost 

minimization) were all scored as ‘0’. The PQI total score was obtained by summing up all the 

minimum scores for the 22 criteria for all drugs in a prescription. The possible maximum 

score of the PQI was ‘43’ (table:6). 

Prescription with the PQI total score of less than or equal to 31 was interpreted as poor 

quality, 32 to 33 as medium quality and 34 to 43 as high quality. The PQI can be typically 

completed in about 10 min or longer, although it may on occasion take longer, depending on 

the number of drugs in the prescription and rater’s specialty, experience and training. 

PQI was developed with strong structural foundation and subjected to extensive psychometric 

testing and demonstrated acceptable validity and reliability. PQI is also able to discriminate 

between the proportion of good prescriptions that of with problems. The PQI is specifically 

developed to be consistent with current scientific knowledge on rational and evidence based 

practice, effectiveness, efficacy and safety. Thus it enables to analyze the prescription and 

thereby improve the quality of prescription. Benefits of interventions can result in 

improvements in patient care.[5] 
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Table: 6 PRESCRIPTION QUALITY INDEX 

Sl. 

no 
Criterion SCORE Drug 1 Drug 2 Drug 3 Min. Score 

1. 

Is there an 

indication for the 

drug? 

Not indicated 0 0 0 

 
Weakly indicated 2 2 2 

Indicated  4 4 4 

No information 9 9 9 

2. 

 

Is the dosage 

correct? 

Incorrect  0 0 0 

 
Marginally correct 2 2 2 

Correct  4 4 4 

No information 9 9 9 

3. 

 

Is the medication 

effective for the 

condition? 

Ineffective  0 0 0 

 
Slightly effective 1 1 1 

Effective  2 2 2 

No information 9 9 9 

4. 

 

Is the usage of drug 

for the indication 

supported by 

evidence? 

No evidence 0 0 0 

 
Weak evidence 1 1 1 

Strong evidence 2 2 2 

No information 9 9 9 

5. 

 

Are the directions 

for administration 

correct? 

Incorrect  0 0 0 

 
Marginally correct 1 1 1 

Correct  2 2 2 

No information 9 9 9 

6. 

 

Are the directions 

for administration 

practical? 

Impractical  0 0 0 

 
Marginally practical 1 1 1 

Practical  2 2 2 

No information 9 9 9 

7. 

 

Are there clinically 

significant drug-

drug interaction? 

Major significant 0 0 0 

 
Minor significant 1 1 1 

Insignif. / no inter. 2 2 2 

No information 9 9 9 

8. 

 

Are there clinically 

significant drug-

disease/condition 

interaction? 

Significant  0 0 0 

 
Insignif. / no inter. 2 2 2 

No information 9 9 9 

9. 

 

Does the patient 

experience any 

adverse drug 

reaction? 

Definite  0 0 0 

 
Possible  1 1 1 

No ADR 2 2 2 

No information 9 9 9 

10. 

Is there 

unnecessary 

duplication with 

other drugs? 

Unnecessary  0 0 0 

 
Necessary /no dup. 1 1 1 

No information 9 9 9 

11. 
Is the duration of 

therapy acceptable? 

Unacceptable  0 0 0 
 

Marg. Acceptable 1 1 1 
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Acceptable  2 2 2 

No information 9 9 9 

12. 

Is this drug the 

cheapest compared 

to other alternatives 

for the same 

indication? 

No  0 0 0 

 
Yes  1 1 1 

No information 9 9 9 

13. 

Is the medication 

being prescribed by 

generic name? 

No  0 0 0 

 Yes  1 1 1 

No information 9 9 9 

14. 

Is the medication 

available in the 

formulary or 

essential drug list? 

No  0 0 0 

 
Yes  1 1 1 

No information 9 9 9 

15. 

Does the patient 

comply with the 

drug treatment? 

Non compliant 0 

 Compliant  2 

No information 9 

16. 

Is the medications 

name on the 

prescription clearly 

written? 

Not clear 0 

 
Marginally clear 1 

Clear  2 

17. 

Is the prescribers 

writing on the 

prescription 

legible? 

Illegible  0 

 
Barely legible 1 

Legible  2 

18. 

Is the prescribers 

information on the 

prescription 

adequate? 

Inadequate  0 

 
Adequate  2 

19. 

Is the patient’s 

information on the 

prescription 

adequate? 

Inadequate  0 

 Marg. Adequate 1 

Adequate  2 

20. 

 

Is the diagnosis on 

the prescription 

clearly written? 

Not clear / written 0 

 Marg. Clear 1 

Clear  2 

 

21. 

Does the 

prescription fulfill 

the patient’s 

requirement for 

drug therapy? 

No  0 

 
Yes  1 

No information 9 

22. 

Has the patient 

condition improved 

with treatment? 

Not improved 0 0 0 

 
Slightly improved 1 1 1 

Improved  2 2 2 

No information 9 9 9 

TOTAL SCORE FOR THE INDEX (43)  
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MATERIALS AND METHODS 

A prospective cross-sectional study was conducted for a period of six months. The study is 

being conducted in general medicine, cardiology, gynaecology and surgery departments of St. 

James Hospital, Chalakudy, Kerala, India in 2019. A total of 100 prescriptions are collected 

from selected departments. PQI tool and data entry form were used for analyzing the 

prescription. 

The protocol of study submitted to Institutional Human Ethics Committee (IHEC). The 

protocol was approved by committee with the approval number SJPCEC/P25/PP/2016/032 

and hospital approval number SJCP/DIR/A.9/2018-2019. 

A computerized literature and manual search was conducted to identify relevant studies, for 

the evaluation and prescription analysis of antihypertensive drugs. Literatures which found to 

support the study were collected and properly reviewed. A data entry form was specially 

designed for the study to collect patient details. During ward rounds, the relevant patient 

details including demographic details, co- morbid conditions, past medication details, current 

diagnosis, drug therapy, laboratory investigations, drug interactions were recorded in the data 

entry form. All the prescriptions of patients with hypertension were evaluated and was 

categorized as poor quality, medium quality and high quality prescription using Prescription 

Quality Index (PQI) tool. 

Data was analyzed using Statistical Package for Social Science version 20. Descriptive 

statistics were used for describing the samples. The correlation coefficient r value has been 

found out using spearman’s correlation coefficient. The correlation was significant at the 0.01 

level and at 0.05 level (2 tailed). Mean and standard deviation were also used to describe the 

each criteria of PQI tool. 

Inclusion criteria: 

➢ Patients above the age of 18 years suffering from hypertension with or without co-

morbidities attending inpatient department of general medicine, cardiology, gynaecology and 

surgery in a tertiary care hospital. 

Exclusion criteria: 

➢ Patients other than selected departments. 
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➢ Patients who are unable to communicate.  

RESULTS AND DISCUSSION 

The study aims to determine the quality of prescribing in patients with hypertension in a 

tertiary care unit. A total of 100 prescriptions were collected and their demographic data, 

medications prescribed, drug interactions, category of drugs and combination drugs of 

antihypertensive drugs were analyzed. 

The demographic analysis suggested that females (54%) were more presented with 

hypertension than males (46%) (figure:2). People of 70-80 years (48%) were found to be the 

most affected age group followed by 60-70 years (26%) (figure:1). 

The analysis of co-morbid conditions revealed that diabetes mellitus (43.28%) was the most 

common co-morbid condition along with hypertension, followed by dyslipidemia  (20.15%), 

CAD (10.45%), stroke (6.72%) and thyroid disorders (5.22%) (figure:3). This analysis was 

useful to find the association of various conditions with hypertension. 

The stay of most of the patients (53%) were for 4-6 days in hospital for the course of 

treatment and about 23% of patients for 1-3 days (figure:4). 

The major antihypertensive drug category prescribed was found to be Angiotensin Receptor 

Blockers (ARBs) (30.40%) followed by Calcium Channel Blocker (CCB) (29.82%), diuretics 

(19.88%) and beta blockers (13.45%). Angiotensin Converting Enzyme (ACE) inhibitors 

(1.16%) were rarely prescribed and other drugs accounted for 5.26% (figure 5). 

Among the antihypertensive drugs prescribed telmisartan (23.39%) was the most commonly 

prescribed drug, followed by amlodipine (11.11%), cilnidipine (9.94%), furosemide (9.35%), 

losartan (5.84%), spironolactone (4.67%), nebivolol (4.67%) and so on (figure:6).  

Nearly 52% of patients received single drug therapy and 48% of patients were prescribed 

with multiple drugs (figure:7).  

Among the combination of antihypertensives, the most commonly found combination were of 

Telmisartan and Clinidipine (31.81%), followed by Amlodipine and Atenolol (13.63%) 

(figure:8). 
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The study revealed that most of the prescriptions enrolled were of medium quality (44%), 

39% of prescriptions were of high quality and 17% were of poor quality (figure:9). In a 

similar study conducted by Suthar et al 58% of prescriptions were of poor quality followed 

by high quality (39%) and medium quality (1%) prescriptions. 

Data was analyzed using Statistical Package for Social Science version 20. Descriptive 

statistics were used for describing the samples. The correlation coefficient r value has been 

found out using spearman’s correlation coefficient. The correlation was significant at the 0.01 

level and at 0.05 level (2 tailed). Mean and standard deviation were also used to describe the 

each criteria of PQI tool. 

Table 4 shows the PQI mean scores and their SD for each PQI criteria. The criteria’s were not 

normally distributed and the highest SD is shown by drug indication. Item total correlation 

measures extend to which item intercorrelate with one another. The table 5 shows the PQI 

total score correlation with 22 criteria. The item correlation ranged from r value 0 to 0.56. 

The PQI total score were strongly correlated with 10 criteria’s which includes drug 

indication, drug dosage, drug effectiveness, evidence based prescribing, drug interaction, 

unnecessary duplication, duration of therapy, patient compliance, legibility of prescription 

and fulfill patient’s requirement for drug therapy, that displayed an item total correlation of 

the value ˃0.2. The correlation ˂ 0.2 is shown by the rest of the criteria (correct directions, 

drug disease/drug interactions, adverse drug reaction, cost, formulary or essential drug list, 

medication name, prescriber information, patient information, diagnosis, patient 

improvement). In a similar study conducted by Suthar et al. the strong correlation was with 

drug indication, drug effectiveness, evidence based prescribing, correct directions, 

unnecessary duplication, duration of therapy and cost. There is no correlation between PQI 

score and these three criteria: directions of administration correct, directions of administration 

practical and generic prescribing. In our study, drug indication shows strong correlation (r-

value = 0.561, p value = <0.001) with total PQI score and can have major impact on quality 

of prescribing which was similar to the previous study. 

DISTRIBUTION OF PATIENTS BASED ON AGE  

100 patients were recruited in the study according to inclusion criteria. 
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Figure No. 1: Distribution based on age 

DISTRIBUTION OF PATIENT BASED ON GENDER 

 

Figure No. 2: Distribution based on gender 
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DISTRIBUTION BASED ON CO-MORBID CONDITIONS 

Table No. 1: Distribution based on co-morbid condition 

CO-MORBID 

CONDITIONS 
FREQUENCY (n=134) PERCENTAGE (%) 

Diabetes mellitus 58 43.28 

Dyslipidemia 27 20.15 

CAD 14 10.45 

Stroke 9 6.72 

Thyroid disorders 7 5.22 

CKD 5 3.73 

COPD 5 3.73 

OTHERS 9 6.72 

 

Figure No. 3: Distribution based on co-morbid conditions 

DISTRIBUTION BASED ON DURATION OF HOSPITAL STAY 

 

Figure No. 4: Distribution based on duration of hospital stay 
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DISTRIBUTION BASED ON ANTIHYPERTENSIVE DRUGS 

Table No. 2: Distribution based on antihypertensive drugs 

Drugs Frequency (n=171) Percentage (%) 

Telmisartan 40 23.39 

Amlodipine 19 11.11 

Cilnidipine 17 9.94 

Furosemide 16 9.35 

Losartan 10 5.84 

Nebivolol 8 4.67 

Spironolactone 8 4.67 

Nifedipine 7 4.09 

Metoprolol 6 3.50 

Atenolol 6 3.50 

Clonidine 5 2.92 

Hydrochlorothiazide 5 2.92 

Torsemide 4 2.33 

Nimodipine 3 1.75 

Propranolol 2 1.16 

Olmesartan 2 1.16 

Carvedilol 2 1.16 

Verapamil 2 1.16 

Azilsartan 2 1.16 

Labetalol 2 1.16 

Chlorothiazide 1 0.58 

Enalapril 1 0.58 

Prazosin 1 0.58 

Diltiazem 1 0.58 

Ramipril 1 0.58 
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Figure No. 5: Distribution based on antihypertensive drugs 
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DISTRIBUTION BASED ON CATEGORY OF ANTIHYPERTENSIVE DRUGS 

Table No. 3: Distribution based on category of antihypertensive drugs 

CATEGORY FREQUENCY (n=171) PERCENTAGE (%) 

ARB  52 30.40 

CCB  51 29.82 

Diuretics  34 19.88 

Beta-blockers  23 13.45 

ACE  2 1.16 

Others  9 5.26 

 

Figure No. 6: Distribution based on category of antihypertensive drugs 

DISTRIBUTION BASED ON TYPE OF THERAPY IN PATIENT 

 

Figure No. 7: Distribution based on type of therapy in patient 
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DISTRIBUTION BASED ON COMBINATION OF ANTIHYPERTENSIVES 

 

Figure No. 8: Distribution based on combination of antihypertensive drugs 

DISTRIBUTION OF QUALITY OF PRESCRIPTION 

 

Figure No. 9: Distribution of quality of prescription 
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Table No. 4: Criteria wise mean PQI score (N= 100) 

PQI Criterion Min score Max score Mean SD(+/-) 

Is there an indication for the drug? 0 4 2.64 1.06 

Is the dosage correct? 2 4 3.92 0.39 

Is the medication effective for the condition? 1 2 1.45 0.50 

Is the usage of drug for the indication supported 

by evidence? 
0 2 1.58 0.57 

Are the directions for administration correct? 2 2 2.00 0.00 

Are the directions for administration practical? 2 2 2.00 0.00 

Are there clinically significant drug-drug 

interaction? 
0 2 1.17 0.64 

Are there clinically significant drug-

disease/condition interaction? 
0 2 1.93 0.33 

Does the patient experience any adverse drug 

reaction? 
0 2 1.97 0.22 

Is there unnecessary duplication with other drugs? 0 2 0.73 0.47 

Is the duration of therapy acceptable? 1 2 1.85 0.36 

Is this drug the cheapest compared to other 

alternatives for the same indication? 
0 2 0.05 0.26 

Is the medication being prescribed by generic 

name? 
0 0 0.00 0.00 

Is the medication available in the formulary or 

essential drug list? 
0 1 0.92 0.27 

Does the patient comply with the drug treatment? 0 2 1.42 0.87 

Is the medications name on the prescription 

clearly written? 
0 2 1.22 0.64 

Is the prescribers writing on the prescription 

legible? 
0 2 1.12 0.59 

Is the prescribers information on the prescription 

adequate? 
0 2 1.98 0.20 

Is the patient’s information on the prescription 

adequate? 
1 2 1.92 0.27 

Is the diagnosis on the prescription clearly 

written? 
0 2 1.88 0.38 

Does the prescription fulfill the patient’s 

requirement for drug therapy? 
0 1 0.97 0.17 

Has the patient condition improved with 

treatment? 
0 2 1.20 0.51 
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Table No. 5: PQI total score correlation with 22 criteria 

PQI Criterion 

Correlation with PQI Total Score 

(N=100) 

Correlation 

Coefficient 
p Value 

Is there an indication for the drug? 0.561** <0.001 

Is the dosage correct? 0.261** 0.009 

Is the medication effective for the condition? 0.559** <0.001 

Is the usage of drug for the indication supported by 

evidence? 
0.404** <0.001 

Are the directions for administration correct? 0 1.000 

Are the directions for administration practical? 0 1.000 

Are there clinically significant drug-drug interaction? 0.422** <0.001 

Are there clinically significant drug-disease/condition 

interaction? 
0.07 0.492 

Does the patient experience any adverse drug reaction? 0.10 0.335 

Is there unnecessary duplication with other drugs? 0.416** <0.001 

Is the duration of therapy acceptable? 0.402** <0.001 

Is this drug the cheapest compared to other alternatives 

for the same indication? 
0.11 0.275 

Is the medication being prescribed by generic name? 0 1.000 

Is the medication available in the formulary or essential 

drug list? 
0.04 0.706 

Does the patient comply with the drug treatment? 0.517** <0.001 

Is the medications name on the prescription clearly 

written? 
0.02 0.876 

Is the prescribers writing on the prescription legible? 0.300** 0.002 

Is the prescribers information on the prescription 

adequate? 
0.08 0.453 

Is the patient’s information on the prescription 

adequate? 
0.02 0.843 

Is the diagnosis on the prescription clearly written? 0.08 0.401 

Does the prescription fulfill the patient’s requirement 

for drug therapy? 
0.203* 0.043 

Has the patient condition improved with treatment? 0.08 0.420 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 

level (2-tailed) Spearman's correlation. PQI=Prescription Quality Index 
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CONCLUSION 

After assessing the prescriptions using PQI, the study concluded that the majority of the 

prescriptions were of medium quality in our hospital. The study provides a baseline data for 

carrying out further studies on prescribing pattern in a tertiary care unit, which would provide 

information for improving the utilization of antihypertensive drugs.  

The study also concludes that females have more chance of having hypertension than males. 

Our study shows that the major comorbidity associated with hypertension is diabetes 

mellitus. The most commonly prescribed antihypertensive medication was Telmisartan which 

belongs to the category of Angiotensin receptor blockers. This provides an information about 

the evidence based prescribing done in our hospital. 

From the study, we found that the therapeutic outcome of the patient is strongly related to the 

quality of the prescription. Prescription quality index can be used as a valid and reliable tool 

for assessing the quality of prescribing in chronic diseases. PQI allows us to analyze 

prescription and thereby improve the quality of prescription which in turn result in 

improvements in patient care.  
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ABSTRACT  

Hypertension have to be treated effectively to reduce the 

disease burden and to prevent various complications, for that 

the clinician need to individualize the drug therapy for the 

patients according to their condition. The rational prescribing of 

antihypertensive drugs along with other drugs can be assessed 

effectively using Prescription Quality Index (PQI) tool. Aim: 

To assess the quality of prescribing in patients with 

hypertension at a tertiary care hospital using PQI. Materials 

and methods: A prospective cross-sectional study was 

conducted for a period of 6 months in the general medicine, 

cardiology, gynecology and surgery departments of a 450 

bedded tertiary care hospital. A specially designed data entry 

format was prepared for data collection and a total of 100 

prescriptions were collected and analyzed using PQI tool. Data 

was analyzed using Statistical Package for Social Science 

version 20. Finally, the percentage of poor quality (score ≤ 31), 

medium quality (score 32-33) and high quality (score 34-43) 

prescriptions were determined. Results: Prescriptions of 100 

patients were analyzed and found that 54% were females and 

46% were males. Most of the patients are from the age group 

70-80 years (48%) and 60-70 years (26%). Using PQI tool it 

was found that 44% of the prescription were of medium quality, 

39% were of high quality and the remaining 17% were of poor 

quality. Conclusion: The study concluded that out of the 100 

prescriptions, majority of them were of medium quality. The 

PQI is a useful tool for determining the quality of prescription 

in various clinical settings. 
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INTRODUCTION 

Prescribing is the process involved in the decision making which is undertaken by the 

prescriber before the act of writing the prescription. A rational approach to prescribing 

involves evidence based prescribing and it has outcome goals and evaluation alternatives in 

partnership with the patient. There is a need for a systematic approach for prescribing and 

understanding of the factors that influence the decision to prescribe a medicine. The WHO 

promotes the rational use of medicines. The rational use means that the patients receives 

medications appropriate to their clinical needs, in doses that meet their own individual 

requirements, for an adequate period of time and at the lowest cost of them at their 

community. 

Prescription quality index (PQI) is a reliable and valid tool to assess quality of prescription in 

patients with chronic diseases. It is practical, applicable to a broad variety of medications and 

clinical condition. Also, it can easily be adopted for application in different settings and in 

limited availability of data.[5] 

Nowadays the prevalence of Cardiovascular diseases are increasing worldwide and increasing 

day by day due to risk factors like smoking, obesity, Low Density Lipoprotein Cholesterol, 

Hypertension, Diabetes Mellitus, Chronic Kidney Disease etc and is the most common cause 

of adult death in the world. Many strategies for the treatment and prevention of heart diseases 

are present and are highly effective and have been subjected for evaluation. The evidence 

based for the treatment of CVD is stronger than for any other disease group.[3] Hypertension 

doubles the risk of cardiovascular diseases, which includes coronary heart disease (CHD), 

congestive heart failure (CHF), ischemic and hemorrhagic stroke, renal failure and peripheral 

arterial disease (PAD). There are significant clinical benefits in treating patients of 

hypertension with rational use of medications. Rational prescribing has to be checked for 

validity. The patients who are admitted in the hospital for the treatment of any conditions 

including some chronic diseases, who is having hypertension and taking antihypertensive 

therapy should be prescribed adequately. The rational prescribing of antihypertensives can be 

assessed effectively using prescription quality index tool. 

Prescription Quality Index (PQI) developed by Hassan et al., in 2010 contains 22 criteria in 

questionnaire form. The PQI has been claimed to be an ideal tool applicable to a broad 

variety of medications and clinical conditions and applicable in different settings and with 
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limited data. Validation of the PQI was performed in patients with chronic diseases. This 

study was approved by the University of Sains Malaysia Research and Ethical Committee. 

Prescriptions may be containing a single drug or multiple drug therapy. In PQI, for 

prescriptions consisting of more than one drug, each drug was rated individually. Similarly, if 

patients suffered from more than one disease state, each disease state was rated separately. 

The minimum score was then selected for the PQI summation. The criteria in the PQI were in 

question form and the range of scores varied from ‘0’ to‘4’ for very important criteria, ‘0’ to 

‘2’ for criteria considered as important and ‘0’ to ‘1’ for less important criteria. Compliance 

criterion was measured based on physician notes in patient’s medical record. When it was not 

possible to obtain certain data such criteria were rated as having no information and score of 

‘9’ was given. If a drug was not indicated, criterion 1 should be scored as ‘0’ (not indicated). 

Subsequently, criterion 2 (dosage), criterion 13 (duration) and criterion 14 (cost 

minimization) were all scored as ‘0’. The PQI total score was obtained by summing up all the 

minimum scores for the 22 criteria for all drugs in a prescription. The possible maximum 

score of the PQI was ‘43’ (table:6). 

Prescription with the PQI total score of less than or equal to 31 was interpreted as poor 

quality, 32 to 33 as medium quality and 34 to 43 as high quality. The PQI can be typically 

completed in about 10 min or longer, although it may on occasion take longer, depending on 

the number of drugs in the prescription and rater’s specialty, experience and training. 

PQI was developed with strong structural foundation and subjected to extensive psychometric 

testing and demonstrated acceptable validity and reliability. PQI is also able to discriminate 

between the proportion of good prescriptions that of with problems. The PQI is specifically 

developed to be consistent with current scientific knowledge on rational and evidence based 

practice, effectiveness, efficacy and safety. Thus it enables to analyze the prescription and 

thereby improve the quality of prescription. Benefits of interventions can result in 

improvements in patient care.[5] 
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Table: 6 PRESCRIPTION QUALITY INDEX 

Sl. 

no 
Criterion SCORE Drug 1 Drug 2 Drug 3 Min. Score 

1. 

Is there an 

indication for the 

drug? 

Not indicated 0 0 0 

 
Weakly indicated 2 2 2 

Indicated  4 4 4 

No information 9 9 9 

2. 

 

Is the dosage 

correct? 

Incorrect  0 0 0 

 
Marginally correct 2 2 2 

Correct  4 4 4 

No information 9 9 9 

3. 

 

Is the medication 

effective for the 

condition? 

Ineffective  0 0 0 

 
Slightly effective 1 1 1 

Effective  2 2 2 

No information 9 9 9 

4. 

 

Is the usage of drug 

for the indication 

supported by 

evidence? 

No evidence 0 0 0 

 
Weak evidence 1 1 1 

Strong evidence 2 2 2 

No information 9 9 9 

5. 

 

Are the directions 

for administration 

correct? 

Incorrect  0 0 0 

 
Marginally correct 1 1 1 

Correct  2 2 2 

No information 9 9 9 

6. 

 

Are the directions 

for administration 

practical? 

Impractical  0 0 0 

 
Marginally practical 1 1 1 

Practical  2 2 2 

No information 9 9 9 

7. 

 

Are there clinically 

significant drug-

drug interaction? 

Major significant 0 0 0 

 
Minor significant 1 1 1 

Insignif. / no inter. 2 2 2 

No information 9 9 9 

8. 

 

Are there clinically 

significant drug-

disease/condition 

interaction? 

Significant  0 0 0 

 
Insignif. / no inter. 2 2 2 

No information 9 9 9 

9. 

 

Does the patient 

experience any 

adverse drug 

reaction? 

Definite  0 0 0 

 
Possible  1 1 1 

No ADR 2 2 2 

No information 9 9 9 

10. 

Is there 

unnecessary 

duplication with 

other drugs? 

Unnecessary  0 0 0 

 
Necessary /no dup. 1 1 1 

No information 9 9 9 

11. 
Is the duration of 

therapy acceptable? 

Unacceptable  0 0 0 
 

Marg. Acceptable 1 1 1 
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Acceptable  2 2 2 

No information 9 9 9 

12. 

Is this drug the 

cheapest compared 

to other alternatives 

for the same 

indication? 

No  0 0 0 

 
Yes  1 1 1 

No information 9 9 9 

13. 

Is the medication 

being prescribed by 

generic name? 

No  0 0 0 

 Yes  1 1 1 

No information 9 9 9 

14. 

Is the medication 

available in the 

formulary or 

essential drug list? 

No  0 0 0 

 
Yes  1 1 1 

No information 9 9 9 

15. 

Does the patient 

comply with the 

drug treatment? 

Non compliant 0 

 Compliant  2 

No information 9 

16. 

Is the medications 

name on the 

prescription clearly 

written? 

Not clear 0 

 
Marginally clear 1 

Clear  2 

17. 

Is the prescribers 

writing on the 

prescription 

legible? 

Illegible  0 

 
Barely legible 1 

Legible  2 

18. 

Is the prescribers 

information on the 

prescription 

adequate? 

Inadequate  0 

 
Adequate  2 

19. 

Is the patient’s 

information on the 

prescription 

adequate? 

Inadequate  0 

 Marg. Adequate 1 

Adequate  2 

20. 

 

Is the diagnosis on 

the prescription 

clearly written? 

Not clear / written 0 

 Marg. Clear 1 

Clear  2 

 

21. 

Does the 

prescription fulfill 

the patient’s 

requirement for 

drug therapy? 

No  0 

 
Yes  1 

No information 9 

22. 

Has the patient 

condition improved 

with treatment? 

Not improved 0 0 0 

 
Slightly improved 1 1 1 

Improved  2 2 2 

No information 9 9 9 

TOTAL SCORE FOR THE INDEX (43)  
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MATERIALS AND METHODS 

A prospective cross-sectional study was conducted for a period of six months. The study is 

being conducted in general medicine, cardiology, gynaecology and surgery departments of St. 

James Hospital, Chalakudy, Kerala, India in 2019. A total of 100 prescriptions are collected 

from selected departments. PQI tool and data entry form were used for analyzing the 

prescription. 

The protocol of study submitted to Institutional Human Ethics Committee (IHEC). The 

protocol was approved by committee with the approval number SJPCEC/P25/PP/2016/032 

and hospital approval number SJCP/DIR/A.9/2018-2019. 

A computerized literature and manual search was conducted to identify relevant studies, for 

the evaluation and prescription analysis of antihypertensive drugs. Literatures which found to 

support the study were collected and properly reviewed. A data entry form was specially 

designed for the study to collect patient details. During ward rounds, the relevant patient 

details including demographic details, co- morbid conditions, past medication details, current 

diagnosis, drug therapy, laboratory investigations, drug interactions were recorded in the data 

entry form. All the prescriptions of patients with hypertension were evaluated and was 

categorized as poor quality, medium quality and high quality prescription using Prescription 

Quality Index (PQI) tool. 

Data was analyzed using Statistical Package for Social Science version 20. Descriptive 

statistics were used for describing the samples. The correlation coefficient r value has been 

found out using spearman’s correlation coefficient. The correlation was significant at the 0.01 

level and at 0.05 level (2 tailed). Mean and standard deviation were also used to describe the 

each criteria of PQI tool. 

Inclusion criteria: 

➢ Patients above the age of 18 years suffering from hypertension with or without co-

morbidities attending inpatient department of general medicine, cardiology, gynaecology and 

surgery in a tertiary care hospital. 

Exclusion criteria: 

➢ Patients other than selected departments. 
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➢ Patients who are unable to communicate.  

RESULTS AND DISCUSSION 

The study aims to determine the quality of prescribing in patients with hypertension in a 

tertiary care unit. A total of 100 prescriptions were collected and their demographic data, 

medications prescribed, drug interactions, category of drugs and combination drugs of 

antihypertensive drugs were analyzed. 

The demographic analysis suggested that females (54%) were more presented with 

hypertension than males (46%) (figure:2). People of 70-80 years (48%) were found to be the 

most affected age group followed by 60-70 years (26%) (figure:1). 

The analysis of co-morbid conditions revealed that diabetes mellitus (43.28%) was the most 

common co-morbid condition along with hypertension, followed by dyslipidemia  (20.15%), 

CAD (10.45%), stroke (6.72%) and thyroid disorders (5.22%) (figure:3). This analysis was 

useful to find the association of various conditions with hypertension. 

The stay of most of the patients (53%) were for 4-6 days in hospital for the course of 

treatment and about 23% of patients for 1-3 days (figure:4). 

The major antihypertensive drug category prescribed was found to be Angiotensin Receptor 

Blockers (ARBs) (30.40%) followed by Calcium Channel Blocker (CCB) (29.82%), diuretics 

(19.88%) and beta blockers (13.45%). Angiotensin Converting Enzyme (ACE) inhibitors 

(1.16%) were rarely prescribed and other drugs accounted for 5.26% (figure 5). 

Among the antihypertensive drugs prescribed telmisartan (23.39%) was the most commonly 

prescribed drug, followed by amlodipine (11.11%), cilnidipine (9.94%), furosemide (9.35%), 

losartan (5.84%), spironolactone (4.67%), nebivolol (4.67%) and so on (figure:6).  

Nearly 52% of patients received single drug therapy and 48% of patients were prescribed 

with multiple drugs (figure:7).  

Among the combination of antihypertensives, the most commonly found combination were of 

Telmisartan and Clinidipine (31.81%), followed by Amlodipine and Atenolol (13.63%) 

(figure:8). 
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The study revealed that most of the prescriptions enrolled were of medium quality (44%), 

39% of prescriptions were of high quality and 17% were of poor quality (figure:9). In a 

similar study conducted by Suthar et al 58% of prescriptions were of poor quality followed 

by high quality (39%) and medium quality (1%) prescriptions. 

Data was analyzed using Statistical Package for Social Science version 20. Descriptive 

statistics were used for describing the samples. The correlation coefficient r value has been 

found out using spearman’s correlation coefficient. The correlation was significant at the 0.01 

level and at 0.05 level (2 tailed). Mean and standard deviation were also used to describe the 

each criteria of PQI tool. 

Table 4 shows the PQI mean scores and their SD for each PQI criteria. The criteria’s were not 

normally distributed and the highest SD is shown by drug indication. Item total correlation 

measures extend to which item intercorrelate with one another. The table 5 shows the PQI 

total score correlation with 22 criteria. The item correlation ranged from r value 0 to 0.56. 

The PQI total score were strongly correlated with 10 criteria’s which includes drug 

indication, drug dosage, drug effectiveness, evidence based prescribing, drug interaction, 

unnecessary duplication, duration of therapy, patient compliance, legibility of prescription 

and fulfill patient’s requirement for drug therapy, that displayed an item total correlation of 

the value ˃0.2. The correlation ˂ 0.2 is shown by the rest of the criteria (correct directions, 

drug disease/drug interactions, adverse drug reaction, cost, formulary or essential drug list, 

medication name, prescriber information, patient information, diagnosis, patient 

improvement). In a similar study conducted by Suthar et al. the strong correlation was with 

drug indication, drug effectiveness, evidence based prescribing, correct directions, 

unnecessary duplication, duration of therapy and cost. There is no correlation between PQI 

score and these three criteria: directions of administration correct, directions of administration 

practical and generic prescribing. In our study, drug indication shows strong correlation (r-

value = 0.561, p value = <0.001) with total PQI score and can have major impact on quality 

of prescribing which was similar to the previous study. 

DISTRIBUTION OF PATIENTS BASED ON AGE  

100 patients were recruited in the study according to inclusion criteria. 
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Figure No. 1: Distribution based on age 

DISTRIBUTION OF PATIENT BASED ON GENDER 

 

Figure No. 2: Distribution based on gender 
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DISTRIBUTION BASED ON CO-MORBID CONDITIONS 

Table No. 1: Distribution based on co-morbid condition 

CO-MORBID 

CONDITIONS 
FREQUENCY (n=134) PERCENTAGE (%) 

Diabetes mellitus 58 43.28 

Dyslipidemia 27 20.15 

CAD 14 10.45 

Stroke 9 6.72 

Thyroid disorders 7 5.22 

CKD 5 3.73 

COPD 5 3.73 

OTHERS 9 6.72 

 

Figure No. 3: Distribution based on co-morbid conditions 

DISTRIBUTION BASED ON DURATION OF HOSPITAL STAY 

 

Figure No. 4: Distribution based on duration of hospital stay 
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DISTRIBUTION BASED ON ANTIHYPERTENSIVE DRUGS 

Table No. 2: Distribution based on antihypertensive drugs 

Drugs Frequency (n=171) Percentage (%) 

Telmisartan 40 23.39 

Amlodipine 19 11.11 

Cilnidipine 17 9.94 

Furosemide 16 9.35 

Losartan 10 5.84 

Nebivolol 8 4.67 

Spironolactone 8 4.67 

Nifedipine 7 4.09 

Metoprolol 6 3.50 

Atenolol 6 3.50 

Clonidine 5 2.92 

Hydrochlorothiazide 5 2.92 

Torsemide 4 2.33 

Nimodipine 3 1.75 

Propranolol 2 1.16 

Olmesartan 2 1.16 

Carvedilol 2 1.16 

Verapamil 2 1.16 

Azilsartan 2 1.16 

Labetalol 2 1.16 

Chlorothiazide 1 0.58 

Enalapril 1 0.58 

Prazosin 1 0.58 

Diltiazem 1 0.58 

Ramipril 1 0.58 
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Figure No. 5: Distribution based on antihypertensive drugs 
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DISTRIBUTION BASED ON CATEGORY OF ANTIHYPERTENSIVE DRUGS 

Table No. 3: Distribution based on category of antihypertensive drugs 

CATEGORY FREQUENCY (n=171) PERCENTAGE (%) 

ARB  52 30.40 

CCB  51 29.82 

Diuretics  34 19.88 

Beta-blockers  23 13.45 

ACE  2 1.16 

Others  9 5.26 

 

Figure No. 6: Distribution based on category of antihypertensive drugs 

DISTRIBUTION BASED ON TYPE OF THERAPY IN PATIENT 

 

Figure No. 7: Distribution based on type of therapy in patient 
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DISTRIBUTION BASED ON COMBINATION OF ANTIHYPERTENSIVES 

 

Figure No. 8: Distribution based on combination of antihypertensive drugs 

DISTRIBUTION OF QUALITY OF PRESCRIPTION 

 

Figure No. 9: Distribution of quality of prescription 
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Table No. 4: Criteria wise mean PQI score (N= 100) 

PQI Criterion Min score Max score Mean SD(+/-) 

Is there an indication for the drug? 0 4 2.64 1.06 

Is the dosage correct? 2 4 3.92 0.39 

Is the medication effective for the condition? 1 2 1.45 0.50 

Is the usage of drug for the indication supported 

by evidence? 
0 2 1.58 0.57 

Are the directions for administration correct? 2 2 2.00 0.00 

Are the directions for administration practical? 2 2 2.00 0.00 

Are there clinically significant drug-drug 

interaction? 
0 2 1.17 0.64 

Are there clinically significant drug-

disease/condition interaction? 
0 2 1.93 0.33 

Does the patient experience any adverse drug 

reaction? 
0 2 1.97 0.22 

Is there unnecessary duplication with other drugs? 0 2 0.73 0.47 

Is the duration of therapy acceptable? 1 2 1.85 0.36 

Is this drug the cheapest compared to other 

alternatives for the same indication? 
0 2 0.05 0.26 

Is the medication being prescribed by generic 

name? 
0 0 0.00 0.00 

Is the medication available in the formulary or 

essential drug list? 
0 1 0.92 0.27 

Does the patient comply with the drug treatment? 0 2 1.42 0.87 

Is the medications name on the prescription 

clearly written? 
0 2 1.22 0.64 

Is the prescribers writing on the prescription 

legible? 
0 2 1.12 0.59 

Is the prescribers information on the prescription 

adequate? 
0 2 1.98 0.20 

Is the patient’s information on the prescription 

adequate? 
1 2 1.92 0.27 

Is the diagnosis on the prescription clearly 

written? 
0 2 1.88 0.38 

Does the prescription fulfill the patient’s 

requirement for drug therapy? 
0 1 0.97 0.17 

Has the patient condition improved with 

treatment? 
0 2 1.20 0.51 
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Table No. 5: PQI total score correlation with 22 criteria 

PQI Criterion 

Correlation with PQI Total Score 

(N=100) 

Correlation 

Coefficient 
p Value 

Is there an indication for the drug? 0.561** <0.001 

Is the dosage correct? 0.261** 0.009 

Is the medication effective for the condition? 0.559** <0.001 

Is the usage of drug for the indication supported by 

evidence? 
0.404** <0.001 

Are the directions for administration correct? 0 1.000 

Are the directions for administration practical? 0 1.000 

Are there clinically significant drug-drug interaction? 0.422** <0.001 

Are there clinically significant drug-disease/condition 

interaction? 
0.07 0.492 

Does the patient experience any adverse drug reaction? 0.10 0.335 

Is there unnecessary duplication with other drugs? 0.416** <0.001 

Is the duration of therapy acceptable? 0.402** <0.001 

Is this drug the cheapest compared to other alternatives 

for the same indication? 
0.11 0.275 

Is the medication being prescribed by generic name? 0 1.000 

Is the medication available in the formulary or essential 

drug list? 
0.04 0.706 

Does the patient comply with the drug treatment? 0.517** <0.001 

Is the medications name on the prescription clearly 

written? 
0.02 0.876 

Is the prescribers writing on the prescription legible? 0.300** 0.002 

Is the prescribers information on the prescription 

adequate? 
0.08 0.453 

Is the patient’s information on the prescription 

adequate? 
0.02 0.843 

Is the diagnosis on the prescription clearly written? 0.08 0.401 

Does the prescription fulfill the patient’s requirement 

for drug therapy? 
0.203* 0.043 

Has the patient condition improved with treatment? 0.08 0.420 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 

level (2-tailed) Spearman's correlation. PQI=Prescription Quality Index 
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CONCLUSION 

After assessing the prescriptions using PQI, the study concluded that the majority of the 

prescriptions were of medium quality in our hospital. The study provides a baseline data for 

carrying out further studies on prescribing pattern in a tertiary care unit, which would provide 

information for improving the utilization of antihypertensive drugs.  

The study also concludes that females have more chance of having hypertension than males. 

Our study shows that the major comorbidity associated with hypertension is diabetes 

mellitus. The most commonly prescribed antihypertensive medication was Telmisartan which 

belongs to the category of Angiotensin receptor blockers. This provides an information about 

the evidence based prescribing done in our hospital. 

From the study, we found that the therapeutic outcome of the patient is strongly related to the 

quality of the prescription. Prescription quality index can be used as a valid and reliable tool 

for assessing the quality of prescribing in chronic diseases. PQI allows us to analyze 

prescription and thereby improve the quality of prescription which in turn result in 

improvements in patient care.  
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ABSTRACT 

The multifaceted chemical potential of oxazines- a six-membered species containing nitrogen and oxygen in the ring has led to 
persistent research in the synthetic methodologies. The development of simple synthetic routes to widely used organic compounds 
using readily available reagents is one of the main objectives of the synthesis. Nitrogen and oxygen heterocyclic are of special interest 
because they constitute an important class of natural and non-natural products, many of which exhibit useful biological activity. A 
survey of biological potentials of oxazines revealed the moiety has attracted a great deal of interest of medicinal chemist, biochemist, 
and pharmacologist rendered as a lead molecule for designing potential bioactive agents. In the present paper, we have executed 
information that extends a great deal of help to determine the best and most productive, economical and clinically important 
compound of oxazine derivatives with antibacterial, antifungal, antimalarial, anticonvulsant, antitubercular, anti -inflammatory, 
anticancer, antioxidant and neurodegenerative activities.  

Keywords: Aspirin; Bacillus subtilis; Ethambutol; Minimycin; Oxazines; Platelet aggregation inhibitors; Streptomycin.  

 
INTRODUCTION 

rganic compounds play a vital role in modern 
society and possess varied applications in different 
fields due to which unabated research has been 

going on to synthesize new organic compounds including 
derivatization of naturally occurring ones- nucleic acids, 
plant alkaloids, some vitamins, proteins, hormones, etc. 
Synthetic heterocyclic compounds especially containing 
heteroatoms N, S, O has enormous potential primarily as 
agrochemicals, drugs, etc. The versatility of the oxazine 
skeleton, in addition to its relative chemical simplicity and 
accessibility, makes these chemicals amongst the most 
promising sources of bioactive compounds.1 

Oxazines are a very important class of heterocyclic 
compounds, they are classified into three isomeric forms 
like 1,2 Oxazines, 1,3 Oxazines and 1,4 Oxazines as shown 
in Fig 1. They are an important class of heterocycles, which 
has attracted much synthetic interest due to their wide 
range of biological activities. Oxazine is a heterocyclic 
compound that can be formally derived from benzene, and 
its reduction products, by suitable substitution of carbon 
and hydrogen atoms by nitrogen and oxygen. In the last 
few years, oxazine derivatives have proved to be valuable 
synthetic intermediates and also possess important 
biological activities like a sedative, analgesic, antipyretic, 
anticonvulsant, antitubercular, antitumor, antimalarial 
and antimicrobial. 

Oxazines are the essential structural constituents for most 
of the fungicides, herbicides, and broad spectrum 
bactericides. They are used as fundamental building blocks 
for many natural products. Using oxazine as synthon, one 
may be able to reconcile pyrroles pyrrolidine and γ-

lactones via the reductive cleavage of C-O and N-O 
bonds.[2] The synthetic oxazine derivatives are well known 
for their promising biological properties, for example, D-
ribofuranosyl-l,3-oxazin-2,4-dione (Minimycin) is 
employed as an antitumor agent, while 3H-1,3-oxazine-
2,6-dione as a suicide inactivator of serine proteases as 
shown in Fig 2. Due to their enormous biological 
significance, these compounds could be employed for the 
development of new chemical entities to combat various 
diseases. The purpose of this review was to collate 
literature work reported by researchers on oxazine for 
their various pharmacological activities and also reported 
recent efforts made on this moiety. 

 

Figure 1: Structures of isomers of oxazines 

                

3H-1,3-Oxazine-2,6-dione.                    Minimycin 

Figure 2: Structures of minimycin and 3H-1,3-Oxazine-2,6-
dione 
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BIOLOGICAL POTENTIALS OF OXAZINES 

Antimicrobial study 

Antimicrobial medicines can be grouped according to the 
microorganisms they act primarily against. The lack of 
effective treatments and antimicrobial resistance is the 
main cause of microbial infections that are the common 
challenges for the researchers as large numbers of patients 
are at risk. Oxazines and their derivatives are known to be 
promising antimicrobial agents. 

El-Bayouki et al., 2017 have designed a concise, one-step 
procedure for the synthesis of some tetra hydro-4H-benzo 
[1, 3-e] oxazines and β-acylamino ketone derivatives. 
Some selected compounds (1–4) as shown in Fig 3 were 
tested for their antimicrobial activity in nutrient agar 
plates and potato dextrose agar medium against B. 
thuringiensis, E. coli, B. fabae, and F. oxysporum. 
Streptomycin and Treflucan were used as standard drugs.3 

 

Figure 3: Structures of compounds 1-4 

Gabbas et al., 2016 reported 1, 3-oxazine derivatives (5-7) 
as shown in Fig 4 were synthesized using 2-hydroxy benzyl 
amines and methylene bromide. These compounds were 
tested in-vitro for their antibacterial activity against three 
strains of gram-positive and three strains of gram-negative 
bacteria using the cup-plate agar diffusion method, with 
streptomycin (100mg/ml) as the reference antibacterial 
agent.4 

 

Figure 4: Structures of compounds 5-7 

The results of the antibacterial activity against three strains 
of gram-positive bacteria and three strains of gram-
negative bacteria as compared to 100 mg/ml streptomycin 
which was used as the standard. From the result 5 was 
reported to exhibit good activity against Bacillus subtilis 
and Staphylococcus epidermidis. The compound also 
showed very good activity against Acineto bacteranitratus 
and excellent activity against Escherichia coli and only 

moderate activity against Staphylococcus aureus. 6was 
reported exhibiting moderate activity against Bacillus 
subtilis, Staphylococcus epidermidis and Escherichia coli. 
Compound 7 was reported to exhibit very good activity 
against all the strains of gram-positive bacteria. It showed 
a very good activity against Acinetobacteranitratus and an 
excellent activity against Escherichia coli. 

Antitubercular study 

Tuberculosis (TB) is mainly caused by Mycobacterium 
tuberculosis. It is estimated that one-third of the world’s 
population is TB-infected, with 8 million new cases 
annually and 3.1 million die annually. TB is currently the 
leading killer of youths, women and AIDS patients in the 
world. Isoniazid is a frontline anti-TB drug, but 
unfortunately, bacterial strains resist INH at an alarming 
rate. Hence, the development of more effective anti-TB 
drugs is a common threat for researchers nowadays. 
Oxazines and their derivatives are known to have excellent 
antitubercular activity. 

Kamble et al., 2015 have synthesized and characterized 
somebenzo [1,3] oxazine derivatives with their biological 
property. Among the synthesized compounds, compounds 
(8-11) as shown in Fig 5 showed promising activity against 
M. tuberculosis as compared with Rifampicin and 
Ethambutol. The importance of chloro, nitro, and methoxy 
groups for the manifestation of antimycobacterial activity 
was also discussed.5 

 

Figure 5: Structures of compounds 8-11 

Antioxidant study 

The antioxidants play a remarkable performance to 
decelerate the oxidative process by scavenging the free 
radicals, thereby preventing the extent of damage to the 
cell walls. The efficacy of antioxidants is determined by 
their free radical scavenging activity. DPPH contains an odd 
electron and is used for scavenging activity. 

DPPH is a stable free radical which accepts a proton or an 
electron to become a stable diamagnetic molecule, viz. 
Hydrazine. A substance capable of donating electrons or 
hydrogen atoms can convert the purple color of DPPH to 
its non-radical yellow color, which can be seen 
spectrophotometrically. 

Zykova et al., 2015 have synthesized 3-substituted 4-
hydroxy-6-phenyl-3,4-dihydro 2H-1, 3-oxazines(12-13) as 
shown in Fig 6 from 1,6-diaryl-3,4-dihydroxy-2,4-
hexadiene-1,6-dione and various arylidene aryl amines. 
These compounds were examined in vitro for their 
antioxidant and cytotoxic activity. The highest antioxidant 
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activity was observed for 12 and 13 but did not show 
cytotoxic properties against normal and human tumor 
cells.6 

 

12                                               13 

Figure 6: Structures of compounds 12 and 13 

Anticancer activity 

Cancer is a life-threatening disease characterized by the 
abnormal cell growth of cancerous cells and they invade 
and spread into other cells. Normal cells can receive signals 
that determine whether they differentiate or undergo 
apoptosis. Cancerous cells are powerless to receive these 
signals and unable to control their differentiation and 
apoptosis, resulting in the uncontrollable growth of 
damaged cells. Metastasis, the cancer spreading process is 
the core of cancer death. Mutations in DNA mislead the 
normal cellular process by the production of some proteins 
which leads to cancer. 

MTT assay is a common model for the determination of 
anticancer activity. Converting MTT into a purple-colored 
formazan occurred at a maximum near 570 nm as shown 
in Fig 7. The color changes from yellow to purple in case 
cells die and lose the ability to convert MTT into formazan. 
Oxazines and their derivatives are known to have excellent 
anti-cancer properties. 

 

Figure 7: Scheme for conversion of MTT to Formazan 

Chen et al., 2014 have synthesized and characterized a 
series of novel tricyclic oxazine fused quinazolines 14-17 as 
shown in Fig 8and tested against cancer cell lines including 
gastric carcinoma cell NCI-N87, epidermoid carcinoma cell 
A431, NCIH1975, BT474, and Calu3 lines These reported 
compounds performed impressive inhibition activity 
against the cell lines. The activity of compound 17 (IC50 = 
0.046–0.24 μM) is more potent than erlotinib b (IC50: 
0.75>10μM) and gefitinib (IC50: 0.36–1.00 μM) against 
A431, NCI-N87, BT474, Calu 3. 2-oxo-benzo [1,4]oxazine 
analogs.7 

 

 

14                         15                        16                         17    

Figure 8: Structures of compounds 14-17 

Jaiswal et al., 2017 have synthesized different derivatives 
(18-20) as shown in Fig 9 and characterized the cytotoxic 
studies of these compounds in 3T3 fibroblast cell lines that 
were carried out and found to be non-toxic. Besides, all 
compounds were identified as promising platelet 
aggregation inhibitors as compared to aspirin. Substituents 
are presented in Table 1.8 

 

Figure 9: Structures of compounds 18-20 

Table 1: Substituents for compounds 18-20 

Compounds R1 R2 R3 R4 R5 R6 

18 Br  H H CH3 H Br  

19 Br  H H H NO2 H 

20 OCH3 H H CH3  H Br  

Anti-inflammatory activity 

Anti-inflammatory is the property of a substance or 
treatment that reduces inflammation or swelling. Anti-
inflammatory drugs make up about half of analgesics, 
remedying pain by reducing inflammation as opposed to 
opioids, which affect the central nervous system to block 
pain signaling to the brain. The development of more 
selective, tolerable and efficacious agents able to control 
the inflammatory process is being vigorously pursued due 
to their undesirable side and adverse effects. Aspirin and 
Ibuprofen are common anti-inflammatory drugs. Oxazines 
and their derivatives are known to have excellent anti-
inflammatory activity. 

Bano et al., 2015 have been synthesized (21-24) as shown 
in Fig 10 and characterized by various spectral methods. 
The biological activities of these compounds were 
evaluated for the KATP channel opener as an 
antihypertensive activity. Compounds have exhibited 
around 40% inhibition of COX1 as compared to the 
inhibition of COX2. Substituents are presented in Table 2.9 
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Figure 10: Structures of compounds 21-24 

Table 2: Substituents for compounds 21-24 

Compounds R1 R2 

21 Br  NO2  

22 NO2 Br  

23 NO2  Cl 

24 NO2  Cl 

Neurodegenerative disorder 

Neurodegeneration is the progressive loss of structure or 
function of neurons, including the death of neurons. Many 
neurodegenerative diseases – including amyotrophic 
lateral sclerosis, Parkinson's disease, Alzheimer's disease, 
fatal familial insomnia. Such diseases are incurable, 
resulting in progressive degeneration and/or death of 
neuron cells. 

Rombouts et al., 2015 have developed the synthesis of 
novel 1,4-oxazine analogs. These were found to have 
potent in vitro inhibition in enzymatic and cellular BACE1 
assays. The newly synthesized derivatives (25 and 26) as 
shown in Fig 11demonstrated to be orally bioavailable, 
centrally active and which exhibited robust lowering of the 
brain and cerebrospinal fluid (CSF Aβ) levels, respectively, 
in mouse and dog models.10 

 

Figure 11: Structures of compounds 25 and 26 

Novel 2-ethoxy-4,5-diphenyl- 1,3-oxazine-6-one (27) as 
shown in Fig 12 has been designed and characterized by 
Ansari et al., 2019. The biological study proved that this 
compound could increase heat shock proteins Hsp70 and 
Hsp32 levels. The pretreatment of the cells with this 
reported compound also increases the γ-GCS level and 
antioxidant enzyme activities.11 

 

Figure 12: Structure of compound 27 

CONCLUSION 

The data available in literature so far, rendered oxazine, an 
important class of heterocyclic compounds. This review 
includes information that would extend a great deal of 
help to researchers in determining the best and most 
productive, economical and clinically important 
compounds of oxazine. The biological activities of oxazines 
including antimicrobial, antitubercular, antioxidant, anti-
inflammatory, anticoagulant and anticancer activities are 
undoubtedly beneficial to human health. Moreover, these 
compounds also act as anti-inflammatory agents to reduce 
inflammation. Some of these compounds are also used for 
the treatment of neurodegenerative. The current survey of 
works carried out in oxazine derivative revealed that these 
moieties have attracted a great deal of interest of 
medicinal chemists and biochemists and rendered them 
like a lead molecule for designing potential bioactive 
agents. Further, we can conclude that many other 
derivatives of oxazine can be synthesized which will be 
expected to show potent pharmacological activities. 
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Abstract  

Nanomedicine is having a great potential for introducing new generation of targeted drug delivery system in 

the field of pharmaceutical sciences. Amongst new generation of nano-vectors are carbon nanotubes, which 

can be manufactured as single or multi-walled. Multi-walled carbon nanotubes can be fabricated as 

biocompatible nanostructures of cylindrical bulkytubes. High aspect ratio, unique optical property and the 

likeness as small molecule make carbon nanotubes (CNTs) an unusual allotrope of carbon element. The 

insolubility and the manipulation difficulty in any solvents have imposed great limitations to the use of 

CNT. Functionalization of CNTs is the solution to this problem. Functionalized CNTs showing a variety of 

medicinal/pharmaceutical applications, including the diagnosis and treatment of cancer, central nervous 

system disorders and infectious diseases, and applications in tissue engineering. Generally, two types of 

functionalization approach were reported over the last decades: 1) non-covalent (p-stacking, exohedral or 

endohedral) and 2) covalent (defect or sidewall) functionalization. Commonly, a covalent bond between the 

CNTs and functional group is preferred over a non-covalent interaction in terms of thermal and chemical 

stability of the resulting material. This review article mainly focused on overview of carbon nanotube, 

functionalization of carbon nanotube and its applications in targeted drug delivery system. 

Keywords: Biocompatibility, covalent modification, MWCNTS, solubility 

Introduction 

In the field of nanotechnology, carbon nanotube (CNTs) represents one of the most unique inventions. CNTs 

have been studied closely over the last two decades by many researchers around the world due to their 
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potential application in different fields. CNTs shows extraordinary strength as well as unique mechanical, 

electrical and thermal properties. CNTs was first discovered by Japanese electron microscopist Sumio Iijima 

in 1991.
 (1)

 

Carbon exists in 3 allotropic forms such as diamond, graphene, and fullerenes (C60). Carbon nanotubes also 

known as buckytubes which belongs to the fullerene family of carbon allotropes with a cylindrical 

nanostructure. The length of the CNTs is in the size of micrometers with diameters up to 100 nm. CNTs 

consist of hexagonally arranged sp
2
 hybridized carbon atoms with C-C distance is about 1.4 Ǻ.  

There are two types of CNTs on the basis of the number of graphene sheet:  

A. Single walled carbon nanotubes (SWCNT)  

SWCNTs are formed by rolling up of single sheet of graphene with a diameter of 1–2 nm. The length 

can vary depending upon the methods of preparations.  

B. Multiwalled carbon nanotubes (MWCNTs) 

MWCNTs are formed by rolling up of more than one graphene sheets or made by SWCNTs with 

additional graphene tubes around the core of SWCNTs. 

 

Figure 1: illustration of graphene (A), single (B), double (c) and multi walled carbon nanotubes (D). 

The both ends of the CNTs are capped by a hemispherical arrangement of carbon networks called fullerenes 

warped up by the graphene sheet. The interlayer separation of the graphene layers of MWCNTs measures 

approximately 0.34 nm on average, and thereby each layers forming an individual tube, with all the tubes 

having a larger outer diameter (2.5 to 100 nm) than SWCNTs (0.6 to 2.4 nm). SWCNTs have a well-defined 

wall, whereas MWCNTs are more likely to have structural defects, resulting in a less stable nanostructure.  

There are two models which can be used to describe the structures of multi-walled carbon nanotubes:  
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(1) In the Russian Doll model, many graphene layers are rolled up and arranged in concentric cylindrical 

fashion that means a single-walled nanotube within a larger single-walled nanotube. 

(2) In the Parchment model, a single graphene layer is rolled in around itself, resembling a scroll of 

parchment or a rolled newspaper. The interlayer distance in MWCNTs is close to the distance between 

graphene layers in graphite, approximately 3.4 Å (330 pm).
 (2, 3, 4) 

 

Figure 2: illustration of two different models of MWCNTs.  

(A) Russian Doll model; (B) Parchment model.              
 

Double-walled carbon nanotubes (DWCNTs) are a special case of MWCNTs, consist of just two concentric 

cylinders. DWNTs resemble SWNTs with respect to their length, small diameter and ability to form bundles, 

but their mechanical stability is much greater than that of the SWNTs, chiefly when covalently 

functionalized. In addition, the outer wall of DWNTs can be functionalized without affecting the mechanical 

and electrochemical properties of the innertube, just like MWNTs. 
(5)

 

Functionalization 

Raw carbon nanotubes are not soluble in aqueous solutions due to the presence of highly hydrophobic 

surfaces whereas pristine CNTs are insoluble in all organic solvents and aqueous solutions. Pristine CNTs 

can be dispersed in some solvents by sonication, but precipitation immediately occurs when this process is 

interrupted. Functionalization of CNTs is the solution to this problem. Functionalization of CNTs is a 

process of chemical synthesis where desired functional groups can be introduced onto the walls of CNTs 

producing functionalized carbon nanotubes (f-CNT).  

The formation of supramolecular complexes permits a better processing of CNT toward the fabrication of 

innovative nanodevices. Additionally, CNT can undergo chemical reactions that make them more soluble 

for their integration into inorganic, organic, and biological systems. The functionalized-CNTs have greater 

entrapment efficiency due to the availability of high surface area. Functionalized carbon nanotubes have 

remarkable advantages over cancer treatment, by enhancing the biocompatibility within the body, improving 
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the encapsulation tendency and the solubility. Functionalization of CNTs can be divided into two categories; 

covalent and noncovalent approaches. 
(6, 7)

   

Non-covalent functionalization 

In the non-covalent method (Physical modification), interaction is attained without disturbing the system of 

graphene sheets. The major advantage of non-covalent functionalization is that it does not destroy the 

conjugated system of the CNTs sidewalls, and as a result it does not affect the final structural properties of 

the material. This kind of modification is an alternative method for tuning the interfacial properties of CNTs. 

The CNTs are non-covalently modified by aromatic compounds, surfactants, and polymers, employing π-π 

stacking or hydrophobic interactions for the most part. By these approaches, the CNTs can do much to 

preserve their desired properties, while improving their solubilities quite remarkably. It will conclude as 

followed: aromatic small molecule absorption, polymer wrapping, biopolymers, surfactants and endohedral 

method. 
(7,8)

 

M. Eguilaz et al (2016), reported the non-covalent functionalization (dispersion) of MWCNTs with 

cytochrome c (Cyt c), the direct electron transfer (DET) after drop-coating deposition of MWCNTs-Cyt c 

dispersion on glassy carbon electrodes (GCE), and the analytical applications for the highly sensitive 

quantification of hydrogen peroxide. The drastic treatment for dispersing the MWCNTs (5.0 min sonication 

in water with ultrasonic tip) produces a partial denaturation that enables the interaction of Cyt c with the 

MWCNTs and makes possible an efficient electron transfer between the electrode and heme group. The 

Cytochrome c that supports MWCNTs retained its electrocatalytic activity towards hydrogen peroxide. 

GCE/MWCNT-Cyt c demonstrated to be a highly sensitive sensor for H2O2 quantification and also used for 

the quantification of H2O2 in real samples. 
(9)

 

Tunckol et al (2013), demonstrated non covalent functionalization of MWCNTs with various imidazolium-

based polymerized ionic liquids (PILs). The method is based on the free-radical polymerization of the 

imidazolium-based IL monomers containing a vinyl group to obtain a PIL coating on the MWCNT surface. 

The resulting hybrid materials, synthesised both by in situ polymerization and solution mixing methods. The 

in situ method permits a homogeneous coating of the MWCNT surface and as a result a better dispersion of 

the nanotubes. The solution mixing method, for which diffusion limitations of the PILs into nanotubes 

aggregates should exist, does not permit a uniform surface functionalization. Finally, with protic IL 
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monomers displaying a tendency for hydrogen bonding and a stable CNT/PIL organo- or hydrogel 

composites were produced.
 (10)

 

Covalent functionalization. 

In covalent functionalization, interaction is attained by disturbing the graphene system. The CNTs can be 

oxidized with strong acids such as concentrated sulfuric acid (H2SO4) or nitric acid (HNO3) and this 

oxidation reaction generates -COOH, - OH on the CNT surface, which facilitates the esterification, 

amidation, bromination and Diels Alder reaction essential for functionalization. The covalent 

functionalization done on the surface tends to increases the dispersibility of CNTs without disturbing its 

mechanical and electric properties. 
(11)

 

X. Zhao et al (2018) carried out the synthesis of PEGylated multi-walled carbon nanotubes (PEG-

MWCNTs) through PEGylation of carboxylated multi-walled carbon nanotubes (CMWCNTs) with PEG-

NH2 via amidation reaction with controllable length and PEGylation degree. By adjusting oxidation time, the 

length and surface carboxyl groups of the carboxylated multi-walled carbon nanotubes (CMWCNTs) were 

easily tailored. The longer CMWCNTs or those with high carboxyl group content showed noticeable 

cytotoxicity, while the PEG-MWCNTs ≤ 300 nm showed enhanced cytocompatibility. The PEG-MWCNTs-

3 of about 300 nm was selected as drug delivery vector, holding a high drug-loading capacity of 0.55 

mg/mg. The cumulative DOX release rate reached 57% within 24 h, whereas the premature leakage under 

the simulated physiological condition was only 10%. The WST-1 assays demonstrated the DOX-loaded 

PEG-MWCNTs-3 showed the enhanced inhibitory efficiency against HepG2 cells, in comparison with free 

DOX. 
(12)

 

 

Figure 3: schematic illustration of functionalization and loading of DOX in MWCNTs. 
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Jafari et al (2016) investigated folic acid, polyethylene glycol and Fe3O4 nanoparticles multifunctionalized 

short multiwalled carbon nanotubes (PEG-FA-conjugated SMWCNT@Fe3O4) which could be used as multi-

targeted drug nano-carrier for delivering an anticancer agent to cancer cells with the assistance of an external 

magnetic field.
 (13)

 

Mehra et al (2014) compared the in vitro and in vivo cancer targeting property of doxorubicin (DOX) loaded 

folic acid (FA), and estrone (ES) anchored PEGylated MWCNTs employing tumor bearing Balb/c mice. The 

in vitro, ex vivo and in-vivo studies were performed on MCF-7 cell line for assessing the anticancer activity. 

The ligand anchored surface engineered MWCNTs shows high loading efficiency, anticancer activity and 

improved biocompatibility profile along with increased pharmacokinetic parameter as compared to free 

DOX solution. The results of cancer targeting efficacy of various MWCNTs formulations utilizing MCF-7 

cells ranked in the following order: DOX/ES-PEG-MWCNTs > DOX/FA-PEG-MWCNTs > DOX/PEG-

MWCNTs > DOX/ox-MWCNTs > DOX/MWCNTs > free DOX > control. Thus estrone anchored 

MWCNTs shows superior targetability as compared to FA-anchored, oxidised (ox), plain MWCNTs and 

free DOX solution. 
(14)

 

 

Figure 4: Conjugation scheme of FA-, and ES-PEG conjugated MWCNTs. 

Sobhani et al (2011) studied on multiwalled carbon nanotubes functionalized with hyper branched polycitric 

acid (MWNT-g-PCA) and conjugated to the paclitaxel (PTX, a potent chemotherapeutic agent) to produce 

MWNT-g-PCA-PTX conjugate. PCA facilitates high drug loading capacity because of large number of 

carboxylic functional groups and it also provides decreased hydrophobicity of MWCNTs due to the 

hydrophilic behaviour of PCA. The rate of release in degradation was decreased due to steric hindrance of 

PCA. PTX can be released from the conjugate more rapid at pH 6.8 and pH 5.0 than at pH 7.4 which was 
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suitable for the release of drug in tumour tissues. Invitro cytotoxicity studies of MWNT-g-PCA-PTX 

conjugate in the A549 and SKOV3 cell lines shows increased cytotoxicity of drug than a free drug over a 

shorter incubation time. This conjugation helps the PTX to reach the tumour site via enhanced permeability 

and retention effect.
 (15)

 

Mallakpour et al (2014) reported an efficient electrophilic addition reaction for the covalent modification of 

MWCNTs which is easy to scale up without any kind of pollutions and at a low cost. MWCNTs were 

functionalised by a natural polymer S-valine amino acid by the rapid microwave assisted process. This 

process remarkably increased the reaction rates compared to conventional heating. The surface modified 

nanotubes resulted in significant debundling of the MWCNTs which offer better chemical stability in 

common organic solvent such as N-N-dimethyl acetamide (DMAc).The functionalization of multiwalled 

carbon nanotubes is a simple and green approach, which means less toxic and environmentally friendly 

alternative. The attached amino acid group are likely to improve the interaction between the modified 

MWCNTs and polymer chain and the terminal hydrophilic carboxyl group can be available for covalent 

binding with the variety of monomer and polymer matrices. With the aid of amino acid base poly (amide-

imides)s (PAI) a stable MWCNTs-val dispersion were effectively prepared and lead to enhancement of both 

mechanical and thermal properties at low CNTs content (5%).
(16)

 

 

Figure 5: Schematic illustration of functionalization of MWCNTs with S-valine amino. 

Domagala et al (2019) set a novel two-step process for the functionalization of MWCNTs. First the 

purification process has been done by non-oxidative treatment with dilute HCl in order to remove catalyst 

impurities which remain after the synthesis process. As a result, 90 wt% of the catalyst (Fe/Ni) was 

successfully removed. Secondly the surface of MWCNTs functionalized with COOH group by using an 

oxidation process with hot concentrated HNO3. Functionalization thus facilitated the enhanced 
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hydrophilicity and other better chemical reactivity. The functionalized MWCNTs showed a lower degree of 

agglomeration and shorter tubes. Finally concluded that strong oxidation conditions of MWCNTs tube 

results in breaking and shortening. 
(17)

 

Zhao et al (2013) carried out a simple multi functionalization method. Introducing carboxyl and amino 

group on to the surface of MWCNTs. The multi functionalization of MWCNTs achieved by the treatment 

with mixed acid and the diazonium reaction. The MWCNTs – COOH/NH2 could be a new versatility 

platform for further functionalization in material science and biological applications. 
(18)

 

 

Figure 6: schematic illustration of multi-functionalization of MWCNTs. 

Ngoy et al (2011) carried out the coupling of the MWCNTs with folic acid; and essential biocompatible 

water soluble B-complex vitamin which can be used as a biocompatible molecule in the improvement cancer 

treatment. The covalent functionalization of MWCNTs with phenol and carboxyl group by the reaction of 

MWCNTs with sulphuric acid and nitric acid (3:1) at room temperature (RT), 50 
0
C, and 100 

0
C. In 

addition, aspartic acid at 230 
0
C was used to generate the carboxyl f-MWCNTs group. The increase in 

temperature from RT to 100 
0
C causes decreased mol ratio (COOH/OH) of the f-CNTs from 80 to 20 nm 

which was characterised with the aid of transmission electron microscopy. The solubility of f- CNT covered 

with the OH and COOH are more water soluble as compared to f-CNT covered COOH. The f-CNTs 

carboxyl were attached to 3-(N, N-dimethylamino) propylamine (DMP) and folic acid (FA) through 2-(1H-

benzotrial -1-yl)- 1,1,3,3 tetramethylurium hexaflurophosphate (HBTO) to produce f-CNTs-FA. Thus f-

MWCNT-FA moiety have a greater versatility and can be used for cancer treatment and restoration of 

noeplasma cell.
 (19)
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Datsyuk et al (2008), investigated the effect of oxidation on the structural integrity of MWCNTs through 

acidic (nitric acid and a mixture of sulfuric acid and hydrogen peroxide) and basic (ammonium 

hydroxide/hydrogen peroxide) agents. For the purification of the received material (MWCNTs synthesized 

by CCVD) a non-oxidative treatment (with hydrochloric acid) was also applied. Results of electron 

microscopy and thermogravimetric analysis clearly revealed that the nitric acid treated material under reflux 

conditions suffered the highest degree of degradation, such as nanotube shortening and additional defect 

generation in the graphitic network. Basic oxidative treatment directed to the complete removal of 

amorphous carbon and metal oxide impurities but the structural integrity was found to be intact.
 (20)

 

Ahmed et al (2013), investigated the functionalization of MWCNTs with two different agents such as 

concentrated nitric acid and olive oil via ultra-sonication technique. The investigation aimed to functionalize 

the MWCNTs with less structure disruption and to obtain stable MWCNTs colloidal suspension. Result of 

scanning electron microscopy shows CNTs treated with strong oxidizing agents (nitric acid 65%) causes 

severe engraving of the graphitic surface of CNTs leading to tubes of shorter length. No structural damages 

occurred for the treatment of MWCNTs with olive oil. Finally a well dispersed and stable MWCNTs 

colloidal system was successfully obtained with less structure collision due to the generation of the (OH, 

C=O, and COOH) groups on the surface of the CNTs.
 (21)

 

Cao et al (2015) developed a green approach for the functionalization of multifunctional MWCNTs which is 

covalently modified with polyethyleneimine (PEI) followed by sequential modification with fluorescein 

isothiocynate (FI, an imaging dye) and hyalouronic acid (HA, a targeting ligand). Even after further 

modification of the PEI amines with acetyl group or polyethylene glycol moieties, the water dispersibility 

and biocompatibility of PEI- modified MWCNTs can be improved significantly. HA-modified 

MWCNTs/PEI-FI-HA/DOX complex can afford the target delivery of DOX into cancer cell overexpressing 

CD44 receptors. This new carrier system provides pH responsive DOX release with a faster release rate 

under an acidic pH condition.
 (22)

 

Liu et al (2010) proposed the use of ozone which is an effective agent for modification of polymers and 

thereby formation of hydroperoxide and peroxide groups, chain scissions, and intramolecular 

rearrangements. These groups thermally decompose into oxygen radicals, which can initiate the radical 

polymerizations for the preparation of graft copolymers. Nonreactive polymers such as poly (vinylidene 
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fluoride) (PVDF, vinyl polymer), polysulfone (PSF, engineering plastic), poly (2,6- dimethylphenylene 

oxide) (PPO, engineering plastic), and poly(phthalazinone ether ketone) (PPEK, heterocyclic polymer), are 

used for the functionalization of MWCNTs and preparation of corresponding MWCNT–polymer hybrids. 

The MWCNT–polymer hybrids are then used for the preparation of PVDF/MWCNT composites. Compared 

to unmodified MWCNTs and PSF-modified MWCNTs, PVDF-modified MWCNTs are more efficient 

additives to improve the mechanical strength and electrical conductivity of PVDF. Hence, matrix–polymer-

modified MWCNTs are relatively attractive in the preparation of high performance polymer/MWCNT 

composites.
 (23)

 

Shen et al (2007), carried out the preparation of four different amino functionalized carbon nanotubes by 

carboxylation, acylation and amidation. The four different MWCNTs such as e-MWNT, h-MWNT, p-

MWNT, c-MWNT were preaperd with four different amino groups [(Ethylenediamine), (1, 6-

Hexanediamine),(4,4’ –Diaminodiphenylmethane), (4,4' -Diamino-dicyclohexylmethane)]. The amino-

functionalized carbon nanotubes offer a pathway to a wide spectrum of nanotube derivatives suitable for 

various applications, and can be promising in applications such as polymer/carbon nanotube composites and 

coating. Different amino groups on surface of the MWCNTs have a greater effect on their dispersibility in 

different solvent and thereby it open up new perspective of functionalization by selecting different amines to 

functionalize MWCNTs.
 (24)

 

Rathod et al (2019), Carried out dual functionalization of MWCNTs with ethylenediamine (EDA, cationic 

units) and phenyl boronic acid (PBA, lectin mimetic ) followed by encapsulation of paclitaxel (PTX). A 

ligand-target interaction is mediated through charge based interaction and formation of diol-phenyl boronate 

complex. Hence the functionalization improves the aqueous dispersibility and biocompatibility which was 

confirmed by FT-IR and Raman spectra. 
(25)

 

Murugan et al (2011), carried out the preparation two MWCNTs-dendrimer based hybrids. First, covalent 

functionalization of MWCNTs with amphilic poly(propyleneimine) dendrimer (APPI) to form MWCNTs-

APPI complex. Secondly, silver nanoparticles deposited over the chemically modified MWCNTs 

(MWCNTS-APPI-AgNPs). By thermal gravimetry analysis the amount of APPI functionalised on 

MWCNTs was found to be 67% which facilitates an effective dispersibility in aqueous and organic solvents 

without sonication and these solution were stable for 6 months without enduring aggregation of MWCNTs. 
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Raman studies shows that the electronic properties of the hybrid material does not disrupted because of 

functionalization. The order of in-vitro antimicrobial properties of 2 MWCNTs dendrimer based hybrids and 

MWCNTs-COOH against Bacillus subtilis, Staphylococcus aureus, and Escheriachia coli in terms of 

percentage of kill were MWCNTs-APPI-AgNPs > MWCNTs-APPI > MWCNTs-COOH. Hence MWCNTs-

APPI-AgNPs shows greater antimicrobial effect due to the cooperative effects of AgNPs deposition on to 

MWCNTs-APPI.
 (26)

 

Chowdhry et al (2019), established the defect functionalization methodology, in which the walls of 

MWCNTs were covalently bonded with carboxy and amino group. When compared to pristine MWCNTs, 

the functionalization facilitate MWCNTs solubilisation also significantly enhanced the cytotoxicity and the 

prooxidant potential in HEK 293 cell while zebra fish, as a model system remained refractory to MWCNTs 

toxicity. Hence the results showed MWCNTs –COOH fared better than MWCNT-NH2 in reducing 

MWCNTs toxicity to the cell.
 (27)

 

Azari et al (2019) investigated the individual and combined toxicity of carboxylic acid functionalized 

MWCNTs (F-MWCNTs) and benzo a pyrene (BaP) in human lung adenocarcinoma A549 cell. The 

modified MWCNTs and BaP reduces cell viability individually and produce ROS, apoptosis and 8-OHdG in 

exposed cells. 
(28)

 

Santos et al (2003) carried out the in situ polymerization for the incorporation of chemically modified 

MWCNTs into the polymer matrix in order to improve the transfer of mechanical load through a chemical 

bond. In comparison with unfunctionalised MWCNTs (u-MWCNTs), the functionalised MWCNTs (f-

MWCNTs) composite shows excellent mechanical and thermal properties. These composite shows higher 

storage modulus (E′) and tensile strength than existing similar composites, with only 1 % weight of 

functionalized nanotubes. The storage modulus at 90 °C is increased by an outstanding 1135% and the glass 

transition temperature is exceptionally raised by =40°C. Therefore, truly a synergetic composite materials 

with CNTs could be able to produce through chemical functionalization in combination with in situ 

polymerization. 
(29)

 

Cui et al (2013) carried out the functionalization of MWCNTs by grafting carboxyl group and amino groups 

on to the MWCNTs to produce COOH-MWCNTs and amino-MWCNTs. Epoxy based composites filled 

with those MWCNTs were prepared. The introduction of MWCNTs decreases the activation energy of the 
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reaction and promoted the cure reaction. The addition of MWCNTs especially the amino- functionalized 

MWCNTs enhanced the tensile strength. For different MWCNT/epoxy composites, the tensile strengths of 

composites attained maximum values at MWCNT loadings of 0.2 wt %, 0.6 wt % and 1.0 wt % and 

increased by 24.27%, 35.33% and 57.61% for pristine MWCNTs, COOH–MWCNTs and amino MWCNTs 

compared with the neat epoxy, respectively. The functionalized MWCNTs enhanced the interfacial bonding 

and made the dispersion of MWCNTs homogeneous in the matrix, making composite present better 

mechanical properties. 
(30)

 

Wu H.X et al (2007) carried out the ‘grafting to’ method in which linear polystyrene (PS) was grafted onto 

the convex surfaces of MWCNTs. Bromine-terminated polystyrene (Br-PS-Br or PS-Br) synthesized by 

atom transfer radical polymerization (ATRP) was directly reacted with MWCNTs under ATRP conditions 

using CuBr/2,20 -bipyridine as catalyst. Polystyrene was chemically bonded with MWCNTs, and the 

grafting amount of three products was 40%, 50% and 55%, respectively. The PS-grafted MWCNTs can 

dissolve in organic solvents such as 1,2-dichlorobenzene, tetrahydrofuran and chloroform to form well-

dispersed solutions. The optical limiting property measurement of these PS-grafted MWCNTs samples was 

carried out at 532 nm using the open-aperture z-scan technique and the samples preserved optical limiting 

properties.
 (31)

 

 Wang et al (2006), introduced an acid –thionyl chloride route in which MWCNTs were functionalized with 

amino group by grafting tri-ethylene tetraamine (TETA) on the surface of MWCNTs. An enhanced 

compatibility was showed by the amino-functionalized MWCNTs with epoxy resin. Thus more 

homogeneous dispersion in the matrix will accomplished. The f-MWCNTs/epoxy composite could increase 

the charpy impact strength, glass transmission temperature (Tg) and initial decomposing temperature of 

cured epoxy resin.
 (32)

 

Chinh et al (2019), established a new method of preparation of gold nanoparticles (AuNPs) decorated 

MWCNTs by using cysteaminium chloride via the formation of a Zwitterionic acide-base bond. The 

synthesis is done by avoiding the use of dangerous and toxic chemical agents such as thionylchloride 

(SOCl2) or carbodiimide hydrochloride (EDAC). The grafting process consists of 3 mains steps such as 

oxidation, thiolation and decoration of AuNPs on the surface of MWCNTs. The acidic treatment benefited 

by removing the impurities resulted from the residual metallic catalysts during production process of 
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MWCNTs and also to cut down the MWCNTs into shorter open-ended pipes with the presence of large 

amounts of carboxylic and oxygen-containing groups at the open-end. Preparation of new thiol-

functionalized MWCNTs by using covalent ionic bonds approach in which the strong electrostatic 

attractions between negatively charged oxi-MWCNTs and positively charged cysteamine were reacted to 

form stable covalent chemical bonds. Further decoration of functionalized MWCNTs with gold 

nanoparticles was attained by a simple reaction of thiol groups in the cysteamine with Au cation. Gold 

nanoparticles (AuNPs) decorated MWCNTs opens new platform for photocatalytics and biosensors (DNA, 

proteins, glucose).
 (33)

 

 

Figure 7: Schematic illustration for the preparation of Au-MWCNTs. 

Wulandari et al (2018) conducted the synthesis of carboxyl functionalized MWCNTs (MWCNTs-COOH; to 

improve the compatibility of CNTs) and amino group functionalized MWCNTs (MWCNTs-NH2; to 

improve conductive properties). By functionalization, it can also automatically reduce Fe (an impurity 

derived from ferrocene source) during its fabrication.
 (34)

 

Shanmughara et al (2007), carried out the functionalization of MWCNT with 3-aminopropyltriethoxysilane 

and investigated its influence on the properties of natural rubber (NR) composites. Chemical modification 

with silane results in higher polymer-filler interaction because of the formation of excess chemical 

crosslinks between the silane and NR which thereby restricts the polymer slippage with increasing 

deformation. Thus NR/silane functionalized MWCNTs modification facilitated higher modulus, tensile 

strength and elongation at break compared to NR vulcanizates. Rheometric properties like scorch time and 

optimum cure time increases significantly due to absorption of basic accelerator by acid groups and quinone 

type oxygen atoms. 
(35)
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Sun et al (2018), carried out the prefunctionalization of MWCNTs by acid oxidation, followed by 

functionalization with water-soluble silk fibroin (SF). These fillers have the features of low toxicity and eco-

friendly in nature. The SF-functionalized MWCNTs exhibited excellent dispersibility in water and 

methanoic acid. The methyl thiazolyl tetrazolium (MTT) assay revealed that SF-Ms (silk fibroin-

functionalized MWCNTs) showed good proliferation. Therefore, SF functionalization of MWCNTs 

dramatically improved the biocompatibility. 
(36)

 

Francisco et al (2015) conducted a study on the effect of carboxyl and amino functionalization of MWCNTs 

on the mechanical property of the epoxy resin filled with modified CNTs. The CNTs were treated with 

sulfuric and nitric acids and dispersed in hexamethylenediamine. The composites were obtained with the aid 

of epoxy resin and functionalised MWCNTs. The results of Vickers hardness tests for the composites and 

neat resin, showed an increase of hardness in the composite synthesized with functionalized carbon 

nanotubes. This is because of the reason that the chemical interaction between modified CNTs and epoxy 

resin is much stronger than between pristine CNTs and epoxy resin. 
(37)

 

Haider et al (2018), carried out the functionalization of MWCNTs with carboxyl groups were produced 

through treating MWCNTs with Walnut oil using sonication method.  The antimicrobial activity of 

functionalized MWCNTs with oil, thus improved significantly and there were no growth of Escherichia coli, 

and Staphylococcus aureus at high consecrations. 
(38)

 

Jurzinsky et al (2019), focused on the covalent functionalization of MWCNTs with indazole groups. 

Thermogravimetric analysis coupled with a mass spectrometer (TGA-MS) evaluation studies inferred that 

the indazole-functionalized MWCNTs are thermally stable until a temperature of approximately 300 
0
C is 

reached. The thermal degradation of the functional group was evaluated by monitoring the expulsion of 

NOX gases. Under gas-phase conditions the electrochemical stability of the novel material was evaluated 

using high-temperature differential electrochemical mass spectrometry (HT-DEMS). Thus the 

functionalization leads to slightly increased electrochemical carbon corrosion as compared to unmodified 

MWCNTs. The functionality tests of the indazole-functionalized CNTs showed a better dispersibility in 

water and a lower contact angle with concentrated H3PO4 (an electrolyte in high-temperature proton-

exchange membrane fuel cells) in comparison to unmodified MWCNTs. 
(39)
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Conclusion 

Chemically modifiable surfaces with a large surface area and tunable length, along with unique physical 

properties, make CNTs welcome candidates in modern medicine. Tailored modification of CNTs is assumed 

to open way roads toward real nanotechnology applications.  Thus the functionalization enables the 

enhancement of aqueous solubility, biocompatibility, physical properties (electrical, mechanical and thermal 

conductivity), target ability and also decreases hydrophobicity of MWCNTs. 
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INTRODUCTION 
 

Cognitive impairment is when a person has trouble 

recollecting, understanding new things, attention, or 

making decision that affects their everyday life. There 

are two types of cognitive impairment: mild cognitive 

impairments and severe cognitive impairments. Mild 

cognitive impairment is a brain function syndrome 

involving the onset and evolution of cognitive 

impairments beyond those expected based on the age and 

education of the individual, but which are not significant 

enough to interfere with their daily activities.
[1]

 Losing 

the ability to walk or write, resulting in the inability to 

live independently may be due to the severe levels of 

impairments. Although age play an important role in 

cognitive impairments and dementia it is increasingly 

recognized that the case of dementia and cognitive 

impairment may be attributable to vascular risk factors 

like diabetic mellitus, hypertension, and dyslipidemia.
[2,3]

 

Life style factors like smoking, lack of physical exercise, 

low education level and infrequent participation in 

mentally or socially stimulating activities also linked to 

the increased risk of cognitive change. Metabolic 

abnormalities, including abdominal obesity, elevated 

blood pressure (BP), elevated blood glucose levels, low 

high density lipoprotein cholesterol levels, and elevated 

triglyceride (TG) levels also play a major role in the 

development of cardiovascular disease.
[4]

 

 

MATERIALS AND METHOD 
 

The systemic review aimed to include all published 

studies that examined the association between cognitive 

function and conditions like diabetic mellitus, 

hypertension, and dyslipidemia or obesity and that met 

the following criteria: the studies  

(1) That published after 2000,  

(2) Had a population- based or case control design 

(3) Matched or adjusted the exposed and the non-

exposed groups for the basic confounder’s age, sex, 

and education level. 

 

1. Cognitive Function and Diabetic Melitus 
 

Dementia and diabetes are two prevalent conditions 

affecting older people. Diabetic patients are at high risk 

for vascular damages leading to neuropathy, 

nephropathy, retinopathy, and cardiovascular and 

cerebrovascular diseases.
[5]

 Previous studies suggest that 

cognitive impairment is another complication in elderly 

patients with diabetic mellitus. In diabetic patients the 

risk factors for dementia and cognitive impairment are 

duration of disease, hyperglycemia, insulin therapy, and 

peripheral arterial disease. Complications like 

retinopathy, nephropathy, and neuropathy and diabetes 

related disorders including Ischemic heart disease, 

cerebrovascular disease, hypertension, low serum HDL, 

and obesity also are a reason cognitive dysfunction.
[6] 

 

Insulin therapy and cognitive dysfunction 

A common pathologic feature of the metabolic syndrome 

is insulin resistance (IR) which involves a progressive 

reduction in the responsiveness of peripheral tissue to 

insulin systemic IR and defective brain insulin signaling 

are common features of Alzheimer’s disease. Insulin 

alters normal brain function and peripheral glucose 

metabolism while conditions related to insulin 

disintegration such as obesity, diabetes mellitus and 
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ABSTRACT 
 

Vascular risk factors such as type 2 diabetic mellitus, hypertension and dyslipidemia have been associated with an 

increased risk of cognitive dysfunction, particularly in the elderly. The aim of this review was to compare the risk 

factors with regarding cognitive decrements. Cross sectional study and longitudinal studies assessed cognitive 

functioning in person related to diabetes, hypertension and dyslipidemia and that adjusted or matched for age, 

gender and education were included. Diabetes and hypertension were clearly associated with cognitive decrements, 

the results for dyslipidemia were less consistent. 
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cardiovascular disease have potentially harmful effects 

on brain function. Insulin modulate catecholamine 

release and uptake, regulate ligand gated ion channels 

modulate activity depend synaptic plasticity and play 

important role maintenance of excitatory synapses.
[7] 

 

Table 1: Description of included studies for type 2 DM. 
 

Cross- sectional Design N Age 
Exclusion 

criteria 
Conclusion 

Elias et al.
[8] 

P 1811 68 
Stroke 

DM1 

Hypertensive DM2 patients were at greatest risk of cognitive 

impairment (<25%) 

kilander et al.
[9] 

P 504 72 
Not 

specified 
DM2 was associated with a significantly lower composite z score 

Scott et al.
[10] 

P 1131 74 
Not 

specified 
No association between DM2 and cognitive functioning 

Grodstein et 

al.
[11] P 2374 74 VD DM2 was associated with a significantly lower composite z- score 

Longitudinal  

Kumari et al.
[12] 

P 5647 -45 
Not 

specified 

Baseline DM2 was associated with worse cognitive performance 

after 12 years 

Knopman et 

al.
[13] P 10963 

47-

70 
Stroke DM was associated with greater decline over 6 years 

Fontbonne et 

al.
[14] P 926 40 

MMSE 

<27 

DM2 patients had a 1.5 to 2 fold increased risk of serious 

worsening over 4 years 

Van den Berg et 

al.
[15] P 664 85 

Not 

specified 

DM2 patients was associated with worse attention and speed at 

baseline, but not with accelerated decline over 5 years 

P- population-based design.  

All studies were age, sex and education-adjusted or -matched, additional adjustments are listed. 

 

2. Cognitive Function And Hypertension 

High blood pressure represents a key factor in 

development of cerebrovascular diseases. Cognitive 

impairment also arises in the early stages of 

hypertension. There are important evidences that results 

of cognitive tests in predicting hypertensive target end 

organ damage. Cognitive impairment is mainly due to 

the age and structural changes in cerebrovascular blood 

vessels. In hypertensive patients, so many changes occur 

such as.
[16,17] 

 Reduced cerebral mantle capillaries with thickening 

 Formation of fibrotic basement membrane  

 Changes in white matter 

 

This may reduce cerebral blood flow and dysfunction of 

cerebral regulatory mechanism. Subsequently, imbalance 

in auto regulation of cerebral blood flow and cerebral 

vascular alteration causes the hypertensive cognitive 

impairments.
18] 

 

Arterial stiffness is another cause of hypertensive 

cognitive impairments.
[19]

 Cooper et al reported that 

relationship between aortic stiffness and cognitive 

function in older is the consequence of damage in 

cerebral microvascularisation and microvascular 

parenchymal injury.
[20]

 In elderly patients white matter 

reduced due to the cerebral small vessel disease 

increased pulse pressure and arterial stiffness white 

matter particularly found in frontal lobe.
[21,22]

 The other 

causes of hypertensive cognitive impairment are. 

 Activation of renin-angiotensin-aldosterone system 

and oxidative stress 

 Endothelium mediated constriction and brain 

damage 

 Alteration in vasodilator mechanism 

 Blood brain barrier damage through direct effect of 

an oxidative stress inflammation and vasoactive 

substances. 

 Cytotoxic substance leading to neuronal loss 

 

Individuals exposed to hypertension for many years, 

especially high systolic blood pressure present greater 

brain atrophy in relation to controls without hypertension 

on magnetic resonance imaging independently of the 

occurrence of stroke. The exposition to hypertension 

throughout life causes vascular hypertrophy and vascular 

remodeling, promoting atherosclerosis in large vessels 

and lipohyalinosis in penetrating arteries.
[23] 

 

Hypertension is an independent risk factor for the 

occurrence of white abnormalities, with stronger 

correlation associated with time. Some studies report that 

circadian variations of BP are associated with higher 

incidence of white matter abnormalities on structural 

neuroimaging. The hypo perfusion affected mainly the 

cingulate gyrus, the occipital and prefrontal cortices. In 

the hippocampal region controls presented a relative 

increase in blood flow on follow- up, probably caused by 

decreased flow in other areas. 

 

The reduction in the cerebral blood flow leads to an 

increase in the expression of the beta-amyloid precursor 

protein causing a rise in the production of beta-amyloid 

pepetide. This reduced flow also causes a dysfunction in 
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the blood-brain barrier leading to an increase in the 

expression of beta-amyloid peptide as well as 

apolipoprotein E. these neurological changes are classic 

hallmarks of the pathophysiology of Alzheimer’s 

disease.
[24] 

 

Table 2: Description of included studies in hypertension. 
 

 Design N Age Exclusion criteria Conclusion 

Cross sectional 

Van Box et 

al.
[25] P 936 

24-

80 

Stroke, dementia,N/P 

comorbidity,  

Hypertensive participants only showed significantly 

worse performance on measure of cognitive speed 

Cerhan et 

al.
[26] P 13840 

45-

64 

Stroke,N/P 

comorbidity, old age 

Differences were statistically significant for women 

only 

Desmond et 

al.
[27] P 249 71 Stroke 

No relation between blood pressure and cognitive 

function 

Morris et 

al.
[28] P 5816 >65 Not specified 

Modest inverted U-shape relation between blood 

pressure and cognitive function 

Longitudinal 

Pavlik et 

al.
[28] P 3270 

30-

59 

Stroke, N/P 

comorbidity 

Hypertension was associated with cognitive function 

when combined with DM2 

Swan et al.
[30] 

P 717 
39-

59 
Not specified 

Persistent elevated SPB and SPB decrease over 

38years follow up was associated with worse 

cognition 

Swan et al.
[31] 

P 392 47 Vascular dementia 
High midlife SPB was associated with greater 10-

year decline in cognitive speed 

Wolf et al.
[32] 

P 1814 53 Stroke, dementia 
Hypertension was associated with worse cognitive 

performance particularly in obese individuals  

P-population-based design. 

N/P comorbidity-neurological or psychiatric comorbidity (including epilepsy, Parkinson’s disease, malignancies in 

central nervous system, sensory of motor neuron disease, depression, psychoactive medication such as sedatives, 

anticonvulsants, substance abuse, mental retardation, head trauma). 

All studies were age, sex and education-adjusted or -matched, additional adjustments are listed. 

 

3. Dyslipidemia And Cognitive Function 

One of the modifiable risk factor for cognitive 

impairment is serum lipoprotein level. Aging and 

dementia, midlife measures of total cholesterol were 

significant predictors of cognitive impairment. 

Moreover; it was shown that a high midlife cholesterol 

level increased the risk for VaD. Some studies have 

reported that higher levels of late-life cholesterol were 

associated with a higher risk of VaD 

 

Mechanism of influence of plasma lipids on cognitive 

function. 

 

 Blood Brain Barrier 

Brain cholesterol is involved in synapse development, 

synapse formation, dendrite differentiation, axonal 

elongation, and long term potentiation.
[33]

 Plasma 

cholesterol/lipoprotein compartments are strictly 

segregated by the blood-brain barrier (BBB). The BBB is 

created by the tight junctions between the endothelial 

cells of brain microvascular tissue and the astrocyte foot 

processes surrounding capillary endothelial cells. BBB 

injury has been recognized as a contributory factor to the 

development and progression of cognitive impairment. 

Recently, multiple studies have reported that rats fed 

with high energy diets, specifically diet rich in saturated 

fats and cholesterol, exhibited increased BBB 

permeability along with cognitive dysfunction.
[34,35]

 A 

recent study showed that the activation of microvascular 

endothelial cells by LDL increased the secretion of the 

inflammatory mediators such as tumor necrosis factor 

alpha and interleukin-6 and decreased the membrane 

localization of the tight junction protein. In conjunction 

with these studies, another investigation demonstrated 

that anti-inflammatory and lipid-lowering agents could 

reverse the high fat-induced BBB damage in rats. HDL-

C might be involved in the removal of excess cholesterol 

from the brain mediated by ApoE and heparin sulfate 

proteoglycans in the sub endothelial space of cerebral 

micro vessels. HDL particles also reverse the inhibitory 

effect of oxLDL particles.
[36] 

 

 Influence Of Small Blood Vessels In The Brain 

One cohort study (n = 1919) revealed a significant 

relationship among increased HDL-C, decreased LDL-C, 

and white matter hyperintensity (WMH) progression.
[37]

 

Furthermore, in 1135 acute ischemic stroke patients, 

hypercholesterolemia, hypertriglyceridemia, or the use of 

lipid-lowering medication was associated with a 

decreased severity of WMH.
[38] 

 

 Influence On The Deposition Of Amyloid 

Some evidences indicate that changes in brain 

cholesterol homeostasis are associated with the main 

pathological features of AD, especially amyloid beta 

(Aβ). Evidences also suggest that amyloidogenic 
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amyloid precursor protein (APP) processing might 

preferentially occur in the cholesterol-rich regions of 

membranes known as lipid rafts and that alterations in 

cholesterol levels could exert their effects by altering the 

distribution of APP-cleaving enzymes within the 

membrane.
[39] 

 

 Neuroprotective Effect 

Some in vitro studies have shown that cholesterol acts as 

an antioxidant and therefore plays a protective role in 

dementia pathogenesis, they act through prooxidants to 

create oxysterols, which are less toxic than free 

radicals.
[40]

 High cholesterol act as protective effect by 

increasing gamma-glutamyltransferase which is the 

enzyme plays an important role in amino acid uptake and 

transport and reduce the neurotoxic effects of amino 

acids.
[41] 

 

 

 

Table 3: description of included studies in dyslipidemia. 
 

 Design N Age Exclusion criteria Conclusion 

Cross sectional 

Zhang et al.
[42] 

P 4110 37 Stroke 
Low total and non HDL cholesterol associated 

with decreased cognitive speed in men 

Dik et al.
[43] 

P 1183 75 >65 years 

Low HDL cholesterol but not high triglycerides 

was associated with worse speed and fluid 

intelligence 

Longitudinal 

Henderson et 

al.
[44] P 438 49 Not specified 

Highest quartile of LDL and increase in LDL and 

total cholesterol over 8 years associated with better 

memory performance 

Komulainen et 

al.
[45] P 101 64 Not specified 

Low HDL cholesterol was associated with 

increased risk of poor memory after 12 years 

follow up 

Reitz et al.
[46] 

P 1147 76 
Stroke, dementia, 

N/P comorbidity 

Lipid levels were not associated with 7 year 

changes in cognitive function. 

P-population-based design 

N/P comorbidity-neurological or psychiatric comorbidity (including epilepsy, Parkinson’s disease, malignancies in 

central nervous system, sensory of motor neuron disease, depression, psychoactive medication such as sedatives, 

anticonvulsants, substance abuse, mental retardation, head trauma). 

All studies were age, sex and education-adjusted or -matched, additional adjustments are listed. 

 

DISCUSSION 
 

In this review the association between type 2 diabetes, 

dyslipidemia, and hypertension and cognitive 

functioning was examined. Eight studies compared 

cognitive functioning in patients with type 2 diabetes 

mellitus to non-diabetic persons (Table 1). Half of the 

population studies were cross-sectional studies and 

another half is longitudinal studies, seven of the studies 

commented that there is relation between type 2 diabetic 

mellitus and cognitive decline one study did not find any 

relation between diabetic mellitus and cognitive decline 

(Scott et al). For find outing the relation between 

hypertension and diabetic mellitus nine studies are 

included and four of the study are cross sectional and 

five of the study is longitudinal and seven of the studies 

observed worsening of cognitive speed with respect to 

hypertension.in case of dyslipidemia and diabetic 

mellitus five population studies are examined two cross-

sectional studies and five longitudinal studies but the 

results were varying for each studies cognitive speed 

varies according to different levels of lipid proteins thus 

studies did not show an association with worse cognitive 

performance. Even though some studies found that low 

HDL level will be risk factor for the cognitive decline. 

 

CONCLUSION 
 

Comparison of the results over the four vascular factors 

shows that most consistent associations with cognitive 

decline are found for diabetes and hypertension, results 

for dyslipidemia are less consistent thus more study is 

required in this area. 

 

Abbreviations 

BP-Blood Pressure 

TG-Triglycerides 

LDL-Law density Lipoprotein 

HDL/HDL-C –High Density Lipoprotein Cholesterol 

IR- Insulin resistance 

DM- Diabetic Mellitus 

VD/VaD – Vascular Dementia 

MMSE- Mini Mental state examination 

BBB- Blood Brain Barrier 

oxLDL- oxidized law density lipoprotein 

WMH- White matter hyperintensity 

AD- Alzheimer’s disease 

APP- Amyloid precursor protein 
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ABSTRACT 

Depression is one of the major co morbid complications present in type 

2 diabetes mellitus patients which are mostly not diagnosed early.  

Increased depressive symptoms in diabetes patients will endanger the 

therapeutic compliance leads to reduced diabetes self care and thus 

quality of life. So the early detection and treatment is important to 

reduce the depressive symptoms and to improve patient health care. 

This paper highlights the importance of detecting depression in type 2 

diabetic patients. 

 

KEYWORDS: Diabetes mellitus, Depression, HbA1c. 

 

INTRODUCTION 

Diabetes mellitus is a common chronic disease and progressive 

disorder characterized by hyperglycemia and abnormalities in 

carbohydrate, fat and protein metabolism.
 [1]

 It is a major rising health problem in the world 

population. There are two types of diabetes. Type 1 DM and Type 2 DM. More than 90% of 

diabetic patients have type 2 diabetes mellitus. It was estimated from the studies that the 

quality of life of diabetic patients are reduced due to burden over medicine and 

expenditures.
[4] 

Diabetes mellitus is a metabolic disorder which have complications both short 

term complication (hypoglycemia) and long term complication (kidney failure, retinopathy, 

stroke etc).
[3]

 

 

Depression is one of the major co morbid complications among type 2 diabetes mellitus 

patients. It has become a risk factor for developing type2 DM. The American Psychiatric 
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Association Diagnostic and Statistical Manual of Mental Disorder (DSM-5) describe 

depression as a mood disorder that alters the functionality of an individual by disturbing 

emotion, cognition and behavior.
[5]

 Depression includes anhedonia, feeling of guilt, 

hopelessness, disrupted sleep, reduced appetite and energy which leads to inability to manage 

daily activities.
[6]

 

 

Depression can leads to reduced adherence to diabetes management and lack of self care 

which will eventually lead to further diabetic complications and reduced quality of life. 

Diabetic patients with depression have reported higher HbA1c and high blood sugar level 
[7]

. 

So the early screening, detection and treatment are required in type2 DM patients with 

depressive risk factors to improve their self care and quality of life. 

 

Depression and Diabetes Mellitus 

Depression and diabetes mellitus were different entities but are major health problem in 

world population. Depression increases the risk of developing diabetes. Depression causes 

poor treatment outcomes and reduces the quality of life. Studies shows that the prevalence of 

depression is two-fold in people with T2DM than those without T2DM. 

 

The cause of depression in T2DM patients is unknown but it was found that the association 

between depression and DM is bidirectional. Depression reduces self care in diabetic patients, 

leads to reduced therapeutic compliance which gradually causes increase in depressive 

symptoms and this vicious cycle continues.
[6]

 

 

Various factors contribute to depression in diabetes patients. Physiological and behavioral 

factors such as poor sleep, lack of physical activity have an important role in causing 

depression in diabetic patients.
[8]

 Studies show that chronic stress can activate the 

hypothalamus-pituitary- adrenal axis (HPA- axis) and the sympathetic nervous system (SNS) 

leads to increased production of cortisol. Hypercortisolemia and SNS activation promote 

insulin resistance leads to diabetes mellitus.
[9] 

Hippocampus is a region involved in 

depression as well as T2DM. Hypercortisolemia disturbs the neurogenesis in the 

hippocampus leads to depression in diabetic patients. 
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Recent studies show that the risk of developing depression in T2DM patients is more 

prevalent and mostly they are undiagnosed. The psychological burden of being ill plays a role 

in triggering depression in type2 diabetic patients. Risk factors include unfavorable lifestyle, 

physical inactivity, unhealthy diet, stressful lifestyle, economy etc.
[10]

 

 

Importance of Detecting Depression in Diabetes Mellitus 

Depression is the most common psychiatric illness seen in people. Coexistence of depression 

and diabetes is a challenge for pharmaceutical care since it worsens the outcome of each 

other. Depression in T2DM patients can reduce the overall quality of life, self management of 

diabetes, and life expectancy.
[11] 

Depression will contribute to low dietary adherence, 

physical activity, and high stress level leading lower medication adherence.
[12] 

Studies 

indicated that diabetic patients with depression exhibit poor glycemic control and increased 

prevalence of multiple diabetic complications like nephropathy, retinopathy and neuropathy. 

 

Both depression and diabetes mellitus have negative impact on life of an individual. Due to 

the negative impact on health, both diseases should be recognized and treated simultaneously. 

In most cases depression in type2 diabetes mellitus were not diagnosed. This leads to 

increased stress level thus decrease the medication adherence causing diabetic complications. 

In order to ensure adequate quality of life multidimensional approach should be considered to 

manage depression in diabetes mellitus. 

 

The American Diabetes Association recommends regular screening of depression in type 2 

diabetic patients and also recommend patients with T2DM to receive proper counselling and 

support.
[13]

 

 

Tools for Screening Depression 

Depression in most cases remains not diagnosed or untreated in diabetic patients. So early 

screening of depression in diabetes may increase the clinical outcome. Depression can be 

screened using validated questionnaires, which is a simple and quick way of screening.
[14]

 A 

wide variety of questionnaires are available to measure depressive symptoms. Among those 

depressions screening questionnaires Beck Depression Inventory (BDI), Centre for 

Epidemiological Studies Depression Scale (CES-D) and Patient Health Questionnaire (PHQ) 

were mostly used. Since large number of questionnaires is available it is difficult to use most 

suitable questionnaire for monitoring or screening depression in diabetic patients.
[15] 

The 

questionnaire should have reliability, validity and responsiveness. A reliable questionnaire 
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helps to screen the depression precisely. A valid questionnaire has the ability to measure the 

intended construct. A responsive questionnaire is sensitive to changes in the construct to be 

measured.
[16]

 

 

Screening of Depression in Diabetes 

Depression is a common co morbid complication present in T2DM patients. The early 

screening of depression in diabetes can improve the therapeutic outcome thus improve the 

quality of life. Multiple strategies can improve screening of depression among diabetic 

patients. Offering training to health care providers helps them to easily recognize depression 

in diabetes. Proper health records of patients helps for further screening, references, treatment 

and follow up. Educating diabetic patients about this mental health condition could help the 

patients to recognise their own mental health needs and helpful for better healthcare 

interventions.
[17]

 

 

Treatment Approaches for Depressed Patients with Diabetes Mellitus 

Studies shows that the prevalence of depression in diabetes patients are high than in non 

diabetic patients. So the early detection and treatment is important in diabetic patients with 

depression to improve their quality of life.  

 

Both psychological and pharmacological therapies should be determined on individual basis. 

Studies recommend treating both depression and diabetes simultaneously with treating 

depression as a priority as it is able to see the response within 2-4 weeks while increased 

HbA1C level and improvement in glycemic control takes several months.
[18]

  

 

Psychological Intervention 

Psychology interventions mainly include behavioural therapy provided by health care 

providers like nurses, doctors. Other common psychological intervention used in depressed 

with diabetes are problem solving, interpersonal therapy, motivational speaking, counselling, 

educating about their health conditions etc. 

 

Identifying the common trigger for diabetes and depression will helps to improve the 

treatment strategies in depressed diabetic patients. Lifestyle changes such as dietary 

modification, regular physical activities, adequate sleep and social interaction can improve 

depression as well as depression.
[19]

 Diabetes self management education and support is 
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effective in decreasing diabetes related depression and improvement in overall quality of life 

in type 2 Diabetes mellitus patients.
[20]

 

 

Collaborative Care 

Collaborative care can improve the clinical outcomes in diabetic patients.
[21]

 Collaborative 

care includes the care provided by the doctors, nurses, psychologists, pharmacist and social 

workers. They can provide proper intervention based on clinical state of individual patients. 

The interventions include psychological approaches, antidepressant therapy and intensive 

care for severely depressed patients. 
[21]

 Collaborative care can help to achieve specific goals 

and long term benefits mainly in diabetic patients with depression and diabetic distress. 

 

CONCLUSION 

Depression is one of the most under diagnosed co morbidity seen in type 2 diabetes mellitus 

patients. Patients with depression are at higher risk of harm due to inadequate glycemic 

control. So it is important to detect and treat the depression in diabetic patients in order to 

improve the therapeutic compliance in diabetic patients and to improve the overall quality of 

life.  
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A R T I C L E  I N F O                              
 

INTRODUCTION 
 

Asthma is one the most commonly occurring 
diseases now a days. The term “asthma comes from a Greek 
verb which is “aazien” which means to breathe noisily. As per 
National Asthma Education and Prevention Program [NAEPP] 
Expert panel report-3 Asthma can be defined as a chronic 
inflammatory disorder of the airways in which many cells and 
cellular elements play a role : in particular mast cells, 
eosinophil, T-lymphocytes, macrophages, neutrophils and 
epithelial cells. In susceptible individuals, this inflammation 
cause recurrent episodes of wheezing, breathlessness, chest 
tightness and coughing, particularly at night or in early 
morning. These episodes are usually associated with 
widespread but variable airflow obstruction that is often 
reversible either spontaneously or with treat
estimated that over 300 million of the world population is 
being affected by asthma. It a serious condition that effect all 
age groups. Effective control is needed in the management of 
asthma to reduce the burden and also to decrease the co
treatment[2]. Inhalation therapy is widely used for faster 
recovery from the acute attacks. 
 

Inhalers Techniques 
 

Inhaler techniques are mostly preferred by almost all 
worldwide accepted guidelines for the management of asthma. 
Even though the systemic as well as the oral therapies are 
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                             A B S T R A C T  
 

Asthma refers to the condition which the respiratory system gets affected by various 
episodes of difficulty in breathing. The airway of the 
inflammation and thereby it produces air flow obstruction which is reversible either 
spontaneously or with the treatment. There are various treatments available for Asthma. 
One of the mostly utilized techniques is inhalational therapy, which is very helpful in 
controlling asthmatic attacks. Various medicaments like inhalation corticosteroids, β
adrenoreceptor antagonist can be delivered through inhalation therapy. Various inhalers 
like Pressurized metered dose inhalers (pMDI), Metered dose inhalers
inhalers, Breathe achuated metered dose inhalers(BA-MDI)etc… are available now a 
 
 
 

  
 
 
 

Asthma is one the most commonly occurring respiratory 
diseases now a days. The term “asthma comes from a Greek 

which means to breathe noisily. As per 
National Asthma Education and Prevention Program [NAEPP] 

3 Asthma can be defined as a chronic 
inflammatory disorder of the airways in which many cells and 
cellular elements play a role : in particular mast cells, 

lymphocytes, macrophages, neutrophils and 
epithelial cells. In susceptible individuals, this inflammation 

pisodes of wheezing, breathlessness, chest 
tightness and coughing, particularly at night or in early 
morning. These episodes are usually associated with 
widespread but variable airflow obstruction that is often 
reversible either spontaneously or with treatment[1].  It is 
estimated that over 300 million of the world population is 
being affected by asthma. It a serious condition that effect all 
age groups. Effective control is needed in the management of 
asthma to reduce the burden and also to decrease the cost of 

. Inhalation therapy is widely used for faster 

Inhaler techniques are mostly preferred by almost all 
worldwide accepted guidelines for the management of asthma. 

ic as well as the oral therapies are  

available for the management inhalational techniques are 
widely used due its advantages over them. The advantages 
include very low dose of medicament is needed, rapid onset of 
action is achieved and fewer number of side effects. As they 
directly directed to lung the faster symptom control is 
achieved. The delivery rate of drug to lung is associated with 
the particle size, nature of propellant, type of device etc
Correct usage of the device should be ensured for 
propercompliance with the treatment
counseling should be given before prescribing inhalers.
 

History of Inhaler Devices 
 

The first used inhaler was created on 1778 by an English 
physician John Mudge. It was known by the name Mudge 
Inhaler. It consist of a tankard where it 
have a lid. After pouring liquid, the lid was closed and the 
steam is inhaled through a flexible tubing. It was used to inhale 
opium vapours to treat catarrhous cough, a type of cough with 
thick mucous. The idea of Mudge inspired the 
to put forward his idea to use a teapot with medicament inhale 
through the sprout. This was the turning point for the invention 
of Nelson’s inhaler.[4] 

 

Types of Inhalers 
 

A wide range of various inhalers are available now a day. It 
can be broadly catergoriesed into the following categories
 

 Pressurized meter dose inhalers (pMDI).
 Dry powder inhalers (DPI)
 Breath- actuated meter dose inhalers (BA
 Soft mist inhalers 
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Asthma refers to the condition which the respiratory system gets affected by various 
episodes of difficulty in breathing. The airway of the susceptible person shows 
inflammation and thereby it produces air flow obstruction which is reversible either 

neously or with the treatment. There are various treatments available for Asthma. 
One of the mostly utilized techniques is inhalational therapy, which is very helpful in 
controlling asthmatic attacks. Various medicaments like inhalation corticosteroids, β2 
adrenoreceptor antagonist can be delivered through inhalation therapy. Various inhalers 
like Pressurized metered dose inhalers (pMDI), Metered dose inhalers (MDI), Soft mist 

MDI)etc… are available now a days. 

available for the management inhalational techniques are 
widely used due its advantages over them. The advantages 
include very low dose of medicament is needed, rapid onset of 
action is achieved and fewer number of side effects. As they 

ted to lung the faster symptom control is 
achieved. The delivery rate of drug to lung is associated with 
the particle size, nature of propellant, type of device etc[3,4]… 
Correct usage of the device should be ensured for 
propercompliance with the treatment.  Proper patient 
counseling should be given before prescribing inhalers. 

The first used inhaler was created on 1778 by an English 
physician John Mudge. It was known by the name Mudge 
Inhaler. It consist of a tankard where it hold the liquid which 
have a lid. After pouring liquid, the lid was closed and the 
steam is inhaled through a flexible tubing. It was used to inhale 
opium vapours to treat catarrhous cough, a type of cough with 
thick mucous. The idea of Mudge inspired the scientist Nelson 
to put forward his idea to use a teapot with medicament inhale 
through the sprout. This was the turning point for the invention 

A wide range of various inhalers are available now a day. It 
broadly catergoriesed into the following categories 

Pressurized meter dose inhalers (pMDI). 
Dry powder inhalers (DPI) 

actuated meter dose inhalers (BA-MDI) 
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Pressurized Meter Dose Inhalers (pMDI) 
 

It’s the most widely used type of inhalers. They are very cheap 
compared to other types. They can deliver medicament in 
multi dose manner [5]. It’s having a part called as canister, 
which on applying pressure by pressing, deliver drug to throat. 
Medicine such as inhaled corticosteroids and bronchodilators 
or combination of both such as salbutamol, budesonide, 
terbutaline,  ipratropium bromide can be effectively delivered 
by pMDIs[6,7]. Its more helpful when as spacer is attached to 
the mouth piece of the pMDI. Researches says that the use of 
spacer can increase the compliance because they can act as a 
reservoir of medicament, it will also help to decrease the 
velocity of drug particles released[8]. 
 

 
 

Dry Powder Inhalers 
 

Dry powder inhaler is those inhalers which use dry powder 
medications in form of capsules. Once the capsule is inserted 
to the inhaler, they pressure is exerted on it to deliver the 
medicine. Mainly corticosteroids are given via this type 
inhalers.[9] The main advantage over pMDI is that aerosol 
pressure is not needed in DPI. The major problem associated 
with less compliance is due to incorrect usage of inhalers by 
the patient which include, improper positioning of the device, 
failure to hold breathe [10,11]. 
 

 
 

Breathe Actuated Metered Dose Inhalers 
 

They were developed by considering the mechanism of 
pMDIs. The only difference is that the drug get dispensed only 
if patient inhales through the inhaler.[12] The advantage is that 
it ensure that the drug disposition to lung happens correctly. 
The major disadvantage is that the patient should produce 
enough inspiratory flow rate to dispense medicament.[13] 
 

Soft Mist Inhalers 
 

They are innovative method which do not need inspiratory 
flow to generate aerosol. The aerosol is created by the spring 
in the liquid formulation resulting in suspension of the 
medicament as soft mist or fine drug particle[14]. 
 

Choosing Correct Inhaler 
 

It’s very important to choose the correct type of inhaler for the 
patient for maximum effectiveness and control over the 
symptoms. One of the important points to be taken into 
consideration is the inspiratory flow rate of the patient. It 
should be enough for the actuation of the device.[15]There are 
no specific guidelines or recommendations provided for 

choosing the inhaler type. The American College of Asthma, 
Allergy and Immunology have provided some useful pieces of 
information on choosing inhalers for the patients.[16] They say 
that some important factors are to be considered before 
prescribing inhaler for patients. It includes patient’s inspiratory 
capacity, ease of availability of the medicament, patient’s 
satisfaction, durability of device and ease of use[17,18].  
 

Evaluating the Usage of Inhalers 
 

The adherence to the inhalers must be assessed periodically to 
ensure the patient compliance.  To detect incorrect use of the 
inhalers each patient should be asked to demonstrate the 
procedure of using the device in front of the health care 
professional who is attending them[19]. A pre-prepared 
checklist can be used by the healthcare professional to evaluate 
the correctness of usage of the device. If incorrect application 
of the device is found immediately correct it by giving proper 
counseling for the patient. Because incorrect use of the inhaler 
can lead to increased mortality and morbidity rates and failure 
of the therapy.[20] 

 

CONCLUSION 
 

Asthma is considered as one of the most commonly occurring 
respiratory tract infection. The appropriate use of correct 
medications can be very helpful in controlling the frequents 
asthmatic attacks. The very effective treatment of choice is 
inhalation therapy. The inhalation therapy helps the 
medicament to reach the respiratory tract rapidly and it 
produced rapid onset of action. This technique is very 
convenient for the user because of its ease of use. Choosing the 
correct inhaler type inhaler and using it properly can be very 
useful in decreasing the frequency as well as recurrent 
asthmatic attacks. 
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ABSTRACT  

Diabetes mellitus is a group of metabolic disorders characterized 

by hyperglycemia. It is associated with abnormalities in 

carbohydrate, fat and protein metabolism, thus result in chronic 

complications including microvascular, macrovascular and 

neuropathic disorder. India is one among the top three countries 

where diabetes is prevalent according to the study carried out in 

2015. Since diabetes is a chronic condition that occurs extremely 

due to the combination of sedentary lifestyle and imbalanced diet. 

The medications are to be taken for lifetime. So there is a need for 

the prescribers to prescribe the medication, which would be cost 

effective to the patients. Through this study, we aim to analyse cost 

variations of antidiabetic drug available in Indian market and we 

also assess the knowledge of patients about diabetes mellitus. Aim: 

The aim of this study is to assess the knowledge of patients about 

diabetes and to perform a cost analysis study of antidiabetic drugs 

in type 2 diabetes mellitus. Materials & Method: A Prospective, 

Cross sectional study was carried out in a 450 bedded tertiary care 

hospital. The study subjects include 80 patients admitted in the 

general medicine, cardiology, surgery, orthopedics, gynecology 

and neurology departments. Ambulatory patients, patients in 

emergency ward, pediatric and psychiatry departments were 

excluded from the study. Result: Prescription of 80 patients were 

studied and found that 63.75% were males and 36.25% were 

females. Most of the patients are from age group of 66-75 years 

(31.75%). The mostly prescribed drug is metformin and in 

combination, metformin + glimepride is given most. In cost 

analysis of drug it was found that instead of prescribing 

combination of drug,mono-drug regimen is more cost effective. 

And most patients were unaware about the diabetic condition and 

its treatment. Conclusion: Our study emphasizes on the cost 

analysis of anti-diabetic drugs and knowledge assessment of 

patients with type 2 DM. The cost analysis reveals that metformin 

and glimepride were highly prescribed drugs. When analysis the 

cost of single drug and combinations, we conclude that single drug 

regimen is more cost benefit. In assessing patients knowledge 

about diabetes, most of the elderly had poor knowledge compared 

to middle age group patients. This can be improved through giving 

proper counseling to patients. 
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INTRODUCTION 

Diabetes Mellitus is a group of metabolic disorders characterized by hyperglycemia. It is 

associated with abnormalities in carbohydrate, fat, and protein metabolism and results in 

chronic complications including microvascular, macrovascular, and neuropathic disorders. [58] 

WHO project that DM will be the 8th leading cause of death around 2030. The chronic 

hyperglycemia of diabetes is associated with long-term damage, dysfunction, and failure of 

different organs, especially the eyes, kidneys, nerves, heart, and blood vessels. Several 

pathogenic processes are involved in the development of diabetes. These range from 

autoimmune destruction of the β-cells of the pancreas with consequent insulin deficiency to 

abnormalities that result in resistance to insulin action. In type 1 diabetes, the cause is an 

absolute deficiency of insulin secretion. In type 2 diabetes, the cause is a combination of 

resistance to insulin action and an inadequate compensatory insulin secretory response. Type 

2 diabetes accounts for ∼90–95% of all diabetic cases. 

The prevalence of diabetes for all age-groups worldwide was estimated to be 2.8% in 2000 

and 4.4% in 2030. The total number of people with diabetes is projected to rise from 171 

million in 2000 to 366 million in 2030. According to statistics from the International Diabetes 

Federation (IDF), India has more diabetics than any other nation of the world. Current 

estimates per the number of diabetics in the country at about 62 million – an increase of over 

10 million from 2011when estimate suggested that about 50.8 million people in the country 

where suffering from the disease. By the year 2030 over100 million people in India are likely 

to suffer from diabetes.[8] 

MANAGEMENT 

 Non-pharmacological treatment 

  Diet – Medical nutrition therapy is recommended for all person with DM 

 Physical activity – It include aerobic exercise 

  Weight reduction if obese 

  Pharmacological  treatment 

 Biguanides ( Metformin) 
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 Sulphonylureas ( Glimepiride, Glipzide, Glibenclamide) 

 Thiazolidinediones ( Pioglitazone) 

  Alpha-glucosidase inhibitors (Voglibose, Acarbose) 

  DPP-4 inhibitors (Vidagliptin, Sitagliptin) 

 Meglitinide analogues (Repaglinide, Nateglinide) 

 Glucagon-like peptide -1/ GLP – 1 ( Liraglutide, Exenatide) 

  Amylin analogue ( Pramlintide) 

  Dopamine- D2 receptor agonist (Bromocriptine) 

  Sodium-glucose cotransport -2 (SGLT-2) inhibitor (Dapagliflozin) 

INSULIN THERAPY 

CLASSIFICATION OF INSULIN 

Rapid acting 

 Lispro 

 Aspart 

 Glulisine 

    Intermediate acting 

 NPH(Isophane) 

 Lente 

Slow acting 

 Ultralente 

  Protamine zinc 
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 Glargine and Detemir[62] 

NEED FOR COUNSELING IN DIABETES 

The principal task of the health care team is to give each patient knowledge, self- confidence 

and support. Patients with diabetes and their families provide 95% of their care 

themselves, and, as a consequence, educational efforts to improve self- management are 

central components of any effective treatment plan. 

Studies have confirmed that the complications of diabetes can be reduced by proper control 

of blood glucose. The proper control is dependent on the patient's adherence to medications, 

lifestyle modifications, frequent monitoring of blood glucose, etc and can be influenced by 

proper education and counseling of the patient. Pharmacists, being one of the indispensable 

members of the health care team, have an immense responsibility for counseling these 

patients. 

ROLE OF PHARMACISTS IN DIABETES MANAGEMENT 

Because of the rapid expansion of available therapeutic agents to treat diabetes, the 

pharmacist's role in caring for diabetic patients has expanded. The pharmacist can educate the 

patients about the proper use of medication, screening for drug interactions, explain 

monitoring devices, and make recommendations for ancillary products and services. 

Since diabetes is a chronic complication affecting diabetic patient at various levels, the 

counseling should focus on the nature of the disease, lifestyle modifications, medications, and 

acute and chronic complications. 

MATERIALS AND METHODS 

A prospective cross sectional study was conducted in the general medicine, cardiology, 

surgery, orthopedics, obstetrics and neurology department of a 450 bedded tertiary hospital 

(st.james hospital chalakudy, Kerala, India) for a period of 6 months in 2019. The sample 

population of 80 was selected based on inclusion exclusion criteria. The study was conducted 

by collecting data from the medical records of inpatients receiving anti-diabetic drugs in 

various departments.  
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The protocol of study submitted to Institutional Human Ethics Committee (IHEC). The 

protocol was approved by committee with an approval number of SJPCEC/P25/PP/2016/028 

and hospital approval number SJCP/DIR/A.13/2018-2019. 

A computerized literature and manual search was conducted to identify relevant studies, for 

knowledge assessment of diabetes and cost analysis. Literatures which found to support the 

study was collected and properly reviewed. A data entry form was specially designed to 

collect the relevant information,and a properly validated DKQ was utilized. The mostly used 

drug alone and in combination was identified and the cost effective analysis was done. The 

study was done to investigate and compare the cost of various brands of same generic drug. 

Patient compliance with the drug plays a key role. Increase in drug cost is associated with the 

decline in medication adherence, which in turn lead to poor patient outcome. Cost between 

different brands of same generic drug was compared and the least cost was selected. This was 

also done for combinations of drugs and the most cost benefit one was selected. 

Inclusion criteria 

 Diabetic patients from general medicine, cardiology, surgery, orthopedics, obstetrics and 

neurology departments. 

 Patients above the age of 35 years. 

Exclusion criteria 

 Ambulatory patients, patients present in emergency, pediatric and psychiatry departments. 

 Patients below the age of 35 years. 

 Patients who were not prescribed with antidiabetic drugs. 

 Patients who were not willing to take part for the study. 

RESULT AND DISCUSSION 

Diabetes is a chronic condition where compliance with drugs plays a key role. Adherence of 

the drugs can be ensured by decreasing the cost of the drugs prescribed. The study entitled 

"knowledge assessment of diabetes in patients and cost analysis of anti-diabetic drug in type 

2 diabetes mellitus" was a prospective cross sectional study carried out for a period of 6 
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months in all the departments of a 450 bedded tertiary care hospital. A total of 80 patients 

who met the inclusion criteria were enrolled in the study. 

AGE   

In the study (Table 1, fig 1) shows out of 80 patients majority belonged to 66 -75 years( 

31.25%) followed by 56-65 years (23.75) and 23.75% was above 75 years. The lowest age 

group was found to be 35-45 years (2.5%). 

GENDER 

36.25% male and 63.75 % being female. From this study, the majority was found to be 

female.(Table 2 & fig 2 ) 

LENGTH OF STAY 

Out of 80 patients, average length of stay of most were found to be between 1-5 days 

(66.25%) and only 7.5% stayed above 11 days. 

COMORBIDITES  

Most of the patients with diabetes had comorbid conditions like hypertension, dyslipidemia 

and other. Out of this 80 patients 59 had hypertension, 26 had dyslipidemia, 13 had coronary 

artery disease and 30 were diagnosed with other disease. (Table 3 & fig 3) 

COMMONLY PRESCRIBED ORAL ANTI-DIABETIC DRUGS 

In this study, it was found that metformin was prescribed for 36 patients, followed by 

glimepiride for 19 patients, 8 were prescribed with teneligliptin, 4 patients prescribed with 

gliclazide. Voglibose was prescribed only for 3 patients and 2 patients with glipizide. (Table 

4 & fig 4) 

DISTRIBUTION BASED ON COMMONLY PRESCRIBED COMBINATIONS OF 

ANTI-DIABETIC DRUGS 

Out of 80 patients, most (17) were prescribed with a combination of glimepiride & 

metformin. A combination of sitagliptin & metformin was prescribed only for 3 patients. And 

only 2 patients each were prescribed with pioglitazone + metformin, vildagliptin + 

metformin, glipizide + metformin and gliclazide + metformin. (Table 5 & fig 5) 
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DISTRIBUTION BASED ON COMMONLY PRESCRIBED INSULINS 

Through our study we found that insulin isophane and human insulin combination were 

prescribed mostly to all patients (20) followed by 19 patients with regular human insulin and 

only 2 patients were prescribed with human premix. Insulin glargine was only given to 1 

patient.(Table 6 & fig 6) 

DISTRIBUTION BASED ON INSULIN AND ORAL ANTI-DIABETIC DRUGS 

This study shows that about 69 patients were prescribed with oral anti-diabetic agent. And 

combination of anti-diabetic drug was given for 26 patients. And 42 patients were prescribed 

with insulin.(Table 7 & fig 7) 

DISTRIBUTION BASED ON MOSTLY PRESCRIBED ANTI-DIABETIC 

MEDICATIONS 

Analysis of the study shows that metformin (36) was mostly prescribed drug. In combination 

therapy, metformin + glimepiride (17) was frequently administered. And in case of insulin 

about 20 patients were administered with a combination of isophane + human insulin.(Table 

8 & fig 8) 

COST ANALYSIS 

According to the study, we found that there is an extensive variation in the cost of anti-

diabetic drugs. In the analysis of the comparative cost of therapies, it showed that the 

monotherapy is less costlier than that of the combination therapy. 

Study showed that there is a wide variation in the prices of different brands of anti-diabetic 

drugs. Highest number of trades usable are respectively Metformin-500mg (n=6brands) 

Teneligliptin-20mg (n=5brands); followed by Glimepride-1mg (n=3brands); Glimepride-2mg 

(n=2brands) and Voglibose-0.2mg, 0.3mg, Pioglitazone-15mg, Glipizide-2.5mg, 5mg 

(n=1brand)(Table 9-13 & fig 9-13) 

In combination with Metformin-500mg, highest number of brands are observed in 

Glimepride-2m.g & 1mg (n=2brands); Sitagliptin-50mg (n=2brands); vildagliptin-50mg & 

Pioglitazone-15mg (n=1brand); Gliclazide-80mg (n=1brands) and Metformin-

1000mg+Glimepride-2mg (n=2brand) (Table 14-16 & fig 14-16).  
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From the above data we assume that, if a mono drug regimen is given to the patient for a 

month then, in Metformin Glyciphage is the least costly (47.17 Rs) prescribed drug 

compared to other brands. In glimepride 1 mg Glimestar (79.2Rs), 2mg Amaryl (179.7 Rs) 

was least prescribed brand. In case of Tenligliptin 20 mg Tenepride (288 Rs) was cost 

beneficial drug. When comparing the cost of mono-drug regimen and combination of 

metformin & glimepride, the combination therapy was found to be costlier. 

QUESTIONNAIRE RESULT 

In our study, by using a validated DKQ we found that most of the patients (80%) within the 

age group 46-55yrs have adequate knowledge about diabetes, followed by 68.42% from the 

age group 56-65. Between the age of 66-75 only 40% have knowledge about their condition. 

In geriatric patients (above 75), only 31.56% were aware about diabetes mellitus. (Table 18) 

When statistically analyzed there was no significance between age and the knowledge about 

diabetes. 

DISTRIBUTION OF PATIENTS BASED ON AGE GROUP            

N=80 

Table No. 1: Distribution Based On Age 

AGE GROUP(YEARS) FREQUENCY PERCENTAGE (%) 

35-45 2 2.5 

46-55 15 18.75 

56-65 19 23.75 

66-75 25 31.25 

Above 75 19 23.75 
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Figure No. 1: Percentage Distribution Based on Age 

DISTRIBUTION BASED ON GENDER  

N=80  

Table No. 2: Distribution Based On Gender 

SEX FREQUENCY PERCENTAGE (%) 

MALE 29 36.25 

FEMALE 51 63.75 
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Figure No. 2: Percentage Distribution Based on Gender 

DISTRIBUTION BASED ON CO-MORBIDITY 

N=80 

Table No. 3: Distribution Based On Co-Morbidity 

Past medical history Number of patients     Percentage (%) 

With co-morbid conditions                  70                87.5 

Without co-morbid conditions                  10                12.5 
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Figure No. 3: Percentage Distribution Based on Co-Morbidity 

DISTRIBUTION BASED ON COMMONLY PRESCRIBED ORAL ANTI-DIABETIC 

DRUGS 

Table No. 4: Distribution Based On Commonly Prescribed Oral Anti-Diabetic Drugs 

ORAL ANTI-DIABETIC DRUGS NUMBER 

METFORMIN 36 

GLIMEPIRIDE 19 

TENELIGLIPTIN 8 

GLICLAZIDE 4 

VOGLIBOSE 3 

GLIPIZIDE 2 

PIOGLITAZONE 1 
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Figure No. 4: Distribution Based On Commonly Prescribed Oral Anti-Diabetic Drugs 

DISTRIBUTION BASED ON COMMONLY PRESCRIBED COMBINATIONS OF 

ANTI-DIABETIC DRUGS 

Table No. 5: Distribution Based On Commonly Prescribed Combinations of Anti-

Diabetic Drugs 

DRUGS NUMBER 

GLIMEPIRIDE + METFORMIN 17 

SITAGLIPTIN + METFORMIN 3 

PIOGLITAZONE + METFORMIN 2 

VIDAGLIPTIN + METFORMIN 2 

GLIPIZIDE + METFORMIN 2 

GLICLAZIDE + METFORMIN 2 
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Figure No. 5: Distribution Based On Commonly Prescribed Combinations of Anti-

Diabetic Drugs 

DISTRIBUTION BASED ON COMMONLY PRESCRIBED INSULIN 

Table No. 6: Distribution Based On Commonly Prescribed Insulin 

INSULIN NUMBER 

INSULIN ISOPHANE + HUMAN INSULIN 20 

HUMAN INSULIN 19 

HUMAN PREMIX 2 

INSULIN GLARGINE 1 
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Figure No. 6: Distribution Based On Commonly Prescribed Insulin 

DISTRIBUTION BASED ON INSULIN AND ORAL ANTI-DIABETIC DRUGS 

 (N=137) 

Table No. 7: Distribution Based On Insulin and Oral Anti-Diabetic Drugs 

DRUGS NUMBER OF PATIENTS 

ORAL ANTI-DIABETIC AGENT 69 

INSULIN 42 

COMBINATION 26 
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Figure No. 7: Distribution Based On Insulin and Oral Anti-Diabetic Drugs 

Distribution based on mostly prescribed anti-diabetic medications 

 (N=73) 

Table No. 8: Distribution Based On Mostly Prescribed Anti-Diabetic Medications 

DRUGS NUMBER OF PATIENTS 

METFORMIN 36 

INSULIN ISOPHANE + HUMAN INSULIN 20 

GLIMEPIRIDE + METFORMIN 17 

 

Figure No. 8: Distribution Based On Mostly Prescribed Anti-Diabetic Medications 
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COST COMPARISON OF DIFFERENT BRANDS OF METFORMIN 

Table No. 9: Cost Comparison of Different Brands Of Metformin(Cost/Tab) 

DOSE Melmet SR Melmet Glyciphage SR Glyciphage Glycomet Glycomet SR 

500 MG 2.005 1.579 1.999 1.574 1.579 2.094 

 

Figure No. 9: Cost Comparison of Different Brands of Metformin(Cost/Tab) 

COST COMPARISON OF DIFFERENT BRANDS OF GLIMEPIRIDE 

Table No. 10: Cost Comparison of Different Brands of Glimepiride (cost/tab) 

DOSE Amaryl Glimitab Glimestar Glimy 

1MG 3.75 _ 2.53 3.75 

2MG 5.99 5.55 _ _ 
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Figure No. 10: Cost Comparison of Different Brands of Glimepiride (cost/tab) 

COST COMPARISON OF DIFFERENT BRANDS OF GLIPIZIDE 

Table No. 11: Cost Comparison of Different Brands of Glipizide (Cost/Tab)     

DOSE Glynase 

2.5MG 0.27 

5MG 0.67 
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Figure No. 11: Cost Comparison of Different Brands of Glipizide(Cost/Tab) 

COST COMPARISON OF DIFFERENT BRANDS OF TENELIGLIPTIN 

Table No. 12: Cost Comparison of Different Brands of Teneligliptin (Cost/Tab) 

DOSE Zita plus Ziten Teniva Tenligress Tenipride 

20MG 11.93 11.87 10.8 9.9 9.6 
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Figure No. 12: Cost Comparison of Different Brands of Teneligliptin (Cost/Tab) 

COST COMPARISON OF DIFFERENT BRANDS OF VOGLIBOSE 

DOSE Vobose Voglite 

0.2MG _ 3.3 

0.3MG 10.4 _ 
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Figure No. 13: Cost Comparison of Different Brands of Voglibose 

COST COMPARISON OF DIFFERENT BRANDS OF METFORMIN + 

GLIMEPIRIDE 

Table No. 13: Cost Comparison of Different Brands of Metformin + Glimepiride 

(Cost/Tab) 

DOSE Glimed MF2 Glisimet M2 Glimp M1 Azulix MF Megamet G2 Glycomet GP2 

500 + 

2MG 
4.73 _ _ _ _ 9.46 

500+ 

1MG 
_ _ 7.23 7.12 _ _ 

1000+ 

2MG 
_ 8.20 _ _ 12.02 _ 
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Figure No. 14: Cost Comparison of Different Brands of Metformin+Glimepiride 

COST COMPARISON OF DIFFERENT BRANDS OF METFORMIN+SITAGLIPTIN 

Table No. 14: Cost Comparison of Different Brands of Metformin+Sitagliptin 

(Cost/Tab) 

DOSE JANUMET ISTAMET 

500+50MG 25.33 25.33 

 

Figure No. 15: Cost Comparison of Different Brands of Metformin+Sitagliptin 
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COST COMPARISON OF DIFFERENT BRANDS OF 

METFORMIN+VILDAGLIPTIN 

Table No. 15: Cost Comparison of Different Brands of Metformin + Vildagliptin 

(Cost/Tab) 

DOSE JALRA M GALVUS MET 

500 + 50 MG 27.63 27.77 

METFORMIN+VILDAGLIPTIN 

 

Figure No. 16: Cost Comparison of Different Brands of Metformin + Vildagliptin 
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TABLE No. 16: MINIMUM AND MAXIMUM COST AMONG MONO-DRUG 

REGIMEN 

Single brand 

Sl. No. Generic Name Strength [mg] Brand Price Number of brands 

4 Glipizide 2.5 Glynase 0.27 1 

  5 Glynase 0.67 1 

5 Vildagliptin 50 Galvus 26.52 1 

6 Gliclazide 40 Glizid 3.75 1 

  80 Glizid 6.05 1 

7 Pioglitazone 15 Pioz 5.25 1 

8 Voglibose 0.2 Voglibose 3.3 1 

  0.3 Vobose 10.43 1 

TABLE No. 17: MINIMUM AND MAXIMUM COST AMONG COMBINATION 

DRUG 

Sl. 

No. 
Drug 1 

Strength

[mg] 
Brand 

Least 

Price 
Brand 

Highest 

Price 

Number 

of 

brands 

Mean 
Percentage 

variation[%] 

1 

Metformin+ 

Glimepiride 

 

500+ 

1mg 

Azulix 

MF 
7.12 

Glimp 

M1 
7.23 5 7.17 1.54 

2 

Metformin+

Vildagliptin 

 

500+ 

50mg 
Jalra M 27.63 

Galvus

met 
27.77 2 27.70 0.50 

Single brand 

Sl. No. Drug Strength (mg) Brand Price 
No.of  

brands 

3 Metformin+gliclazide 500+40 
Glycinorm M 

40 
5.84 1 

4 Metformin+glipizide 500+5 Glynase MF 1.53 1 

5 
Metformin + 

pioglitazone 
500+15 Pioz MF 9.67 1 

6 Metformin+sitagliptin 500+50 
Janumet, 

Istamet 
25.3 2 

Sl. 

No. 
Generic name 

Strengt

h 

[mg] 

Least cost 

brand 

Price

(per 

tab) 

Highest 

cost brand 

Price 

(per 

tab) 

Numbe

r of 

brands 

Averag

e price 

Percentage 

variation 

[%] 

1 Metformin 500 Glyciphage 1.57 
Glycomet 

SR 
2.09 6 1.83 33.12 

2 Glimepride 1 Glimestar 2.64 Amaryl 3.77 3 3.21 42.80 

  2 Amaryl 5.99 Glimitab 6.76 2 6.37 12.85 

3 Teneligliptin 20 Tenepride 9.60 Zita plus 11.93 5 10.77 24.27 
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TABLE No. 18: QUESTIONNAIRE RESULT 

Variables Subgroups 
General questions 

p-value Significance 
Adequate Inadequate 

Age group 

35-45 
1 

(50) 

1 

(50) 

0.220 NS 

46-55 
12 

(80) 

3 

(20) 

56-65 
13 

(68.42) 

6 

(31.58) 

66-75 
10 

(40) 

15 

(60) 

Above 75 
6 

(31.57) 

13 

(68.43) 

CONCLUSION 

Diabetes mellitus is a group of metabolic disorders associated with abnormalities in 

carbohydrate, protein, and fat metabolism which results in hyperglycemia. Its risk factor can 

be related to obesity, history of GDM, hypertension, dyslipidemia, PCOD and history of 

cardiovascular disease. DM is frequently cause by physical inactivity and diet, which is often 

accompanied by excessive thirst and hunger, weight loss, blurred vision and skin infections. 

From the above data, we found that in mono-drug regimen Metformin followed by 

Glimepride were frequently prescribed. When comparing the cost of mono-drug regimen and 

combination of Metformin &Glimepride, the combination therapy was found to be costlier. 

By assessing the patient's knowledge about diabetes using a DKQ we found that most of the 

patients were unaware of diabetes. So we done the patient counseling to improve the patient's 

knowledge. 

The major advantage of our study is that it helps to decrease the overall health care cost and 

increase the patient's adherence which results in better patient outcome. The limitation is that 

no patients having diabetes from gynecology department is reported in our study. Most of our 

supporting studies shows that combination therapy is cheaper than mono- drug regimen. But 

our study result reflects that mono-drug regimen is cheaper when compared to combination 

therapy. 
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ABSTRACT  

A prospective observational study was carried out for a period of 

6 months in a 450 bedded tertiary care hospital. A total of 100 

geriatric cases were collected from the selected departments.  

The aim was to study the medication errors and its outcome in 

geriatric patients in a tertiary care hospital. Objectives were to 

assess the incidence of different types of medication error , to 

highlight the sources of recurrent errors, to assess the outcomes 

of medication error and to institute changes in practice to prevent 

their recurrence On analyzing the data, it was found that 81% 

were aged in group >65-80 years and 19% were above 80 years. 

Majority of the cases that is 69% had medication errors and 31% 

were free of errors. Out of the total errors, 51% were prescription 

errors. 6 out of 69 errors were found to be serious. About 67% 

errors were physician induced followed by 27% nurse induced 

and 6% patient induced. The study found that 69% of the 

collected cases had medication error. Prescription error was 

found to be the most common error in all the departments. Only 

minority of errors were serious. We conclude that 

implementation of strict check over the medication use practice 

and also providing appropriate patient counselling will help to 

reduce medication errors thereby improving the quality and 

outcome of the healthcare provided. 
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INTRODUCTION   

DEFINITION  

A medication is a product that contains a compound with proven biological effects, plus 

excipients or excipients only; the active compound is usually a drug or prodrug, but may be a 

cellular element.(1)     

An error is ‘something incorrectly done through ignorance or inadvertence; a mistake, e.g. in 

calculation, judgement, speech, writing, action, etc.’ or ‘a failure to complete a planned action 

as intended, or the use of an incorrect plan of action to achieve a given aim’. A medication 

error can be defined as ‘a failure in the treatment process that leads to, or has the potential to 

lead to, harm to the patient.(2) The use of the term ‘failure’ signifies that the process has fallen 

below some attainable standard. The ‘treatment process’ includes treatment for symptoms or 

their causes or investigation or prevention of disease or physiological changes. ‘Harm’ in the 

definition also implies ‘lack of benefit’, a form of treatment failure.(3)(4)  

EPIDEMIOLOGY  

The overall incidence of drug reactions in geriatric patients is estimated to be at least twice that 

in younger population. Despite that, there is deficiency of geriatric specialists among health 

care providers. In developed countries, elderly use at least three prescribed medications 

concurrently.(5)In developing countries, 85–90% of elderly use at least one medication daily. 

It has also been estimated that 30% of hospital admission in elderly patients are due to drug-

related problems.(6) In the US, 30 percent of all medications are prescribed for people over the 

age of 65. An Institute of Medicine study identified $21 billion in annual US healthcare 

spending caused by medication errors. Outpatient preventable medication errors cost $4.2 

billion per year.(7) 

TYPES OF MEDICATION ERROR 

The American Society of Hospital Pharmacists (ASHP) have classified errors into eleven types. 
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Prescribing error 

A prescribing error occurs at the time a prescriber orders a drug for a specific patient. Error 

may include the selection of an incorrect dose, dosage form, route of administration, length of 

therapy or number of doses.(8) 

Omission error 

Failure to administer an ordered dose to a patient in a hospital, nursing home, or other facility 

before the next scheduled dose is considered as an omission error. Omission is not an error If 

there is any medical reason. When patient cannot take anything by mouth (NPO) prior to a 

procedure or patient refuses to take them.(9,10) 

Improper dose error 

It occurs when a patient is given a dose that is greater (extra dose error) or less than the 

prescribed dose. Cause: delay in documenting a dose or absence of documentation inaccurate 

measurement of an oral liquid is also an improper dose error. Excluded from this category are: 

(i) Doses that cannot be accurately measured 

(ii) or not specified as in topical application. 

(iii) Metric conversions are excluded as well.(11) 

Unauthorized drug error 

Administration of a medication to a patient without proper authorization by the prescribers 

categorized as an unauthorized drug error. It includes a medication for one patient given 

mistakenly to another patient, nurse giving a medication without a physician order, sharing of 

prescription, refilling a prescription that has no refills remaining without authorization from 

the physician, administering medication on the basis of specific patient parameters by nurses 

may be wrong, administration of medications outside the established guidelines.(12,13) 

Deteriorated drug error 

Medications that are dispensed or administered beyond their expiration date may have lost 

potency or less effective or ineffective. Refrigerated drugs stored at room temperature may 
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decompose to the point where efficacy is less than optimal. So, monitoring expiration date of 

product and storage of products are very important.(14) 

Wrong time error 

Medications that are dispensed or administered beyond their expiration date may have lost 

potency or less effective or ineffective. Refrigerated drugs stored at room temperature may 

decompose to the point where efficacy is less than optimal. So, monitoring expiration date of 

product and storage of products are very important.(15) 

Wrong dosage form error 

Doses administered or dispensed in a different form from that ordered by the prescriber are 

classified as wrong dosage form errors. Depending on the state law and health care facility 

guidelines, dosage forms changes may be acceptable to accommodate particular patient needs. 

For example: Dispensing a liquid formulation without specific prescription to a patient who 

has difficulty swallowing tablets might be an acceptable dosage form change.(17) 

Wrong drug preparation error 

Drugs requiring reconstitution, dilution or special preparation prior to dispensing or 

administration of drug. But, fail to do such type of procedure leads to wrong drug preparation 

error. Using a wrong base product when compounding an ointment is another. 

Wrong drug administration technique error 

Doses that are administered using an inappropriate procedure or incorrect technique are 

categorized as wrong administration technique errors. A subcutaneous injection that is given 

too deep. An I.V drug that is allowed to infuse via gravity instead of using an I.V pump. 

Instilling the eye drops in the wrong eye is another example.(18,19) 

Monitoring error 

Monitoring errors result from inadequate drug therapy review. Prescribing an anti-hypertensive 

agent which lowers blood pressure, and failing to check blood pressure. 
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Compliance error 

Medication errors are committed by patients when they fail to adhere to a prescribed drug 

regimen.(20) 

METHODOLOGY   

STUDY DESIGN  

A prospective study was carried out.  

STUDY LOCATION  

The study was conducted in 5 departments of a 450 bedded tertiary care teaching hospital.  

STUDY DURATION  

The study was conducted over a period of 6 months.  

STUDY POPULATION  

100 patients were selected from the departments except OP, OBG, Pediatrics, Psychiatry.  

STUDY TOOLS  

Data Entry Form, Medication Error Reporting Form  

STUDY METHOD  

• LITERATURE SURVEY  

A computerized and manual search was conducted to identify relevant studies for the 

evaluation of cases to screen for medication errors. Literatures which support the study were 

collected and properly reviewed for conducting the study.  

• DATA COLLECTION   

A data entry form was specially designed for collecting patient details relevant for the study. 

Data including age, gender, comorbid conditions, current diagnosis, drug therapy, lab 

investigations, type of error, severity, outcome of error, were recorded in the data entry form. 
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• EVALUATION OF CASES   

All the cases collected from the selected departments were evaluated for patient demographics, 

treatment details and medication errors.  

• REPORT SUBMISSION  

The results obtained from the study were evaluated and made as a report.   

STUDY APPROVAL   

The protocol of the study submitted to Institutional Human Ethics Committee of hospital 

(IHEC, SJH). The protocol was approved by the committee with approval number 

SJPCEC/P25/PP/2016/031 and hospital approval number SJCP/DIR/A.10/2018-2019.   

STUDY CRITERIA  

Inclusion criteria:  

o All geriatric patients (above ≥ 65 years) in the IP department of General Medicine, 

Orthopedics, Cardiology, Surgery, Neurology.  

Exclusion criteria:  

o Patients in the OP department o Patients in the IP department of OBG, Pediatrics, Psychiatry. 

RESULTS 

This study aimed to find the different medication errors that occurs in geriatric patient. A total 

of 100 patients were included in the study and their demographic characteristics, length of stay, 

comorbidities, types of errors, severity of errors and persons involved in error were analyzed.   

1. DISTRIBUTION BASED ON AGE  

The geriatric patients included in the study were grouped according to their age into 2 

categories for analyzing as table 1. The majority of the patients (81%) comes under the category 

of >65 -80. About 19% were above 80 years.  
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DISTRIBUTION OF PATIENTS BASED ON GENDER (N = 100) 

Table 1: Distribution based on age 

AGE FREQUENCY PERCENTAGE (%) 

>65-80 81 81 

>80 19 19 

All individuals participated in the study (100) were build according to the gender for analysis 

as in the table. Majority of people in the study population were female, i.e. about 54 %. 

Remaining 46 % was male population. 

Table 2: Distribution based on gender 

DISTRIBUTION BASED ON LENGTH OF STAY (N=100) 

The figure 1 depict the length of stay of the study subjects. Majority of them (71%) stayed for 

≤5 days in the hospital. 

 

Figure 1: Percentage of distribution based on length of stay 

71%

29%

≤ 5 days >5 days

Gender Count of Gender 

Female 54 

Male 46 
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DISTRIBUTION BASED ON PRESENCE OF ERROR (N = 100) 

Table 3 shows that out of the 100 geriatric cases collected from various departments 69% cases 

had an error. The remaining 31% were free of any error. 

Table 3: Distribution based on presence of error 

CASES FREQUENCY 

Error 69 

No Error 31 

DISTRIBUTION BASED ON TYPES OF ERROR (N = 69) 

The errors were classified according to the ASHP and is depicted in figure 2. 51% errors were 

prescription errors. 

 

Figure 2: Frequency based on types of error 

DISTRIBUTION OF DIFFERENT MEDICATION ERRORS IN EACH 

DEPARTMENT (N = 69)  

The different errors that have been observed in geriatric patients during the study period in 

various departments. 
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Figure 3: Number of different medication errors in each department 

DISTRIBUTION BASED ON OUTCOMES OF ERROR 

Table 4 depict that the most frequent outcome of error is ‘A’ which corresponds to - ‘No error, 

capacity to cause error’. 

Table 4: Distribution based on outcomes of error 

Category of error Frequency 

A 28 

B 19 

C 14 

D 5 

E 1 

F 2 

DISTRIBUTION BASED ON SEVERITY OF MEDICATION ERROR (N=69) 

The errors were analyzed using Hartwig et al. categorization and found that 6 errors were 

serious and 63 errors were not serious. 

Table 5: Distribution based on severity 
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DISTRIBUTION OF PERSONS INVOLVED IN ERROR (N=69) 

Figure 4 shows that 67% of the errors involved a physician and 27% involved a nurse and 6% 

involved patient. 

 

Figure 4: Frequency of persons involved in committing error 

DISCUSSION 

The goal of medication use is to achieve defined therapeutic outcome with the improvement in 

quality of life and to minimize patient risk. ME can occur at any face of medication use cycle 

from prescribing, dispensing and administration of a drug to the patient. It increases morbidity 

and mortality of the population along with the increase in the cost of the treatment. Further it 

also affects patient’s confidence in medical care.  

On analyzing the data, it was found that 81% were aged in group >65-80 years and 19% were 

above 80 years. Gender analysis found that 54% of the study subjects were females. Grouping 

the subjects based on length of stay found that 71% of the subjects stayed for <5 days in the 

hospital and 29% stayed for more than 5 days.  Considering the comorbid conditions, it was 

found that Hypertension was the most common comorbid condition. Majority of the cases that 

is 69% had medication errors and 31% were free of errors. Out of the total errors, 51% were 

prescription errors. 6 out of 69 errors were found to be serious. About 67% errors were 

physician induced followed by 27% nurse induced and 6% patient induced.  
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Medication errors are only occasionally be serious, however, it is important to detect them, 

since system failures that result in minor errors can later lead to serious errors. 

CONCLUSION   

A medication error is a failure in the treatment process that leads to, or has the potential to lead 

to harm to the patient. Medication errors can occur in deciding which medicine and dosage 

regimen to use, writing the prescription, manufacturing the formulation, dispensing the 

formulation, administering or taking the medicine, monitoring therapy. Age is a risk factor for 

many of the chronic diseases, making the elderly more likely to be diagnosed and treated for 

multiple comorbidities. Due to the increase in the number of concurrent medications taken by 

those aged >65 years, there is also an increase in the risk of medication error in them. Added 

to this is the physiologic changes in organ function related to aging. These changes can affect 

drug pharmacokinetics and pharmacodynamics in the older adults.   

In this study we have evaluated the medication errors that occurred in geriatric patients in a 

tertiary care hospital and found that there is predominance of prescription error followed by 

omission error. Although the categorization based on severity showed only a minority of the 

errors to be serious, it is important to consider the medication errors with high priority as all 

errors have a potential for patient harm.    

We think that there is a need that the hospital administration system strictly enforces close 

monitoring to identify the errors occurring in the medication use process. Reporting of errors 

should be encouraged by creating a blame-free, non-punitive environment. Reporting of errors 

is the best way to identify and rectify the errors at the earliest. Prescribing in block letters 

should be encouraged and Prescribers should ensure that all details (Dosage form, Dose, 

Frequency, Route, Duration) are written. Double checking of the case charts could be done to 

avoid any omissions and also to avoid wrong administration. The geriatric patients have a 

tendency to be drug defaulters. They should be counselled on the importance and benefits of 

taking medicines as per doctor’s order. They should also be taught on taking medicines 

properly (time, route, frequency,what to do if a dose is missed). And, when necessary the 

medication counselling should be given to the patient caregivers.   

Our study has its own limitations. Firstly, appropriateness of prescribing was not assessed using 

any criteria. Secondly, the drug interactions were not checked. Thirdly, adverse drug reactions 

(ADR) were not included in the study.   
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We hope that our study will have a benefit the healthcare system and the patients equally. The 

results of this study could be used to implement regulatory changes in the hospital which in 

turn would enhance the quality of treatment and care given to the patients, particularly the 

elderly. 
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Abstract 

Helicobacter pylori is  a  spiral  gram  negative  bacteria  responsible  for  the development  of  chronic  active  

gastritis,  peptic  ulcer  disease,  gastric  mucosal-associated  lymphoid  tissue,   lymphoma  and  gastric  

carcinoma.  The  primary route  of  infection  is  not  known,  but  several  routes  have  been  proposed  and 

they  include  gastric-oral,  oral-oral,  faecal-oral,  zoonotic  and  water/food –borne.  Contamination  of  food  

by  human  faecal  material  was  the  main  risk factor  for  H.pylori   infection.  Acquired  resistance  

developed  against  the commonly  used  antibiotics  in the  eradication of  H.pylori   as  this  has  been 

suggested to  be  a  major  cause  of  the  treatment  failure.  So  a  gastroretentive drug  delivery  system  was  

developed  in  order  to  overcome  the disadvantages of  conventional  dosage  form.  Microballoons are the 

gastro-retentive drug delivery system based on non-effervescent approach.  These  are  the  low density  system  

that  have  sufficient  buoyancy  to  float  over  the  gastric contents  and  release the  drug  for  prolonged  

period  of  time  in  a  controlled manner. This article mainly reviewed about H.pylori, preparation of 

microballoons and applications of microballoons in floating drug delivery system. 

Key words: Gastroretentive drug delivery system, helicobacter pylori, microballoon 

Introduction 

Helicobacter pylori is the main etiologic factor in the development of gastric ulcer and gastric carcinoma. The 

complete eradication of helicobacter pylori from the deep gastric mucosa has remained a challenge due to the 

http://www.ijptonline.com/
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drawbacks of currently available conventional dosage forms.
[1]

 Although H.pylori  is highly sensitive to a single 

antimicrobial agent.
[2]

 There are three explanations for these findings; first, many antibiotics are unstable in the 

low ph. of gastric acid; second, the concentration of drug in the deep gastric mucosa where the bacterium lives 

is too low and third, the amount of time that the antibiotics resides in the stomach is too short.
[3]

 Triple therapies 

consisting of the combined use of antibiotics are frequently used in the clinical treatment of H.pylori  associated 

with gastroduodenal disease.  

The major drawbacks of multidrug therapy are the high level of antibiotic resistance by H.pylori, drug side 

effects and poor patient compliance.
[4]

 Helicobacter pylori infections can be successfully treated if antibiotics 

are retained in the stomach for more than 1hr. Eradication of H.pylori  result in ulcer healing and prevention of 

peptic ulcer recurrence.  

Oral controlled release dosage forms suffer from the drawback of inability to retain in the gastrointestinal tract 

due to fluctuations in the gastric emptying. This result in non-uniform absorption pattern, inadequate medication 

release and shorter residence time of dosage form in the stomach. To overcome these difficulties a 

gastroretentive drug delivery system based on non-effervescent approach was developed. Microballoons are the 

gastroretentive drug delivery system based on non-effervescent approach and have a size range of less than 

200 . 
[5] 

Aetiology of H.Pylori Infection 

H.pylori is a spiral gram negative micro-aerophilic bacterium, with two to six unipolar, sheathed flagella, which 

provide motility and the ability to penetrate the gastric mucosa and resist gastric rhythmic contractions and 

remain in the gastric mucosa. It is 2.4 to 4.0µm long and 0.5-1.0 µm wide. This bacterium was firstly identified 

in autopsied dogs in 1893, described in humans in 1906 and successfully isolated in 1983. H.pylori   Infection is 

silent. H.pylori   is also responsible for the development of chronic active gastritis, peptic ulcer disease, gastric 

mucosal-associated lymphoid tissue lymphoma and gastric carcinoma. H.pylori infection has also been 

associated with coronary artery and ischaemic heart disease. H.pylori was classified as class 1 carcinogen in 

humans by the world health organization (WHO) International agency for research on cancer. 
[6] 
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Figure 1: H.pylori. 

Mechanism of H.Pylori Infection 

H.pylori infection may occur from childhood, between the ages of 1 to 5 years. The primary route of infection is 

not known, but several routes have been proposed and they include gastric-oral, oral-oral, faecal-oral, zoonotic 

and water/food –borne. Contamination of food by human faecal material was the main risk factor for H.pylori   

infection. In developing countries the major route of transmission is through intra-familial transmission. Acute 

infection occurs as a result of ingestion of the organism which is commonly asymptomatic, but may be 

associated with epigastric burning, abdominal distention or bloating, belching, nausea, flatulence, and halitosis. 

Stomach is the principal reservoir for H.pylori   infection, especially the antrum.  H.pylori   attaches to the 

gastric epithelial cells and one of the major features of its infection is that it causes progressive injury to the 

gastric mucosa. Vacuolating cytotoxin VacA production enhances the injurious effect of bacterium. H.pylori   is 

a very diverse species and cancer risks may be increased with strains having virulence –associated genes 

(cytotoxin – associated gene, CagA), host genetics and environmental factors. The enzymes produced by the 

H.pylori   have a high urease activity. In the acidic environment of the stomach, urea (CH4N2O) breaks down 

into bicarbonate (CHO3) and ammonia (NH3) that shields the bacterium in the acidic environment of the 

stomach. The ammonium ions are more toxic to the gastric superficial epithelial cells, thereby causing further 

injury. Urease enhances inflammatory cytokine production and activates mononuclear phagocytes. On 

colonization, the host immune system is stimulated and there is an increase in secretory IgA (sIgA) detected in 

the gastric mucosa; raised specific IgG and the host is unable to rid itself of the bacterium. This colonization 

leads to persistent gastric inflammation; but the clinical course of the bacterial infection varies from patient to 

patient.
[7] 
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Pathogenesis of H. Pylori 

H. pylori is mainly responsible for antral gastritis, peptic ulcer disease (gastric and duodenal ulcer disease) and 

gastric carcinoma. It initially induces chronic gastritis which then leads to peptic ulcer rather than directly 

causing the ulcer disease. The optimum growth of H. pylori at pH of 6-7, it would not grow at the pH of the 

gastric lumen. Acids are impermeable through gastric mucus and has a strong buffering capacity. Deep mucus 

layer near the epithelial surface have a pH of 7.4 is an appropriate place for H. pylori growth. The bacterium 

produces a protease, modifying the gastric mucus to reduce the ability of acid to diffuse through the mucus. H. 

pylori also has urease activity, which results in production of ammonia and further buffering of acid, which may 

directly damage the cells too. Although, the mechanisms by which H. pylori causes mucosal inflammation and 

damage, are not well known but they involve both bacterial and host factors. Compared to other infectious 

diseases, the morbidity rate is relatively high which is about 10% for peptic ulcer disease and 0.5% for gastric 

adenocarcinoma. Once H. pylori eradication has been achieved, re-infection rates are less than 0.5% per year, 

and ulcer recurrence rates are dramatically reduced. There is no clear hypothesis about spread of H. pylori, 

prevention is rather difficult issue. For the treatment of peptic ulcer disease, clinicians are logically focusing on 

the eradication of H. pylori.
[8] 

 

Figure 2: Pathogenesis of H. pylori. 
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Floating Drug Delivery System against H.Pylori   

The oral route the preferred route for the administration of therapeutic agents due to the low cost of therapy, and 

ease of administration, as well as patient compliance. Non-uniform absorption profile, incomplete drug release 

and shorter residence time of dosage form in the stomach are the major drawbacks of conventional oral dosage 

forms. The rate of drug transition through the gastrointestinal (GI) tract is highly controlled by the physiological 

properties. Bioavailability of drugs through oral route of administration depends on the GI transit rate of the 

dosage form.  

Floating Drug Delivery System 

Classification
 [11] 

: Floating system can be classified into two system:
 

1. Effervescent system 

       Volatile liquid containing system 

       Gas generating system 

2. Non-effervescent system 

        Colloidal gel barrier system 

        Alginate beads 

        Hollow microspheres 

Treatment
 [9] 
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Resistance of H. Pylori to Antimicrobials 

Acquired resistance developed against the commonly used antibiotics in the eradication of H.pylori   as this has 

been suggested to be a major cause of the treatment failure. The standard triple regimens showed eradication 

rates of 40-80% in southern European countries. The prevalence rate of clarithromycin (CMN) (17.2%), 

metronidazole (MET) (26.7%), amoxicillin (11.2%) and levofloxacin (16.2%) resistance increased from Europe 

to Asia, America and Africa. Just as H.pylori infection is associated with geographical areas, so also the 

prevalence of the resistance rates appears to be partly determined by geographical factors. An analysis of 59 

independent studies (56 in adults, 2 in children and 1 in both groups in Latin America) published from 1988 till 

October 2013, showed prevalence of antimicrobial primary resistance among adults varied by antibiotic. 

Resistance varied from 12% for CMN (35studies, to 53% for MET 934studies), to 4% for amoxicillin 

(28studies) to 6% for tetracycline (20studies) to 3% for furazolidone (6studies), to 15% for fluroquinolones 

(5studies) and 8% for dual CMN and MET (10 studies).  

Elevated primary resistance to CMN (20 to >40%) and quinolones (20 to 33%) has been observed in developed 

countries, while high primary resistance to MET (≥76%), tetracycline (≥15%) and amoxicillin (>30%) has been 

found in developing countries. The secondary resistance is more common. The prevalence of CMN and MET 

resistance in China has both increased from 12.8 to 23.8% and 12.8 to 56.6% respectively between 2000 to 

2009.  

An increase in the duration of treatment and combination of different antibiotics with different mechanisms of 

actions has been used to reduce the prevalence of resistance. CMN is effective and is the key component of 

most combination therapies and resistance to CMN has become one of the main reasons for eradication failures. 

Resistance strains to CMN are emerging, but the instances are comparatively lower than MET. Resistance to 

CMN has been detected more in patients living in the south (up to 20%) than those of living in the north of 

Europe.  

Spain has one of the highest levels of CMN resistance of about 35.6% observed in the antral mucosa and the 

mucus layer. In cases where CMN therapies fail, this drug should not been used in second line therapies and a 
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regimen containing amoxicillin, MET and a PPI can be used or a levofloxacin – based triple therapy which has 

proven to be a superior therapy to quadruple therapy and fewer side effects.  

A high dose of amoxicillin is required in either dual therapy or in second line treatment regimens as a result of 

the low local concentrations of amoxicillin at its site of action. An example is seen in a case where levels above 

the minimum inhibitory concentration have been detected for CMN in gastric juice, mucosa and serum after 

6hrs following oral dosing with a triple therapy regimen of omeprazole CMN and amoxicillin.
[10] 

Gastroretentive Applications in the Treatment of Peptic Ulcer Microballoons 

Advantages
 [11,12] 

 Improves patient compliance by decreasing dosing frequency 

 A desirable plasma drug concentration is maintained by continuous drug release and hence 

bioavailability can be enhanced. 

 Gastric retention time is increased because of buoyancy 

  Absorption of drugs can be enhanced which solubilize only in stomach 

 Drug release in controlled manner for prolonged period of time 

 Site specific delivery to stomach can be achieved 

 Superior to single unit floating dosage forms such as microballoons releases drug uniformly and 

there is no risk of dose dumping 

 Avoidance of gastric irritation, because of sustained release effect 

Floating Microballoons
 [13,14]

 

  After oral administration the microballoons will come in contact with gastric fluid the gel formers, 

polysaccharides, and polymers undergo hydration to form a colloidal gel barrier which will controls the fluid 

penetration rate into the device and subsequent drug release. The exterior surface of the dosage form dissolves 

and the gel layer is maintained by the hydration of the adjacent hydrocolloid layer. The swollen polymer will 

trap the air which will lowers the density and confers buoyancy to the microballoons. Minimum amount of 

gastric content is needed for proper achievement of buoyancy.  
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Formation of Microballoons
 [15] 

 

Figure 3: Steps and Mechanism of Microballoons Formation. 

Techniques Used in the Preparation of Microballoons
[16,17]

 

Different methods are used for the preparation of microballoons and is depends on route of administration, 

duration of drug release and particle size. The various methods of preparations are; 

Emulsion solvent evaporation technique 

In this, the drug is dissolved in chloroform and then dissolved in polymer. The resulting solution is added to 

aqueous phase containing 0.2% sodium of PVP, which is used as emulsifier. This mixture was then stirred at 

500 rpm. After the evaporation of the solvent microballoons are formed. The formed microballoons were 

collected by filtration and washed with demineralized water and desiccated at room temperature for 24 hrs. In 

this techniques, there are basically two systems which include oil-in-water (o/w) and water-in-oil (w/o) type. 

Oil in water solvent evaporation technique 

In this, both the drug and the polymer should be insoluble in water and a water immiscible solvent is needed for 

the polymer. The polymer is dissolved in an organic solvent like dichloromethane, methanol and chloroform. 

The drug is either dissolved or dispersed into polymer solution and this solution is emulsified into an aqueous 

phase to make an oil-in water emulsion using an emulsifying agent. After that the organic solvent is decanted 

and the micro particles are separated by filtration. 
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Water-in-oil emulsification solvent evaporation technique 

This technique is also known as non-aqueous emulsification solvent evaporation. Drug and polymers are co 

dissolved at room temperature, then this drug and polymer agitated vigorously to form uniform drug–polymer 

dispersion. This mixture was then poured into the dispersion medium consisting of light / heavy liquid paraffin 

in the presence of oil soluble surfactant such as Span. The mixture is then stirred using propeller agitator at 500 

rpm over a period of 2–3 h to ensure complete evaporation of the solvent. The liquid layer is decanted and 

micro particles are separated by filtration through a Whatsman filter paper, washed with n-hexane and dried for 

24 h and subsequently stored in desiccators. 

Emulsion-solvent diffusion technique 

In this technique the drug polymer mixture was dissolved in a mixture of ethanol and dichloromethane (1:1). 

Then the mixture was added drop wise to sodium lauryl sulphate solution. The solution was stirred with 

mechanical stirrer equipped with propeller at room temperature at 150 rpm for 1 hour and formed floating 

microballoons were washed and dried in a desiccator at room temperature. 

Ionic gelation technique 

The drug was added to 1.2% (w/v) aqueous solution of sodium alginate and continuously stirred for complete 

solubility. It is then added drop wise to a solution containing Ca2+ /Al3+ and chitosan solution in acetic acid. 

Microballoons were kept in original solution for 24 hr. for internal gellification followed by filtration for 

separation. The maximum release of the drug was obtained at pH 6.4-7.2.  

Single emulsion technique 

Micro particulate carriers of natural polymers (proteins and carbohydrates) are prepared by this technique. The 

natural polymers (proteins and carbohydrates) are dispersed in aqueous media followed by dispersion in non-

aqueous medium such as oil with the help of cross linking agent. 

Double emulsion technique 

Double emulsion technique is the formation of the multiple emulsions or the double emulsion such as w/o/w. 
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Coacervation phase separation technique 

It is based on the principle of decreasing the solubility of the polymer in organic phase to affect the formation of 

polymer rich phase known as co-acervates. The drug was dispersed in a solution of the polymer and to this an 

incompatible polymer is added, which makes first polymer to phase separate and engulf the drug particles. 

Polymerization technique 

The polymerization techniques conventionally are mainly classified as: 

a. Normal polymerization: It is carried out using different techniques of polymerization such as bulk, 

suspension, precipitation, emulsion and micellar polymerization processes. 

b. Interfacial polymerization: it involves the reaction of a range of monomers at the interface between the two 

immiscible liquid phases to form a film of polymer that essentially envelops the dispersed. 

c. Spray drying and spray congealing: It is based on the principle of drying of the mist of the polymer and 

drug in the air. The polymer is dissolved in a suitable volatile organic solvent like dichloromethane, acetone and 

methanol etc. The solid form of drug is then dispersed in the polymer solution under high speed 

homogenization. This mixture is then atomized in a stream of hot air. Atomization results in the formation of 

small droplets or the fine mist. from which the solvent evaporates to form microballoons in a size range 1-

100μm. Depending upon the removal of the solvent or cooling of the solution are named spray drying and spray 

congealing respectively. 

Amoxicillin Loaded Floating Microballoons For Treatment of Helicobacter Pylori Induced Gastric Ulcer 

Amoxicillin loaded floating microballoons were evaluated based on micrometric properties and minimum 

inhibitory concentration test (MIC). Emulsion Solvent diffusion method is used for the preparation of 

amoxicillin loaded floating microspheres. Scanning electron microscopy (SEM) was used to determine the 

morphology of prepared microballoons.  

Drug polymer compatibility study was carried out by using Fourier transformed infrared spectroscopy (FTIR). 

The relationship between the in vitro buoyancy and their physical properties like density and porosity were 

elucidated. Morphological characterization was done by using FTIR spectroscopy which reveales the absence of 
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any drug polymer interactions. Scanning electron microscopy was done to detect the spherical shape of 

microballoons with hollow internal cavity. The in vitro MIC study was carried out to detect the sustained drug 

effect from the microballoons. Based on this result we can conclude that the developed amoxicillin loaded 

microballoons are effective in the treatment of helicobacter pylori induced gastric ulcer.
[18,19,20] 

Clarithromycin floating microspheres for eradication of H. Pylori
 

The main aim of this study was to formulate floating microspheres of clarithromycin for eradication of 

Helicobacter pylori. Clarithromycin loaded floating microspheres were prepared by using different 

concentration of ethyl cellulose and HPMC is used as secondary polymer. Polyvinylpyrrolidone (PVP) or 

polyvinyl alcohol (PVA) is used as emulsifier.  

The prepared microspheres were evaluated for buoyancy, drug entrapment and drug release, particle size, shape 

and surface morphology. The drug polymer interactions were studied by FTIR, physical state of microspheres 

confirmed by using DSC and X-ray diffraction studies carried to determine the physical state of drug in the 

floating microspheres. The floating microspheres were in micron range and their particle size can be reduced by 

replacing PVP with PVA.  

The secondary polymer HPMC will reduce further particle size. The entrapment efficiency can be increased at 

high EC concentration especially in presence of HPMC. Immediate floatation was seen with at least 56% of the 

particles remaining on the surface after 8 hours. Higuchi matrix kinetic model revealed the release pattern in 

most formulations. 
[21,22,23] 

Conclusion 

Gastro retentive dosage forms which prolong the residence time of drugs in the stomach and improve their 

bioavailability. Microballoons are the gastroretentive drug delivery system based on non-effervescent approach. 

These are the low density system that have sufficient buoyancy to float over the gastric contents and release the 

drug for prolonged period of time in a controlled manner. Helicobacter pylori eradication is possible only if the 

antibiotics are retained in the stomach for more than 1 hr. Eradication of H.pylori result in ulcer healing and 

prevention of peptic ulcer recurrence.  
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INTRODUCTION 
 

Myocardial infarction, which is also known as heart 

attack occurs when blood flow to the heart decreases or 

stops to a part of the heart causing permanent damage to 

the heart.
[1]

 Now a days MI are the most reported case 

among cardiovascular disease and major reason for death 

among cardiovascular patients. Based on the severity of 

occlusion and ST–Elevation on ECG findings, MI can be 

classified into 2 categories ie; ST-Elevation Myocardial 

Infarction (STEMI) and Non ST-Elevation Myocardial 

Infarction (NSTEMI). STEMI are more dangerous than 

NSTEMI and the treatment includes surgical procedures 

rather than drug therapy. STEMI occurs when complete 

occlusion of artery occurs and tissues become deprived 

of oxygen due reduced blood supply. Therefore the 

management of STEMI is very important. 

 

Pathogenesis  

 Cholesterol deposits in the coronary artery. 

 The deposited cholesterol forms plaques within the 

artery, known as atherosclerotic plaque. 

 This plaque may rupture to form thrombus within 

the artery by the activation of clotting mechanism. 

 This occlusive thrombus interrupts blood supply to 

the heart by the complete occlusion of the coronary 

artery. 

 It can cause death or irreversible damage to the 

myocardial cells which results in the development of 

ST-Elevation Myocardial Infarction. 

 

 

Aims of management 

The primary concern is to prevent death, to minimize 

patient’s discomfort and distress and to limit the extend 

of myocardial damage. 

1. Emergency care is given to relieve pain and also to 

prevent cardiac arrest when main considerations are 

to make rapid diagnosis. 

2. Initiating reperfusion therapy as soon as possible to 

limit infarct size and infarct extension. 

3. Subsequent care in which the complications that 

usually ensure later are addressed. 

4. Risks are assessed and measures to prevent 

progression of coronary artery disease, new 

infarction, heart failure and death. 

 

Emergency care 

Initial diagnosis and early risk stratification 

A working diagnosis of myocardial infarction should be 

made first. This is usually based on severe chest pain 

lasting for 20min, evidence of autonomic nervous system 

activation (pallor, sweating) irregularities of pulse, 

bradycardia or tachycardia, faintness or syncope, 

previous history of coronary artery disease etc. 

 

An electrocardiogram should be obtained as soon as 

possible. Repeated ECG recordings should be taken and 

when possible it should be compared with previous 

one.
[2,3]

 In case of ST-Elevation (in case of STEMI) 

reperfusion therapy needs to be given and measures to 

initiate this treatment must be taken as soon as possible. 

Blood test should be done to check elevated cardiac 

wjpmr, 2020,6(6), 125-129 

 

 

SJIF Impact Factor: 5.922 

Review Article 

ISSN 2455-3301 

WJPMR 

 

 

 

WORLD JOURNAL OF PHARMACEUTICAL 

AND MEDICAL RESEARCH 
www.wjpmr.com 

*Corresponding Author: Amala Boban 

St. James College of Pharmaceutical Sciences, Chalakudy, Kerala, India. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 
 

Heart Attack or Myocardial Infarction is a medical emergency caused by the blockage of blood flow to the heart. 

Without sufficient blood flow, the myocardial cells become deprived of oxygen and get infarcted and eventually 

death of myocardial cells occurs. Later it can lead to heart failure and life threatening condition. ST- elevation 

myocardial infarction (STEMI) is more dangerous than Non ST-elevation myocardial infarction as it is caused by 

complete occlusion of coronary artery. Therefore the management of STEMI is very important. The treatment 

procedure includes Fibrinolysis, Percutaneous Coronary Intervention (PCI), Coronary Artery Bypass Grafting 

(CABG) and these primary preventive methods followed by secondary preventive methods. 

 

KEYWORDS: STEMI, PCI, CABG, Fibrinolytics. 
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markers, but not wait for the results to initiate 

reperfusion treatment. 

 

Two- dimensional echocardiography is also a useful 

technique to check motion abnormalities after coronary 

occlusion. Myocardial perfusion scintigraphy is also 

helpful to rule out acute myocardial infarction. 

 

Relief of pain, breathlessness and anxiety 

Relief of pain is the first aim to be achieved. Intravenous 

opioids like morphine (4-8mg), diamorphine are the 

commonly used analgesics. If the opioids fail to relieve 

the pain after repeated administration, intravenous beta-

blockers or nitrates can be used. Oxygen (2-4 L/min) 

should be administered to people suffering from 

breathlessness. Tranquilizers should be used in addition 

to opioids in excessively disturbed patients. 

 

Pre- hospital or early in-hospital care 

Restoring coronary flow and myocardial tissue perfusion 

For patients with presentation of myocardial infarction 

and with persistent ST-segment elevation, early 

mechanical or pharmacological reperfusion should be 

performed unless clear contraindications are present. 

 

Fibrinolytic treatment 

The evidence for benefit 

For patients within 12 hours of onset of symptoms of 

infarction, evidence for the benefit of fibrinolytic 

treatment is overwhelming. 

 

According to the Fibrinolytic Therapy Trialists(FTT) 

analysis, approximately 30 deaths are prevented per1000 

patients treated within 6 hr of symptom onset and 20 

deaths prevented per 1000 patients treated for those 

between 7-12 hr. 

 

Fibrinolytic regimen 

Fibrinolytics are the preferred pharmacological class for 

the management of STEMI due to their ability to achieve 

reperfusion when administered within 12 hours of 

symptom onset. The US approved fibrinolytic agents for 

the treatment of STEMI are streptokinase, alteplase, 

reteplase and tenecteplase. Alteplase is given as iv 

infusion. Reteplase is administered as double bolus and 

tenecteplase is given as single bolus. Fibrinolytic therapy 

should not begiven to patients with symptoms more than 

12 hr, because there is no convincing evidence of benefit 

beyond 12 hr.
[4-9] 

 

Table 1: Fibrinolytic regimen for acute myocardial infarction.ss. 
 

Drugs Initial treatment Antithrombin cotherapy 
Specific 

contraindications 

Streptokinase (SK) 
1.5 million units in 100ml of 5% 

saline over 30-60min. 

None or i.v heparin for 24 

to 48 hr 
Prior SK or anistreplase 

Alteplase (tPA) 

15 mg i.v bolus 

0.75mg/kg over 30 min then 

0.5mg/kg over 60min i.v 

Total dosage not exceed 100 mg 

i.v heparin for 24 to 48 hr  

Reteplase (r-PA) 

 

10 U +10 U i.v bolus given 30 min 

apart 
i.v heparin for 24 to 48 hr  

Tenecteplase (TNK-

tPA) 

Single i.v bolus 

30 mg if <60 kg 

35 mg if 60 to <70 kg 

40 mg if 70 to <80 kg 

45 mg if 80 to <90 kg 

50 mg if ≥90 kg 

i.v heparin for 24 to 48 hr  

 N.B. Aspirin should be given to all patients without contraindications. 

 

Table 2: Contra-indications to fibrinolytic therapy. 
 

Absolute contraindication Relative contraindications 

Haemorrhagic stroke or stroke of unknown origin 

at any time 

Ischaemic stroke in preceding 6 months 

Central nervous system damage or neoplasms 

Recent major trauma/surgery/head injury (within 

preceding 3 weeks) 

Gastro-intestinal bleeding within the last month 

Known bleeding disorder 

Aortic dissection 

Transient ischaemic attack in preceding 6 months 

Oral anticoagulant therapy 

Pregnancy or within 1 week post partum 

Non- compressible punctures 

Traumatic resuscitation 

Refractory hypertension (systolic blood pressure >180 

mm hg) 

Advanced liver disease 

Infective endocarditis 

Active peptic ulcer 
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Percutaneous Coronary Intervention (PCI) 

Percutaneous coronary intervention is the first choice of 

treatment for STEMI, if it is available. PCI can be 

divided into primary PCI, PCI combined with 

pharmacological reperfusion therapy and ‘rescue PCI’ 

after failed pharmacological reperfusion. 

 

Primary PCI 

This is defined as angioplasty and stenting are performed 

without prior or concomitant fibrinolytic therapy and it is 

the preferred option when performed within 90min after 

the first medical contact. It is only performed in hospitals 

with an established interventional cardiology 

programme. 

 

The PCI procedure involves the insertion of a catheter 

into the blood vessels of the arm or groin. Using 

fluoroscopy X-ray technique the catheter is threaded 

through the coronary artery where it is blocked. When 

the catheter tip is in place, the balloon tip covered with 

stent is inflated and compresses the plaque and expands 

the stent. Once the plaque is compressed and stent is in 

place, the balloon is deflated and withdrawn. The stent 

stays in the artery, holding it open and now a days, dug 

eluting stents are used to prevent tissue 

proliferation.
[10,11] 

 

Primary PCI is effective in maintaining and securing 

coronary artery potency and avoids bleeding risk of 

fibrinolytics. Primary PCI is the preferred treatment for 

patients in shock. 

 

 
Figure 1: Percutaneous Coronary Intervention (PCI). 

 

PCI combined with fibrinolysis 

PCI is performed immediately after fibrinolytic therapy 

in order to enhance reperfusion or reduce the risk of 

reocclusion. The availability of stents and more potent 

antiplatelet agent have made PCI after fibrinolysis 

effective and safe. The combined pre-hospital 

pharmacological and mechanical reperfusion strategy is 

proved to be beneficial.
[12,15] 

 

Rescue PCI 

‘Rescue PCI’ is defined as the PCI performed on a 

coronary artery which remains occluded despite 

fibrinolytic therapy. Limited data from a number of 

studies indicate that transfer to a tertiary care hospital for 

rescue PCI can be performed safely. Coronary 

intervention in patients who received full-dose 

fibrinolytics and glycoprotein IIb/IIIa antagonist may 

lead to excessive bleeding complications.
[16] 

 

Coronary Artery Bypass Grafting (CABG) 

A number of patients need coronary artery bypass 

surgery in the acute phase of myocardial infarction. In 

the CABG procedure, a healthy artery or vein from the 

body is grafted to the blocked coronary artery. The 

grafted artery bypasses the blocked coronary artery and 

thus becomes a new path for blood flow to the heart. 

 

 
Figure 2: Coronary Artery Bypass Grafting (CABG). 
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Secondary prevention 

Diet and dietary supplements 

According to the Lyon Diet Heart study, all patients 

should be advised to take Mediterranean type diet which 

is low in saturated fat, high in polyunsaturated fat and 

high in fruits and vegetables. 

 

Antiplatelet therapy 

The Antiplatelet Trialists collaboration meta analysis 

demonstrated about a 25% reduction in reinfarction and 

death in post infarction patients. Aspirin is the most 

prescribed antiplatelet drug and doses ranged from75 to 

325 mg daily. Oral anticoagulation can be considered in 

patients who cannot tolerate aspirin. In patients who do 

not tolerate aspirin, clopidogrel-a thienopyridine, is 

considered to be good alternate antiplatelet therapy. 

 

Beta-blockers 

Beta-blockers are used in patients after PCI, because of 

their potential to limit infarct size, to reduce the 

incidence of fatal arrhythmias, and to relieve pain. 

Normally beta-blockers are used to control high blood 

pressure and metoprolol were the most prescribed one. 

Evidence from available studies suggests that beta-

blockers should be used indefinitely in all patients who 

recovered from acute myocardial infarction and without 

any contraindications. 

 

Calcium antagonists 

The benefit of calcium channel antagonists are much 

weaker than beta-blockers. Verapamil and diltiazem can 

be used in patients when beta-blockers are 

contraindicated. 

 

Angiotensin-converting enzyme (ACE) inhibitors 

ACE Inhibitors reduce the mortality after acute 

myocardial infarction with reduced residual left 

ventricular function. The co-administration of aspirin and 

beta-blockers along with ACE Inhibitors reduce the 

chance of reinfarction after PCI. 

 

Lipid-lowering agents 

Lipid lowering agents are given to post MI patients to 

reduce the chance of reocclusion. Statin treatment should 

be extended to those with even lower lipid levels, 

including elderly patients. In patients with low HDL-

cholesterol levels, a fibrate should be considered. 

 

Table 3: Secondary prevention.
[17] 

 

Recommendations  

• Stop smoking 

• Optimal glycaemic control in diabetic patients 

• Blood pressure control in hypertensive patients 

• Mediterranean type diet  

• Supplementation with 1g fish oil n-3 poly-unsaturated fatty acids 

• Aspirin: 75-325 mg daily 

If aspirin is not tolerated 

Clopidogrel (75mg daily) 

Oral anticoagulant 

• Oral beta-blockers: to all patients if no contraindications 

• Continuation of ACE-Inhibition started on the first day 

• Statins: 

If in spite of dietary measures total cholesterol>190mg/dl and LDL cholesterol>115mg/dl 

• Fibrates: 

If HDL cholesterol ≤45mg/dl and triglycerides ≥200mg/dl 

• Calcium antagonists (diltiazem or verapamil) if contra indications to beta-blockers and no heart failures 

  

 
Figure 3: Treatment algorithm for STEMI. 
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CONCLUSION 
 

Most of the MI occurs due to coronary artery disease and 

STEMI is the most life threatening among them. 

Therefore the management of STEMI is very important. 

Surgical intervention along with pharmacological 

therapy is the mostly used pattern and secondary 

prevention of STEMI is very important as same as 

primary prevention. 
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ABSTRACT 

Drugs are the chemical substances used for prevention and treatment of 

various kinds of ailments. These chemical substances interact with 

living tissue and produce two types of effect. One is called beneficial 

effect known as therapeutic effect and the second one is called the 

harmful effect known as Adverse Drug Reaction (ADR). The drugs are 

considered as Double Edged Sword. So when a person consumes a 

drug, he consumes a risk. A balance between this beneficial effect and 

harmful effect is essential to assure the safety of drugs. As the number 

and potency of available drugs in the market increases, prescribing of 

drugs by physicians and the drug use by patients becomes more 

complex, leading to a variety of Drug Related Problems (DRPs). The concept of Drug 

Related Problems was recommended with the launch of the new cognitive pharmacist service 

model of pharmaceutical care in the 1990s. DRPs can lead to substantial morbidity, mortality 

and ineffective pharmacotherapy. If DRPs are identified and resolved at right time, the 

therapeutic outcome will be much better and saves the unwanted treatment expenditure. 

Prevention strategies should target the ordering and monitoring stage of pharmaceutical care.  

 

KEYWORDS: Drugs, Double edged sword, Therapeutic effect, Drug Related Problems. 

 

INTRODUCTION 

Pharmacotherapy is becoming more complex and inappropriate prescribing is occurring with 

the increased healthcare cost, hospital admissions, hospital stay and decreased quality of 

life.
[1]

 In general, problems associated with the use of approved drugs can be summarized 
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with the term Drug Related Problems(DRPs).
[2]

 Drug Related Problems (DRPs) can be 

defined as an event or circumstance involving drug therapy that actually or potentially 

interferes with desired health outcomes.
[3]

 Greater than 50% of patients admitting to the 

hospital are on multiple medications. Over the past 40 years, advances in drug therapies have 

both improved patient care and led to an apparent increase in the incidence of drug related 

problems being reported. Drug Related Problems like Adverse Drug Reactions (ADRs), 

unnecessary drug therapy, and inappropriate choice of drugs have shown to prevail in 

hospitalized patients. Drugs are usually prescribed with the objective of achieving an optimal 

therapeutic outcome.
[4]

 Around 28% of all hospital visits are drug related.
[5]

 It has been 

estimated that 3 to 14% of total hospital admissions are related to ADR which is one of the 

DRPs.
[6]

 The number of drugs rather than number of diagnoses is an important factor in 

identifying patients with severe adverse drug reactions. For example: Gastrointestinal 

bleeding or haematuria as a cause for hospital admission may indicate the presence of a 

severe Adverse Drug Reaction in older patients.
[7]

 

 

DRPs may occur at all stages of the medication process starting from prescribing to 

dispensing stage.
[8,4,5]

 Majority of DRPs are avoidable and preventable. The ongoing 

development of medicines and treatment guidelines requires updated pharmacotherapeutic 

knowledge among healthcare professionals to address the increased complexity of medical 

treatment.
[9]

 DRPs frequency and severity can be reduced by various clinical pharmacist 

services.
[10]

 Clinical pharmacist can act as an appreciated partner of physician in hospital 

settings in identifying and resolving clinically important DRPs.
[11]

 Clinical pharmacist 

interventions have proven to be a valuable contribution both in primary healthcare and 

hospital settings.
[12]

 Clinical pharmacists trained in all aspects of medicine managements can 

by their participation with multidisciplinary clinical teams positively influence clinical 

practice and patient outcome as well as post-hospital healthcare use. An example is provision 

of educational counseling to patients admitted to various departments, which has shown to 

increase patient knowledge and adherence to the prescribed medical treatment.
[13]

 Clinical 

pharmacists are the upcoming breed of pharmacists in our country. 

 

Drug Related Problem occur mainly due to multiple drug therapy, incorrect drug or dose 

selection and drug misuse process of information regarding patient care. The most commonly 

observed Drug Related Problems include inappropriate drug prescribing, failure to receive 

drug, over dosage, drug – drug interactions ,adverse drug events and poor monitoring by 
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healthcare professionals.
[14]

 Drug interactions are said to occur when the pharmacological 

activity of a drug is altered by concomitant use of another drug or by presence of food, drink 

or environmental chemicals.
[15]

 Miscommunication of drug orders, can include poor hand 

writing, confusion between drugs and similar names, misuse of zeros and poor decimal 

point.
[16]

 Administration of wrong drug at incorrect dosage may result in the development of 

side effects, Unwanted or toxic effects, allergic and idiosyncratic effects. Clinical pharmacists 

can contribute improved patient outcomes by monitoring the drug therapy and can also 

promote rational use of drugs. Clinical pharmacists can provide reactive intervention 

involving in the patient care and can also offer services like drug information to the other 

members of the healthcare team so that effective therapeutic decision can be made. In this 

scenario, we want to make a suggestion that the nursery of clinical pharmacists has to 

properly groomed. This budding clinical pharmacist could offer effective patient care by 

means of their intervention in pharmaceutical care and hence improved therapeutic outcome 

can be reached.
[17]

 

 

CLINICAL PHARMACIST’S METHODS OF DETECTION AND MANAGEMENT 

OF DRPs 

1) Collection and interpretation of patient’s demographic details 

Clinical pharmacists can collect patient specific information which will assist them to 

determine the suitability of drug therapy. Demographic details include patient’s age, sex, 

body weight, social history, current and recent medications, allergy and sensitivity status, 

presenting complaints, past medical history and results of relevant laboratory tests and 

investigations. This enables the clinical pharmacist to understand the patient’s disease 

condition, the reason why certain drugs are being administered and the patient’s daily clinical 

progress. This understanding is the foundation for drug therapy review. Relevant information 

can be obtained from a variety of sources including case notes, the medication chart, nursing 

notes, observational charts, laboratory results and through discussions with medical and 

nursing staff and patient interview.
[18,7]

 

 

2) Medication history interview 

Medication history interview can be defined as the process of interviewing a patient about 

their medications which enables the pharmacist to establish rapport with the patient, explain 

their role in the patient’s overall care, and commence preliminary counselling on medication 

use. The information obtained from the interview can be used as a basis for planning 
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uninterrupted pharmaceutical care.
[19]

 Ideally, a medication history should be taken for all 

patients. If this is not possible, priority should be given to those patients where maximum 

benefit is likely to occur. For example patients with polypharmacy, and those with multiple 

and chronic diseases may benefit more than that by patients treated with a single drug and or 

for a self – limiting disease. In some situations medication history interview may not be 

possible due to the patient illness (e.g.: accurately unwell patients), some patients with 

psychiatric disorders, or those with dementia or impaired cognition. In these situations it can 

be helpful to speak to the patient’s family member or caregiver. The nature of the patient’s 

medication history interview will depend upon the individual patient. Clinical pharmacist 

should tailor their questions and discussions according to the information that is needed and 

the patient's ability to provide this information. Wherever possible, discussion regarding 

medications should be taken up with both the pharmacist and patient handling the medication 

in question. This helps to avoid the opportunity for confoundment about which medication is 

under discussion. Long exhaustive interviews may be unproductive, as some patients may 

become tired or distressed. Pharmacists should communicate with patients in simple 

languages. It is important to pay close attention to what the patient is saying and tailor 

responses to his or her comment. Using Open-ended questions rather than asking closed-

ended questions encourages patients to give more details about their disease conditions and 

medications. Asking questions and receiving information in impressive manner is also useful. 

 

3) Assessment of therapeutic goals 

In order to determine the appropriateness of drug therapy it is essential to understand the 

therapeutic goals for the individual patient. These may include one or more of the following: 

cure of disease, reduction/elimination of signs and symptoms, preventing disease/symptoms 

or arresting or slowing disease progression. Therapeutic goals should be patient-specific and 

should establish in consultation with the patient, medical staff and other healthcare 

professionals. The desired health outcome may be measurable (e.g. results of lab 

investigations, blood pressure,), observable (e.g. signs such as skin turgor, lymph 

enlargement) or subjective. (e.g: improvement in symptoms such as pain or nausea).
[20,18]

 For 

patients with multiple diseases or conditions, clinical pharmacist should understand the 

therapeutic goals for each individual problem. 
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4) Identification of Drug Related Problems 

Identification of drug-related problems involves the systematic review of each drug order on 

the patient’s medication chart. This process is sometimes referred to as medication or drug 

chart review. A Medication order should be reviewed only after taking into account all 

relevant patient specific information such as presenting complaints, past medical history, 

Clinical assessment, results of laboratory investigations, treatment plans and the daily 

progress of the patient.
[21]

 To identify drug –related problems during medication order 

review, the clinical pharmacist should consider the possibilities for untreated indication, 

Inappropriate drug selection, sub therapeutic dose, over dosage, Adverse drug reactions, 

Failure to receive drugs, Drug interactions, Drug use without indication. 

 

5) Individualizing medication regimen 

Once drug – related problems related to individual drugs on the medication chart has been 

resolved, the next step is to consider the patient’s overall medication regimen. This is 

particularly important for patients with chronic diseases who are taking many drugs on a long 

term basis. The aim should be to simplify the regimen as much as possible and to adjust the 

regimen to maximize long term medication adherence. For example this may involve 

switching to slow release formulation of the same drug, using a different route of 

administration or change in the time doses are taken.
[22]

 The affordability of drug therapy for 

an individual patient also needs to be considered, and sometimes switching to a cheaper, but 

still effective and safe medication may be needed to assist long term adherence. 

 

6) Monitoring treatment outcomes 

Drug therapy monitoring is the key to assess whether the therapeutic goals of drug treatment 

are achieved. It is an ongoing process, and involves review of the patient’s clinical status 

(signs and symptoms), laboratory data such as hematological, renal, liver function test, 

electrolytes and any other relevant markers of drug therapy response. In hospitals, monitoring 

of treatment outcomes is usually carried out on a daily basis by the attending doctors as part 

of their overall clinical review of the patient’s progress and clinical status. Some therapeutic 

goals require long term follow ups. For example a response to anti-depressants may take up 

to 4-6 weeks to become evident. If the therapeutic goals are not achieved within the expected 

time framework, clinical pharmacist should try to identify the possible causes before 

considering whether a change in therapy is needed. This may involve dosage adjustment, 

starting of another drug or addition of a second agent and stoppage of a drug.
[23]
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7) Medication chart endorsement 

Medication chart endorsement is a method to minimize the risk of drug related problems that 

might occur at the level of prescribing and or drug administration. Even though the patient 

may have no current drug related problems, a medication order may still be misinterpreted or 

subject to other types of medication errors. Preventable ADEs can be identified by review of 

medical records of the randomly selected patients during both preintervention and 

postintervention phases. Clinical pharmacists can record all recommendations, which can 

then analyzed by type and acceptance.
[24]

  

 

8) Patient counseling 

Patient counseling can be defined as the process of providing information, advice and 

assistance to help the patients and use their medication appropriately. The information and 

advice can be given by the clinical pharmacist directly to the patient or the patient’s 

representative and may also include information about the patient’s illness or the 

recommended lifestyle changes. The information is usually given verbally, but may be 

supplemented with written materials. During counseling ,the clinical pharmacist can assess 

the patients understanding about his or her illness and its treatment, and provide 

individualized advice and information which will assist the patient to take their medication in 

the most safe and effective manner. They can provide accurate advice and information. The 

requirement for the clinical pharmacist to perform patient counseling is that he or she should 

be familiar with the pathophysiology and therapeutics of the patient’s diseases and at the 

same time, good communication skills are needed to gain the patients confidence and to help 

motivate the patient to adhere to the recommended regimen.
[25]

 

 

9) Ward round participation 

A ward round participation can be defined as visit by a medical practitioner, alone or with a 

team of health professionals, medical students, to hospital inpatients at their bedside to 

review and follow up the progress in their health.
[26]

 The presence of a clinical pharmacist in 

rounds as a full member of the patient care team in different departments can be associated 

with a substantially lower rate of ADEs caused by prescribing errors. Many studies revealed 

that clinical pharmacist participation in ward rounds has reduced the potential effect of DRPs. 

 

10) Drug information services 

Drug information services refers to activities that are part of the overall pharmacy service for 

pharmaceutical care process involving provision of unbiased, well referenced, and critically 
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evaluated up to date information on any aspect of drug use.
[27]

 Information may be specific to 

an individual patient as an integral part of pharmaceutical care, and relative to a group of 

patients such as in the context of a disease management process. Clinical pharmacist can 

provide up to date drug information to the patient thus minimizing potential drug related 

problems. Systems are necessary to coordinate the functions throughout the medication-use 

process of prescribing, preparing, dispensing, and administering of chemotherapy, and for 

educating and counseling patients.
[28]

 

 

CONSEQUENCES OF DRUG RELATED PROBLEMS 

Drug Related Problems are known to cause: 

 Hospitalization 

 Increased suffering 

 Decreased quality of life 

 Increased healthcare expenditures 

 Increased morbidity and mortality 

 Decreased therapeutic outcome 

 

ROLE OF CLINICAL PHARMACIST IN DRUG RELATED PROBLEMS 

IDENTIFICATION DURING DRUG PRESCRIBING 

To prevent potential morbidity and mortality associated with Drug Related Problems, Clinical 

pharmacist should: 

 Systemically interview patients, review the medication chart and write annotation on the 

chart where medication orders are unclear. 

 Check for optimization of drug therapy 

 Actively participate in ward rounds and discussions regarding the patient’s condition or 

treatment progress along with the medical team 

 Provide suggestions for treatment improvement and communicate about the identified 

Drug related Problems with proper management strategies using standard treatment 

guidelines to the medical team.  

 

SREATEGIES TO PREVENT DRUG RELATED PROBLEMS 

Suitable strategies can be adopted to prevent Drug Related Problems. Such strategies include: 

 Ensuring that all persons involved in the medication process (nurses, pharmacists and 

physicians) have good pharmacological knowledge. 
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 Computerization of the entire medication process.
[29]

 

 Use of automated dispensing systems and bar – code technology, will aid in the reduction 

of both administration errors.
[30]

 

 The engagement of a sufficient number of clinical pharmacists in all wards of the 

hospital. 

 Introduction of systems for the early detection of Adverse Drug Reactions may help to 

reduce problems related to drug therapy. 

 Identification of risk factors that contribute to drug related problems. 

 

CONCLUSION 

In modern clinical practice , prescribers often use more number of drugs to address the co 

morbidities in patients and more number of drugs to address the co morbidities in patients 

and this situation become complicated when patients visit physicians of other specialties and 

may lead to potential drug related problems. In modern clinical practice, prescribers often use 

more number of drugs to address the co morbidities in patients and this situation further 

complicates when patients visit physicians of other specialties and may lead to potential drug 

related problems. Studies evaluating the prescriptions for elderly patients have observed 

frequent polypharmacy in their prescriptions, Prescriptions containing multiple medications 

not only increase complexity of therapy regimen but also make the patient poorly adherent to 

the prescribed medication. Identification of DRPs at right time and awareness about potential 

DRPs causing drugs may lessen DRPs. DRPs identification at right time helps to provide 

information to quantify the burden of DRPs among patients with polypharmacy and 

contribute to design and implementation of risk management plans. Identification and 

resolution of drug related problems in the prescription is the core activity in pharmaceutical 

care.  
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ABSTRACT 

Vitamin D is very important for bone to facilitate the absorption of 

calcium from the diet. Serum 25(OH)D is best indicator for status,and 

is contributed by the skin and obtained by dietary intake. The reasons 

for low level of vitamin D in elderly women are possibly due to 

inadequate exposure to sunlight and or poor diet. In addition ageing 

decreases the skin capacity to produce vitamin D. There is also 

hydroxylation of vitamin D and in responsiveness to the intestinal 

mucosa to circulating vitamin D level in elderly women. Vitamin D 

deficiency leads poor calcium absorption, high serum PTH 

concentration and accelerated bone mass. This article reveals the role 

of Vitamin D in postmenopausal women. 

KEYWORDS: Vitamin D, Postmenopausal woman. 

 

INTRODUCTION 

Menopause is natural process, it occurs between ages of 45 & 55 but some women experience 

this earlier as result of surgical intervention or damage to ovaries. early menopause is defined 

as which occurs before the age of 45, regardless of the cause is called early menopause. 

Menopause that occurs at 40 or younger is considered premature menopause. Vitamin D 

inadequacy is very common in this stage & it is important to assure the vitamin D 

concentration among women. 

 

Vitamin D is prohormone that plays vital role in metabolic process & ultimately preservation 

of health. Vitamin D is required to maintain optimal blood vessels of calcium & phosphatase 

which are needed for normal mineralization of bone, muscle concentration, nerve condution, 

general cellular function.
[1,2,3]

 Vitamin D is required for efficient absorbtion of dietary 

calcium and for normal mineralization of bone. Reduction in vitamin D levels is associated 
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with impaired calcium absorption and a compensatory increase in the level of parathyroid 

hormone which, in turn, stimulates bone resorption and bone loss.
[4]

 

 

Risk Factors and Vitamin D Deficiency 

The principal causes of low vitamin D levels are limited cutaneous synthesis due to 

inadequate exposure or combined with low dietary intake of vitamin D rich foods including 

fortified milk.
[5] 

other risk factors include aging pigmented skin, smoking, obesity, a 

irpollution, abnormal intestinal function, malabsorption, or reduced synthesis or increased 

degradation of vitamin D due to chronic liver or renal disease persons with a high bodymass 

index are also susceptible to low vitamin D levels because of decreased bioavailability of 

vitamin D that is stored in excess adipose tissue. Gender disparaties exist with women having 

lower 25(OH)D levels than men.
[6] 

vitamin D inadequacy could also be affected by the ethnic 

and culture factors. Asian women often have a lactase deficiency and lower fortified milk 

consumption, and often avoid the sun exposure and skin pigmentation by using sunscreen 

cosmetics and parasol.
[7]

 which increase their risk of vitamin D insufficiency. Urbanization is 

also an important risk factor for an inadequate vitamin D status, which often leads to 

insufficient outdoor activities
[8]

 and is associated with highly polluted air in some cities.
[9] 

 

Vitamin D Metabolism 

In humans, skin synthesis of vitamin D from sunlight exposure is the major source of vitamin 

D (80%-90%) in humans under natural condition.
[10] 

The dietary supply of vitamin D is minor 

(10%-20%) compared to skin formation but can become an important source of vitamin D 

with supplementation.
[11]

 vitamin D is a collection of fat-soluble steroids. There are two types 

of physiologically important vitamin D:cholecalciferol(vitamin D3) & ergocalciferol(vitamin 

D2). Ergocalciferol obtained from fortified foods & vitamin sources.
[12]

 while D3 is mainly 

synthesised in skin from 7-dehydrocholestrol upon exposure to UVB (290nm-390nm).
[13]

 in 

the circulation vitamin D is metabolised to 25- hydroxy vitamin D in the liver and further 

metabolised to its biological active form, 1,25, dihydroxy vitamin D in the kidney by 25-

hydroxy vitamin D -1- alpha-hydroxylase.
[14]

 

 

Role of Calcium, Vitamin –D, Milk Consumption Among Postmenopausal Women 

A research article published in American journal of clinical nutrition worked on prospective 

study to find relation between calcium milk consumption, vitamin D and hip fractures among 

postmenopausal women. Calcium has been primary focus of nutrition research for the 

prevention of postmenopausal osteoporosis. Numerous clinical trials of calcium 
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supplementation showed that it can reduce bone loss and lower the risk of bone fractures.
[15-

18]
 However; concomitant treatment with vitamin D makes it difficult to attribute benefits to 

calcium, increment in bone density in the first year or two of calcium supplementation may 

not substantially increase with continued treatment. most observational studies did not find 

association between Calcium intake and fracture risk or bone risk.
[19]

 on the baisis of clinical 

evidence food and nutrition board of national academy of sciences suggested the adequate 

intake for calcium in women > 50 y of age to 1200mg/d.
[20]

 At low to moderate calcium 

intake, vitamin D is absorption, yet vitamin D insufficiency is common among older 

adults.
[21] 

In comparison with calcium, few clinical trials have focused on vitamin D 

postmenopausal osteoporosis. Reductions in the bone loss at the spine and femoral neck were 

reported, although benefits from additional vitamin D may be seen only at low calcium 

intakes.
[22]

 For fractures, overall incidence was significantly reduced with annual injection of 

vitamin D in one study; another found no effect of daily vitamin D supplementation on risk of 

hip fractures.
[23] 

on the baisis of available research on the amount of dietary vitamin D 

required for maintance of normal serum concentration of 25,hydroxyl vitamin D, the food 

and nutrition board recently set the adequately daily intake at 10 mg for women 51-70 yrs of 

age and 15 mg for women >70 of age.
[24]

 Milk is primary source calcium and vitamin D and 

therefore might be expected to decrease osteoporotic bone loss and fracture risk, yet research 

not suppored this assumption. Evidence from clinical trials and case-control studies has been 

mixed and several observational studies found no decrease in risk of bone fracture with 

higher consumption of milk and dairy food. Weinsier R. L et.al suggested that that there no 

clear benefit of higher consumption of milk or dairy food intake on bone mass or fracture risk 

in women >50 yrs of age but that a benefit is seen in women < 30. A research article 

conducted by Diane feskanich concluded that It adds to the evidence that adequate vitamin D 

intake is associated with lower occurrence of osteoporotic hip fractures in postmenopausal 

women. 

 

A high calcium diet appears to be less impotant. Although fortified milk is one of the few 

food sources of vitamin D. high consumption does not appear to be substantially reduce risk 

of hip fracture, perhaps because of other nutrients in the milk, such as vitamin A, that do not 

support bone health. because women commonly consume less than the daily intake of vitamin 

D and additional exposure to sunlight can increase risk of skin cancer. 

 

 

 



www.wjpr.net                                Vol 9, Issue 6, 2020. 

Jenson et al.                                                          World Journal of Pharmaceutical Research 

1012 

Vitamin D supplementation and bone mineral density in early postmenopausal women 

A research conducted in one hundered eighty seven women who were greater or equal to one 

year postmenopausal were randomly assigned to take either 1000mg ca/d after the evening 

meal or 1000mg ca/d plus 10,000 u vitamin D2/wk in double blind, placebo controlled 

format. The bmd of proximal forearm, lumbar spine, femoral neck wards triangle, femoral 

trochanter was measured at 6 months interval osteodensitometry. Bone mineral density 

declines in women with onset of menopause there is both reduction in efficiency of 

absorption of calcium from diet and increased rate of bone resorption attributed to decrease in 

serum estrogen, and the associated decrease in BMD may be accompanied by an increased 

risk of fracture minimal trauma. Studies have been reported in which additional calcium has 

been given by mouth in an attempt to overcome the negative calcium balance and reduce 

bone calcium loss.
[25,26,27]

 varriable results have been achieved with calcium supplementation, 

depending on concurrent dietary calcium intake, the no. of years after menopause, type of 

calcium used, and bone studied. this study examined the effects vitamin D2 supplementation 

on changes in BMD in younger post menopausal women who were also given 1000mg ca/d 

compared to those changes with the changes in BMD in women given 1000mg ca/d only. 

 

 

 

Serum 25-hydroxyvitamin D [25(OH)D] concentrations in the postmenopausal women at 

baseline (year 0) and during years 1 and 2 of supplementation with either calcium (Ca group; 

♦) or calcium and vitamin D (Ca+D group; ▪) 

 In the Ca+D group, concentrations increased 5.3 ± 18.1 nmol/L (   ± SD; P < 0.05) in the 

first year and then decreased 6.4 ± 15.6 nmol/L (P < 0.05) in the second year. 

 In contrast, concentrations in the Ca group decreased significantly (P < 0.05, Bonferroni's 

adjustment for multiple comparisons) during the 2-y study at an average annual rate of 

6.7 ± 20.7 nmol/L. SEs for the Ca group were 3.039 for year 0 (n = 94), 2.858 for year 1 
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(n = 84), and 2.849 for year 2 (n = 79) 

 Those for the Ca+D group were 3.192 for year 0 (n = 93), 3.002 for year 1 (n = 75), and 

2.164 for year 2 (n = 72). There was a significant (P < 0.001) interaction between the 

effects of time and treatment. 

 

In summary, the study failed to show any additional benefit in preservation of BMD in 

postmenopausal women when 10,000 U vitamin D2/wk was added to daily calcium 

supplementation of 1000mg. The use calcium alone over 2-y period was associated with no 

significant loss in BMD in the spine or femoral neck, a significant gain in BMD in the 

femoral trochanter and wards triangle, but significant loss in BMD in the proximal radius and 

ulna.
[28]

 

 

Therapeautic Regimens For Vitamin D Deficiency In Post Menopausal Women 

Post menopausal women who are vitamin D deficient are prone to develop seious 

complications such as osteoporosis and castotrophic fractures of neck of femor and vertebral 

column. The prevalence of vitamin D deficiency in postmenopausal women varies in 

different countries oral maintance of doses of 2000-4800 IU/day satisfactorily corrected 

vitamin D deficiency and maintained 25(OH)D levels in postmenopausal women with 

continuous therapy.
[29]

 

 

Role of Vitamin D. In Postmenopausal Women In Combination With Strontium 

Ranelate 

Osteoporosis is prevalent worldwide, and as one of the major causes of increased morbidity 

and m ortality in postmenopausal women and the overall aging population, it is considered as 

a serious public health concern. A research conducted with a total of 48 women with 

postmenopausal osteoporosis were randomized to strontium ranelate monotherapy 2g/day 

(n=16), strontium ranelate 2g/day plus alphacalcidol 1 (n=16) or control (n=16) and followed 

for 6 months. All women received calcium and vitamin D3 supplements. BMD was measured 

at the lumbar spine and proximal femora at beginning and end of the therapy. patients 

performed functional tests such as the “up and go” and chair rising tests to estimate risk of 

fall status. biochemical markets of bone turnover were also assessed .increase in BMD were 

observed at both lumbar spine (L1-L4) and proximal femora in both strontium ranelate 

treatment groups No significant changes in test times were observed in women in the control 

group or in those receiving SrRan only. 
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Percentage increase in BMD at 6 months compared with baseline following treatment with 

control, strontium ranelate alone, or strontium ranelate in combination with alfacalcidol 

(DEXA results). BMD bone mineral density, DEXA dual energy x-ray absorptiometry. 

 

In contranst the functional ability of women in the SrRan AD3 group significantly increased 

serum levels of b-cross Laps were reduced compared with baseline in both Strontium 

Ranelate groups, by 18.7% with SrRan & 37.7% with SrRan & AD3 combined therapy with 

the established antiosteoporosis treatment strontium ranelate and the D-hormone analog alfa 

D3 increased the benefits observed withnstrontium ranelate alone in terms of improved 

quality, enhanced muscular power and neuromuscular co-ordination, and improved levels of 

markers of bone turnover.
[30]

 

 

CONCLUSION 

By this article it is accomplished that vitamin D has the vital role in the postmenopausal 

women. Many studies have proved role of vitamin D in the treatment. postmenopausal 

women who are vitamin Ddeficient are prone to develop serious complications such as 

osteoporosis and catastrophic fractures of neck of the femur and vertebral column, doses of 

2000-4800IU/day were reported to be adequate. combined therapy with established 

antiosteoporosis treatment strontium ranelate and the D-hormone analog alpha D3 increased 

benefits observed with Strontium ranelate alone in terms of improved bone quality enhanced 

muscular power and neuromuscular coordination & improved levels of markers of bone 

turnover. 

 

REFERENCES 

1. S.K.LIM et.al Vitamin D inadequacy in postmenopausal women in eastern asia, j.current 

medical research, 2008; 24(1): 96-106. 

2. Jones G, Strugnel SA, Deluca HF et.al, Current understanding of the molecular actions of 



www.wjpr.net                                Vol 9, Issue 6, 2020. 

Jenson et al.                                                          World Journal of Pharmaceutical Research 

1015 

Vitamin D, Physlol Rev., 1998; 78: 193- 231. 

3. Pfelfer M, Begrow B, Minne HW et.al. Vitamin D and muscle function. osteoporosis int, 

2002; 13(1): 87-94. 

4. Looker AC, Orwoll ES, Johnston CC Jr. et. al. Prevalence of low femoral bone density in 

older US adults from NHANES III. J.Bone Miner Res., 1997; 12: 1761-1768. 

5. Holick M.F. Vitamin Ddeficiency. N.Engl. J. Med., 2007; 357: 266-281. 

6. Ginde, A.A; Liu, M.C; Camargo, C.A, Jr. Demographic differences and trends of vitamin 

Dinsufficiencyinthe U. Spopulation, Arch. Intern. Med., 2009; 169: 626-632. 

7. Kung, A.W; Lee, K.K. Knowledge of vitamin D and perceptions and attitudes toward 

sunlight among Chinese middle aged and elderly women; A population survey in hong 

kong. BMC public Health, 2006; 6: 226. 

8. Godar D.E; Landry, R.J; Lucas, A.D. Increased uva exposures and decreased cutaneous 

vitamin D3 levels may be responsible for the increasing incidence of melanoma. Med. 

Hypotheses, 2009; 72: 434-443.  

9. Zittermann, A; Schleithoff, S.S; Korefer, R. Putting cardiovascular disease and vitamin D 

insufficiency intoperspective. Br. J. Nut., 2005; 94: 483-492. 

10. Calvo, M.S; Whitening, S.J; Barton, C.N. Vitamin D fortification in the united states and 

Canada: Current status and data needs. Am.j.Clin. Nutr., 2004; 80: 1710S-1716S. 

11. Holick, M.F. Vitamin D2 is as effective as vitamin D3 imaintaining circulating 

concentrations of 25-hydroxyvitamin D. J. Clin. Endocrinol. Metab, 2008; 93: 677–681. 

12. Dusso, A.S; Brown, A.J; Slatopolsky, E. Vitamin D. Am. J. Physiol., 2005; 289: F8-F28. 

13. Holick, M.F. Sunlight and vitamin D for bone health and prevention of autoimmune 

diseases, cancers, and cardiovascular disease. J. Clin. Nutr., 2004; 801678S-1688S. 

14. Zhao-Min Liu et.al, The Role of vitamin D in blood pressure, Endothealial and renal 

function in postmenousal women Nutrients, 2013; 5: 2590-2610. 

15. Cumming RG Calcium intake and bone mass; a quantitative review of the evidence Calcif 

Tissue Int., 1990; 47: 194-201. 

16. Dawson –Huges B.Calcium supplementation and bone loss: A review of controlled 

clinical trial. Am J Clin Nutr., 1991; 54: 274s-80s. 

17. Nordin BEC.Calcium and osteoporosis. Nutrition, 1997; 13: 664-86. 

18. Heaney RP. Calcium, dairy products and osteoporosis. J. Am Coll Nutr., 2000; 19:     

83S-99S. 

19. Hannan MT, Felson DT, Dawson-Hughes B, et.al Risk factors for longitudinal bone loss 

in elderly men and women; the Framingham osteoporosis study. J.Bone Miner Res., 2000; 



www.wjpr.net                                Vol 9, Issue 6, 2020. 

Jenson et al.                                                          World Journal of Pharmaceutical Research 

1016 

15: 10-20. 

20. Dawson-Hughes B, Dallal GE, Krall EA, Sadowski L, Sahyoun N, Tannenbaum S. A 

controlled trial of the effect of calcium supplementation on bone density in 

postmenopausal women. N Engl J Med., 1990; 323: 878–83. 

21. Thomas M.K. Lloyed Hones DM, et.al. Hypovitaminosis D in medical inpatients. N Eng J 

Med., 1998; 338: 777-829. 

22. Peacock M, Liu G, et.al Effect of calcium or 25OH vitamin D, dietary Supplementation 

on bone loss at the hip in men and women aver the the age of 60. J. Clin Endocrinol 

Metab, 2000; 85: 3011-9. 

23. Lip P, Graafmans WC, Ooms ME, Bezemer D, Bouter L.M. et.al. Vitamin D 

Supplementation and Fracture incidence in elderly persons Ann Intern Med., 1996; 124: 

400-6. 

24. Chapuy MC, Arlot ME, Duboeuf F, et al. Vitamin D3 and calcium to prevent hip 

fractures in the elderly women. N Engl J Med., 1992; 327: 1637–42. 

25. Polley K.J, Nordin BEC, Baghurst PA Walker C.J Chatterton BE. Effect of Calcium 

supplementation on forearm bone mineral content in post Menopausal Women; a 

prospective, sequential controlled trial. J Nutr., 1987; 117: 1929-35. 

26. Riss B, Thomsen K, Christiansen C.Does calcium supplementation Prevent 

postmenopausal bone loss. N. Eng J Med., 1987; 316: 173-7. 

27. Elders P.A, Netelenbos JC, Lips P, et.al. calcium supplementation Reduces vertebral bone 

loss in perimenopausal women: J Clin Endocrinol Metab., 1991; 73: 533-40. 

28. Lucy Cooper et.al. Vitamin D supplementation and bone mineral density in early 

postmenopausal women 2003, The American Journal of Clinical Nutrition, 2003; 77(5): 

1324-1329. 

29. Yasin Tayem et.al Therapeutic regimens for vitamin D deficiency in Postmenopausal 

women :a systematic review, 2019; 18(1): 57-62. 

30. Lola S. Abboskhujaeva et.al. Efficacy of strontium ranelate in Combination with a D-

hormone Analog for the Treatment of Postmenopausal osteoporosis Drugs in R & D., 

2014; 315-324. 

31. Diane Feskanich et.al. Calcium, Vitamin D, milk consumption And hip fractures: a 

prospective study among postmenopausal Women, The American Journal of Clinical 

Nutrition, 2003; 77(2): 504-511. 

32. Aloia JF, Vaswani et.al. calcium supplementation with or without Hormone replacement 

therapy to prevent postmenopausal bone Loss. Ann Intern Med., 1994; 120: 97-103. 



REVIEW ARTICLE                                                                                               Angel et.al / IJIPSR / 8 (05), 2020, 27-36                                                          

Department of Pharmaceutical Analysis                                                                                        ISSN (online) 2347-2154     

DOI: 10.21276/IJIPSR.2020.08.05.710                        

Available online: www.ijipsr.com   May Issue 27 
 

                            

 

 

 
 

 
 
 

STABILITY INDICATING ANALYTICAL METHODS FOR 

METFORMIN COMBINATIONS: A REVIEW 
 

Angel Mary Athulya VA*, Dr. Kavitha M P, Dr. K Krishnakumar, Dr. K. Kannan 

 
Department of Pharmaceutical Analysis, St James College of Pharmaceutical Science, 

St James Hospital Trust Pharmaceutical Research Centre (DSIR Recognized), 

Chalakudy-680307, Kerala, INDIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Corresponding Author:  

Angel Mary Athulya VA 

Department of Pharmaceutical Analysis,  

St James College of Pharmaceutical Science 

St James Hospital Trust Pharmaceutical Research Centre (DSIR Recognized), 

Chalakudy-680307, Kerala, INDIA 

Email: angelaandrews885@gmail.com 

Phone: +91- 7025869460 

International Journal of Innovative 

Pharmaceutical Sciences and Research 
www.ijipsr.com 

Abstract 
 

Metformin is frequently used as standard first-line pharmacotherapy to treat diabetic patients 

whose condition is uncontrolled by diet. It is also used along with other antidiabetic agents for 

better management of blood sugar level. Stability indicating analytical methods are necessary for 

the quantitative analysis of drugs as part of degradation studies. Stability indicating analytical 

methods reported for the analysis of degradation samples of metformin formulations either alone 

or in combination with other ant-diabetic drugs like spectrophotometry, high performance thin 

layer chromatography and high-performance liquid chromatography. 

 

Keywords: Metformin, stability indicating analytical methods, UV, HPTLC, HPLC.  
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INTRODUCTION 

Metformin, chemically N,N-dimethylimidodicarbonimidic diamide belonging to the class of 

biguanides, is used as an anti-hyperglycemic agent in the treatment of non-insulin dependent 

diabetes that does not respond to dietary modifications. It does not lead to hypoglycemia anddoes 

not promote weight gain. Metformin interacts with the complex I the mitochondrial electron 

transport chain, thereby decreasing cellular ATP levels and causing an accumulation of AMP. 

The binding of AMP to the adenylate cyclase site inhibits its action in response to glucagon, 

thereby disrupting AMPc-PKA signalling. As a result, the activity of gluconeogenic pathway 

enzymes is inhibited in favour of glycolysis.[1]Physically hydrochloride salt of MET is a white 

crystal. Its molecular formula is C4H11N5.[2-3]Metformin has a molecular mass of 129.16 g/mol, 

whereas metformin hydrochloride has a mass of 165.6 g/mol.[4] It is freely soluble in water 

when hydrochloride (1.38 mg/mL), slightly soluble in alcohol, and practically insoluble in 

acetone and methylene chloride.[2] The melting point ranges from 223 to 226°C, its LogP is-0,5 

and pKa 12.4 (basic).[5]Metformin is a Biopharmaceutics Classification System Class 3 (BCS 3) 

compound which is having high solubility and poor permeability.[6]Metformin is freely soluble 

in water when hydrochloride (1.38 mg/mL), slightly soluble in alcohol, and practically insoluble 

in acetone and methylene chloride. Diverse techniques like potentiometry, spectrophotometry, 

capillary electrophoresis (CE), high-performance liquid chromatography (HPLC), liquid 

chromatography--mass spectrometry (LC--MS) and high-performance thin layer chromatography  

(HPTLC) have been used for the analysis of different formulation.[7]  

STABILITY INDICATING ANALYTICAL METHODS: 

Stability Indicating Analytical Methods (SIAM), are used to estimate the drug in stability 

samples and can estimate the analyte in presence of all possible degradation products. Hence the 

sample containing all possible degradation product is the basic requirement to develop SIAM 

which is normally obtained by forced degradation of the sample under acidic, basic, oxidative 

conditions apart from subjecting the sample to thermal degradation and photo degradation. The 

severity of the stress condition should be capable of giving enoughdegradation products.  

DEGRADATION CONDITIONS  

HYDROLYTIC CONDITIONS  

Hydrolytic study under acidic and basic conditions involves catalysis of ionizable functional 

groups present in the molecule. Hydrochloric acid or sulfuric acids (0.1–1 M) for acid hydrolysis 
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and sodium hydroxide or potassium hydroxide (0.1–1 M) for base hydrolysis are suggested as 

suitable reagents for hydrolysis. Co-solvents are used to solubilize compounds which are poorly 

soluble in water.Stress testing proceeds via trial and error method which is normally started at 

room temperature and if there is no degradation, elevated temperature (50–70℃) is used. Stress 

testing should not exceed more than 7 days. Further reactions are arrested by neutralization[8].  

OXIDATION CONDITIONS  

Selection of an oxidizing agent, its concentration, and conditions depends on the drug substance. 

It is reported that subjecting the solutions to 0.1–3% hydrogen peroxide at neutral pH and room 

temperature for seven days or up to a maximum of  20% degradation could potentially generate 

relevant degradation products[8].The functional group with labile hydrogen like benzylic carbon, 

allylic carbon, and tertiary carbon or α-positions with respect to heteroatom is susceptible to 

oxidation to form hydro peroxides, hydroxide or ketone.  

PHOTOLYTIC CONDITIONS 

Photo stability studies are performed to generate primary degradants of drug substance by 

exposure to UV or fluorescent light. Samples of drug substance and solid/liquid drug product 

should be exposed to a minimum of 1.2 million lx h and 200 Wh/m2 light as per ICH guidelines 

[13]. Accepted wavelength of light is in the range of 300-800 nm to cause the photolytic 

degradation. Functional groups like carbonyls, nitro aromatic, N-oxide, alkenes, aryl chlorides, 

weak C–H and O–H bonds, sulfides and polyenes are likely to introduce drug photosensitivity[8-

9].  

THERMAL CONDITIONS  

Samples of solid-state drug substances and drug products is exposed to dry and wet heat, while 

liquid drug products are exposed to dry heat[8-10]. Sample generation involves degradation of 

drug at hydrolytic, oxidative, photolytic and thermal conditions as discussed earlier. The forced 

degradation of API in solid state and solution form is carried out with an aim to generate 

degradation products which are likely to be formed in realistic storage conditions [13].  

MATERIAL & METHODS  

SPECTROPHOTOMETRIC METHODS  

Konari et al conducted simultaneous estimation of metformin and linagliptin by stability 

indicating UV spectrophotometric technique. They used three methods i.e.Vierordt’s method, 
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Absorbance ratio method and Absorbance correction method. In order to confirm the stability of 

drug substanceit was subjected to hydrolytic, oxidative and thermal degradation.  

For acidic and basic degradation 3ml of 0.1N HCl and 0.1N NaOH was added to separate 10ml 

volumetric flasks containing solution of metformin then volumetric flasks were kept at 60-70ºC 

in reflux condition and 15 minutes in dark.In oxidative study 1ml of 6 % w/v of H2O2 was added 

and the volume was made up to 10 ml the mark with mobile phase. Then, the volumetric flasks 

were kept in dark for 15 min and absorbance was measured. Thermal study was carried out by 

taking working solution of metformin 10 ml flask. Then kept in hot air oven at 90ºC for 15 min 

and vol was made up to 10 ml with mobile phase and absorbance was measured [14]. 

HIGH PERFORMANCE THIN LAYER CHROMATOGRAPHY  

Sakhare et.al developed a validated stability indicating High Performance Thin Layer 

Chromatography (HPTLC) method for the simultaneous estimation of metformin and 

benfotiamine.Stationary phase used was TLC aluminium sheets of silica gel 60F 254 and mobile 

phase was benzene: methanol: triethylamine (8.5: 1: 0.5, v/v/v) and wavelength was 249nm. 

For acid degradation 1 ml of metformin solution was mixed with 1ml of 0.1N HCl and 8 ml of 

methanol. The solution was refluxed at 80°C for 4 hrs. 3 µl volume of this solution was applied 

on TLC plate to get concentration 1500 ng/band. For oxidative study 1 ml of solution was mixed 

with 1ml of 3 % H2O2 and 8 ml of methanol. The solution was refluxed at 80°C for 4 hrs. 3 µl 

volume of this solution was applied on TLC plate to get concentration 1500 ng/band. Thermal 

studies were performed by keeping pure drug sample of metformin in oven (80℃) for a period of 

2 hours. Samples were withdrawn, dissolved in methanol and diluted appropriately to get 

concentration of 500 µg/ml for MET. Photolytic studies were conducted by exposure of drug 

individually to UV light up to 200-watt hours/ square meter for period of 4 hours .3 µl volumes 

were applied on TLC plate to get concentration 1500 ng/ml [15]. 

A B Thomas et.al developed a validated stability indicating HPTLC method usingchloroform: 

ethyl acetate: acetic acid (4:6:0.1 v/v/v)as the mobile phase for the estimation of nateglinide and 

metformin hydrochloride. A TLC scanner set at 216 nm was used for direct evaluation. All the 

conditions generated degradation products of less than 10%. The degradation products obtained 

were well resolved from the pure drugs with significantly different Rf values. Acid induced 

degradation was studied using 0.001MHCl add separately to 5 mL methanolicstock solution of 

metformin hydrochloride taken in 25 mL volumetric flask and refluxed at 40℃ for 30 minutes 
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and the volume was made up with methanol. For alkaline study methanolic solution of 

metformin hydrochloride was taken in 25ml volumetric flask to which 0.001M NaOH was added 

and refluxed at 40℃ for 30 minutes and volume madeup with methanol. Oxidative degradation 

study was done with 1.5% H2O2. For thermal study the standard powder drugs were placed in an 

oven at 50 ℃ for 24 hours and in photolytic study the standard powder drugs were exposed to 

UV light in a photo-stability chamber for 24 hours [16].  

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Runja et.al have reported a stability indicating RP-HPLC method for simultaneous estimation of 

alogliptin benzoate and metformin hydrochloride. HPLC separation was carried out using 

hypersil BDS, C18 column using mobile phase phosphate buffer and acetonitrile in the ratio 

(48:52% v/v) with pH adjusted to 4.8 using orthophosphoric acid. Flow rate was set at 1ml/min 

and detection wavelength was 210 nm. 

Acid hydrolysis was performed by treating the drug with 2N HCl at room temperature for 

24hours. For alkali degradation, the drug was treated with 2N NaOH.  Degradation studies under 

oxidative conditions were performed by heating the drug sample with 30% H2O2at 60oC and 

degraded product peaks were observed. For the thermal degradation, the powdered drug was 

exposed to heat at 105oC for 6hours. Photolytic degradation studies were carried out for drug 

solutions by exposing solution in UV chamber at 100 watts for 7 days[17].  

Satheeshkumar N et.al developed a validated stability indicating RP-HPLC method for the 

simultaneous estimation of metformin hydrochloride and vildagliptin. The mobile phase was 

pumped at a flow rate of 1.0 mL/min, consisted of 25 mM ammonium bicarbonate buffer and 

acetonitrile (65:35, v/v). Detection wavelength was set at 207nm.In acid degradation study 20 

mg of reference standard dissolved in 20 mL of 2 N HCl for 6 hours at 80 °C using a water bath. 

The solutions were withdrawn in a 10 mL volumetric flask allowed to attain room temperature.In 

alkaline study same was done with 20mg pure drug sample after keeping in 20 mL of 0.1 M 

NaOH for 30 minutes at ambient temperature. For oxidative degradation 10 mg of standard 

dissolved in 0.3 % H2O2 in 10 mL volumetric flask at ambient temperature. For thermal stress 

study, thesolid drug and tablets were kept in dry oven at 60 °C for 10 days. [18].  

A new stability-indicating RP-HPLC method for the determination of metformin hydrochloride 

and nateglinide in tablets was developed by Thomas et.al. Chromatographic separation was 

performed on a C18 column employing 0.05 M potassium dihydrogen orthophosphate (pH 3) 
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and acetonitrile (28:72 v/v) as the mobile phase with UV detection at 216 nm. For acid 

degradation study 20ml 0.02M HCl ,62.4ml metformin solution and 20ml mobile phase was 

refluxed at 40 ℃ for 30 minutes. For base degradation study 20ml 0.001M NaOH,62.4ml 

metformin solution and 20ml mobile phase was refluxed at 40 ℃ for 30 minutes. For the purpose 

of oxidative degradation study 10ml 1.5% H2O2 was used. For thermal degradation, the pure 

powder drugs were placed in an oven at 40°C for 24 hours and appropriate dilutions were 

prepared in mobile phase. For the photo stability study, the pure drug samples were exposed to 

UV light in the photo-stability chamber for 24 hours. Appropriate dilutions of pure drugs were 

prepared in mobile phase.[19].   

A.Ravi Varma et.al developed and validated a stability indicating HPLC method for 

simultaneous estimation of linagliptin and metformin. Chromatographic separation was achieved 

by an Agilent Zorbax SB C18 (250mmx 4.6mm, 5μm) column with mobile phase containing 

potassium dihydrogen phosphate buffer and Acetonitrile in the ratio 40:60(v/v). Flow rate was 

set at1ml/min and detection wavelength at 236nm.For acid degradation 5N HCl was refluxed 

with working solution at 40℃ for 5 minutes,in alkaline study 1N NaOH and working solution 

was refluxed at 80℃ for 1hour.For oxidative degradation study 30% H2O2 was taken with 

working solution and kept at 80℃ for 1hr.For thermal study pure drug sample was kept in an 

oven at 72℃ for 1 hour and appropriate dilution was done with mobile phase. [20].  

R.Preman et.al developed and validated stability indicating RP-HPLC method for simultaneous 

estimation of metformin hydrochloride and sitagliptin. Chromatographic separation was achieved 

by C18 column using mobile phase methanol-water (pH adjusted to three with ortho phosphoric 

acid) 45:55 % (v/v). Flow rate was set at 1ml/min and detection wavelength was set at 

267nm.For hydrolysis degradation evaluation 0.1 M NaOH, 0.1 M HCl and 1 M HCl,and water 

(neutral) at room temperature. Samples (1 mL) were withdrawn at different times and diluted to 

10 mL with mobile phase.  Photodegradation studies were conducted by exposing a solution of 

the sample to sunlight for 80 hours [21].  

Table 1: Summary of Stability Indicating Analytical Methods 

Methods Conditions 
Stress conditions exhibited high 

degradation 

Spectrophotometric 

 
Detection wavelength-250.4nm 

Acid degradation-3ml of 0.1N HCl, 

refluxedat 60-70°c and kept in dark for 15 
minutes. 

HPTLC Detection wavelength-249 nm  Oxidative degradation-3%H2O2 refluxed at 
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Mobile phase- Benzene: 
Methanol: Triethylamine 

(8.5:1:0.5) 

80°c 4 hours. 

HPTLC 

Detection wavelength-216nm 

Mobile phase-Chloroform: 
ethyl acetate:acetic 

acid(4:6:0.1) 

Acid degradation-refluxed with 0.001M 
HCl at 40°c for 30 minutes. 

RP-HPLC 

Detection wavelength-210nm 

Mobile phase-Phosphate 
buffer: acetonitrile(48:52)Ph 

adjusted to 4.8 using 

orthophosphoric acid 

Acid degradation-refluxed with 2N HCl at 

60°c for 24hours. 

RP-HPLC 

Detection wavelength-207nm 

Mobile phase-25 mM 

ammonium bicarbonate buff

er:acetonitrile (65:35) 

Acid degradation-2 N HCl for 6 hours at 

80°C. 

RP-HPLC 

Detection wavelength-216nm 

Mobile phase-Phosphate 

buffer(ph3):acetonitrile(28:72) 

Thermaldegradation-refluxed in mobile 
phase at 40°c for 30 minutes 

RP-HPLC 

Detection wavelength-236nm 
Mobilephase-

Potassiumdihydrogenorthophos

phate:acetonitrile (40:60) 

Alkali degradation-refluxed with 1N 

NaOH at 80°c for 60 minutes 

RP-HPLC 

Detection wavelength-267nm 

Mobile phase-methanol: 

acetonitrile(45:55) 

Thermaldegradation-exposed to dry heat in 

an oven at 105°c for 1 hour. 

 

CONCLUSION 

In spectrophotometric studies conducted by Konari et al metformin degraded upto 19.72% in 

acidic condition compared to linagliptin and in the rest of the conditions metformin was found to 

be more stable. Sakhare et.al developed a stability indicating high performance thin layer 

chromatographic method and the discussions proved that metformin reflected degradation at 

higher ratio when exposed to 3% H2O2 and refluxed at 80°c for 4 hrs,two degradation products 

were formed with Rf value 0.40 and 0.45 respectively. In stability indicating high performance 

thin layer chromatographic method developed by  A B Thomas et.al all the conditions generated 

degradation products of less than 10%. Acid induced degradation product with Rf value 0.03 

causing maximum degradation i.e 8.5%.In study proposed by Runja et.al  maximum degradation 

was found with acid hydrolysis upto 7.73%.In the method proposed by Satheeshkumar N et.al 

significant degradation was observed during alkaline condition and decrease in the area with the 

additional peaks.In high performance liquid chromatographic method for the determination of 

metformin hydrochloride and nateglinide in tablets which was developed by Thomas et.al ,wet 
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degradation studies generated three degradants with Rf values (2.48, 2.98, 3.18) with percentage 

degradation 15.72, 4.61 and 0.74 respectively.The method developed by A.Ravi Varma et.al 

shows maximum degradation with alkali which showed upto 25% and percentage recovery 

turned out to be 74%.Thermal degradation was more prominent when drug was exposed to dry 

heat in an oven at 105°C for 6 h, upto 20.57% degradation occurred in case of metformin in the 

method developed by R.Preman et.al. 
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