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Myristica Fragrans : 
BIOLOGICAL ACTIONS AND 

RELATED INDUSTRIAL APPLICATIONS – A REVIEW

Jalaja.S.Menon*1, Meena Suresh2, David Paul2, Anish John2, Dineshkumar. B2

1Krishi Vigyan Kendra, Kerala Agricultural University, Thrissur-680 656, Kerala 
2St James Hospital Trust Pharmaceutical Research Centre, Chalakudy-680307, Kerala

Corresponding author: Dr. Jalaja.S.Menon, Email: jalajasmenon@gmail.com

ABSTRACT
Nutmeg (Myristica fragrans) is a nutlike fruit popularly cultivated and harvested for its spice. 
The nutmeg seed is processed to extract its oil. Due to its aroma, the essential oil extracted from 
the nutmeg seed has been used as a natural flavouring agent. Nutmeg seed and oil has beneficial 
effects particularly in culinary, pharmaceutical and cosmetic industries. This review article mainly 
focused on information available on the medicinal benefits, pharmacological actions as well as 
industrial applications particularly pharmaceutical application of Myristica fragrans.

Keywords: Myristica fragrans, Pharmaceutical Applications

INTRODUCTION
The most important commercial species of nutmeg (Myristica fragrans Houtt.) is Myristica fragrans. 
It is an evergreen tree native to the Banda Islands in the Moluccas of Indonesia. Two important spices 
(nutmeg and mace) derived from the nutmeg fruit. Nutmeg tree also grows in Kerala, a state in southern 
India. The name ‘Myristica’ is derived from the Greek word ‘Myron’, a sweet liquid obtained from 
nutmeg tree [1]. The nutmeg tree has oblong egg-shaped leaves and bell-like yellow flowers that confer 
a distinct aroma when in bloom. The nutmeg fruit is light yellow with red and green markings. When 
the fruit matures, the outer fleshy covering bursts to expose the seed. The seed is covered with red 
membranes called an aril, the mace portion of the nutmeg. Then the nutmeg seed is dried for up to 2 
months until the inner nut rattles inside the shell. It is then shelled to expose the valuable egg-shaped 
nutmeat which is the edible nutmeg. In addition, essential oil is obtained by steam distillation of ground 
nutmeg, which is used in perfumes and in the food and pharmaceutical industry [2]. World production 
of nutmegs is expected to average between 10,000 and 12,000 tons per year with annual world demand 
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estimated at 9,700 tons [3].

Medicinal Benefits of Nutmeg Essential Oil

1. Brain stimulant
During ancient times, Roman and Greek civilizations used nutmeg as a type of brain tonic, because of 
nutmeg oil has effects to stimulate the brain cells and assist to reduce fatigue and stress. In vapor therapy, 
nutmeg oil can be helpful with the digestive system, nervous system, muscular pains and stimulating the 
mind [4].

2. Pain Reliever
Nutmeg oil has sedative effect. The Chinese used nutmeg oil to treat inflammation and abdominal pain.  
Nutmeg oil helps with muscular aches and pains, rheumatism, gallstones, gout, and arthritis [5].

3. Indigestion Reliever
Nutmeg oil can effectively relieve the digestion-related problems like diarrhea, constipation, flatulenc. 
Nutmeg oil relieves stomachaches by removing the excess gas from intestines [5]. 

Pharmacological actions of Myristica fragrans

Analgesic effect
The analgesic effect of alkaloids in Myristica fragrans seed was investigated in a mouse model of 
acetic acid-induced visceral pain. Alkaloids were extracted from ground nutmeg seed kernels with 10% 
acetic acid in 95% ethyl alcohol. The alkaloid was subjected to evaluate analgesic effect in visceral pain 
induced in male and female mice model. Alkaloid extract (at a dose of 1 g/kg) reduced the number of 
writhing responses in female, but not male mice. This study suggested that M. fragrans seed alkaloids 
could have analgesic activity [6].

Anti-bacterial activity
The ethyl acetate and ethanol extracts of Myristica fragrans seed was evaluated for their bactericidal potential 
against Gram-positive cariogenic bacteria (Streptococcus mutans , Streptococcus mitis , and Streptococcus 
salivarius) and Gram-negative bacteria (Aggregatibacter actinomycetemcomitans  ,  Porphyromonas 
gingivalis, and Fusobacterium nucleatum). These extracts were subjected to anti-bacterial studies using 
twofold serial micro-dilution, with minimum inhibitory concentrations (MIC) ranging from 1.25 to 640
mg/mL. The results indicated that among all extract, ethanol and ethyl acetate extracts showed potent 
inhibitory effects against Gram-positive and Gram-negative bacteria [7]. 

Anti-mutagenic potential 
Freeze-dried aqueous extract of Myristica fragrans (Houtt.) leaves was subjected to  Allium cepa assay 
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to test its mutagenic and antimutagenic potentials. The extract was subjected to antioxidant studies 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) method. Freeze-dried water extract alone and its combination 
with cyclophosphamide (50 mg/kg) were separately dissolved in water at a concentration range from 
500, 1000, 2000, and 4000 mg/kg. The results showed that extract alone as well as in combination 
with cyclophosphamide suppressed cell division due to antioxidant properties of the extract. This study 
concluded that M. fragrans leaves could be used as a promising anticancer agent [8].

Inhibition on locomotor activity
The inhibitory effect of nutmeg (Myristica fragrans Houtt.) seed essential oil was investigated on the 
locomotor activity of mice in a wheel cage. Biological compounds of essential oil were identified using 
solid phase extraction and gas chromatography/mass spectroscopy analysis. The essential oil (at doses 
of 0.1, 0.3, and 0.5 mL/cage) was administered by inhalation. The results indicated that inhalation of 
nutmeg seed essential oil at a dose of 0.5 mL/cage showed reduction in locomotion activity. Ithis study 
indicated that the biological compounds (myristicin, safrole and 4-terpineol) of nutmeg seed essential oil 
exhibited locomotor-inhibiting properties [9].

Aphrodisiac activity
Myristica fragrans Houtt. (nutmeg) has been in the Unani System of Medicine as a sexual stimulator. 
Ethanolic extract of Myristica fragrans Houtt. (nutmeg) and Syzygium aromaticum (L) Merr. & Perry. 
(clove) were subjected to an in vivo experimental study in normal male mice to evaluate the its sexual 
function improving. The results indicated that extracts of the nutmeg and clove were found to stimulate 
the mounting behaviour of male mice and also increase their mating performance. This study concluded 
that ethanolic extract of nutmeg and clove could enhance the sexual behaviour in male mice [10].

Anti-diabetic activity
The aqueous extract of nutmeg (at a oral dose of 100 mg/kg/day were given to rats for a period of 30 
days, followed by the induction of myocardial infarction by subcutaneous administration of isoproterenol 
(85 mg/kg) for two consecutive days. The results indicated that aqueous extract of nutmeg showed 
antidiabetic, hypolipidemia and protection against cardiac complications in myocardial infarction 
induced rats [11].

Anti-diarrhoeal and antispasmodic activity
Aqueous Myristica fragrans extract (at a dose of 50 mg/kg, 100 mg/kg, 150 mg/kg,  p.o.,) was investigated 
for its anti-diarrhoeal effect in castor oil induced diarrhea mice model and antispasmodic effect on 
contractions induced by nicotine, acetyl choline and histamine in isolated ileum of guinea pig. Myristica 
fragrans extract (at a dose of 50 mg/kg, 100 mg/kg, 150 mg/kg,  p.o.,)  showed  anti-diarrhoeal effect 
and antispasmodic activity. This study suggested that Myristica fragrans could be used as an ingredient 
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of traditional polyherbal formulations for the treatment of diarrhea [12].

Industrial Applications:
Due to its aroma, the essential oil is extracted from the nutmeg seed and it has been used as a natural 
flavouring and as a perfume in the cosmetic industries [13]. The oil has been used as a flavouring agent 
to replace ground nutmeg to avoid leaving particles in foods and beverages. T he oil has also been 
used as a flavour in dental creams in combination with peppermint and methyl salicylate [14]. In the 
pharmaceutical industry, nutmeg has been used as a form of medicine to treat disease including nervous 
system and digestive system [15].

Figure 2. Industrial applications of Myristica fragrans

CONCLUSION
Myristica fragrans are found to be rich source of phytochemical constituents and could be useful in 
prevention of disease. The phytochemical compounds present in the Myristica fragrans are being 
responsible for the potential antioxidant, anti-cancer, anti-diabetic, analgesic, anti-diarrhoeal and 
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antispasmodic actions. The present review summarizes the medicinal benefits, pharmacological actions 
and industrial applications of Myristica fragrans. Nonetheless, there is still an absence of information 
on the phytochemical constituents as well as industrial applications of Myristica fragrans. Therefore, 
further research is necessary to identify the phytochemical constituents of Myristica fragrans and its 
industrial applications especially in food and pharmaceutical industry.
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HERBAL OINTMENT CONTAINING 
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Gowtham.M*1, Paridhavi.M1,

1 Rajiv Gandhi Institute of Pharmacy, Trikaripur, Kasargod, Kerala, India-671310
Corresponding author: Mr. Gowtham M, Email: gowthamm1984@gmail.com

ABSTRACT

Medicinal plants have been used for centuries as remedies for human diseases because they 
contain chemical components of therapeutic value. However, several factors such as incorrect 
preparation, unstable preparation can interfere with the medicinal properties of plant and make it  
ineffective. The purpose of this study was to develop a stable ointment preparation of well known 
Indian medicinal plant Chromolaena odorata which shows anthelmintic, anti-inflammatory and 
antimycobacterial activity. Herbal ointments containing ten percentage of the ethanolic extract 
of Chromolaena odorata was prepared using five different ointment bases namely oleogineous 
base, absorption base, W/O emulsion base, emulsion base and water soluble base. Then they were 
subjected to various evaluation test of ointments. On considering some important parameters 
like consistency,spreadability and erxtrudability, F4 made by using O/W emulsion base can be 
considered as the best formulation.

Keywords: Chromolaena odorata; Spreadability; Anthelmintic; Anti-inflammatory.

INTRODUCTION
Medicinal plants have been used for centuries as remedies for human diseases because they contain 
chemical components of therapeutic value. However, several factors  such as incorrect preparation, 
unstable preparation can interfere with the medicinal properties of plant and make it ineffective1.
Chromolaena odorata is a species of flowering shrub in the sunflower family, Asteraceae. It is native 
to North America, from Florida to Mexico and the Caribbean, and has been introduced to tropical Asia, 
West Africa, and parts of Australia2. It is sometimes grown as a medicinal and ornamental plant. It is 
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used as a traditional medicine in Indonesia. The young leaves are crushed, and the resulting liquid can 
be used to treat skin wounds. It also shows shows anthelmintic, anti-inflammatory and antimycobacterial 
activity3-6.

Kingdom Plantae

Subkingdom Tracheobionta

Superdivision Spermatophyta

Division Magnoliophyta
Class Magnoliopsida

Subclass Asteridae
Order Asterales

Family Asteraceae

Genus Chromolaena DC.

Species Chromolaena odorata

MATERIALS AND METHODS

Collection and extraction
Matured leaves of Chromolaena odorata were collected from Trikaripur and the sample was authentified 
by a botanist. The collected leaves were cleaned and separated and dried under shade at 30◦C.The dried 
leaves are crushed, powdered and sieved and the leaf powder was extracted using ethanol in an soxhlet 
extractor for 24 hrs.

Preparation of ointment  
The ointment was prepared by using the formula as shown in Table 1 using fusion method containing 
10% of ethanolic extract of Chromolaena odorata   .

Formulation
F1-Oleoginous base
F2-Absorption base
F3-W/O emulsion base
F4-O/W emulsion base
F5-water soluble base
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Table 1:- Compositions used in the study to prepare ointments

Ingredients F1
(gm)

F2
(gm)

F3
(gm)

F4
(gm)

F5
gm)

Codorata extract 10% 10% 10% 10% 10%

Cetylester 
wax(spermaceti) _ _ 1.5 _ _

Cholesterol _ 0.36 _ _ _

Mineral oil _ _ 6.72 _

PEG 400 _ _ _ _ 7.2

PEG 3350 _ _ _ 4.8

PG _ _ _ 1.44 _

Purified water _ _ 2.28 4.44 _

Sodium borate _ _ 0.06 _ _

SLS _ _ _ 0.12 _

Stearyl alcohol _ 0.36 _ 3 _

White petrolium 11.4 10.32 _ 3 _

White wax 0.6 0.96 1.44 _ _

EVALUATION OF OINTMENTS

Colour
Take about 1 gm of ointment in a clean glass dish and observe visually.

Odour
Take about 1 gm of ointment in a clean glass dish and smell it.
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Spreadability6

Spreadability of the formulation was determined by an apparatus which consists of a wooden block, 
which was provided by a pulley at one end. A rectangular ground glass plate was fixed on this block. An 
excess of ointment (about 3 gm.) under study was placed on this ground plate. The ointment was then 
sandwiched between this plate and another glass plate having the dimension of fixed ground plate and 
provided with the hook. A 1 Kg. weight was placed on the top of the two plates for 5 minutes to expel air 
and to provide a uniform film of the ointment between the plates. Excess of the ointment was scrapped 
off from the edges. The top plate was then subjected to pull of 50 gms. With the help of string attached 
to the hook and the time (in seconds) required by the top plate to cover a distance of 10 cm. was noted. 
A shorter interval indicates better spreadability. Spreadability was calculated by using the following 
formula.

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 from each other.

Extrudability 7

A closed collapsible tube containing ointment was pressed firmly at the crimped end. When the cap was 
removed, ointment extruded until pressure dissipated. Weight in grams required to extrude 0.5 cm ribbon 
of ointment in 10 seconds was determined.

pH measurement:
The pH of the formulation was measured using digital pH meter.

Viscosity 8-9

Brookfield digital viscometer (Model DV-I+, Brookfield Engineering Laboratory, INC., USA) was used 
to measure the viscosity (in cps) of the prepared ointment formulations as such that is in semisolid state. 
The spindle T-D (spindle code S 94) was rotated at 2.5, 4, 5 and 10 rpm. The reading near to 100% torque 
was noted. Samples were measured at 30 ± 1°C.

Loss on drying  
Loss on drying was determined by placing ointment in petridish on water bath and dried for 1050C.

Percentage loss on drying =
 

100 × (W1 – W2)

W1
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Consistency of an ointment 10

The consistency or hardness of an ointment was measured by Penetrometer. Prepare the test samples 
and carefully and completely fill three containers, without forming air bubbles. Level if necessary to 
obtain a flat surface. Store the samples at 25±0.5°C for 24 hrs, unless otherwise prescribed. Place the 
test sample on the base of the Penetrometer. Verify that its surface is perpendicular to the vertical axis 
of the penetrating object. Bring the temperature of the penetrating object to 25±0.5°C and then adjust its 
position such that its tip just touches the surface of the sample. Release the penetrating object and hold 
it free for 5 sec. Clamp the penetrating object and measure the depth of penetration. Repeat the test with 
the two remaining containers.

Uniformity of weight
Ten tubes were filled randomly and weighed. Ointment was removed from each tube and each empty 
tube was washed with methanol. The empty tubes were dried andtheir weight was taken. The difference 
between two weights was calculated as net weight of the ointment of tube. The average of net weight of 
ointment of ten tubes was noted. 

RESULTS AND DISCUSSIONS

Table 2 : Comparative physicochemical data of various formulations

Formulations Colour Odour Spreadability 
(sec)

Extrudability 
(g) pH

F1 Dark brown Characteristic 52 85 6.8
F2 Dark brown Characteristic 48 88.54 6.9
F3 Greenish black Characteristic 39 95.75 6.8
F4 Greenish brown Characteristic 35 98.65 7.1
F5 Greenish brown Characteristic 40 90.87 7.5

Table 3 : Physicochemical data of various formulations

Formulations Viscocity
(cps) LOD Consistency Weight 

Uniformity

F1 19.874 23%w/w Poor 98.5gm
F2 18.870 24%w/w Good 99gm
F3 17.220 25%w/w Good 99gm
F4 16.520 26%w/w Good 99.30gm
F5 17.560 24%w/w Good 98.5gm
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All the five formulation exhibited dark brown to greenish brown color and characteristic odour. When 
spreadability was evaluated by wooden block glass plate method. F1 and F2 showed more time duration 
which indicated poor spreadability. F4 shows spreadability of 35 seconds which indicated that it is better 
than other formulations. All the formulation shows acceptable pH  but extrudability was uniform for 
F4. The formulations also showed LOD of  23-26% w/w. On considering some important parameters 
consistency, spreadability and extrudability, F4 made by using O/W emulsion base can be considered as 
the best formulation. 

CONCLUSION 
The results of present experimental study showed that it is possible to develop ointment with 10% 
of ethanolic extract of Chromolaena odorata which is useful for anthelmintic, anti-inflammatory and 
antimycobacterial activity .
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ABSTRACT
Introduction to matrix tablets as controlled release given a new break through for new drug delivery 
system in the field of pharmaceutical technology. The aim of present study is to develop matrix 
tablet based controlled release formulation using polymers like ethyl cellulose, hydroxyl methyl 
cellulose E5 and guar gum with different ratios. Ibuprofen was considered as ideal drug for sustained 
release formulation. Compatibilities using FTIR and spectrophotometric UV/Visible analysis 
were done as preformulation studies. The sustained release matrix of ibuprofen were prepared by 
wet granulation technique in different matrix polymer ratios. Prepared tablets were evaluated for 
weight variation, friability, drug content determination, disintegration test, in-vitro drug release 
and stability analysis and concluded that matrix embedding technique using ethyl cellulose as the 
retardant has successfully extended the release of ibuprofen from its tablet formulation.

Key words: Ibuprofen, Ethyl cellulose, Hydroxy propyl cellulose, Guar gum, Wet granulation.

INTRODUCTION
Ibuprofen [RS-2-(4-(2-methyl propyl) phenyl propanoic acid] is an non steroidal, anti-inflammatory 
drug act by inhibiting the enzyme Cyclooxygenase, which converts arachidonic acid to prostaglandin 
H2, inturn is converted by other enzyme to several other prostaglandins and thrombaxane. Ibuprofen 
is absorbed from the gastrointestinal tract and peak of plasma concentrations occur about 1-2 hrs after 
injection. It is absorbed orally, highly bound to plasma protein(90-99%) and has a plasma half life of 
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about 2 hrs. Due to its, analgesic, antipyrectic and anti inflammatory actions it is used in the treatment 
of inflammatory condition such as rheumatoid arthritis, osteo arthritis, ankylosing spondylitis, mild and 
moderate pain, dysmenorrhoea, vascular heads and fever. Due to rapid excretion of ibuprofen in urine, 
large amount of drug is required for conventional dosage form. However, it is suffers from limited 
aqueous solubility, gastro intestinal side effects and hardening of tablets on aging. Due to short half 
life of ibuprofen and rapid excretion from urine, for prevention of drug fluctuation in blood, ibuprofen 
must be administered frequently. Matrix tablets are the type of controlled drug delivery systems, which 
release the drug in continous manner, release the drug by both dissolution controlled as well as diffusion 
controlled mechanism. To control the release of drugs, which are having different solubility properties, 
the drug is dispersed in swellable hydrophilic substances, an insoluble matrix of rigid non swellable 
hydrophobic materials or plastic materials.

Hydrophilic polymer matrix systems are widely used in oral sustained release drug delivery systems 
because of their flexibility to obtain a desirable drug release profile, cost effectiveness and broad 
regulatory acceptance. Drug release from hydrophilic matrices is known to be complex interaction 
between dissolution, diffusion and erosion mechanisms. Hydroxy propyl methyl cellulose is the first 
choice of formulation of hydrophilic matrix system, providing robust mechanism, choice of viscosity 
grades, non-ionic nature, consistent reproducible release profiles, cost effectiveness and utilization of 
existing conventional equipments and methods.  In the method of preparation of sustained release from 
an oral dosage forms is mixed with an inert or hydrophobic polymer and then compressed into a tablet. 
Sustained release is produced due to the fact that the dissolving drug has diffused through a net work 
of channels that exist between compacted polymer particles. Examples materials that have been use as 
inert or hydrophobic matrices include polyethylene, poly vinyl chloride, ethyl cellulose and acrylate 
polymers. The rate controlling step in these formulations is liquid penetration in to the matrix. The 
possible mechanism of release of drug in such type of tablets is diffusion. Such type of matrix tablets 
becomes inert in the presence of water and gastrointestinal fluid. Natural gums are biodegradable matrix 
forming polymers consists of polymers which comprised of monomers linked to one another through 
functional group and have unstable linkage in the backbone. Advantages of matrix tablets include easy to 
manufacture, versatile, effective, low cost and can be made to release high molecular weight compounds. 
But has  some disadvantages that is remaining matrix must be removed after the drug has been released 
and release continuously diminishes due to an increase in diffusional resistance.

MATERIALS AND METHODS
Materials
Ibuprofen was procured from matrich, pvt limited, banglore. Also HPMC phthalate was obtained from 
there. HPMC E5 was obtained from Microlabs, Bangalore. Ethyl cellulose, guar gum, ethanol, talc and 
magnesium stearate were of either pharmaceutical grade or analytical grade.
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Method 
Different matrix embedded formulations of ibuprofen were prepared by wet granulation technique 
using varying proportion of polymers ethyl cellulose, hydroxy propyl methyl cellulose and guar gum. 
Accurately weighed quantity of drug and polymers were mixed thoroughly in geometric proportion. Wet 
mass was prepared using isopropyl alcohol as binder. Then undergone wet screening by passing the wet 
mass through sieve no: 10 and dried at 600C in an oven. Then it is dry screened. The granules obtained 
were blended with 1% talc and 0.5% magnesium stearate and compressed. Further it was subjected to 
compression on single punch tabletting machine with flat inches of 9 mm diameter.

Preparation of coating solution
Weighed accurately 1 gm of hydroxy propyl methyl cellulose phthalate. Then was taken ethanol/water 
in the ratio 8:2. Added 2-3 drops of castor oil to it and mixed well.

Procedure for coating
Twenty tablets were placed in coating pan. Coating solution is sprayed on to tablets through an orifice. 
Rotated the coating pan in 16 rpm for 1hr. Taken out the tablets from coating pan and dried.

Table 1: Formulation

Components F1 F2 F3 F4 F5 F6

Ibuprofen 200mg 200mg 200mg 200mg 200mg 200mg

Ethyl cellulose 50mg 100mg ----- ---- ---- ----

HPMC E5 ---- ---- 50mg 100mg ---- ----

Guar gum ---- ---- ---- ---- 50mg 100mg

Lactose 50mg ---- 50mg ---- 50mg ----

Magnesium stearate 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%

Talc 1% 1% 1% 1% 1% 1%

Pre-formulation studies

Angle of repose 
The angle of repose of granules was determined by the funnel method. The accurately weighed granules 
were taken in a funnel. The height of the funnel was adjusted so that the tip of the funnel just touched 
the apex of the heap of the granules. The granules were allowed to flow through the funnel freely on to 
the graph paper placed on the surface. The diameter of the powder cone was measured and the angle of 
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repose was calculated using the following equation 

            tanӨ =h/r

Where h and r are the height and radius of the heap respectively.

Bulk density
A quantity of 2 gm of powder from each individual formula, shaken lightly to break any agglomerates 
formed and was introduced into a 100mL measuring cylinder. Initial volume was observed; further 
cylinder was allowed to fall under its own weight into a hard surface from the height of 2.5 cm at 2 
seconds intervals. The tapping was continued until no further change in volume was noted. Loose bulk 
density and tapped bulk density was calculated using the following equation

Loose bulk density=total weight of granules/total volume of granules
Tapped bulk density= total weight of granules/ tapped volume of granules

Compressibility index
The compressibility index of the granules was determined by carr’s compressibility index

Carr’s index= [(TBD-LBD)/TBD] ×100

Total porosity 
Total porosity was determined by measuring the volume occupied by a selected weight of powder (V 
bulk) and true volume of granules

Porosity(%) = [(Vbulk-V)/Vbulk]×100

Evaluation of prepared tablets
Weight variation
The weight variation was evaluated on 20 tablets using an electronic balance. Average weight was 
calculated and individual weight was then compared with average value to found out the deviation.

Hardness
Tablet hardness was determined for 10 tablets using Monsanto tablet hardness tester

Friability test
Friability is the measure of tablet strength. This test subjects a number of tablets to the combined efect 
of shock abrasionby utilising a plastic chamber which revolves at a speed of 25 rpm, dropping the 
tablets to a distance of 6 inches in each revolution. A sample of preweighed tablets were placed in 
Roche friabilator which was then dedusted and reweighed. A loss of less than 1% in weight is generally 
considered acceptable. Percent friability was calculated as follows
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      % Friability=[W1-W2/W1]×100

      W1-initial weight   W2-final weight

Drug content determination
Drug content of manufactured tablets of each batch was determined by weighing and finely grinding 
20 tablets from each batch. Aliquot of this powder equivalent to 100 mg of ibuprofen was accurately 
weighed, suitably extracted with 50 mL of NaOH. The resulting solution was filtered, suitably diluted 
using phosphate buffer pH 7.4 and analysed by UV spectrophotometric method at 221nm

Disintegration test
Tablets to be evaluated  are placed in the basket of the disintegration test apparatus and checked the 
nature of the tablets after 2 hrs by maintaning constant rpm and temperature.

In-vitro dissolution studies
In- vitro drug release  studies were carried out using USP Type II dissolution apparatus(Paddle method) 
at 37±10C and 75 rpm. Since ibuprofen is practically insoluble in acidic PH, the dissolution media 
composition maintained was 500 mL of distilled water first two hrs followed with addition of 200 mL of 
concentrated phosphate buffer to raise the pH to 7.4 for remaining period of the study. At predetermined 
time intervals, 10 mL sample was withdrawned and replaced with fresh medium. Sample were filtered 
through whatmann filter paper(No:41) and analysed after dilution. All dissolution studies were carried 
out in duplicate and repeated atleast thrice.

Stability studies
The stability study was carried out according to ICH guidelines. The optimized formulation wsa subjected 
to study at 40±20C and 75±5%RH for 90 days. The sample were evaluated for hardness, friability and 
drug content during stability study.

RESULTS AND DISCUSSION
The principle peaks of the drug was identified and matched with the standard FTIR of the drug, confirming 
that there is no interaction between the drug and excipients. All the formulations showed good blend 
properties for compression.The results showed that weight variation, thickness were lying within limits. 
Because of variation in the compressional force there is a slight variation in hardness of the tablets. As 
the proportion of polymers increases the hardness of the tablets was found to increase.

The friability loss shows that the tablet was found to be mechanically strong. The  stability of the 
optimized formulation F2 was known by performing stability study for 90 days
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Table 2. Pre-formulation Studies

Sl no Batch Bulk density
(gm/ml) Angle of repose

1 F1 0.68 25040’
2 F2 0.73 27028’
3 F3 0.84 26044’
4 F4 0.75 23048’
5 F5 0.66 25034’
6 F6 0.93 24030’

Table 3: evaluation of tablets

Sl no Formulation 
code

Hardness
(kg/cm2) Thickness %Friability 

1 F1 6.2 ± 0.4 3.8 ± 2.4 66

2 F2 6.3 ± 0.36 3.8 ± 2.5 69

3 F3 7.1 ± 0.4 4.1 ± 2.7 72

4 F4 7.2 ± 0.42 4.1 ± 2.8 79

5 F5 6.1 ± 0.3 3.5 ± 0.22 52

6 F6 6.2 ± 0.32 3.6 ± 0.23 53

Fig(1): %Release profiles  of ibuprofen with various polymers
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CONCLUSION
Among all formulation F2, matrix-embedding technique using Ethyl cellulose as the retardant has 
successfully extended the release of Ibuprofen from its tablet formulation. In the present case, we found 
that the incorporation of HPMC in the matrix not only helped to provide good initial retardation in the 
release but also helps to enhance the overall release rate of the drug after a suitable lag time.
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ABSTRACT

Acne vulgarism is a common inflammatory disease of the pilosebaceous unit   85% of young people 
between the ages of 12 and 24 years had acne, and while it is most common in teenagers. This 
was a observational hospital based comparative study on different topical acne therapy methods in 
a medical college hospital of Kerala. It should be conducted on 127 acne patients including both 
men and females between the age group of 14 to 40. The severity of the acne was graded by using 
acne severity index score such as Pillsbury scale. The epidemiological data, information related 
to the drugs and status of the patient was collected with the help of questionnaire. This study was 
concluded that combination therapy produces better results compared to that of mono therapy. In that 
clindamycin adapalene combination was the best topical therapy method used for treating acne.

Key words: Acne, Quality of life, Combination therapy, Psychological status

INTRODUCTION
Acne vulgaris is a common inflammatory disease of the pilosebaceous unit; it is so common that it is 
often referred to as a physiological condition. Research has shown that 85% of young people between 
the ages of 12 and 24 years have acne, and while it is most common in teenagers, acne affects 8% of 
adults aged 25 to 34 years and 3% of adults aged 35 to 44 years. Acne in young adults may represent 
continuation of adolescent acne or development of late-onset disease. Acne is more common in boys 
than girls during adolescence, but the incidence is higher in women during adulthood. Nodulocystic acne 
has an increased prevalence in white people compared to black people. Prevalence varies greatly across 
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the world, with Western modernised civilisations demonstrating much higher rates of acne, whereas 
some non-industrialised societies report no cases of acne. Acne vulgaris affects 40 to 50 million people 
annually in the US. 

Patients with mild acne usually require topical treatment alone. Those with more extensive acne should 
be prescribed topical agents in conjunction with appropriate oral therapy. Many topical preparations are 
available and the choice of preparation will depend on the type of lesions seen on clinical examination. 
Patients with mixed lesions should be prescribed therapy that is active against microcomedones, 
comedones and inflammatory lesions from the outset. No single topical agent is able to impact on all of 
the etiological factors implicated in acne pathogenesis and a combination of preparations may be needed 
for a successful outcome. .(19)

MATERIALS AND METHODS
Study Site:
Study was conducted at the outpatient department of MES Medical College Hospital Perinthalmanna, 
Malappuram (Dt), Kerala. 

Study Design:
This is a observational Hospital based study. A comparative study of different topical therapy methods 
were observed in a medical college hospital of Kerala. It should be conducted on both men and females 
between the age group of 14 to 40 using acne severity index score such as Pillsbury scale. 

Study Period:
The study carried out from May 2012 to February 2013. 

Study Population:
Total 127 psymptomatic acne vulgaris patients. 

Study Criteria-Inclusive Criteria: 
Both males and females are participated. Patients with the age group of 14 to 40 including both out 
patients and in patients. Patients with acne scars were also included in this study.

Exclution Criteria:
Pediatric patients, pregnant women, lactating women patients associated with  other skin disorders like 
dermatosis, patients with psoriasis and eczema, mouth and facial cancer patients are excluded. 

Designing of Data Collection Form:
A suitable data collection form was designed to collect and document the data. Data collection form 
included the provision for collection of information related to demographics details of the patient, age, 
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sex, BMI, occupation, social history, nature of skin, number of papules before treatment, past medication, 
present medication, time and number of applying medications. ADRS of the drug. Duration of therapy, 
The data regarding study was evaluated, made in to a report and submitted. 

Study Procedure:
The acne patients those who are approaching to the dermatologist of MES medical college hospital and 
those who met the study criteria are enrolled in to the study. After obtaining the permission from doctor 
and the patients, approach the patient with the questionnaire. The questionnaire include the information 
related to demographics of the patients such as age, sex, BMI are included. This is done in order to 
collect the epidemiological data of the study. The information’s that are needed for comparing different 
topical therapy methods are collected with the help of questionnaire. Such as NO papules before and 
after the therapy, duration of therapy, time of application, etc. The adverse drug reactions of the drugs 
were categorized as drynes, redness, peeling, irritation, etc. The information collected regarding the 
adverse drug reactions was correlated with patient education and patient complaints. This was done with 
the help of certain questions such as do not use in day time, use with sunscreens etc. Ethical clearance 
was approved from ethical committee and hospital authority sanctioned

RESULT S
Age wise distribution (N=120)
Acne develops during puberty due to the influence of the androgenic hormones and p.acne. Data shown 
on the Table 1 reveals that the patients with in the age groups 20-30 are more bothered about acne ie 52 
numb (43.3%) and approaches the dermatologists for the treatment.

Acne Grade and Sex Wise Distribution Data
Micro comedons, pustules, nodules and cysts are the different grades of acne. Table 2 shows that pustules 
are more common form of acne lesions and females (72) are more bothered about acne and seek the 
treatment more than that of males (58). 

Improvement of Symptoms Wise Distribution Data 
In this study the efficacy of clindamycin topical preparation, Clindamycin + Adapalene combination and 
Clindamycin + Benzyl peroxide combination was compared. The efficacy was accessed on the basis of 
improvement of symptoms. Table 3 shows that combination therapy was more suitable for treating acne 
than mono therapy in that antibiotic and retinoid  combination i.e. Clindamycin + Adapalene shows 
better results. This result is shown in Figure 1

Degree of Bother from Local ADR
Total number of ADR's reported is 200. By the evaluation of the data given in Table 4 revealed that, 
the ADR's reported are dry skin, redness, peeling, itching, and irritation. Dosikjs in 2005 compared the 
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adverse drug reactions of topical medication and found that the ADR's reported was mild. It reveals 
that the ADR's reported are mild and all the mono and combination therapies shows some type of local 
ADR's. In that the combination therapy shows some higher amount of ADR's.

Patient complance and their impact on reducing ADR
Table 5 shows the number of patients adhered with the physicians and pharmacists instructions and the 
impact of this for reducing the ADRS. The patients those who got correct patient counseling and those 
who adhere with it had shown low severity of Adverse drug reaction compared to that the patients did 
not got the correct information.

This was found that the Number of ADRS reported and their severity shows higher in patients those who 
not follow the instructions of the health care professions and show marked effect of reduction of ADRS 
in patients those who got correct patient counseling and those who adhere with it.

Table 1 The prevalence of acne according to age

Groups
Age in years

15-20 
(inyears)

20-30 
(years) 30 years & above

Clindamycin alone 13 15 4

Clindamycin + Adapalene combination 19 20 11

Clindamycin + Benzyl peroxide combination 16 17 5

Total 48 52 20

Table 2 Prevalence of acne according to sex wise distribution

 Severity of Acne Male Female

Micro Comedons 9 (15%) 10 (8%)

Pustule 20 (35%) 24 (33%)

Nodule 16 (28%) 21 (29%)

Cyst 13 (22%) 17 (23%)

Total 57 (47%) 72 (53%)
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Table 3 Improvement of symptom wise distribution

Drug
Reduction of Leisions Inflammatory 

leision

Non 
inflammatory 

leision

Inflammatory Non inflammatory Total Mean Mean

Clindamycen 7.46% 36.5% 43.9% 1.6±1-53 9±4

Clin + BPO 13.5% 40.2% 53.7% 3.67±1.52 9±3

Clin + AP 20.8% 57% 78.1% 4.67±2.08 12±3-46

p value: for inflammatory lations: 0-5204 it was not significant and p value for non inflammatory 
lations was 0.1780 it was not significant.

Table 4 : Degree of bother from local ADR

Drug
Total ADRS reported -200ADRS

Dry skin Redness Peeling Itching Irritation

Clindamycin 12(9%) 15(12%) 8(2%) 40(20%) 6(3%)

Clin + BPO 14(7 %) 16(8 %) 13(6.5%) 18(15%) 40%(48)

Clin + ADP 45(25%) 20(10%) 63(30%) 51(25%) 20(10%0

Table 5: Patient compliance and their impact on reducing ADR

Instructions No of patients following 
the instructions

No of patients shown 
reduction on ADR

Do not use this medication in day light 68 (56%) 61 (89.7%)

Use with the aid of sun screens 23 (19%) 20 (86%)

Patient following both the instructions 23 (19%) 22 (95.6%)
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Fig 1 Patient complaints and their impact on reducing ADR
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DISCUSSION
This is an observational hospital based study. It should be conducted on both men and females between 
the age group of 14 to 40. Total 120 patients of symptomatic acne vulgarism were included in the study.  
The study conducted on M.E.S Medical college shows that the  acne reporting was seen more in patients 
with age group 20-30. This reveals that the patients more bothered about are in this group. This   study 
had shown that female patients were more bothered about acne and they approaching the dermatologists 
for the treatment. In this study they are 72 out of 120. Papules are the most common form and cysts are 
the most severe form. American journal of dermatology in there recent study also shows the same. In this 
study the dermatologist of m.e.s. medical college hospital uses Clindamycin + Adapalene combination 
than Clindamycine + Benzyl peroxide or clindamycin alone Malone, et. al., also shares the same opinion.
This study reveals that the trust of dermatologists on clindamycin adapalene combination is due to the 
efficacy of the combination. This study had give an idea about nature skin that influences  acne from this 
it was found that oily skin patients are more prevalence of getting acne than dry skin patients.This is may 
be due to that in oily skin patients the sebum production may be more and the atmosphere for the growth 
and development for p acne is created. they will produce inflamtion and develop acne. The journey of my 
study given a clear cut idea about symptoms of acne and theire improovment with different medications 
the lesions of acne may be comedone, papule, pustule or nodule. This lessions should be reduced by all 
the three drug combinations that are used in the study. Different phases of the study has shown that the 
the possible adverse drug reactions on all the three combinations of the drugs While discussing with the 
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reported ADR's of this drugs. In that the combination therapy shows some higher amount of ADR's. The 
importance of patient counseling in the management of reducing the adverse drug reactions this study 
reveals that patient complaints and patient education shown major impact on reducing the topical adr's 
of the drugs.

CONCLUSION
The present study shows that Acne vulgarism has high prevalence rate 85% of people have acne once 
in their life female patients was more bothered about acne than males. By comparing the mono and 
combination topical therapy methods it reveals that combination therapy has shown better efficacy than 
mono therapy. In that the combination of antibiotic & retinoid group shows well known effects. Even 
through all three groups of Clindamycin, Clindamycin + Benzyl peroxide and Clindamycin + Adapalene 
combination shown some sort of mild ADR like skin irritation, etc. The Clindamycin + Adapalene 
combination shows some higher amount of ADR's like peeling & dryness. But the study reveals that 
it should be reduced by better patient education. Thus the study states that clindamycin and adapalene 
combination shows higher efficiency better tolerability and reduces the antibiotic resistance.
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ABSTRACT

Diabetes is attaining epidemic proportions across the world. The most prevalent treatment strategy 
for diabetes focuses on the control of postprandial blood glucose which is found to be associated 
with cardiovascular diseases. In recent years, insulin delivery routes have undergone a radical 
change. The subcutaneous route may not necessarily succeed in providing satisfactory postprandial 
hyperglycemic management. Several non-invasive approaches for insulin delivery are being 
pursued by pharmaceutical companies to reduce the pain, and hypoglycemic incidences associated 
with injections in order to improve patient compliance. Over the last decade, many routes including 
pulmonary, nasal, transdermal, buccal and oral have been studied for insulin delivery to achieve 
the therapeutic insulin levels using non-invasive drug delivery systems.

Keywords: Diabetes mellitus,insulin,non-invasive routes

INTRODUCTION
Diabetes mellitus (DM) is a disorder of altered glucose metabolism characterized by chronic hyperglycemia 
with perturbed carbohydrate, fat and protein metabolism. It is one of the most prevalent endocrinopathy 
affecting a large percentage of population all over the world and has assumed epidemic proportions. In 
the year 2000, there were about 171.2 million diabetic patients in the world and this number may rise to 
366.2 million by the year 2030.(1)

Insulin is a hormone secreted by β cells of islets of Langerhans and is responsible for controlling, 
transportation, utilization and storage of glucose in the body.(2) The principal mediator of insulin secretion 
is the plasma concentration of glucose. In normal individuals, a rise in blood glucose level triggers the 
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β cells of pancreas to secrete insulin into blood stream. Insulin, then acts by binding to its receptors on 
peripheral cell surfaces and also to receptors mainly in liver, muscle and adipose tissue thereby signaling 
the cells to increase the glucose uptake. As the blood glucose level returns to normal, the insulin level 
in the blood recedes. Secretion of insulin is, therefore, a carefully regulated process which is meant 
to maintain healthy levels of blood glucose in the blood stream, during periods of low and high food 
intake. 

 Intravenous (IV) insulin with its rapidity of action, safety profile, and predictable glucose lowering effects, 
till date remains the most effective means of controlling blood glucose levels in hospitalized patient 
with Type I or Type II diabetes. Patients on IV insulin must be switched to Subcutaneous (SC) insulin 
before discharge. Subcutaneous injection, the traditional and standard method of insulin administration 
deposits insulin reservoir under the patient’s skin. Insulin injected into a subcutaneous depot seeps into 
the general circulation. This however exposes all tissues to insulin for a prolonged period of time, thus 
leading to the development of metabolic and cardiovascular complications that might manifest as a 
part of the diabetic complications.(3)This method is often painful and hence,also deterrent to patient 
compliance especially for those requiring multiple dose injections of four times a day. Also, there have 
been reports of hypoglycemic episodes following multi dose injections of insulin.(4)

Several new approaches to the method have been adopted to decrease the suffering of the diabetic 
patients including the use of supersonic injector, infusion pump, sharp needles and pens. While some 
of them eased the pain encountered by the diabetic patients, they offer incomplete convenience. Even 
though the ultimate goal would be to eliminate the need to deliver insulin exogenously and regaining 
the ability of patients to produce and use own insulin, new concepts are currently explored to deliver 
insulin using oral, pulmonary, nasal, ocular and rectal routes. The success of the route of administration 
is judged on the basis of its ability to elicit effective and predictable lowering of blood glucose level 
and therefore minimizing the risk of diabetic complications. It is clear that several difficulties have to 
overcome with the use of formulation and application devices technology.(5)

Alternative Devices for Insulin Delivery
Alternative Insulin delivery systems that are currently available for the administration of insulin include 
insulin infusion pumps, insulin jet injectors and pens. 

Insulin Infusion pumps
Continuous subcutaneous insulin infusion (CSII) is a way to simulate the physiology of daily insulin 
secretion.(6) The first CSII pump was introduced in the market in 1974.(7) Although the size of the initial 
designs was prohibitive, the technological advances in the pump designs of CSII led to the development 
of newer systems that are much smaller in size (approximately the size of a pager, i.e., 5×7.5 cm). These 
are relatively easier to operate than the earlier ones and can be carried conveniently in a shirt pocket. 
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Insulin pumps provide accuracy and greater flexibility in insulin delivery for patients according to their 
individual requirements, especially during travel. Some of the available infusion pumps have the ability 
to accurately deliver microdoses (0.1 units) of insulin. The newer devices are easy to use and carry and 
provide a small subcutaneous depot of unabsorbed insulin. The pump devices allow a patient to achieve 
a very tight control of plasma glucose levels and enhance the overall quality of life. However, if and 
when insulin delivery is interrupted by infusion set malfunction, needle displacement, pump dysfunction 
or lack of insulin in the reservoir, circulating insulin concentration drops rapidly causing problems.(8)

Components of Insulin Pump Therapy

a) Insulin Pump
A small durable medical device that has  Buttons to program insulin, LCD screen to show programming 
and a Battery compartment to hold 1 AAA alkaline battery. 

b) Reservoir
A plastic cartridge that holds the insulin that is locked into the insulin pump. It comes with a transfer 
guard (blue piece at the top that is removed before inserting the reservoir into the pump) that assists with 
pulling the insulin from a vial into the reservoir. A reservoir can hold up to 300 units of insulin and is 
changed every two to three days.

c) Infusion Set
An infusion set includes a thin tube that goes from the reservoir to the infusion site on your body. The 
cannula is inserted with a small needle that is removed after it is in place. It goes into sites (areas) on 
human body similar to where  insulin injections are given. The infusion set is changed every two to three 
days.

d) Infusion Set Insertion Device
An infusion set is placed into the insertion device and with a push of a button the infusion set is inserted 
quickly and easily.(9)

Advantages of Insulin pump therapy

Increased flexibility in lifestyle.	

Predictable insulin delivery.	

Precise insulin delivery.	

Ability to accurately deliver 1/10th of a unit of insulin.	

Tighter blood glucose control, while reducing the risk of low blood glucose.	
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Reducing episodes of severe hypoglycemia.	

Reducing wide fluctuations in blood glucose.	

Helping manage the "dawn phenomenon."	

Disadvantages of Insulin pump therapy

Risk of skin infections at the catheter site	

Risk of diabetic ketoacidosis from pump malfunction or absorption problems. 	

Cost of pumps are expensive, plus the continuing cost of supplies.	

Checking blood glucose at least 4 times per day.	 (10)

Insulin Jet injectors
Jet injectors, (introduced in the 1980s), are designed to deliver a fine stream of insulin transcutaneously 
at high speed and high pressure to penetrate the skin without a needle. The use of force on a fluid 
under considerable pressure through a very small opening allows such systems to deliver insulin without 
using a needle to pierce the skin. The dose is controlled by a dial-a-dose operation through a single 
component design in comparison to the conventional multicomponent syringe and vial method. The 
available jet injectors allow a dose range of two to 50 units of insulin and can deliver insulin in half-unit 
increments. Insulin that is administered by the jet injector method is absorbed rapidly without the risk of 
subcutaneous infection.(11) In gestational diabetes, jet injection therapy is associated with less antiinsulin 
antibody (AIA) production and better postprandial glycemia.(12)

Working of Insulin Jets
Insulin jets typically contain three parts: the delivery device (shaped like a pen), a disposable injector 
nozzle, and a disposable insulin vial adapter. The pen is loaded by filling the insulin adapter with insulin. 
Once loaded, the insulin jet is set to the prescribed insulin dose. The jet injects insulin through skin 
by forcing a high-pressured stream of insulin through a very tiny hole at the end of the disposable 
injector nozzle. This high-pressured stream of insulin penetrates the outer layer of skin so that it can 
disperse through the lower layers of skin and into the blood stream. The tiny opening at the end of the 
disposable injector nozzle typically measures less than 0.009 inches in diameter, which is much smaller 
than the typical insulin needle, which measures 0.28 inches in diameter. Insulin jets use one of two 
different sources of “power” to pressurize the insulin: either a compressed gas cartridge or a compressed 
spring. Compressed springs are the most commonly used source of “power” due to the fact that they 
are lightweight, small, durable, and inexpensive. Compressed gas cartridges typically contain either 
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nitrogen or carbon dioxide. These cartridges can produce more pressure than springs, but have to be 
replaced more often, cost considerably more, and weigh significantly more.(13)

Insulin Pens
Pen devices are novel in that they combine the insulin container and the syringe into a single modular 
unit. Insulin pens eliminate the inconvenience of carrying insulin and syringes. The first insulin pen 
(NovoPen®) was introduced by Novo Nordisk in 1987. Many pens are available since then in a variety of 
types and shapes. There are two main types of pens, one that is reusable and the other a prefilled device. 
In the former case, the patient must load an insulin cartridge prior to use. The number of steps required 
to change an insulin cartridge with reusable pens varies between the different pen device manufacturers. 
Prefilled devices are well accepted in a bedtime insulin regimen for type 2 patients.(14)

Reusable insulin pens offer a wide range of advantages such as their durability, eliminating the need of 
cartridge refrigeration and flexibility in carrying three to five day supply. The pens also offer discreetness 
by resembling fountain pen. The refilled insulin pens are smaller in size and lighter in weight. They 
cause minimal pain due to the finest and shortest disposable insulin needles. In addition, they are quick 
and easy to use as they resemble the fountain pen and they are considered to be discreet. In using insulin 
pens, the patient must attach a needle, prime the pen, set the dose by a dial and depress the plunger to 
administer the selected dose.(15)

Advantages of insulin pen over syringe
Insulin pens are very easy to use. They are great for young diabetics who need to deliver insulin at school. 
Furthermore, many diabetics find insulin pens almost painless. They are also portable and discreet, as 
well as not being as time-consuming as syringes. An accurate dose can be pre-set on the dosage dial, 
which can be useful for diabetes sufferers who also have impaired vision.(16)

 Disadvantage of insulin pen over syringe
Insulin pens are not right for 100% of diabetes patients. Insulin in pens and cartridges is generally more 
expensive than bottled insulin and syringes. When pens are used a small quantity of insulin is wasted, 
making the process less economical. Not all types of insulin are available to be used in insulin pen 
cartridges at this stage. Furthermore, insulin pens do not let the mixing of two different types of insulin, 
meaning in some cases two separate injections will have to be administered. The pen and needles have to 
kept separate, until they are ready to injected, otherwise the sterility of the needle will be  affected.(17)

Newer Trends in Insulin Delivery Systems
The development of novel non-invasive routes of insulin administration promises to further improve 
diabetes management. Several companies are working on developing new ways of taking insulin, from 
pills to patches to mouth sprays to inhalers. Inhalers are furthest along in development and one has 
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already been approved for marketing.

Insulin inhalers: The first attempt to deliver insulin by inhalation was made more than half century 
ago.(18) Clinical experience has shown that inhaled insulin has the potential to be an effective treatment 
in patients with diabetes, with particular utility in the treatment of postprandial hyperglycaemia.(19,20)

The inhaled products fall into two main groups: the dry powder formulations and solution, which are 
delivered through different inhaler systems. Exubera®, containing rapid-acting insulin in powder form, 
was studied in patients with type 1 and type 2 diabetes mellitus.(21) The results of a patient preference 
study, using a comparison of utility scores, showed a greater preference for the inhaled route over insulin 
injection.(22)However, issues like cost, the bulkiness of the device, and the small number of studies in 
subjects with underlying respiratory disease prevented widespread use of this new mode of delivery.(23,24)

Exubera® was available for less than one year, and then Pfizer took it off the market in 2007 because 
the drug failed to gain market acceptance. Afrezza®: (MannKind Corporation, Valencia, CA, USA) is a 
recombinant human insulin, using the Technosphere® concept and administered using a next-generation 
inhaler called Dreamboat®.(25)The U.S Food and Drug Administration further approved Afrezza in June 
2014,after the agency had asked Mannkind  to run additional clinical studies on the drug.(26)

Oral-lynTM: Oral-lynTM is a liquid formulation of human regular insulin with a spray propellant for 
prandial insulin therapy. The formulation results in an aerosol with relatively large micelles where the 
majority of the particles have a mean size >10 μm and therefore cannot go into the lungs. Each puff is 
claimed to deliver 10 U of insulin. The absorption rate of administered insulin as a puff is 10%, and that 
corresponds to 1 U when 1 puff of 10 U is delivered, which means 10 puffs will deliver 10 U insulin for 
a meal.(27) Clinical studies in healthy volunteers and subjects with type 1 and type 2 diabetes have shown 
that the oral insulin spray was absorbed in direct relation to the amount given, and it had rapid onset and 
a shorter duration compared with regular insulin given subcutaneously. In all of the studies conducted, 
the oral insulin spray was generally well tolerated. The only side effects included mild episodes of 
transient dizziness in some healthy volunteers and subjects with type 1 diabetes. (28) 

Oral insulin: Oral insulin has benefits in terms of compliance among patients, as well as physiological 
advantages because oral insulin can mimic the physiological fate of insulin through first pass to the liver, 
directly and effectively inhibiting hepatic glucose production.(29) In recent years, chitosan cross-linked 
to various hydrophobic polymers has been utilized for the preparation of orally delivered drugs because 
of improved permeation and sustained release characteristics.(30,31) The newer products that are being 
tried include water-soluble, long-acting insulin derivative, [(2-sulfo)-9-fluorenylmethoxycarbonyl]3-
insulin,(32) vitamin B12-dextran nano particles,(33) lipid nanoparticles,(34)and PEGylated calcium phosphate 
nanoparticles as oral carriers for insulin.(35) Biocon (Bangalore,India) is manufacturing IN-105,which is 
in late  phase 3.IN-105 is a human recombinant insulin conjugated with polyethylene glycol via an acetyl 
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chain. It is orally bioavailable and stable at ambient conditions. Preclinical studies in different species 
have shown acceptable efficacy and safety. Its maximal circulating insulin levels after oral administration 
of 5 mg were observed after 20 minutes, and the maximum drop in glucose occurred at 40 minutes after 
oral administration. Phase 1 and phase 2 trials demonstrated that the absorption of IN-105 and the 
reduction in blood glucose levels were proportional to the dose administered.(36)

Transdermal Insulin:Altea has developed trandermal patches for insulin delivery.The electronic 
adhesive patch is first applied to the skin,vaporizing superficial dermal cells and forming micropores 
for insulin to pass through, and then the insulin patch is applied.It provides basal insulin delivery over 
12 hours.(37)Transferosulin has been developed by Idea,using particles called transformers. Transformers 
are similar to lyposomes but more deformable and can easily pass through the skin.Their membrane 
contains phospholipids and has hydrophilic inside where insulin is carried.(38)

InsulinSpray: Insulin spray is another recent approach in delivering insulin through the buccal mucosa. 
Insulin buccal spray (IBS) was developed using soybean lecithin and propanediol as absorption enhancers.
(39) Mouth sprays deliver insulin through an aerosol spray and hence, they differ from inhalers. In mouth 
sprays, the insulin is absorbed through the inside of cheeks and in the back of mouth instead of lungs.
(40,41)Two forms of mouth spray (Rapid Mist/Oralin) are being developed by Generex Biotechnology(42,43) 
One of the forms is fast-acting whereas, another one covers the basal rate of insulin (the basal rate is the 
amount of insulin required throughout the day to keep blood sugars stable).

CONCLUSION
The ultimate goal in the treatment of type 1 diabetes mellitus would be probably some kind of β cells 
transplantation of the islets of Langerhans as a physiological alternative to insulin injections or the 
correction of defective genes that are responsible for it. In type 2, emphasis should be given to prevent 
or delay the disease, which many studies related to urbanization, modernization and the sedentary life-
style. The current advocacy of intensive insulin therapy regimens involving multiple daily subcutaneous 
injections places a heavy burden of compliance on patients and has prompted interest in developing 
alternative. Therefore, investigations into various means to administer insulin in a safe and effective 
manner should continue. Of the alternatives to subcutaneous and injected insulin, intranasal, inhalable, 
and oral insulin could prove to be the most cost-effective ones. Oral insulin in particular could prove to 
be promising, especially since as a therapy it seems to have progressed with nanotechnology research, 
allowing for several types of encapsulations to bypass the gastric acidic environment.
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ABSTRACT
This article analyzes the impacts of the international legal framework for the promotion of 
intellectual property rights concerning the control over biological resources and inventions derived 
from these resources. It focuses in particular on the newly adopted Biodiversity Act and Plant 
Variety Act as well as on amendments to the Patents Act and their organic relationship within the 
overall domestic legal framework. It analyzes these enactments in the context of the move towards 
the control of biological resources and derived products through property rights fostered by 
existing international treaties, in particular the TRIPS agreement and the biodiversity convention. 
The impact not only for control over biological resources and derived products but also more 
generally on the management of agriculture in developing countries and the realization of food 
security and the human right to food at the individual level.

INTRODUCTION
Biodiversity or biological diversity is the diversity of life. The existence of a wide range of different 
types of organisms in a given place at a given time is referred as biodiversity. Biodiversity is a neologism 
and a portmanteau word, from bio and diversity. The term biological diversity was coined by Thomas 
Lovejoy in 1980, while the word biodiversity itself was coined by W.G. Rosen in 1985 while planning 
the National Forum on Biological Diversity organized by the National Research Council (NRC) which 
was to be held in 1986, and first appeared in a publication in 1988 when entomologist E. O. Wilson used 
it as the title of the proceedings of that forum1, 2. The word biodiversity was deemed more effective in 
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terms of communication than biological diversity. The most straightforward definition is "variation of 
life at all levels of biological organization"3. A second definition holds that biodiversity is a measure of 
the relative diversity among organisms present in different ecosystems. "Diversity" in this definition 
includes diversity within a species and among species, and comparative diversity among ecosystems.  
A third definition that is often used by ecologists is the "totality of genes, species, and ecosystems of a 
region". An advantage of this definition is that it seems to describe most circumstances and present a 
unified view of the traditional three levels at which biodiversity has been identified:

Genetic diversity - diversity of genes within a species. There is a genetic variability among the 	

populations and the individuals of the same species 

Species diversity - diversity among species in an ecosystem. "Biodiversity hotspots" are excellent 	

examples of species diversity. 

Ecosystem diversity - diversity at a higher level of organization, the ecosystem, to do with the 	

variety of ecosystems on Earth. 

If the gene is the fundamental unit of natural selection, according to E. O. Wilson, the real biodiversity 
is the genetic diversity. For geneticists, biodiversity is the diversity of genes and organisms. They study 
processes such as mutations, gene exchanges, and genome dynamics that occur at the DNA level and 
generate evolution.

For biologists, biodiversity is the gamut of organisms and species and their interactions. Organisms 
appear and become extinct; sites are colonized and some species develop social organizations to improve 
their varied strategies of reproduction.

For ecologists, biodiversity is also the diversity of durable interactions among species. It not only 
applies to species, but also to their immediate environment (biotope) and their larger eco-region. In each 
ecosystem, living organisms are part of a whole, interacting with not only other organisms, but also with 
the air, water, and soil that surround them.

Biodiversity is usually plotted as taxonomic richness of a geographic area, with some reference to a 
temporal scale. 

Whittaker4 described three common metrics used to measure species-level biodiversity, encompassing 
attention to species richness or species evenness:

Species richness - the most primitive of the indices available. 	

Simpson index 	

Shannon index 	
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There are three other indices which are used by ecologists:

Alpha diversity refers to diversity within a particular area, community or ecosystem, and is 	

measured by counting the number of taxa within the ecosystem (usually species) 

Beta diversity is species diversity between ecosystems; this involves comparing the number of 	

taxa that are unique to each of the ecosystems. 

Gamma diversity is a measure of the overall diversity for different ecosystems within a region.	

World Trade Organization (WTO) 
WTO negotiations have major implications for the Convention on Biological Diversity (CBD) and its 
objective to protect global biological diversity5. WTO agreements could undermine the goals of the CBD 
in numerous ways. This paper focuses on the major areas agreed during the WTO’s Fourth Ministerial 
Conference in Doha, Qatar in November, 2001 and their implications for biodiversity6.

Distribution of Biodiversity
Biodiversity is not distributed evenly on Earth. It is consistently richer in the tropics. As one approaches 
Polar Regions one finds fewer species. Flora and fauna vary depending on climate, altitude, soils and the 
presence of other species. In the year 2006 large numbers of the Earth's species are formally classified as 
rare or endangered or threatened species; moreover, most scientists estimate that there are millions more 
species actually endangered which simply have not been formally recognized.

A biodiversity hotspot is a region with a high level of endemic species. These biodiversity hotspots were 
first identified by Dr. Norman Myers in two articles in the scientific journal The Environmentalist (1988 
and 1990). Hotspots unfortunately tend to occur near areas of dense human habitation, leading to threats 
to their many endemic species. As a result of the pressures of the rapidly growing human population, 
human activity in many of these areas is increasing dramatically. Most of these hotspots are located in 
the tropics and most of them are forests.

For example, Brazil's Atlantic Forest contains roughly 20,000 plant species, 1350 vertebrates, and 
millions of insects, about half of which occur nowhere else in the world. Similarly, India’s silent valley 
in Kerala State is rich with more than 5000 plant species. The Madagascar dry deciduous forests and 
lowland rainforests possess a very high ratio of species endemism and biodiversity, arising from the fact 
that this island separated from mainland Africa 65 million years ago.

Evolution of Biodiversity
Biodiversity found on Earth today is the result of 4 billion years of evolution. The origin of life is not 
well known to science, though limited evidence suggests that life may already have been well established 
only a few 100 million years after the formation of the Earth. Until approximately 600 million years ago, 
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all life consisted of bacteria and similar single-celled organisms.

The history of biodiversity during the Phanerozoic (the last 540 million years), starts with rapid growth 
during the Cambrian explosion—a period during which nearly every phylum of multicellular organisms 
first appeared. Over the next 400 million years or so, global diversity showed little overall trend, but was 
marked by periodic, massive losses of diversity classified as mass extinction events.

The apparent biodiversity shown in the fossil record suggests that the last few million years include the 
period of greatest biodiversity in the Earth's history. However, not all scientists support this view, since 
there is considerable uncertainty as to how strongly the fossil record is biased by the greater availability 
and preservation of recent geologic sections. Some (e.g. Alroy et al. 2001) argue that corrected for 
sampling artefacts, modern biodiversity is not much different from biodiversity 300 million years ago5. 
Estimates of the present global macroscopic species diversity vary from 2 million to 100 million species, 
with a best estimate of somewhere near 10 million.

Most biologists agree however that the period since the emergence of humans is part of a new mass 
extinction, the Holocene extinction event, caused primarily by the impact humans are having on the 
environment. At present, the number of species estimated to have gone extinct as a result of human action 
is still far smaller than are observed during the major mass extinctions of the geological past. However, 
it has been argued that the present rate of extinction is sufficient to create a major mass extinction in less 
than 100 years. Others dispute this and suggest that the present rate of extinctions could be sustained for 
many thousands of years before the loss of biodiversity matches the more than 20% losses seen in past 
global extinction events.

New species are regularly discovered (on average about three new species of birds each year) and many, 
though discovered, are not yet classified (an estimate states that about 40% of freshwater fish from South 
America are not yet classified). Most of the terrestrial diversity is found in tropical forests.

Ecological Role of Biodiversity
All species provide at least one function in an ecosystem. Each function is an integral part of regulating 
the species balance, species diversity and species health: all aspects which are intrinsic for the ecosystem 
as a whole to survive and prosper.

Ecosystems also provide various infrastructures of production (soil fertility, pollinators of plants, 
predators, decomposition of wastes...) and services such as purification of the air and water, stabilisation 
and moderation of the climate, decrease of flooding, drought, and other environmental disasters.

Research suggests that a more diverse ecosystem is better able to withstand environmental stress and 
consequently is more productive. The loss of a species is thus likely to decrease the ability of the system 
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to maintain itself or to recover from damage or disturbance. Just like a species with high genetic diversity, 
an ecosystem with high biodiversity may have a greater chance of adapting to environmental change. In 
other words, the more species comprising an ecosystem, the more resilient and stable the ecosystem is 
likely to be. The mechanisms underlying these effects are complex and hotly contested. In recent years, 
however, it has become clear that there are real ecological effects of biodiversity.

Economic Role of Biodiversity
For all humans, biodiversity is a resource for daily life. One element of biodiversity is crop diversity. 
Many see biodiversity as a reservoir of resources to be drawn upon for the manufacture of food, 
pharmaceutical, and cosmetic products. This concept of biological resources management probably 
explains most fears of resource disappearance related to erosion of biodiversity. However, it is also the 
origin of new conflicts dealing with rules of division and appropriation of natural resources.

Ecologists and environmentalists were the first to insist on the economic aspect of biological diversity 
protection. Thus, E. O. Wilson wrote in 1992 that: biodiversity is the one of the greater wealth’s of the 
planet, and nevertheless less recognized as such. Estimation of the value of biodiversity is a necessary 
precondition to any discussion on the distribution of biodiversity richness. This value can be divided 
into use value (direct such as tourism or indirect such as pollination) and non-use or intrinsic value. The 
concept of ecosystem services attempts to quantify the economic value to mankind of all the functions 
the natural environment performs.

Since biological resources represent an ecological interest for the community, their economic value 
is also increasing. New products are developed because of biotechnologies, and new markets created. 
For society, biodiversity also is a field of activity and profit. It requires a proper management setup 
to determine how these resources are to be used. Some of the important economic commodities that 
biodiversity supplies to humankind are: unique scientific research tools, food, medicine, industry, 
recreation and Ecotourism.

Scientific Role of Biodiversity
Finally, biodiversity is important because each species can give scientists some clue as to how life 
evolved and will continue to evolve on Earth. In addition, biodiversity helps scientists understand how 
life functions and the role of each species in sustaining ecosystems. The availability of unique genetic 
material for each living species may have incalculable value as evidenced by medical and genetic research 
that can lead to discoveries that may reduce mortality.

As of 2005 there have been numerous cases where genetic material unique to a given species has been 
utilized in developing a disease cure or producing a biochemical that is instrumental in medical research 
beneficial to humans. If genetic materials are lost through the present Holocene extinction event numerous 
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medical cures will be foreclosed and lost forever.

Threats to Biodiversity
During the last century, erosion of biodiversity has been increasingly observed. Some studies show that 
about one of eight known plant species is threatened with extinction. Some estimates put the loss at up to 
140,000 species per year (based on Species-area theory) and subject to discussion6. This figure indicates 
unsustainable ecological practices, because only a small number of species come into being each year. 
Most of the species extinctions from 1000 AD to 2000 AD are due to human activities, in particular 
destruction of plant and animal habitats. Almost all scientists acknowledge that the rate of species loss 
is greater now than at any time in human history, with extinctions occurring at rates hundreds of times 
higher than background extinction rates.

Elevated rates of extinction are being driven by human consumption of organic resources, especially 
related to tropical forest destruction7. While most of the species that are becoming extinct are not food 
species, their biomass is converted into human food when their habitat is transformed into pasture, 
cropland, and orchards. It is estimated that more than 40% of the Earth's biomass is tied up in only the 
few species that represent humans, our livestock and crops. Because an ecosystem decreases in stability 
as its species are made extinct, these studies warn that the global ecosystem is destined for collapse 
if it is further reduced in complexity. Factors contributing to loss of biodiversity are: overpopulation, 
deforestation, pollution (air pollution, water pollution, soil contamination) and global warming or climate 
change, driven by human activity. These factors while all stemming from overpopulation; produce a 
cumulative impact upon biodiversity.

Some characterize loss of biodiversity not as ecosystem degradation but by conversion to trivial 
standardized ecosystems (e.g., monoculture following deforestation). In some countries lack of property 
rights or access regulation to biotic resources necessarily leads to biodiversity loss (degradation costs 
having to be supported by the community).

The widespread introduction of exotic species by humans is a potent threat to biodiversity. When exotic 
species are introduced to ecosystems and establish self-sustaining populations, the endemic species 
in that ecosystem that have not evolved to cope with the exotic species, may not survive. The exotic 
organisms may be either predators, parasites or simply aggressive species that deprive indigenous species 
of nutrients, water and light. These exotic or invasive species often have features due to their evolutionary 
background and environment that makes them very competitive, and similarly makes endemic species 
very defenceless and/or uncompetitive against these exotic species.

Biodiversity Management: Conservation, Preservation and Protection
The conservation of biological diversity has become a global concern. Although not everybody agrees 
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on extent and significance of current extinction, most consider biodiversity essential. There are basically 
two main types of conservation options, in-situ conservation and ex-situ conservation. In-situ is usually 
seen as the ideal conservation strategy. However, its implementation is sometimes unfeasible. For 
example, destruction of rare or endangered species' habitats sometimes requires ex-situ conservation 
efforts. Furthermore, ex-situ conservation can provide a backup solution to in-situ conservation projects. 
Some believe both types of conservation are required to ensure proper preservation. An example of an 
in-situ conservation effort is the setting-up of protection areas. Examples of ex-situ conservation efforts, 
by contrast, would be planting germplasts in seedbanks, or growing the Wollemi Pine in nurseries. Such 
efforts allow the preservation of large populations of plants with minimal genetic erosion.

Background and the Current Situation 
The TRIPS Agreement requires a review of Article 27.3(b), which deals with whether plant and animal 
inventions should be covered by patents, and how to protect new plant varieties.

The discussion now has an additional focus. Paragraph 19 of the 2001 Doha Declaration says the TRIPS 
Council should also look at the relationship between the TRIPS Agreement and the UN Convention on 
Biological Diversity and at the protection of traditional knowledge and folklore. Most recently discussed 
are proposals on disclosing the source of biological material and associated traditional knowledge.

As a whole, Article 27 of the TRIPS Agreement defines which inventions governments are obliged to 
make eligible for patenting and what they can exclude from patenting. Inventions that can be patented 
include both products and processes, and should generally cover all fields of technology.

Broadly speaking, part (b) of paragraph 3 (i.e. Article 27.3(b)) allows governments to exclude some 
kinds of inventions from patenting, i.e. plants, animals and “essentially” biological processes (but micro-
organisms, and non-biological and microbiological processes have to be eligible for patents). However, 
plant varieties have to be eligible for protection either through patent protection or a system created 
specifically for the purpose (“sui generis”), or a combination of the two.

The review of Article 27.3(b) began in 1999 as required by the TRIPS Agreement. The topics raised in 
the TRIPS Council’s discussions include:

how to apply the existing TRIPS provisions on whether or not to patent plants and animals, and 	

whether they need to be modified

the meaning of effective protection for new plant varieties (i.e. alternatives to patenting such as 	

the 1978 and 1991 versions of UPOV). This has included the flexibility that should be available, 
for example to allow traditional farmers to continue to save and exchange seeds that they have 
harvested
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how to handle moral and ethical issues, e.g. to what extent invented life forms should be eligible 	

for protection

how to deal with the commercial use of traditional knowledge and genetic material by those other 	

than the communities or countries where these originate, especially when these are the subject 
of patent applications

how to ensure that the TRIPS Agreement and the UN Convention on Biological Diversity (CBD) 	

support each other

The 2001 Doha Declaration made it clear that work in the TRIPS Council under the reviews (Article 
27.3(b) or the whole of the TRIPS Agreement under Article 71.1) and on outstanding implementation 
issues should cover: the relationship between the TRIPS Agreement and the UN Convention on 
Biological Diversity (CBD); the protection of traditional knowledge and folklore; and other relevant 
new developments that member governments raise in the review of the TRIPS Agreement.

It adds that the TRIPS Council’s work on these topics is to be guided by the TRIPS Agreement’s objectives 
(Article 7) and principles (Article 8), and must take development issues fully into account.

The discussion in the TRIPS Council has gone into considerable detail with a number of ideas and 
proposals for dealing with these complex subjects.

The present debate focuses on how the TRIPS Agreement relates to the Convention on Biological 
Diversity.
Patent Legislation

Countries should exclude from patentability: 1.	
All life forms;a.	
Existing traditional/indigenous knowledge (in current or translated forms), and b.	
essentially derived products and processes from such knowledge;(Use can be made 
of the European Patent Convention for a precedence for this, of Article 22 of the CBD 
for arguments relating to adverse impact on biodiversity from other international 
agreements, and of relevant exemptions provided in the TRIPs agreement)

Patent applications should include the following: 2.	
Disclosure of all places of origin of the material/knowledge used in the application;a.	
Disclosure of all communities/persons of origin;b.	
Proof of consent having been obtained from the community/persons of origin;c.	
Proof of benefit-sharing arrangement having been entered into with the community/d.	
persons of origin, in accordance with relevant guidelines developed by national 
authorities;
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Disclosure of any previous rejection of application, in the country or other e.	
jurisdictions;
Prior public notice in all relevant languages in the places and communities of origin. f.	
(Grounds for the above can be derived from Article 8(j), Article 15 and the clauses 
relating to national sovereignty under the CBD).

3. The burden of proof should be on the applicant;

4. Penalties for infringement of any of the above requirements should be severe and should 
include revocation of patents if already granted, or rejection of application, and appropriate 
compensation to the aggrieved. 

Biodiversity Le gislation
Provisions of the CBD should be given complete legal recognition and implemented effectively 1.	
at a national level;

Article 8(j) of the CBD should be implemented under national legislation by:2.	
granting ownership of biogenetic material to local communities;a.	
recognising and protecting of the traditional knowledge of these communities, and b.	
traditional modes of resource use regulation and dispute resolution under customary 
law;
ensuring the consent and involvement of these communities in the wider use of their c.	
knowledge and practices;
mandating a series of equitable benefit-sharing measures;d.	

Rules should be enacted under the law laying down broad and inclusive criteria for identifying 3.	
a "community". An essential criterion for such identification of a community should be direct 
dependence on a natural resource for subsistence;

The legislation should require, for both domestic and international access to biodiversity, prior 4.	
informed consent, mutually agreed terms, and burden of proof on the applicant;

The legislation should cover not only biological taxa but also biochemicals and other parts 5.	
derived from such taxa; 

The appropriate national biodiversity agencies should scrutinize:6.	
market approval for products/processes coming under the "mail-box" applications;a.	
patent application for anything derived from biological resources/knowledge of local b.	
community; and
other relevant commercial applications from the point of view of: c.	
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whether there is any threat to biological diversity, the environment, or human health (the d.	
precautionary principles should be applied in case of uncertainty); and 
whether there are any adverse implications on the rights of local communities;e.	

Rules should be formulated under the legislation for equitable benefit sharing;7.	

Appropriate institutions should be created or, where already existing, empowered to handle the 8.	
provisions of the legislation;

The legislation should recognize that the appropriate local authority shall have the right of veto 9.	
over any application referred to the National Authority and/or have the power to specify any 
special terms and conditions for regulating such access, which should be mandatory on the national 
Authority to incorporate into the scheme that it may formulate for the specific application;

All information relevant to the legislation should be available for public scrutiny;10.	

The biodiversity legislation should come into force prior to the plant variety legislation;11.	

Benefits derived from IPR-related legislation, and from access regulations, should be ploughed 12.	
back into conservation of biodiversity, and towards providing incentives for local communities 
to continue lifestyles and practices relevant to conservation and sustainable use.

CONCLUSION
WTO negotiations mandated as a result of the Doha Ministerial Conference will have profound 
implications for the CBD. It is thus essential for the Parties to the CBD to ensure that CBD objectives are 
carried into and reflected by WTO negotiations, and that the flexibility of CBD Parties to comply with 
their CBD obligations will not be adversely affected by WTO rules. This can be done only if the CBD, 
through its Secretariat, is allowed effective input into the WTO negotiations. Individual governments 
must also ensure that their CBD obligations and interests are reflected in their trade negotiating positions 
by developing such positions around the CBD’s sustainable development objectives, and by ensuring 
CBD or environmental experts are present in their trade negotiating delegations. 
The current exchange of views in the TRIPS Council concerning "shared objectives" has been very 
helpful.  The more recent fact-based approach has permitted further progress.  Both the turmeric case, 
raised by India in the TRIPS Council, as well as document IP/C/W/458 from Peru regarding its national 
experiences in confronting misappropriation issues have established a greater clarity concerning the 
proponents' underlying concerns.  
A detailed analysis of these individual cases and experiences continues to lead to the conclusion that 
the newly proposed disclosure requirements are not an appropriate solution to the concerns raised, and 
that more directly tailored solutions, such as those proposed by the United States are a more effective 
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solution.  With respect to access and benefit sharing, we continue to consider the optimal approach to be 
one involving the implementation of national regimes for prior informed consent and equitable benefit 
sharing that establishes clear terms and that can be enforced adequately and effectively outside the patent 
system.  When addressing issues regarding the erroneous granting of patents, Members should focus 
on remedies that directly address that goal.  These remedies include the use of organized databases, 
information material to patentability and the use of post-grant opposition or re-examination systems as 
an alternative to litigation.
While disagreement still persists, the United States will continue to engage in the discussion in order to 
directly address the concerns raised in TRIPS Council, through proposals that fully meet the objectives 
sought without the negative effects inherent in the proposed patent disclosure requirements.  In order 
to continue recent progress, further examination of national experiences would be helpful.  The most 
recent fact-based discussions have raised a number of issues regarding genetic resources, their trade 
as commodities, and the relationship of these goods to national ABS regimes in place, as well as the 
relationship of such goods to starting materials that may be used for research or innovative purposes.  
Analysis of these issues could bear greatly on perceptions of misappropriation and perceived solutions 
to the concerns raised.  
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ABSTRACT
Diabetes is a group of metabolic diseases characterized by hyperglycemia resulting from defects in 
insulin secretion, insulin action, or both. The total number of people affected globally with diabetes 
is projected to explode from 171 million in 2000 to 366 million in 2030. It has an impact on quality 
of life, physical health and mortality rate of individuals diagnosed with diabetic. Ulceration of 
the foot in diabetic is common and frequently leads to amputation of the leg. This review article 
mainly discuss about natural approaches for the management of diabetic foot ulcer.

INTRODUCTION
A diabetic foot ulcer is a wound that develops when high blood sugar level damage blood vessels and 
nerves. The damage leads to skin and tissue breakdown. Even a small cut or scratch can become a diabetic 
foot ulcer. It occurs in 15% of all patients with diabetic and precedes 84% of all lower leg amputations. 
The main concern with diabetic wounds is poor or delayed healing. Healing problems are caused by 
the peripheral arterial diseases and peripheral neuropathy that can occur with diabetes, wherein the 
small blood vessels in different parts of the body, especially in the extremities (hands and feet), grow 
narrower and reduce the blood circulation to those areas. A lack of circulation in the extremities may 
result in a reduced supply of oxygen and nutrients to the body tissue and nerves, which is necessary for 
healing. Over time, nerves areas may become damaged, decreasing the sensation of pain, temperature 
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and touch, making patients vulnerable to injury1. Major increase in mortality among diabetic patients, 
observed over the past 20 years is considered to be due to the development of macro and micr-vascular 
complications, including failure of the wound healing process (Figure 1).

             Figure 1: areas at risk for diabetic foot ulcer

Family physicians have a vital role in prevention or early diagnosis of diabetic foot ulcer complications. 
For the better management of diabetic foot ulcer should need a thorough knowledge of major risk factors 
for amputation, routine evaluation and proper preventive maintainance2.The most common risk factors 
for ulcer formation include diabetic neuropathy structural foot deformity and peripheral arterial occlusive 
disease. It is important to recognize that foot ulcer s can have a multi-factorial etiology. Risk factors for 
lower extremity amputation in the diabetic foot ulcer are

Absence of protective sensation due to peripheral neuropathy	

Arterial insufficiency	

Foot deformity and callus formation resulting in focal areas of high pressure	

Autonomic neuropathy causing decreased sweating and dry fissured skin	

Limited joint mobility	

Obesity	

Impaired vision 	

Poor glucose control leading to impaired wound healing	 3
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Prevention: Diabetic foot ulcer can be prevented by:

Frequent chiropody review•	

Good foot hygiene•	

Diabetic socks and shoes•	

As well as avoiding injury•	 4

Patient education regarding foot hygiene, Nail care and proper foot wear is crucial to reducing the risk 
of an injury that can leads to ulcer formation (Figure 2). Proper diagnosis, systematic regimen and 
appropriate communication with physician can facilitate treatment of complication. This will reduce the 
lower extremity amputation related to diabetis5. 

Wagner’s classification is the most widely utilized grading system for diabetic foot ulcer (Table 1). It 
will help to describe the lesions and also identify the measures to decrease the mortality and morbidity 
due to diabetic foot disease6.

Grade-0 High risk foot and no ulceration.

Grade-1 Superficial ulceration.

Grade-2 Deep ulcer (cellulitis) 

Grade- 3 Osteomylitis with ulceration or abscess.

Grade-4 Gangrenous patches. Partial foot gangrene. 

Grade-5 Gangrene of entire foot

Table 1: Wagner’s classification for diabetic foot disease (Adopted from Levin and O Neal’s) 
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Diagnosis of foot ulcer can be done by blood test, biopsy, ankle brachial index, arterial Doppler, 
monofilament, bone scan, CT, MRI, PET Scan, ultrasound and x-ray.

Treatment for diabetic foot ulcer is very hard. An injury will sometimes become ulcer if it is not treated 
right way.

Medicines :♦	

Antibiotics: This medicine will prevent or fights an infection caused by bacteria.	

Anti-platelets: This will prevent blood clots.	

Growth factors: These chemicals help your body heal. They improve the actions of the 	

cells in body used for healing. It will directly apply on the ulcer as a gel.
Vasodilators: These widen your blood vessels and improve blood flow. 	

Surgery:♦	  Surgery may be done to remove the infected and dead tissue from your ulcer. It may 
help to improve blood flow and wound healing.

Achilles tendon lengthening: Achellis tendon lengthening improves the movement 	

of your ankle
Angioplasty: Angioplasty opens blocked or narrowed arteries in your or foot.	

Bypass: A blocked blood vessel is replaced with another blood vessel.	

Reconstruction: Cut out the infected ulcer and area around it. Muscle or skin flap 	

near the ulcer area may use to cover the open area. Skin graft is also used.

Dressings: ♦	 They are coverings used to keep the area moist and free from infection. Dressing 
improves healing and prevents growth of unhealthy tissue. The dressings may contain medicines 
to help your heal and prevent infection. 			 

Electrical stimulation: low level electrical current to heal the ulcer.♦	
Hyperbaric oxygen therapy: increase oxygen supply to the area which  decrease the ♦	
swelling
Negative pressure therapy: use a machine to pull fluid out to decrease the swelling♦	
Offloading devices: used to decrease the weight and pressure placed on the foot♦	

WOUND DRESSING
Wound dressing represent a part of the management of diabetic foot ulceration. It will reduce the 
symptoms, wound protection and encourage healing. Infected wounds having exudates from moderate 
to high level and we should control the maceration of surrounding tissue. Sometimes an odour will come 
from the wound; it will irritate the patient and family. Moist wound environments support more for 
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wound healing. So dressing will be engineered to provide wet environment to the wound. Dressing can 
control the growth of the microorganisms, gaseous exchange, and thermally insulating the wound. No 
single dressing will fulfill all the requirement of the diabetic patient with the foot ulcer. Research in this 
area will be very poor. A dressing must be comfortable and acceptable for the patient.

Table 2: Lists classes of dressings with advantages and disadvantages

Dressing Advantages Disadvantages

Low adherence
Simple 
Hypoallergenic
Inexpensive

Minimal absorbency

Hydrocolloids
Absorbent
Aid autolysis
Can be left for several days

Concern about use for infected 
wounds
May cause maceration 
unpleasant odour

Hydro gel
Absorbent
Autolysis
Donate liquid

Concern about use for infected 
wounds
May cause maceration

Foams Thermal insulation
Good absorbency

Can adhere to wound
Occasional dermatitis with 
adhesive

Alginates
Highly absorbent
Bacteriostatic
Haemostatic

May need wetting before 
removal

Iodine preparation Bacteriostatic
Moderately absorbent

Iodine allergy
Discolor  wound

Silver impregnated Antiseptic
Absorbent

Cost
No proven advantage

Non-adherent or low-adherence dressings:
Saline soaked gauze dressings are often regarded as standard treatment for diabetic foot ulcer. It provides 
a moist wound environment. Usually it is used in conjunction with antibiotic treatment.

Application: these dressings are useful for acute minor wounds, such as a skin tears or as final dressing 
for achronic wounds that have nearly healed.
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Hydrocolloids :
This type of dressing is semi permeable to vapors and occlusive to wound exudates. It is usually 
formulated as a film layer (Figure 3).  It is the second most choice for the diabetic foot ulcer dressing7.the 
main disadvantage of this kind of dressing is that it will hydrate the wound and create the hypoxic and 
moist environment leads to the autolysis of necrotic tissue. Studies show that hydrocolloid dressings will 
increase the infection with in the wound. Thus this dressing is useful for preventing rather than treating 
infection with in the wound.eg; Duoderm (Convatec) and Granuflex (Convatec).

Application: hydrocolloid dressing is dry necrotic wounds, wounds with minimal exudates and for clean 
granulating wounds. 

Figure 3:  hydrocolloid dressing

Hydro-gels: 
It is similar to the hydrocolloids (Figure 4). It also designed to facilitate the autolysis of the necrotic 
tissue. But it will provide moisture to the dry wounds which is not by hydrocolloids. It should apply 
cautiously on patients with limb ischemia because dry gangrene rapidly changed to wet gangrene8. Eg; 
Aquafoam(Maersk medical),and intrasite gel.

Application: these dressings are useful for dry sloughy, necrotic wounds.  
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Figure 4: Polymeric hydrogel 

Foams:
These are also good choice for absorbency. It provide thermal insulation and easy to cut into shapes. 
e.g. Allevin (Smith and Nephew), Cavicare (Smith and Nephew). A new formulation impregnated with 
a bactericidal silver has been introduced. 

Application: these dressings are useful for cleaning granulating wounds with minimal exudates. 

Alginates:
They are highly absorbent and packed to cavity wounds; provide hemostasis and atraumatic in nature. 
Eg: Kaltostat (convatec) and Sorbsan (Maersk medical). It has some bacteriostatic properties9 and can be 
used for the infected foot ulcer.eg; calcium alginate will inhibit the growth of Staphylococcus aureus.

Application: These dressings are highly absorbent and useful for wounds have copious exudates. Alginte 
rope is particularly useful to pack exudative wound cavities.

Iodine preparations:
Iodine preparations are commonly used in wounds but not much beneficial effect. Usually used in locally 
infected wounds in combination with antibiotics10.egs of iodine preparations are povidone iodine and 
cadexomer iodine.

Silver impregnated dressing:
Silver is using topically as an antimicrobial agent in chronic wounds.  Antimicrobial effect is so 
complex11.elemental silver is more powerful compared to silver nitrate and silver sulfadiazine. New 
silver impregnated dressings are available like acticoat and actisorb 220. Antimicrobial effect is due to 
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the inhibition of bacterial cell respiration12,inactivation of the intracellular enzymes and alteration to the 
cell membrane. However wound reepithelialisation is accelerated.

Honey:
It will rehydrate the wound bed and promote autolytic debridement. It mainly used in sloughly, low to 
high exuding wound. It may cause drawing pin due to osmotic effect and sensitive in nature13.

Polyurethane film:
Moisture will be controlled by this film. Primary dressing will be on the low exudation wounds and 
secondary will be over alginate or hydro gel for rehydration of wound bed. It is not use with moderately 
to high exudation wound. A wide variety of dressings are available for the treatments diabetic foot ulcer. 
Each product targeting different aspects of wound healing. An appropriate dressing will control the 
exudate, odour, pain and wound infection. When we consider all types of dressings, there is no substitute 
for adequate wound debridement, appropriate systemic antibiotic therapy, frequent dressing changes and 
wound inspection14.

CONCLUSION
Modern dressings and medicinal plants are used to promote and maintain a moist wound environment 
in the different phases of wound healing. This effective use of dressings and medicinal plants may show 
the optimal management of diabetic foot ulcers. But there is no perfect wound dressing exists for the 
diabetic foot ulcer. Therefore, nano-drug delivery system may be applicable to design the suitable wound 
dressing or nano-drug formulation for diabetic foot ulcer.
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ABSTRACT 
Newborn babies have a central nervous system thaat is vulnerable to epileptogenic activity, and as 
a result they have a relatively high incidence of seizures (1 2 per 1000 term infants).  Seizures must 
be differentiated from jitteriness and benign neonatal sleep myoclonus.  There are four different 
types of clinical seizures. 70% of seizures will abate with phenobarbitone. This article is mainly 
focused on case study on neonatal seizures. 

INTRODUCTION 
This is a case of a male infant born to a 32 year old mother who is B+, serologies unremarkable, and 
group B strep (GBS) negative with no preexisting medical problems. Labour and delivery was notable 
for a tight nuchal cord. The infant was delivered vaginally. Brief oxygen blow by and tactile stimulation 
were required. Apgar scores were  9 (-1 color) at 1 and 5 minutes, respectively. Initial glucose screen was 
40mg%. The infant had no respiratory distress and fed adequately overnight. Early in the morning on 
the second day of life, he has a 1 minute generalized tonic-clonic seizure when taken for tepid sponging. 
He is taken to the nursery and oxygen is administered. The rapid glucose is 60mg%. An IV is started 
and a loading dose of phenobarbital is given. He is then transferred to the NICU. He then has a second 
seizure, initially noted to start in the right arm which then becomes generalized. Exam: VS T36.8, P140, 
R60, BP 90/50, birth weight 4000g. Length and head circumference are at the 50th percentile. He is 
in no respiratory distress, but he is sleepy. Head shows mild molding, no caput or cephalohematoma. 
No dysmorphic features are evident. Lungs are clear to auscultation. Heart regular without murmurs. 
Abdomen with normal umbilicus, no masses, no hepatosplenomegaly and normoactive BS. Normal 
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male genitalia. Extremities are well perfused with good pulses. There is mildly decreased generalized 
tone. 

The infant requires a second dose of phenobarbital. Maintenance dosing is started. No further seizures 
are noted. Electrolytes and glucose,USG  and CT are normal . BUN, Cr, Ca, P, and Mg are normal. CBC 
is remarkable for a hemoglobin of 12 g/dl, hematocrit 36% (anemic for a newborn), normal WBC and 
differential, normal platelet count. CRP  was found to be elevated around 20 which decreased gradually 
after the administration of amikacin  and ceftriaxone along with meropenem .A lumbar puncture is 
performed which shows normal CSF findings but creatinine phosphokinase is found to greatly elevated . 
Echocardiography showed  a small hole in the right atrium. His hands showed reddish spots near to skin 
where cannula is attached.

Discussion 
Most neonatal seizures occur within the first few days of life, with an incidence between 1.8 and 3.5 
per 1000 live births1. The clinical manifestations of seizures in newborns differ significantly from that 
seen in older children and adults as the human neonatal brain is still in the process of organization 
and development. Premature infants have a higher frequency of seizures and their seizures are less 
organized2. Neonatal seizures are usually symptomatic or cryptogenic, but a small number of neonatal 
seizures are idiopathic and seem to have a genetic origin. 

Symptomatic neonatal seizures may be caused by:

lack of oxygen before or during birth because of problems such as placental abruption (premature •	

detachment of the placenta from the uterus), a difficult or prolonged labour, or compression of 
the umbilical cord 

infection acquired before or after birth, such as bacterial meningitis, viral encephalitis, •	

toxoplasmosis, syphilis, or rubella (German measles) 

stroke before or after birth •	

venous sinus thrombosis (a blood clot in the brain) •	

bleeding in the brain •	

congenital brain abnormalities, either genetic or acquired during fetal development, such as •	

tuberous sclerosis 

blood sugar or electrolyte imbalances, including hypoglycemia (low blood sugar), hypocalcemia •	

(low calcium), hyponatremia (low sodium), or hypernatremia (high sodium) 
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metabolic problems, such as maple syrup urine disease, pyridoxine dependency, or phenylketonuria •	

(PKU) 

drug withdrawal, which may be seen in infants born to mothers addicted to barbiturates, alcohol, •	

heroin, cocaine, or methadone 

The risk of seizures is higher if the baby is premature or of low birth weight. Seizures in newborns can 
include any or all of the following: 

repetitive facial movements, including sucking, chewing, or eye movements •	

unusual bicycling or pedalling movements of the legs•	

staring •	

apnea (stopping breathing) •	

clonic seizures, which are rhythmic jerking movements that may involve the muscles of the face, •	

tongue, arms, legs, or other regions 

tonic seizures, which are stiffening or tightening or muscle groups; the head or eyes may turn to •	

one side, or the baby may bend or stretch one or more arms or legs 

myoclonic seizures, which are quick, single jerks involving one arm or leg or the whole body •	

Many of these movements may also occur in a normal newborn, so it may be necessary to get an EEG to 
confirm that they are really seizures.  If the baby does not respond to anti-epileptic drugs, it is possible 
that her body has difficulty metabolizing pyridoxine (a form of vitamin B6) and therefore needs higher 
amounts than usual. This is known as "vitamin B6 dependent epilepsy" or "pyridoxine-dependent 
seizures" (PDS)7.

Seizures in newborns can be classified as subtle, clonic, tonic or myoclonic3. Subtle seizures are 
often difficult to recognize, they occur more frequently in premature infants, and they are not always 
correlated with electroencephalographic seizure activity. Examples of subtle seizures include bicycling 
movements, autonomic dysfunction, horizontal eye deviation, and repetitive facial movements. Clonic 
seizures are slow, rhythmic movements. They can be focal or multifocal. Tonic seizures can be focal 
or, more commonly, generalized. They consist of sustained extension and/or flexion posturing. Lastly, 
myoclonic seizures are composed of rapid, flexion twitching or jerking movements. These seizures can 
be focal, multifocal, or generalized. 

A clinical seizure results from excessive depolarization of neurons in the central nervous system. The 
pathophysiology of this excessive depolarization is unclear, but is thought to be related to energy 
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production failure, membrane alteration, excess excitatory neurotransmitters, or deficit of inhibitory 
neurotransmitters2. Hypoxemia, ischemia and hypoglycemia can result in significantly decreased energy 
production and increased release of glutamate, the principal excitatory neurotransmitter in the cerebral 
cortex. Hypocalcemia and hypomagnesemia cause increased depolarization by increasing sodium influx 
across the neuronal cell membrane. In addition, the inhibitory pathways are not well developed early in 
life. 

Neonatal primary seizure disorders, epileptic syndromes, do occur, but at a very low frequency. The 
major etiologies of neonatal seizures include hypoxic-ischemic encephalopathy, intracranial hemorrhage, 
metabolic disturbances, intracranial infection, developmental defects, and drug withdrawal. 

The most common cause of neonatal seizures is hypoxic-ischemic encephalopathy (HIE) brain injury. 
Asphyxial injury may occur in utero as a result of decreased uteroplacental perfusion, for example in 
abruptio placenta, cord compression, preeclampsia, or chorioamnionitis. Postnatally, conditions such 
as persistent pulmonary hypertension of the newborn, cyanotic congenital heart disease, sepsis, and 
meningitis can also result in hypoxic-ischemic brain injury. In those infants with HIE who have seizures, 
onset of seizures is generally within the first 24 hours after birth. However, the timing of onset is not a 
reliable indicator of the timing of the neurologic injury4. 

Seizures due to intracranial hemorrhage may also be associated with hypoxic-ischemic or traumatic 
injury since these events are frequently associated with each other. Onset of seizures due to subarachnoid 
hemorrhage or subdural hemorrhage is usually the second or third day of life, while those due to germinal 
matrix-intraventricular hemorrhage present after the third day2. 

CNS infections can also be associated with neonatal seizures. Congenital infections with viruses 
(cytomegalovirus, rubella, herpes, and others) or toxoplasmosis can cause severe encephalopathic 
disease. Seizures also often occur in neonates with acute intracranial bacterial infections, most commonly 
Escherichia coli and group B streptococcal menigitis. 

Metabolic disturbances such as hypoglycemia, hypocalcemia, and hypomagnesemia are associated 
with neonatal seizures. Newborn infants who are premature and infants of diabetic mothers (large for 
gestational age, or small for gestational age) are most at risk for hypoglycemia. Those infants who 
are of low birth weight, born to diabetic mothers, or who have suffered hypoxic-ischemic injury are 
also at risk for hypocalcemia. Hypomagnesemia often accompanies hypocalcemia. Other metabolic 
abnormalities associated with seizures include local anesthetic intoxication, hyponatremia, and inborn 
errors of metabolism2,5. 

Diagnostic evaluation includes glucose, electrolytes, calcium, magnesium, and phosphorus in order to 
identify an immediately correctable metabolic condition. Spinal fluid analysis is performed to identify a 
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potential bacterial infection. CT and magnetic resonance imaging (MRI) can delineate the brain anatomy 
with high sensitivity and resolution (MRI better than CT). Lesions of hypoxic-ischemic injury can be 
identified within the first 2-3 days after the asphyxial event6. The electroencephalogram (EEG) is used to 
confirm the presence of seizure activity and to define the background electrical activity which is valuable 
in estimating prognosis. 

Treatment of neonatal seizures should focus on the primary etiology as well as direct seizure control. 
Neonates are less likely to incur seizure related injury. Phenobarbital is often used as the first line 
anticonvulsant, followed by phenytoin and lorazepam. Oral phenytoin is poorly absorbed from the 
infant GI tract. For hypocalcemia, 10% Ca gluconate 1 mL/kg IV (9 mg/kg of elemental Ca) is given; 
this dosage can be repeated for persistent hypocalcemic seizures. Rate of Ca gluconate infusion should 
not exceed 0.5 mL/min (50 mg/min); continuous cardiac monitoring is necessary during the infusion. 
Extravasation should be avoided because skin may slough6.

Prognosis varies as a function of primary etiology and gestational age of the infant. The background 
EEG activity is also correlated with outcome in both term and preterm infants. Infants with a normal 
background activity are less likely to have neurological sequelae as opposed to those with moderate to 
severe abnormalities such as burst-suppression pattern, voltage suppression, and electrocerebral silence2.

CONCLUSION
Neonatal seizures usually occur in reaction to a systemic or CNS event (eg : hypoxia/ischemia, stroke, 
hemorrhage, infection, metabolic disorder, structural brain abnormality). Neonatal seizures are usually 
focal and may be difficult to recognize; common manifestations include migratory clonic jerks of 
extremities, chewing movements, persistent eye deviations or nystagmoid movements, and episodic 
changes in muscle tone. EEG is essential for diagnosis; laboratory testing and usually neuroimaging 
are done to identify the cause. Treatment is directed at the cause. Give phenobarbital or levetiracetam  
if seizures do not stop when the cause is corrected; fosphenytoin and lorazepam may be added for 
persistent seizures.
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ABSTRACT
UTI’s are one of the most common infections encountered by the physicians. it causes substantial 
morbidity and has negative impact on the quality of life. The study target of 125 patients with UTIs 
was completely evaluated to find out the incidence rate, patient presentation and etiology of the 
disease. The prescription pattern of antibiotics used for utis in department of general medicine, 
dept. of urology, dept of pediatrics and dept of obstetrics and gynecology were analysed. from 
the study the author concluded that norfloxacin is most extensively used antibiotic in clinical 
practice followed by ceftriaxone-gentamycin combination. The cost effectiveness study conducted 
by the author shows that fluoroquinolones are the most cost effective antibiotic used for utis in 
the hospital. the clinical practice guidelines on utis are formulated to assist practitioners in the 
treatment and prevention of utis 

Keywords: Antibiotics, UTI, Clinical studies

INTRODUCTION
Infections of kidneys, ureters, bladder or urethra are collectively called urinary tract infections. It causes 
substantial morbidity and have a negative impact on the quality of life .sometimes these may leads to 
mortality. The economic impact of these disorders is also substantial1,2. UTIs become serious and can 
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lead to hypertension and other long term complications. The studies showed that UTIs have a significant 
effect on health related quality of life which include psychological well being, restriction to their routine 
activities and relationship, anxiety, depression, sexual function and deterioration in general health 
perception. But appropriate management can forestall recurring problems and leads to a better quality of 
life3,4. This research is mainly focused on antibiotic usage in UTIs.

METHODOLOGY

Study site
The study was conducted in a 375 bedded multi-specialist tertiary care teaching hospital which caters 
the need of patients of various communities and socioeconomic status. its service benefits the patients of 
neighbouring districts of Coimbatore, including those in the Kerala and Karnataka states.

Study criteria
The patients included in the study were chosen from the Dept. of General Medicine, Dept. of Urology, 
Dept of Pediatrics, Dept of Obstetrics and Gynecology. The criteria for include inpatients with history 
of fever, chills with rigor, dysuria, burning micturation, low back pain, haematuria, nausea and vomiting 
and cloudy urine with plenty of pus cells in the urine .Patients with previous history of UTIs were also 
included in this study. Patients were selected without any age or sex barrier. Out patients of Dept of 
General Medicine and Department of Paediatrics are not strictly entertained in the inclusion criteria5,6.

RESULTS AND DISCUSSION
Patients older than 55 years accounted for nearly 39% of UTI’s. this explains that elderly population 
are at increased risk of developing urinary tract infections, due to anatomic or functional abnormalities. 
Women are more likely to develop UTI than men due to anatomic specifications. However, studies 
shows that most of the UTI’s in men are more complicated than women. Married women is having 
higher risk than unmarried one. This explains that sexual intercourse increases the risk of urinary tract 
infections (Figure 1). Risk factor categorization shows that UTI are very common in diabetic patients. 
This may be due to changes in immune system, high glucose in urine and altered bladder emptying. 
The study reveals that pregnancy increases the risk of urinary tract infections due to hormonal and 
anatomical variations. Conditions that may impair normal voiding (eg: begnin prostatic hyperplasia) or 
immune function(corticosteroid therapy) can make the urinary tract a more hospitable place for bacteria. 
Moreover, urinary catheterization increases the risk of urinary tract infection and incidence depends on 
the duration of catheterization.

Urine analysis reveals that albumin level is high in around half of the patients and urine culture shows 
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that E.coli is accounted for majority of UTI’s followed by pseudomonas aeuroginosa. Condition wise 
categorization reveals that acute cystitis is the most common form of UTI’s off the total 125 patients, 
14.4% presented with symptoms suggestive of recurrence of UTI’s. all these infections are caused by 
relapse (Figure 2). Drug use evaluation shows that Norfloxacin is the most extensively and commonly 
used antibiotic in clinical practicals followed by Ofloxacin, Gatifloxacin, Gentmycin, Amikacin and 
Tobramycin are also used at a relatively lower frequencies. In combination therapy, cephalosporin-
aminoglycoside combination is most extensively used antibiotic followed by fluroquinolone-
aminoglycoside and cephalosporin- fluroquinolone combinations (Figure 3). The study conducted by 
the author shows that fluroquinolones are the most cost effective antibiotics used in UTI in the above 
mentioned hospital. In the fluroquinolones, cost effectiveness decreases in the order Uroflox, Norflox, 
Levoday and Zanocin(Ofloxacin) (Table 1). Among combination therapy, the most cost effective drugs 
are T. Nitrofurantoin and Inj. Gentamycin and combination of fluroquinolones and Aminoglycosides. 
Studies also shows that oral anti-microbials are less expensive than parentral anti microbials and generic 
antimicrobial are not always, less expensive than proprietary antimicrobials.

Figure 1: Patients History and Lab investigation 
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Figure 2: Usage of antibiotics in UTIs 

Figure 3: Antibiotics therapy in UTIs
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Table 1: Cost effectiveness of antibiotic therapy

Sl No Drug(Trade Name) Per day cost (Rs) Baseline treatment 
cost(Rs)

1 Tab. Uroflox 400mg BD 4.536 22.68

2 T.Norflox 400mg BD 10.152 30.456

3
Tab.Floxur 200 1-0-1
Inj.Garamycin 80 mg BD

21.384 64.152

4
Tab.Zanocin 400mg BD
Inj Garamycin 80 mg BD

33.804 101.412

5
Inj.Gramocef 1g BD
Inj.Tobraneg 80 mgBD

280.14 1400.7

6
Inj.Gentamycin 80mg BD
T.Uroflox 400 mg BD

20.496 102.48

7
T.Furadentin 100 mg 1-1-1-1
Inj.Garamycin 80 mg BD

227.64 1138.2

8
Inj.Gramocef 1g BD
Inj.Gentamycin 80 mg BD

1269.66 1138.2

9
Inj.Fortum 1 g BD
Inj.Piperapen 2 tid

1269.66 6348.3

10
Inj.Gramocef 1g BD
Inj.Amitax 500 mg BD

340.74 1022.22

11
Inj.Powercef 1g BD
Inj.Tobacin 80mg BD

259.58 572.52

12
Inj.Zenotic kit 80 mg BD
c.Fix X 200 mg BD

98.15 294.72

13
Inj.Gentamycin 80 mg BD
Inj.Xone 1g BD

223.32 893.28

14
Inj.Fortum 1 g BD
Inj.Garamycin 80 mg BD

737.784 3688.92

15
Inj.Cefogram 1 g BD
Inj.Amitax 500 mg BD

434.06 1302.18
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CONCLUSION:
A prefixed study target of 125 patients with UTI was completely evaluated. From the study, the author 
concluded that the following aspects need to be given importance. Urinary tract infections has a negative 
impact on health related quality of life, which may sometimes lead to long term complications with mild 
to fatal intensity. It emphasized that attention must be given to eliminate the incidence and impact of 
UTIs by giving adequate scientific information about the drugs, to patients as well as treating physicians. 
The clinical evaluation of antimicrobial agents for the treatment of urinary tract infections requires 
clinically useful categorization of patients plus concurrent relevant laboratory diagnosis. Employment 
of highly advanced diagnostics methods will help the early detection of UTIs which will reduce the 
aggravation of different categories of UTIs from mild to potential. While choosing a treatment regimen, 
physicians should consider invitro susceptibility, adverse effects, cost effectiveness and restraint strains. 
But it is not cost effective to do culture in each patient, especially patients with uncomplicated urinary 
tract infections. Patient education is highly essential for the scientific usage of drugs at various levels, 
which would decrease the drug related issues associated with UTI management. As a clinical pharmacist, 
we can help the patient to take responsibility for their own health. Self diagnosis and self management 
of recurrent UTIs will save the patient’s time and money. Regular updating by the physicians and other 
health care professionals, regarding various aspects of UTIs management surely result the excellent 
patient care.
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Abstract
Medicinal chemistry is the chemistry discipline concerned with the design, development and 
synthesis of pharmaceutical drugs. The discipline combines expertise from chemistry and 
pharmacology to identify, develop and synthesize chemical agents that have a therapeutic use 
and to evaluate the properties of existing drugs. Medicinal chemistry and pharmaceutical 
chemistry are disciplines at the intersection of chemistry, especially synthetic organic chemistry, 
and pharmacology and various other biological specialties, where they are involved with design, 
chemical synthesis and development for market of pharmaceutical agents, or bio-active molecules 
(drugs). Pharmaceutical chemistry is focused on quality aspects of medicines and aims to assure 
fitness for purpose of medicinal products. At the biological interface, medicinal chemistry combines 
to form a set of highly interdisciplinary sciences, setting its organic, physical, and computational 
emphases alongside biological areas such as biochemistry, molecular biology, pharmacognosy and 
pharmacology, toxicology and veterinary and human medicine; these, with project management, 
statistics, and pharmaceutical business practices, systematically oversee altering identified chemical 
agents such that after pharmaceutical formulation, they are safe and efficacious, and therefore 
suitable for use in treatment of disease.

Medicinal chemistry in the path of drug discovery1

Discovery is the identification of novel active chemical compounds, often called "hits", which are 
typically found by assay of compounds for a desired biological activity. Initial hits can come from 
repurposing existing agents toward a new pathologic process and from observations of biologic effects of 
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new or existing natural products from bacteria, fungi, plants, etc. In addition, hits also routinely originate 
from structural observations of small molecule "fragments" bound to therapeutic targets (enzymes, 
receptors, etc.), where the fragments serve as starting points to develop more chemically complex forms 
by synthesis. Finally, hits also regularly originate from en-masse testing of chemical compounds against 
biological targets, where the compounds may be from novel synthetic chemical libraries known to 
have particular properties (kinase inhibitory activity, diversity or drug-likeness, etc.), or from historic 
chemical compound collections or libraries created through combinatorial chemistry. While a number of 
approaches toward the identification and development of hits exist, the most successful techniques are 
based on chemical and biological intuition developed in team environments through years of rigorous 
practice aimed solely at discovering new therapeutic agents.

Research Methods
To understand the use of statistics,2,3 one needs to know a little bit about experimental design or how 
a researcher conducts investigations. A little knowledge about methodology will provide us with a 
place to hang our statistics. In other words, statistics are not numbers that just appear out of nowhere. 
Rather, the numbers (data) are generated out of research. Statistics are merely a tool to help us answer 
research questions. As such, an understanding of methodology will facilitate our understanding of basic 
statistics.

Validity
A key concept relevant to a discussion of research methodology is that of validity. There are four types 
of validity that can be discussed in relation to research and statistics. Thus, when discussing the validity 
of a study, one must be specific as to which type of validity is under discussion. Therefore, the answer 
to the question asked above might be that the study is valid in relation to one type of validity but invalid 
in relation to another type of validity. Each of the four types of validity will be briefly defined and 
described below. Be aware that this represents a cursory discussion of the concept of validity. Each 
type of validity has many threats which can pose a problem in a research study. Examples, but not an 
exhaustive discussion, of threats to each validity will be provided. For a comprehensive discussion of 
the four types of validity, the threats associated with each type of validity, and additional validity issued 
by Cook and Campbell in 1979.

Statistical Conclusion Validity: Unfortunately, without a background in basic statistics, this type of 
validity is difficult to understand. According to Cook and Campbell (1979), "statistical conclusion 
validity refers to inferences about whether it is reasonable to presume covariation given a specified 
alpha level and the obtained variances." Essentially, the question that is being asked is "Are the variables 
under study related?" or "Is variable A correlated (does it covary) with Variable B?". If a study has good 
statistical conclusion validity, we should be relatively certain that the answer to these questions is "yes". 
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For examples of issues or problems that would threaten statistical conclusion validity would be random 
heterogeneity of the research subjects (the subjects represent a diverse group-this increases statistical 
error) and small sample size (more difficult to find meaningful relationships with a small number of 
subjects). 

Internal Validity: Once it has been determined that the two variables (A & B) are related, the next 
issue to be determined is one of causality. Does A cause B? If a study is lacking internal validity, one 
cannot make cause and effect statements based on the research; the study would be descriptive but not 
causal4. There are many potential threats to internal validity. For example, if a study has a pretest, an 
experimental treatment, and a follow-up posttest, history is a threat to internal validity. If a difference is 
found between the pretest and posttest, it might be due to the experimental treatment but it might also 
be due to any other event that subjects experienced between the two times of testing (for example, a 
historical event, a change in weather, etc.). 

Construct Validity: One is examining the issue of construct validity when one is asking the questions 
"Am I really measuring the construct that I want to study?" or "Is my study confounded (Am I confusing 
constructs)?". For example, if I want to know a particular drug (Variable A) will be effective for treating 
depression (Variable B), I will need at least one measure of depression. If that measure does not truly 
reflect depression levels but rather anxiety levels (Confounding Variable X), than my study will be 
lacking construct validity. Thus, good construct validity means it will be relatively sure that Construct 
A is related to Construct B and that this is possibly a causal relationship. Examples of other threats to 
construct validity include subjects’ apprehension about being evaluated, hypothesis guessing on the part 
of subjects, and bias introduced in a study by expectancies on the part of the experimenter.

External Validity: External validity addresses the issue of being able to generalize the results of your 
study to other times, places, and persons. For example, if you conduct a study looking at heart disease 
in men, can these results be generalized to women? Therefore, one needs to ask the following questions 
to determine if a threat to the external validity exists: "Would I find these same results with a difference 
sample?", "Would I get these same results if I conducted my study in a different setting?", and "Would 
I get these same results if I had conducted this study in the past or if I redo this study in the future?" If I 
cannot answer "yes" to each of these questions, then the external validity of my study is threatened. 

Types of Research Studies
There are four major classifications of research designs. These include observational research, correlation 
research, true experiments, and quasi-experiments. Each of these will be discussed further below.

Observational research: There are many types of studies which could be defined as observational 
research including case studies, ethnographic studies, ethological studies, etc. The primary characteristic 
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of each of these types of studies is that phenomena are being observed and recorded. Often times, the 
studies are qualitative in nature. For example, a psychological case study would entail extensive notes 
based on observations of and interviews with the client.5,6 A detailed report with analysis would be 
written and reported constituting the study of this individual case. These studies may also be qualitative 
in nature or include qualitative components in the research. For example, an ethological study of primate 
behavior in the wild may include measures of behavior durations ie. The amount of time an animal 
engaged in a specified behavior. This measure of time would be qualitative. Surveys are often classified 
as a type of observational research. 

Correlation research: In general, correlation research examines the covariation of two or more 
variables. For example, the early researches on cigarette smoking examine the covariation of cigarette 
smoking and a variety of lung diseases. These two variables, smoking and lung disease were found to 
co-vary together. Correlation research can be accomplished by a variety of techniques which include the 
collection of empirical data. Often times, correlation research is consider

Drug design, sometimes referred to as rational drug design or more simply rational design, is the 
inventive process of finding new medications based on the knowledge of a biological target. The drug is 
most commonly an organic small molecule that activates or inhibits the function of a bimolecular such as 
a protein, which in turn results in a therapeutic benefit to the patient. In the most basic sense, drug design 
involves the design of small molecules that are complementary in shape and charge to the bimolecular 
target with which they interact and therefore will bind to it. Drug design frequently but not necessarily 
relies on computer modeling techniques. This type of modeling is often referred to as computer aided 
drug design. Finally, drug design that relies on the knowledge of the three-dimensional structure of the 
bimolecular target is known as structure-based drug design.

The phrase "drug design" is to some extent a misnomer. What is really meant by drug design is ligand 
design (i.e., design of a small molecule that will bind tightly to its target). Although modeling techniques 
for prediction of binding affinity are reasonably successful, there are many other properties, such as 
bioavailability, metabolic half-life, lack of side effects, etc., that first must be optimized before a ligand 
can become a safe and efficacious drug. These other characteristics are often difficult to optimize using 
rational drug design techniques. There are two major types of drug design. The first is referred to as 
ligand-based drug design and the second, structure-based drug design.
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Flow charts of two strategies of structure-based drug design

Ligand-based
Ligand-based drug design (or indirect drug design) relies on knowledge of other molecules that bind to 
the biological target of interest. These other molecules may be used to derive a pharmacophore model 
that defines the minimum necessary structural characteristics a molecule must possess in order to bind 
to the target. In other words, a model of the biological target may be built based on the knowledge of 
what binds to it, and this model in turn may be used to design new molecular entities that interact with 
the target.7,8 Alternatively, a quantitative structure-activity relationship (QSAR), in which a correlation 
between calculated properties of molecules and their experimentally determined biological activity, may 
be derived. These QSAR relationships in turn may be used to predict the activity of new analogs.

Structure based
Structure-based drug design (or direct drug design) relies on knowledge of the three dimensional structure 
of the biological target obtained through methods such as x-ray crystallography or NMR spectroscopy. If 
an experimental structure of a target is not available, it may be possible to create a homology model of 
the target based on the experimental structure of a related protein. Using the structure of the biological 
target, candidate drugs that are predicted to bind with high affinity and selectivity to the target may 
be designed using interactive graphics and the intuition of a medicinal chemist. Alternatively various 
automated computational procedures may be used to suggest new drug candidates.

As experimental methods such as X-ray crystallography and NMR develop, the amount of information 
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concerning 3D structures of bimolecular targets has increased dramatically. In parallel, information about 
the structural dynamics and electronic properties about ligands has also increased. This has encouraged 
the rapid development of the structure-based drug design. Current methods for structure-based drug 
design can be divided roughly into two categories. The first category is about “finding” ligands for a 
given receptor, which is usually referred as database searching. In this case, a large number of potential 
ligand molecules are screened to find those fitting the binding pocket of the receptor. This method is 
usually referred as ligand-based drug design. The key advantage of database searching is that it saves 
synthetic effort to obtain new lead compounds. Another category of structure-based drug design methods 
is about “building” ligands, which is usually referred as receptor-based drug design. In this case, ligand 
molecules are built up within the constraints of the binding pocket by assembling small pieces in a 
stepwise manner. These pieces can be either individual atoms or molecular fragments. The key advantage 
of such a method is that novel structures, not contained in any database, can be suggested. 

Active site identification
Active site identification is the first step in this program. It analyzes the protein to find the binding pocket, 
derives key interaction sites within the binding pocket, and then prepares the necessary data for Ligand 
fragment link. The basic inputs for this step are the 3D structure of the protein and a pre-docked ligand 
in PDB format, as well as their atomic properties. Both ligand and protein atoms need to be classified 
and their atomic properties should be defined, basically, into four atomic types:

Hydrophobic atom•	 : All carbons in hydrocarbon chains or in aromatic groups.

H-bond donor•	 : Oxygen and nitrogen atoms bonded to hydrogen atom(s).

H-bond acceptor•	 : Oxygen and sp2 or sp hybridized nitrogen atoms with lone electron pair(s).

Polar atom•	 : Oxygen and nitrogen atoms that are neither H-bond donor nor H-bond acceptor, 
sulfur, phosphorus, halogen, metal, and carbon atoms bonded to hetero atom (s).

The space inside the ligand binding region would be studied with virtual probe atoms of the four types 
above so the chemical environment of all spots in the ligand binding region can be known. Hence we are 
clear what kind of chemical fragments can be put into their corresponding spots in the ligand binding 
region of the receptor.
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Ligand fragment link

Flow chart for structure-based drug design

When we want to plant “seeds” into different regions defined by the previous section, we need a fragments 
database to choose fragments from. The term “fragment” is used here to describe the building blocks 
used in the construction process. The rationale of this algorithm lies in the fact that organic structures can 
be decomposed into basic chemical fragments. Although the diversity of organic structures is infinite, the 
number of basic fragments is rather limited.

Before the first fragment, i.e. the seed is put into the binding pocket, and other fragments can be 
added one by one, it is useful to identify potential problems. First, the possibility for the fragment 
combinations is huge. A small perturbation of the previous fragment conformation would cause great 
difference in the following construction process. At the same time, in order to find the lowest binding 
energy on the Potential energy surface (PES) between planted fragments and receptor pocket, the scoring 
function calculation would be done for every step of conformation change of the fragments derived 
from every type of possible fragments combination. Since this requires a large amount of computation, 
using different tricks may use less computing power and let the program work more efficiently. When 
a ligand is inserted into the pocket site of a receptor, groups on the ligand that bind tightly with the 
receptor should have the highest priority in finding their lowest-energy conformation. This allows us to 
put several seeds into the program at the same time and optimize the conformation of those seeds that 
form significant interactions with the receptor, and then connect those seeds into a continuous ligand 
in a manner that make the rest of the ligand have the lowest energy. The pre-placed seeds ensure high 
binding affinity and their optimal conformation determines the manner in which the ligand will be built, 
thus determining the overall structure of the final ligand. This strategy efficiently reduces the calculation 
burden for fragment construction. On the other hand, it reduces the possibility of the combination of 
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fragments, which reduces the number of possible ligands that can be derived from the program. The two 
strategies above are widely used in most structure-based drug design programs. They are described as 
“Grow” and “Link”. The two strategies are always combined in order to make the construction result 
more reliable. 

Scoring method - Scoring functions for docking

Structure-based drug design attempts to use the structure of proteins as a basis for designing new ligands 
by applying accepted principles of molecular recognition. The basic assumption underlying structure-
based drug design is that a good ligand molecule should bind tightly to its target. Thus, one of the most 
important principles for designing or obtaining potential new ligands is to predict the binding affinity of 
a certain ligand to its target and use it as a criterion for selection.

One early method was developed by Böhm to develop a general-purposed empirical scoring function in 
order to describe the binding energy. The following “Master Equation” was derived:

Where:

Desolation-enthalpic penalty for removing the ligand from solvent•	

Motion-entropic penalty for reducing the degrees of freedom when a ligand binds to its receptor•	

Configuration-conformational strain energy required to put the ligand in its "active" •	

conformation

Interaction-enthalpic gain for "resolvating" the ligand with its receptor•	

The basic idea is that the overall binding free energy can be decomposed into independent components 
that are known to be important for the binding process. Each component reflects a certain kind of free 
energy alteration during the binding process between a ligand and its target receptor. The Master Equation 
is the linear combination of these components. According to Gibbs free energy equation, the relation 
between dissociation equilibrium constant, Kd, and the components of free energy was built.

Various computational methods are used to estimate each of the components of the master equation. For 
example, the change in polar surface area upon ligand binding can be used to estimate the desolvation 
energy. The number of rotatable bonds frozen upon ligand binding is proportional to the motion term. 
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The configurational or strain energy can be estimated using molecular mechanics calculations. Finally the 
interaction energy can be estimated using methods such as the change in non polar surface, statistically 
derived potentials of mean force, the number of hydrogen bonds formed, etc. In practice, the components 
of the master equation are fit to experimental data using multiple linear regression. This can be done with 
a diverse training set including many types of ligands and receptors to produce a less accurate but more 
general "global" model or a more restricted set of ligands and receptors to produce a more accurate but 
less general "local" model. 

Rational drug discovery
In contrast to traditional methods of drug discovery, which rely on trial-and-error testing of chemical 
substances on cultured cells or animals, and matching the apparent effects to treatments, rational drug 
design begins with a hypothesis that modulation of a specific biological target may have therapeutic 
value. In order for a bimolecular to be selected as a drug target, two essential pieces of information are 
required. The first is evidence that modulation of the target will have therapeutic value. This knowledge 
may come from, for example, disease linkage studies that show an association between mutations in the 
biological target and certain disease states. The second is that the target is "drugable". This means that it 
is capable of binding to a small molecule and that its activity can be modulated by the small molecule.

Once a suitable target has been identified, the target is normally cloned and expressed. The expressed 
target is then used to establish a screening assay. In addition, the three-dimensional structure of the target 
may be determined.

The search for small molecules that bind to the target is begun by screening libraries of potential drug 
compounds. This may be done by using the screening assay (a "wet screen"). In addition, if the structure 
of the target is available, a virtual screen may be performed of candidate drugs. Ideally the candidate drug 
compounds should be "drug-like", that is they should possess properties that are predicted to lead to oral 
bioavailability, adequate chemical and metabolic stability, and minimal toxic effects. Several methods 
are available to estimate druglikeness such as Lipinski's Rule of Five and a range of scoring methods 
such as Lipophilic efficiency. Several methods for predicting drug metabolism have been proposed in 
the scientific literature, and a recent example is SPORCalc. Due to the complexity of the drug design 
process, two terms of interest are still serendipity and bounded rationality. Those challenges are caused 
by the large chemical space describing potential new drugs without side-effects.

Computer-aided drug design 
Computer-aided drug design uses computational chemistry to discover, enhance, or study drugs and 
related biologically active molecules. The most fundamental goal is to predict whether a given molecule 
will bind to a target and if so how strongly. Molecular mechanics or molecular dynamics are most often 
used to predict the conformation of the small molecule and to model conformational changes in the 
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biological target that may occur when the small molecule binds to it. Semi-empirical, initio quantum 
chemistry methods, or density functional theory are often used to provide optimized parameters for the 
molecular mechanics calculations and also provide an estimate of the electronic properties (electrostatic 
potential, polarizability, etc.) of the drug candidate that will influence binding affinity.

Molecular mechanics methods may also be used to provide semi-quantitative prediction of the binding 
affinity. Also, knowledge-based scoring function may be used to provide binding affinity estimates. 
These methods use linear regression, machine learning, neural nets or other statistical techniques to 
derive predictive binding affinity equations by fitting experimental affinities to computationally derived 
interaction energies between the small molecule and the target.[15][16]

Ideally the computational method should be able to predict affinity before a compound is synthesized 
and hence in theory only one compound needs to be synthesized. The reality however is that present 
computational methods are imperfect and provide at best only qualitatively accurate estimates of 
affinity. Therefore in practice it still takes several iterations of design, synthesis, and testing before an 
optimal molecule is discovered. On the other hand, computational methods have accelerated discovery 
by reducing the number of iterations required and in addition have often provided more novel small 
molecule structures.

Drug design with the help of computers may be used at any of the following stages of drug discovery:

Hit identification using 1.	 virtual screening (structure- or ligand-based design)

Hit-to-lea2.	 d optimization of affinity and selectivity (structure-based design, QSAR, etc.)

L3.	 ead optimization optimization of other pharmaceutical properties while maintaining affinity

Flowchart of a Usual Clustering Analysis for Structure-Based Drug Design
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In order to overcome the insufficient prediction of binding affinity calculated by recent scoring functions, 
the protein-ligand interaction and compound 3D structure information are used to analysis. For structure-
based drug design, several post-screening analysis focusing on protein-ligand interaction has been 
developed for improving enrichment and effectively mining potential candidates:

Consensus scoring 

Selecting candidates by voting of multiple scoring functionso	

May lose the relationship between protein-ligand structural information and scoring o	

criterion

Geometric analysis •	

Comparing protein-ligand interactions by visually inspecting individual structureso	

Becoming intractable when the number of complexes to be analyzed increasingo	

Cluster analysis •	

Represent and cluster candidates according to protein-ligand 3D informationo	

Needs meaningful representation of protein-ligand interactions.o	
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