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ABSTRACT
Sikkim is the state abundant with medicinal plants. The methanolic extract of leaves of Bischofiaja-
vanicaBlume (BJ) had shown significant anti-inflammatory and anticancer activities in our previous 
research work. Hence in this research work leaves ofBJwas undergone for isolation of triterpenids.
Methnolic extract of BJ has been isolated by column chromatography followed by TLC using  
n-hexane-chloroform-ethylacetate as mobile phase in different ratio.The sub fraction (SF-7-10) of   
F-18 to F-22 in the eluting solvent system of n-hexane-chloroform-ethyl acetate in the ratio of 
7:2:1 gave the pure triterpenoid.The sample was further studied by IR, 1H and 13C NMR and Mass  
spectra and confirmed that Friedelin-3α-acetate with molecular formula C32 H54O2.
Key words: Triterpenoid;Column chromatography

INTRODUCTION
Sikkim is a very small hilly state in the Eastern Himalayas with a total geographical area of 7096. sq. 
kms. Sikkim Himalaya is abundant with medicinal plants, herbs, shrubs, and bamboo. More than 242 
species of medicinal plants are reported to be found in the state[1].BischofiajavanicaBlume (Euphorbi-
aceae), known as kainjal in Nepali a evergreen tree widely distributed over the Southeast Asia, Japan 
and Australia. In   India it is distributed over the Sub-Himalayan region, Orissa and south west coast 
from Konkan to Nilgiris. [2] This plant has been utilized significantly for various ailments like topical 
treatment for ulcer, sores and boils. [3] It possesses antiulcer, antimicrobial, anthelmintic and antidysen-
teric activities. Tribes of Chhattisgarh and Sikkim use the leaf juice of the plant for the treatment of 
cancerous Wound. [4]B. javanica  have been reported  to contains the phytoconstituents  like tannin, 
β-amyrins,  betulinic acid, chrysoeriol, ellagic acid, fiestin, friedelan-3-alpha-ol, epifriedelinol, friedelin, 
luteolin and glucoside, quercetin, quercitrin, β-sitosterol, stigmosterol, ursolic acid, triacontane, fatty 
acids including linoleic acid, stearic acid, iscchofianin, corigalin, furosin, geranin, punicalagin[5-6]Anti-
inflammatory and analgesic potency of BJ were studied by the authors in a previous research work. [7]
Methanolic extract of leaves of BJ has shown significant anticancer activities on human leukemic cell 
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lines and the presence of triterpenoids could be the reason behind the activities [8]. In this research work 
we have made an attempt to isolate triterpenoids from BJ. 

MATERIALS AND METHODS
Extraction of Phytoconstituents from Bischofiajavanica
Collection of Plant Material
The leaves of Bischofiajavanica were collected from Melli region of Sikkim (India) in the month of June. 
The plant material was identified and authenticated at Botanical Survey of India (BSI), Sikkim branch. 
A herbarium was also kept in the parent institute for future reference (LS/BJ/03/RPS). The collected leaf 
of B.javanica was shade dried for 15 days and size reduced using laboratory grinder in to coarse powder. 
It was stored in a well closed container free from environmental changes till usage.

Extraction Procedure
The powdered leaves (5 Kg) were extracted with methanol in soxhlet apparatus at 50-60°C. After exhaus-
tive extraction the extract was concentrated by distilling the solvent for further use. The concentrated 
extract was kept in the desiccator. Yields of the prepared extract were 5.0 %w/w (250g) of the dried leaf 
powder. The extract was used for the study of preliminary chemical analysis[9-10].The methanol extract 
was concentrated, suspended in distilled water and partitioned with petroleum ether, chloroform. [11-
12] The chloroform soluble fraction was subjected to thin layer chromatographic analysis. The aqueous 
and petroleum ether fraction did not show any positive pharmacological activities under perview of this 
investigation and was discarded. Dried powdered leaves of Bischofiajavanwas extracted with methanol. 
Methanol extract shown positive test for triterpenoid. Methanol extract was    Partitioned- pet ether, 
chloroform and water. Pet-ether fraction showed absence of triterpenoid. Chloroform fraction showed 
presence of triterpenoid and aqueous fraction showed absence of triterpenoid). Then the Chloroform 
fraction was subjected to chromatographic separation.

Isolation and Purification of Phytoconstituents from the Leaf of B.javanica
The dried solid chloroform fraction of the leaf extract and silica gel60-120 (E.Merck) was layered on 
the top of the glass column, 80 cm in length, 3.5 cm diameter. The bottom of the column was plugged 
with glass wool. A thin layer of cotton was placed over it. The solvent was allowed to flow down slowly 
till the mixture was adsorbed on the top of the column. Gradient elution was carried out using n-hexane 
and ethyl acetate as solvent by increasing the polarity of n-hexane by adding increments of ethylacetate. 
[13-14] The fractions obtained from the column chromatography using different ratios of n-hexane: 
ethyl acetate were numbered as F-1 to F-7 for the ratio 10:0, F-8 to F-17 for the ratio 9:1, F-18 to F-23 
for 8:2, F-24 to F-35 for 7:3 and F-36 to F-49 for 6:4. TLC study was performed on the fractions and the 
fraction F-18 to 22 revealed the elution of the mixture of triterpenoid amongst all the fractions.  So the 
fractions were combined together and was further purified in column chromatography using n-hexane-
chloroform-ethyl acetate (8:1:1, 7:2:1, 6:3:1) as solvent system. The sub fraction (SF-7-10) of   F-18 to 
F-22 in the eluting solvent system of n-hexane-chloroform-ethyl acetate in the ratio of 7:2:1 gave the 
pure triterpenoid, which was confirmed by TLC studies. The isolated compound LS-1 was further exam-
ined by different physico-chemical techniques for its structure elucidation.
The infrared (IR) absorption spectra of the isolated compound were taken with Perkin Elmer FTIR-1750 
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spectrophotometer, in potassium bromide discs. The spectra were recorded in the region of 4000 cm-1 
to 400 cm-1. The spectra of the isolated compound with absorption bands were recorded and tabulated. 
The 1H and 13C NMR spectra of the isolated compound from chloroform fraction of B.javanica leaves 
were undertaken in Brucker DRX 600 Spectrometer in CDCl3 (Duterated chloroform) solution. The 
spectra are recorded and tabulated.Mass spectrum (ES-MS) of the isolated compound from the leaves of 
B.javanicawas recorded on a Micromass Quattro II instrument.

RESULTS AND DISCUSSION
The concentrated methanol extract obtained from the shade-dried leaf of B.javanicawas fractionated 
successively with petroleum ether, chloroform and water. It was observed that only the Chloroform frac-
tion exhibited significant pharmacological activities under purview of this investigation. So this fraction 
was subjected to phytochemical analysis.
The preliminary phytochemical group tests indicated the presence of steroids, flavonoids, proteins, tan-
nins, saponins and reducing sugar (Table 1). The thin layer chromatographic study of the chloroform 
fraction of methanol extract of B.javanica showed the presence of about five components with selected 
mobile phases and spraying reagent. This fraction was subjected to coloumn chromatographic separa-
tion on Silica gel coloumn in which forty-nine fractions were collected. The fractions having identical 
Rf values (F-18-22) from TLC studies were mixed together. They were again purified with a silica gel 
(60-120) coloumn, which yielded a pure compound (LS-1) which was again confirmed by TLC studies. 
The compound is a white crystalline powder,melting point is 292-294°C, insoluble in water, soluble in 
organic solvents. It was further subjected to chemical tests and TLC studies to confirm the chemical 
nature of the compound LS-1, which are presented in. The chemical nature of the isolated compound 
was further characterized from its physical parameters and spectral (IR, Mass, 13C and 1H NMR) data 
[15- 16]. The IR spectrum shows the presence of absorption bands at 2931, 1738 and 1245 cm-1. Other 
prominent peaks were 2870, 1461, 1386, 1025 and 526 cm-1.The IR spectrum of the compound LS-1 
revealed the presence of carbonyl group (1738 cm-1), C-H stretching and bending were confirmed by 
absorption at 2870 and 1461 cm -1. The 1H NMR data revealed the eight singlet methyl protons in the 
compound showing the signals at 1.16, 1.18, 1.13, 1.04, 0.99, 0.82, 0.76 and 0.98 ppm. The signal at 4.36 
ppm revealed the acetyl substitution at C-3 and the singlet at 2.03 ppm confirmed the acetyl group. The 
methylene link in the skeleton showed α and β configuration and the signalbetween 1.24-1.59 ppm.13C 
NMR data revealed the 32 carbons in the skeleton with eight methyl groups. The acetyl group at C-3 
showed the chemical shift at 75.17 and the C=O group has provided the δC at 171. Further DEPT (Dis-
tortionless Enhancement by Polarization Transfer)-90and DEPT-135 studies confirmed singlet, doublet, 
triplet and Quadralet carbons of 13C NMR studies and inferred the pentacyclictriterpenoid skeleton for 
the test compound LS-1 [17-19](Table 2). The Mass spectra (ES-MS) showed the m/z (%) 494{M+Na+} 
(40), 472{M+1} (20) and confirmed the compound with molecular weight 470.77. From the available 
literature on Friedelin compounds and the 1H NMR, and 13C NMR spectral data, [17-20] the structure 
of the compound LS-1 was found to be Friedelin-3α-acetate with molecular formula C32 H54O2 (Fig-
ure1).

CONCLUSION
The study was concluded that the triterpenoid (Friedelin-3α-acetate) was isolate from methanolic
extract of BischofiaJavanicaBlume leaves and its structure was characterized.
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Table1:Preliminary phytochemical test of methanol extract of B. javanicaleaf

 Phytoconstituents B.javanica
Methanol Extract Chloroform Fraction

   Alkaloids           +            +
   Amino acids           _            _
   Proteins           +            _
   Reducing sugar           +            _
   Steroids and triterpenoids           +            +
Flavanoids           +            +
   Tannins           +            _
Saponins           +            +
Anthraquinones         _          _  

+ veindicates presence and – ve indicates absence of the phytoconstituents

Table2:Hydrogen and carbon chemical shifts of compound LS-1 isolated from the leaves of Bischofiajavanica

Position δH Position δC Position δH Position δC
H-1 1.59(α) C-1 17.83 H-16 1.46(α) C-18 42.77

1.36(β) C-2 32.68 1.54(β) C-19 35.55
H-2 1.58(α) C-3 75.17 H-17 1.47 C-20 28.16

1.38(β) C-4 49.99 H-18 1.51 C-21 32.77
H-3 4.63 C-5 38.27 H-19 1.78(α) C-22 39.25
H-4 1.55 C-6 41.3 1.29(β) C-23 9.92
H-6 1.25(α) C-7 19.31 H-21 1.76(α) C-24 14.48

1.48(β) C-8 52.95 1.28(β) C-25 18.11
H-7 1.35(α) C-9 36.97 H-22 1.58(α) C-26 18.21

1.49(β) C-10 59.85 1.25(β) C-27 20.15
H-9 1.51 C-11 35.3 CH3-23 0.98 C-28 31.78
H-10 1.53 C-12 30.55 CH3-24 0.76 C-29 35.01
H-11 1.34(α) C-13 39.65 CH3-25 0.82 C-30 32.08

1.42(β) C-14 38.36 CH3-26 0.99 C-31 171.0
H-12 1.37(α) C-15 32.32 CH3-27 1.04 C-32 21.37

1.27(β) C-16 36.02 CH3-28 1.13
H-15 1.50 C-17 39.99 CH3-29 1.18

CH3-30 1.16
COOCH3 2.03
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ABSTRACT
A simple and sensitive spectrophotometric method has been developed for simultaneous determina-
tion of Montalukast sodium and Levocetirizine hydrochloride in a binary mixture. In the proposed 
method, the absorbances were measured at 229.0 nm and 284.0 nm corresponding to the absor-
bance maxima of Montalukast sodium and Levocetirizinein methanol.Linearity range observed 
was 4 to 20 µg/ml for Montalukast sodium and 2 to 10 µg/ml for levocetirizine hydrochloride. LOD 
and LOQ were 1.1 and 0.7 µg/ml for Montalukast sodium and 3.3 and 2.1 µg/ml for Levocetirizine 
hydrochloride. Developed method was applied to laboratory mixture and its marketed formulation. 
The method was validated statistically and recovery study was performed to confirm the accuracy 
of the method. The method was found to be rapid, simple, accurate and precise.
Key-words: Levocetirizine hydrochloride; simultaneous-equation 

INTRODUCTION

Levocetirizine, the (R) enantiomer of cetirizine, is a potent and selective antagonist of peripheral H1-
receptors. Montelukast is a Leukotriene receptor antagonist (LTRA) used for the maintenance treatment 
of asthma and to relieve symptoms of seasonal allergies.1 Literature survey reveals HPLC[,2,3] and 
Spectrophotometric [4,5] methods  for simultaneous estimation of Levocetirizine  Hydrochloride  and 
Montelukast  Sodium  in combined dosage form. The present work is aimed at the development of sim-
ple, rapid, accurate, precise and sensitive spectrophotometric method based on simultaneous equations 
for simultaneous estimation of Levocetirizine Hydrochloride and Montelukast Sodium in tablet dosage 
form.   Developed method is validated with various parameters as per ICH guidelines like accuracy, 
precision, linearity.

MATERIALS & INSTRUMENTS

UV-VIS spectrophotometer 1700(SHIMADZU), Electronic balance AY220(SHIMADZU) were the in-
struments used for analysis.Methanol Reagent grade was used as the solvent.

Tamilselvi et.al.,/ Journal of Pharma Innovative Research, 2015; 2(1): 6-10
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Reference Standards
Levocetrizine Hydrochloride and Montelukast Sodium standard were procured Hetero 
pharmaceuticals,Hyderabad, which was found to be 99.56% pure. Sample used was Montek LC, Sun 
pharma.with a composition of Montelukast Sodium-10mg and Levocetirizine Hydrochloride-5mg

Method: 

Spectral characteristics of Montelukast Sodium and Levocetirizine Hydrochloride in Methanol

SHIMADZU 1700 UV-VIS spectrophotometer was used for scanning Montelukast Sodium and Levo-
cetirizine Hydrochloride in Methanol (solution C) from 200-300nm after enabling a blank correction in 
the above region. An absorption band ranging from 200-300nm was observed with maximum absorption 
at 229nm AND 284nm for Levocetirizine Hydrochloride and Montelukast Sodium respectively. The 
spectrum obtained with solution C. Standard mixture of Levocetirizine Hydrochloride and Montelukast 
Sodium (each of 10µg/ml) is shown in figure4. Overlay spectrum of LevocetirizineHydrochloride (6µg/
ml) and MontelukastSodium (12µg/ml).

Linearity 

Linearity range observed was 4 to 20 µg/ml for Montalukast sodium and 2 to 10 µg/ml for levocetirizine 
hydrochloride in methanol at 229 and 284nm for both of the drugs. 

Precision

The precision of an analytical procedure expresses the closeness of agreement between a series of mea-
surements from multiple sampling of the same homogenous sample under prescribed conditions. Preci-
sion may be considered at two levels: repeatability and reproducibility. Repeatability expresses the pre-
cision under the same operating conditions over a short interval of time. The precision of an analytical 
procedure is usually expressed as the standard deviation of a series of measurements. The repeatability 
and reproducibility of the method was studied using concentrations of 8µg/ml Montelukast Sodium & 
4µg/ml Levocetirizine Hydrochloride and 12µg/ml Montelukast Sodium & 6µg/ml Levocetirizine Hy-
drochloride respectively. Which were prepared from stock solution B. The absorbance was measured 
at 229 and 284nm against Methanol as blank. The absorbance was measured two more times for each 
concentration and their mean values were calculated and the data is given in table no.5. The intra-day 
and inter-day precision study was carried for   Montelukast Sodium and Levocetirizine Hydrochloride by 
estimating the corresponding responses three times on the same day and on three different days (1st, 2nd 
and 3rd day) for 12gµ/ml Montelukast Sodium and 6µg/ml Levocetirizine Hydrochloride.  The results 
are reported in terms of relative standard deviation in Table 1,2 and 3.

Accuracy

The accuracy of an analytical procedure expresses the closeness of agreement between the value which 
is accepted as reference value and the value found. Accuracy was evaluated by carrying out a recovery 
study and the method was found to be accurate.

Recovery Studies

Twenty tablets were accurately weighed and finely powdered in a mortar. The power equivalent to 
100mg of Montelukast Sodium was accurately weighed out and transferred into a 100ml volumetric 
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flask. Methanol (50ml) was added to it for dissolving and the solution was filtered through Whatman-
nfilterpaper No 41 and the volume was adjusted upto the mark with Methanol to acquire a final concen-
tration of 1000µg/ml of Montelukast Sodium & 500µg/ml of Levocetirizine Hydrochloride.

Measurement of Absorbance

a. Accurately pipetted out 1ml of the above solution and transferred into a 10ml standard flask and made 
up to the volume with Methanol to acquire a final concentration of 100µg/ml of Montelukast Sodium  & 
50µg/ml of Levocetirizine  Hydrochloride.
b. Accurately pipetted out 0.8ml of the above solution and transferred to a 10ml standard flask and added 
known amount of standard solutions at 50, 100, and 150% level and made up to the volume with Metha-
nol. The absorbance of each solution was measured at 229 and 284nm using Methanol as blank. Data 
obtained is furnished in Table 4.

RESULTS AND DISCUSSION

In this simultaneous equation method, the overlain spectra of drugs showed the λmax of 229.0 nm and 
284.0 nm for Montelukast Sodium & Levocetirizine Hydrochloride respectively. Both the drugs obeyed 
linearity range 4-20 μg/ml and 2-10 μg/ml respectively and correlation coefficient (r2) were found to 
be <1 in both cases. The percentage purity of drugs in binary mixture was found to be 99.08 to 99.87 
% for montelucast sodium and 98.5 to 101.1 % for Levcetrizine Hydrochloride. The accuracy of the 
method was determined by performing recovery study by standard addition method. The % recoveries 
were found near to 100 % for Montelukast Sodium Levocetirizine Hydrochloride. The experiment was 
repeated three times in a day for intra-day and on three different days for inter-day precision. The method 
was found to be precise as % RSD for intra-day and inter-day precision were < 2. 

Table no: 1   Intraday study of MontelukastSodium
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CONCLUSION

The proposed method is simple, precise, and accurate for the rapid for simultaneous determination of 
Montelukast Sodium Levocetirizine Hydrochloride in combined tablet dosage forms and this method 
may be successfully applied in control laboratories for their determination in combined dosage form.
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ABSTRACT

Mebeverine Hydrochloride (MBH) is having poor oral bioavailability and has some adverse 
effects, even though it shows direct action on the smooth muscle of the GIT (especially colon), 
because of this reason the MBH is used as model drug for site-specific drug delivery system. 
The purpose of research work was to develop Eudragit® EPO based nanoparticle suspension 
of MBH in order to increase its solubility and efficacy. The nanoparticle suspension was pre-
pared by nanoprecipitation technique. The 32 factorial designswere used to study the effect of 
Eudragit® EPO and Pluronic® F-68 on characteristics of nanoparticle suspension of MBH. 
The optimized formulation was subjected to lyophilization. The lyophilized nanoparticle sus-
pension and the redispersed lyophilized nanoparticle suspension were characterized by particle 
size, drug content, entrapment efficiency, DSC, SEM, and in-vitro drug release. Formulation F9 
subjected to SEM analysis to know the size and its surface morphology. The optimized batch 
(Formulation F9) showed particle size 178.3 nm with entrapment efficiency 88.74±5.20%. The 
highest cumulative percent of drug release with formulation F9 was found to be 96.85±0.37% 
in 12 hours. The results of the present investigation conclude that the formulation F9 was con-
sidered as best among various formulations with respect to particle size, entrapment efficiency 
and in-vitro drug release.

Key-words:Nanoparticle suspension, 32factorialdesigns; Irritable bowel syndrome.

INTRODUCTION

Irritable  bowel  syndrome (IBS)  is  a  disorder  that leads  to  abdominal  pain and cramping,  change in  
bowel  movements, and other  symptoms. IBS  is   not   the  same as inflammatory  bowel disease  (IBS), 

Bhaktha  et.al.,/ Journal of Pharma Innovative Research, 2015; 2(1): 11-19
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which includes crohn’sdisease and ulcerative colitis. In IBS, the structure of the bowel is not abnormal.
IBS can be classified as either diarrhea-predominant (IBS-D), constipation-predominant (IBS-C) or IBS 
with alternating stool pattern (IBS-A or pain-predominant). In some individuals, IBS may have an acute 
onset and develop after an infectious illness characterized syndrome has consequently been termed 
“post-infectious IBS”(IBS-PI).

The primary symptoms of IBS are abdominal pain or discomfort in association with frequent diarrhea 
or constipation, a change in bowel habits. There may also be urgency for bowel movements, a feeling of 
incomplete evacuation (tenesmus), bloating or abdominal distention. In some cases, the symptoms are 
relieved by bowel movements, people with IBS, more commonly than others. Have gastro  

esophageal reflux, symptoms relating to the genitourinary systems, chronic fatigue, fibromyalgia, head-
ache, backache and psychiatric symptoms such as depression and anxiety. Some studies indicate that up 
to 60% of persons with IBS also have a psychological disorder, typically anxiety or depression. 

The main problem with the therapeutic effectiveness of MBH is its absorption which is highly variable 
and dose dependent thus reducing the bioavailability to 65–75% . MBH is soluble in acidic pH and is 
predominantly absorbed from upper gastro intestinal tract (GIT) to duodenum to jejunum regions. There 
are indications of its active absorption from the duodenum and jejunum regions of GIT 1.

The inherent shortcomings of conventional drug delivery and the potential of nanoparticle as drug deliv-
ery systems have offered tremendous scope for researchers in this field and are fast moving from concept 
to reality. Nanoparticle may be used for oral administration of gut-labile drugs or those with low aque-
ous solubility. These colloidal carriers have the ability to cross the mucosal barrier as such. In addition 
to the potential for enhancing drug bioavailability via particle uptake mechanisms, nanoparticulate oral 
delivery systems also have slower transit times than larger dosage forms increasing the local concentra-
tion gradient across absorptive cells, thereby enhancing local and systemic delivery of both free and 
bound drugs across the gut. These colloidal carriers are expected to develop adhesive interactions within 
the mucosa and remain in the gastrointestinal tract, while protecting the entrapped drug from enzymatic 
degradation, until the release of the loaded drug or their absorption in an intact particulate form2, 3.

Rectal dosage forms such as suppositories and enemas are not always effective since a high variability in 
the distribution of these dosage forms is observed. Suppositories are only effective in the rectum because 
of the confined spread and enema solutions can only offer topical treatment to the sigmoid and descend-
ing colon. Thus, an effective therapy of the colonic disorders can be effectively achieved by using site-
specific pH-sensitive drug delivery system. The present studies are aimed to targeting the colon by using 
pH-sensitive system and protect the active drug against first pass effect and gastrointestinal disturbances. 
Advantages of targeting drug to the diseased organ (colon) includes, delivery of drug in its intact form as 
close as possible to the target site, ability to reduce the conventional dose, reduce incidence of adverse 
side effects and avoidance of mucosal metabolism. MBH is known to suffer from extensive first pass ef-
fect. In an attempt to improve its oral bioavailability and possibility to restrict its absorption only to the 
colon, Mebeverine hydrochloride nanoparticle was prepared by nanoprecipitation method 1.
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MATERIALS AND METHODS:

Preparation of pH sensitive nanoparticle:

Nanoparticle suspension of Mebeverine hydrochloride (MBH) was prepared by nanoprecipitation meth-
od. MebeverineHCl 200 mg and specific amount of Eudragit®-EPO were dissolved in 15 ml of methanol. 
The organic solution was quickly injected to30 ml aqueous solution containing pluronic® F-68 under 
stirring at 2000 rpm. Stirring was continued for 2 hours at 400C for complete evaporation of methanol. 
The volume was adjusted up to 40 ml with aqueous solution of 200 mg of HPMC K-15 to obtain a nano-
particle suspension. The optimized nanoparticle suspension was lyophilized at – 420C for 72 hours and 
which was also redispersed in water to get aqueous nanoparticle suspension 4.A prior knowledge and 
understanding of the process and the variable under investigation led to preliminary experiments. Based 
on the preliminary data, the 32 factorial design was adopted to optimize the amount of Eudragit®-EPO 
(x1) and pluronic® F-68 (x2) identify the independent variable affecting the drug content and the per-
centage drug encapsulation efficiency (dependent variable). The response surfaces of the obtained result 
were also plot-ted. The coded and the actual values of the experimental design are given in table 1. The 
data analysis of values obtained from various batches for drug content and encapsulation efficiency were 
subjected to multiple regression analysis using PCP dissolution software the equation fitted was

                           Y: ß0+ ß1 X1+ ß2 X2+ ß11 X12+ ß22 X22+ ß12 X 1X2

Where y is the measured response; X is the level of factors; ß is the co-efficient computed from the re-
sponses of the formulations 4, 8.

In-vitro Characterization of pH Sensitive Nanoparticle

I. Particle size analysis:

Particle size analysis of nanoparticle was performed by photon correlation spectroscopy (PCS). This 
technique yields the mean particle diameter and particle size distribution. Samples were analyzed using 
Mastersizer 2000 (Malvern Instruments, Malvern, UK), which allows sample measurement in the range 
of 0.020 – 2000.00 µm 5.

Polydispersity was determined according to the equation:

D (0.9) – D (0.1)Polydispersity = ———————

                                D (0.5)

Where D (0.9) corresponds to particle size immediately above 90% of the sample, D (0.5) corresponds 
to particle size immediately above 5% of the sample, D (0.1) corresponds to particle size immediately 
above 10% of the sample.

II.Estimation of drug content:

The nanoparticle suspension was weighed accurately (equivalent to 10 mg) of the MBH nanoparticle 
suspension was diluted with phosphate buffer pH 7.4 and the drug content were estimated by using UV 
-Visible spectrophotometer(Shimadzu UV-1700) at 263 nm against blank solvent system 6.
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III.Estimation of entrapment efficiency:

The entrapment efficiency of the prepared formulation was determined by measuring the concentration 
of free drug in the dispersion medium. The amount of entrapped drug was determined by taking 10 ml of 
nanoparticle suspension and it was centrifuged for 2 hours at 14000 rpm. The supernatant was separated 
and filtered through 0.45µm Millipore (Millipore filter). The filtrate was diluted with phosphate buffer 
pH 7.4  and measured specrophotometrically (Shimadzu UV-1700) the amount of free drug was deter-
mined in filtered drug was determined. Initial drug–free drug the entrapment efficiency was calculated 
using the following equation 7.

 IV.Statistical Analysis:

A prior knowledge and understanding of the process and the variable underinvestigation led to prelimi-
nary experiments. Based on the preliminary data, the 32 factorial design was adopted to optimize the 
amount of Eudragit®-EPO (x1) and pluronic® F-68 (x2) identify the independent variable affecting 
the drug content and the percentage drug encapsulation efficiency (dependent variable). The response 
surfaces of the obtained result were also plot-ted. The coded and the actual values of the experimental 
design are given in table 1. The data analysis of values obtained from various batches for drug content 
and encapsulation efficiency were subjected to multiple regression analysis using PCP dissolution soft-
ware the equation fitted was

Y: ß0+ ß1 X1+ ß2 X2+ ß11 X12+ ß22 X22+ ß12 X 1X2

Where y is the measured response; X is the level of factors; ß is the coefficient computed from the re-
sponses of the formulations 4, 8.

V.In-vitro drug release study:

The in-vitro drug release of the nanoparticle suspension was studies by using dialysis method the formu-
lation equivalent to 10 mg of MBH were placed in a dialysis bag. The dialysis bag was suspended in a 
beaker containing 100 ml of phosphate buffer pH 7.4 on a magnetic stirrer at 100 rpm, with temperature 
adjusted to 37±0.5°C at selected time interval sample was removed and replaced with fresh medium. 
The sample was filtered through 0.45µm Millipore (Millipore filter) the samples were analyzed for 
drug release by measuring absorbance 263 nm using UV -visible spectrophotometer (Shimadzu UV-
1700) 11.

VI.Differential Scanning Calorimetric Analysis (DSC):

Differential scanning calorimetry (DSC) are one of the most powerful analysis technique which offer-
ing the possible of detecting chemical interaction between drug and polymer. The differential scanning 
calorimetry of thermograms of MBH, Eudragit®-EPO, and lyophilized nanoparticle suspension were 
obtained using DSC-Shimadzu 60 with TDA trend line software 9.

VII.Scanning electron microscopy (SEM) Analysis:

The morphology of nanoparticle was examined by using scanning electron microscopy (SEM, JSM-
6360LV scanning microscope Tokyo, Japan).The nanoparticle formulation was mounted on metal stubs 
using double-sided tape and coated with a 150 A0 layer of gold under vacuum. Stubs were visualized 
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under scanning electron microscope. SEM has been used to determine particle size distribution, surface 
topography, texture and examine the morphology of fractured or sectioned surface 10.

RESULTS AND DISCUSSION:

I.Particle size analysis:

Theparticle size ofthenanoparticle suspensionwas found to be 178.3 nm and polydispersityindex 0.810.
Increasein particlesizeof nanoparticle suspension with decrease  inthe polydispersityindexwasobserved-
withincreaseinthe polymer content.The  smallerparticlesizeobtained atlowpolymercontentmay be due 
to highdistribution  efficiencyof theinternalpolymer-solvent phase into the external phase.Increase inthe 
viscosity of internal   phase with increased amount of polymer also provides resistance for mass transfer 
in turn diffusion of polymer – solvent phase into the external phase leading to particle enlargement.

II.Drug content:

The results of drug content are shown in the table 1. The drug content of the nanoparticle were in the 
range from 43.16±1.84 to 93.14±2.77% depends on the concentration of polymeradded. The maximum 
drug content was found in formulation F9 with 93.14±2.77%. Drug content was increases with increas-
ing in concentration of polymer added to the formulation. 

III.Drug entrapment efficiency:

The entrapment efficiency of the MBH pH sensitive nanoparticle was exhibit maximum in formulation 
F9 with 88.74±5.20%. Drug entrapment efficiency of the nanoparticle was in the range from 44.64±3.89 
to 88.74±5.20%. The results were also in the table 1. As the Eudragit®-EPO concentration increased 
from 100-200 mg the encapsulation efficiency was increased. When the Eudragit®-EPO concentration 
was maintained constant of 100 mg, the pluronic® F-68 concentration was varied as 25 mg, 50 mg, and 
100 mg the encapsulation efficiency was also increased. The results indicates the Eudragit®-EPO con-
centration plays a major role in drug entrapment efficiency equal to the pluronic® F-68 concentration.

It can be explained on the basis of hydrophilic - lipophilic interaction between MBH and Eudragit®-
EPO. Consequently with increase in the Eudragit®-EPO amount, MBH gets preferentially dispersed in 
the internal organic phase. Pluronic® F-68, also displayed similar trend and increase in encapsulation 
efficiency which can be due to the formation of interpenetrated network chain between the hydrophobic 
portion of pluronic® F-68 with Eudragit®-EPO during precipitation. 

IV. In-Vitro drug release studies:

The release rate of nanoparticle depends upon

I) desorption of the surface-bound/adsorbed drug; ii) diffusion through the nanopaticle matrix; iii) dif-
fusion (in case of nanocapsule) through the polymer wall; iv) nanoparticle matrix erosion: and v) a 
combined erosion/diffusion process. Thus, diffusion and biodegradation govern the process of drug re-
lease. The mechanism of drug release from nanoparticle is determined by different physical–chemical 
phenomena. The exponent n has been proposed as indicative of the release mechanism. In this context, 
n = 0.5 indicates Fickian release and n = 1 indicates a purely relaxation controlled delivery. Intermedi-
ate values 0.5 < n < 1 indicate an anomalous behavior (non-Fickian kinetics corresponding to coupled 
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diffusion/polymer relaxation. The average percentage release was fitted into different release models: 
zero order, first order, Higuchi’s square root plot and Korsmeyer-Peppas models. The models giving a 
correlation coefficient close to unity were taken asthe order of release In vitro drug release data of all 
selected factorial formulations was subjected to goodness of fit test by linear regression analysis accord-
ing to zero order and first order kinetic equations,Higuchi’s,andKorsmeyer-Peppas models to ascertain 
the mechanism of drug release. It is evident that values of ‘r’of factorial formulation F9 was found 
to be0.9975. This data reveals that drug release follows peppas release kinetics with fickian diffusion 
mechanism Drug release for selected factorial formulation F9 are 96.85±0.37% at the end of 12 hours. 
Kinetic exponent ‘n’ for these formulations indicate diffusion through the nanoparticle. Finally, it shows 
that the different drug release rates may be attributed to different sizes of the nanoparticle. It is expected 
as theparticle size of Eudragit®-EPO nanoparticle is smaller, their surface area will be more and the drug 
release is faster. The results of in-vitro drug release studyare shown in the table 2.

V.Differential Scanning Calorimetric (DSC) Analysis:

MBH exhibits a sharp melting endothermic peak at 130ºC whereasEudragit®-EPO showed a broad 
melting endothermic peak at 129.5º. The thermogram of lyophilized nanoparticle suspension displayed 
sharp endotherm at 129.750C, corresponding to Eudragit®-EPO but no drug peak it explains monotet-
icbehavior of the system, where drug gets completely dissolve in below it temperature. It is evident that 
there was no chemical interaction between drug and polymer.

VI.Scanning Electron Microscopy (SEM) Analysis:

MBH nanoparticle has shown smooth and spherical shape. The results is depends on the ratio of surfac-
tant and polymer used in the optimized formulationF9.

Table 1: Comparisonofdrugcontentwithentrapmentefficiencyofformulation

S.No Batchcode *Drugcontent(%) *Drugentrapmentefficiency(%)

1 F1 43.16±1.84 44.64±3.89

2 F2 53.43±1.84 52.91±3.23

3 F3 63.71±1.22 57.87±0.72

4 F4 58.67±1.09 53.51±2.96

5 F5 69.05±2.57 63.69±2.77

6 F6 79.13±1.71 74.34±6.33

7 F7 73.29±1.55 71.75±7.61

8 F8 82.86±3.48 80.88±3.70

9 F9 93.14±2.77 88.74±5.20
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CONCLUSION

MBH nanoparticle suspensions were prepared by the nano precipitation technique. The application of 
factorial design gave a statistically systematic approach for the formulation of nanoparticles with desired 
particle size, high drug content and high entrapment efficiency. Drug: polymer ratio and concentra-
tion of stabilizer were found to influence the particle size, drug content and entrapment efficiency of 
MBHEudragit®-EPO nanoparticle formulation F9. The maximum drug release was found in the for-
mulation F9.The results of the present investigation conclude that the formulation F9 was considered as 
best among various formulations with respect to particle size, entrapment efficiency and in-vitro drug 
release.
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ABSTRACT
Retrospective study carried out in the department of cardiology of SreeChitraTirunal Institute 
for Medical Sciences and Technology (SCTIMST). The data of patients admitted to SCTIMST 
from 2004 january onwards with Left Ventricular Systolic Dysfunction (LVSDF) were collected 
by retrospective methods from the records library. The collected data where analysed statistically 
by using SPSS version 11.The total sample size was about 150 which has been calculated by us-
ing the formula16s2/d2+1 The objective of the study was to determine whether males or females 
are more prone to LVSDF, which age class is more affected, to determine the most common co-
morbidities among these patients, also to determine among the LVSDF which is more prevalent. 
We were able to find out that the popular type of LVSDF was Coronary Artery Disease (CAD) 
and dilated cardiomyopathy (DCM), males are more effected with LVSDF than females, the age 
group of 50-64 suffered mostly from LVSDF and finally the most common co morbidity was 
Dyslipidaemia followed by Diabetes mellitus and Hypertension

Key words:LVSDF; Prevalence; Hypertension

INTRODUCTION
Left ventricular systolic dysfunction is one of the leading causes of death globally. In India, the incidence 
of left ventricular systolic dysfunction is expected to rise in parallel with increase in life. In left ven-
tricular systolic dysfunction, the heart is unable to pump sufficient blood to meet the body’s metabolic 
needs at normal filling pressure.1 Ventricular systolic dysfunction is characterized by loss of contractile 
strength of the myocardium accompanied by ventricular dilation. In an attempt to stabilize compromised 
pump performance, the failing heart is subjected to increased adrenergic stimulation.2Although this 
compensatory mechanism may initially support and maintain cardiac output, the continuous adrener-
gic stimulation may be harmful. The most compelling evidence that chronic adrenergic stimulation is 
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harmful to the failing heart derives from the experience with beta adrenergic blocking agents which 
consistently improve left ventricular function in subjects with chronic heart failure by reversing intrinsic 
systolic dysfunction.3,4,5Therefore, a retrospective study was designed to determine the prevalence of 
left ventricular systolic dysfunction.

CASE REPORT

The data of patients admitted to SCTIMST from 2004 january onwards with LVSDF were collected by 
retrospective methods from the records library. The duration of study is six months ie the patients who 
have completed a minimum treatment period of six months are chosen. The sample size was calculated 
by using the formula 16s2/d2+1. According to this sample size the total number of cases was 150.The 
collected data where analyzed statistically by using SPSS version 11.The statistical significance was as-
sessed by

	F isher’s exact test.

	 Paired t test.

	 Z test for proportion.

	 Comparison by ANCOVA

The study area was Records library, Department of Cardiology Of  SreeChitraTirunal Institute for Medi-
cal Science and Technology, ThiruvanathapuramEthical committee clearance had been obtained from 
both medical college Thiruvanathapuram  (No: C13/EC07/07/MCT and from SCTIMST, Thiruvana-
thapuram (No:IEC/174)

RESULTS& DISCUSSION

The sex distribution of the patients were analysed in the study group. For this study we collected data of 
150 patients admitted to SCTIMST from January 2004 to December 2006 diagnosed with left ventricular 
systolic dysfunction. The study group consists of males (80.7%) and females (19.3%) (Figure 1).The 
age group distribution of the patients was studied. The total population was divided in to four groups 
and included all patients in this group. Here 72 patients (48%) were of age group 50-64, followed by 46 
patients (30.7%) from age group 35-49, only 18 patients (12%) from the group 65-80 and 14 patients 
(9.3%) from the group 20-34 (Figure 2).Figure 3 showed that distribution of sample population accord-
ing to diagnosis. The study population consists of 150 patients among whom 100 patients were diag-
nosed with coronary artery disease with left ventricular systolic dysfunction and 50 patients with dilated 
cardiomyopathy. Figure 4indicated that the prevalence of co-morbidities among the sample population. 
Among the total 150 population, 32% of the population were having no co-morbidities, 39.3% of the 
population having diabetes mellitus, 38% of the population with hypertension, 1.3% of the population 
with renal dysfunction and about more than half of the population about 52% possessdyslipidaemia.
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Figure 1: Distribution of the sample according to sex  Figure 2: Age group of patients

Figure 3: Distribution of sample according to diagnosis

Figure 4: Prevalence of co-morbidities among the sample
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CONCLUSION
The study concluded that the most common type of LVSDF was CAD and DCM. The patients with 
age group between 50-64 are more effected with LVSDF. The male to female ratio was 80.7: 19.3. 3. 
Males were more affected with coronary artery disease and dilated cardiomyopathy.The co-morbidities 
were present included diabetes mellitus, hypertension and dyslipidemia. Among this most common co-
morbidity was dyslipidemia.
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ABSTRACT
Chemometrics involves the application of statistical and mathematical methods to analytical 
data to permit collection and extraction of maximum useful information.  The developments   
over the past years revolutionized different fields of pharmaceutical sciences. Chemometrics 
has advanced in conjunction with state of the art analytical instrumentation and computation-
al capability. The future of the automated laboratory depends largely on the chemometrical 
concepts and its applications. As instruments acquire data more rapidly, there will be the need 
to optimize the instrumental and interpretative functions. This review highlights the concepts 
with applications of chemometrics in pharmaceutical analysis and to enlighten the impor-
tance of Quality by design (QbD) approach employed in the pharmaceutical sciences.

Keywords: Chemometrics; Quality by design; Design of experiments.

INTRODUCTION
Automated systems are becoming increasingly important tools for appropriate monitoring and control-
ling of the analytical process. The technological developments in the past years had revolutionized the 
instrumental analysis and made instruments to become smaller, faster and cheaper while continuing to 
increase accuracy, precision and availability. Data analysis methods have also benefitted in several ways 
from advances in technical computing; commercially available programming packages allow scientists 
to undergo complex calculations in a simple manner. Furthermore, software sold with many commercial 
instruments contains automatic data processing algorithms. The advances in computing allow research-
ers to obtain chemically relevant information and optimizing experimental programing.1 
Chemometrics is applied to resolve both descriptive and predictive problems in experimental sciences, 
especially in chemistry. In descriptive applications characteristics of chemical systems are modeled 
with the intent of understanding the relationships and structure of the system (i.e., model understanding 
and identification). In predictive applications, characteristics of chemical systems are modeled with the 
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intent of forecasting new properties of interest. In both cases, the smaller datasets with large and highly 
complex properties, involving several variables and hundreds to thousands of cases or observations.2 
Chemometrics methods are versatile and it involves high level of abstraction and application of the sta-
tistical and mathematical methods, mainly the multivariate analytical methods. These tools involve vari-
ous algorithms and analogous ways for processing and evaluating the data. It can be easily implemented 
to various fields namely medicine, pharmacy, food control and environmental monitoring.3 Different 
chemometric arenas for the pharmacy and medical fields are shown in Figure 1.

Figure 1: Applications of Chemometrics in Pharmaceutical sciences

Chemometrics tools are found to be a useful tool in estimating the quality of drugs, metabolites identi-
fication, impurity profiling studies and various other analytical studies 6, 7. Chemometrics involves the 
application of statistical and mathematical methods to analytical data to permit maximum collection 
and extraction of relevant information’s 1. To perform the quality of complex analytical samples, novel 
methods have to be explored.4 
Nowadays HPLC is extensively employed for quality control of drugs due to its sensitivity, superior 
precision, high resolution and extensive applicability. LC–MS, GC–MS, and LC– NMR have been in-
creasingly used in complex analytical and chemical exploration of drugs 10. This advancement in instru-
mentation in every sort of analysis has generated enormous amounts of data which record even minute 
differences between samples and this enables us to provide large implications for the discrimination of 
complex analytical information’s. To obtain accurate quantitative results from the fingerprint, pretreat-
ment of chromatographic data is necessary.5 
To eliminate or reduce unwanted sources of variations due to instrumental responses from hyphenated 
techniques and to obtain more efficient results, data preprocessing techniques are applied. The advances 
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in computing allows researchers to obtain chemically relevant information from their analytical data; 
however, this is not possible to be achieved by using simple data processing techniques.6
The purpose of this review is to put an insight into the various multivariate calibration chemometrics 
methods with applications and to enlighten the importance of Quality by design (QbD) approach em-
ployed in the pharmaceutical sciences. 
Preliminary treatment of Data
The quantity of data generated by chromatographic and mass spectrometric characterization is more 
and during the analytical process, measured data points (variables) will be associated to each sample 
(observation). This data is normally assembled and stored in data tables called data matrices, where each 
observation is represented by one row in the table and each of the descriptor variables is represented by 
one column.7
Normalization
Variation in sample concentration might affect the multivariate analysis of the entire chromatographic 
profile. So normalization of data is examined before carrying out multivariate analysis, the total area of 
all peaks can be calculated 11. 
No normalization of data is examined before carrying out multivariate analysis in the following way: 
each chromatogram consists of N peaks with each peak area Ci of the ith component being utilized. The 
total area of all peaks can be calculated by 

                                  (1)
So the peak area after normalization is as follows

                         Ci= 
                            (2)
Then, each peak is expressed as percentage of the sum of peak areas.8
Local Least Square (LLS) method:
Major problem in analyzing samples from complex matrixes is occurrence of signal shift. It causes a sig-
nificant influence in chromatographic profile. To eliminate the chromatographic shift, the LLS method is 
used to correct retention time shift. When we are using pattern approach, then it is necessary to correct 
retention time in all chromatograms unless it causes serious problem. To match all chromatographic 
profiles with their retention times, all common constituents will be selected and utilized for chromato-
graphic alignment.9
Methods for extracting chemical information
The aim of these methods is to detect similarities or to extract useful information from the data obtained 
from analytical instrument. These methods are important for finding out the interested analyte in com-
plex mixture and Similarity Analysis (SA), SCC and IT are commonly used tools. 
Spectral Correlative Chromatography (SCC)
It is a technique used to identify the chemical component present in different chromatograms as acquired 
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from hyphenated instrument. It is based on the fact that the same chemical components should have the 
same spectra no matter what or how they are eluted through diverse chromatographic columns. The 
spectral information is utilized to pick up the targeted component from the other two-way chromato-
grams. The procedure for carrying out SCC is given in the following steps:
1. 	 Assess peak purity of targeted component and obtain its UV or MS spectrum from the chromato-

gram.
2. 	 Identify this component in the chromatogram of interest through comparison by a series of spec-

trum at each scan point of other chromatogram by their correlation coefficients.
3. 	 Get a curve of the correlation coefficient versus scan point in the direction of retention time and 

further validate. Step 2 with consideration of the information in the local chromatographic cluster 
where the target exists.

The result obtained by SCC is highly accurate in the case of MS because the mass spectrum provides 
specificity compared to the chromatogram10. 
Information Theory (IT) method
The value of information data depends on the separation degree and concentration distribution of each 
chemical component in a chromatogram. The more they resolute with uniform concentrations, the higher 
the value of information contents, i.e., more chemical information can be obtained from this chromato-
gram. Information content of a chromatogram is calculated by using mathematical equation. 
By correlating the magnitude of information content, maximal chemical information under certain chro-
matographic conditions that include all extraction and detection parameters can be resolved 11. 
Methods for resolution of mixtures 
The main goal in the analysis of any multicomponent system is to get useful information from the raw 
experimental data and knowledge of the number of chemical components in the analyzed sample. The 
common aim of all resolution methods is to provide the linear model of individual component contribu-
tions using solely the raw experimental measurements. HELP and OPA are two important and commonly 
used multivariate tools for the resolution of mixtures.12
Heuristic Evolving Latent Projections (HELP) 
HELP is a multivariate resolution method used to resolve two-way bilinear data into spectra and chro-
matograms of the pure constituents13. It employs the feature of visual interface from latent variable 
projection graph and also provides information of the local rank of the data matrix. This method employs 
the following steps: 
1. 	 To find out the total number of components by employing Singular Value Decomposition (SVD). 
2.	F urther, Eigen value plot is constructed which is plotted between logarithms of Eigen values against 

retention time. 
3. 	T hen zero concentration regions and selective concentration region of the compound are deter-

mined from Eigen value plot. Selective concentration region is defined as the region in which only 
a single component elutes out i.e., having rank equal to one and zero concentration region in which 
no component elutes out. 

4. 	T hen Evolving Latent Projection (ELP) graph gives us information about the selective region of the 
individual component in wavelength as well as retention time space. Such region can be identified 
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by passing straight lines in ELP graphs. 
5. 	 In the end spectra and chromatogram of individual components can be resolved through simple 

mathematic computation.
	 S= (CTC-1)CTX 	 (3)
Represents data matrix generated by hyphenated system with total rows representing spectral profile S 
and columns showing chromatograms C.13
Orthogonal Projection Analysis (OPA)
OPA compares each spectrum with one or more than one reference spectra and searches for the least cor-
related spectrum. OPA is a stepwise process and selects one key variable in each step. Then calculates 
dissimilarity based on the mathematical concept of orthogonalisation. The first dissimilar plot represents 
a comparison of each spectrum with the average spectrum.14
Methods for displaying data 
These methods are useful to resolve net analytical signal by discovering the dominant factors while ex-
cluding the relevant interference, thus giving a more accurate estimate. These include various methods 
such as LDA, Hierarchical Clustering Analysis (HCA), SIMCA and PCA, but among these PCA and 
LDA are found to be most commonly used. 
Principal Component Analysis (PCA)
Principal component analysis generates a new set of orthogonal variables that contains information 
similar to the original set. PCA is an unsupervised multivariate projection method, commonly used to 
obtain an overview of complex datasets. PCA reduces the dimensionality of the data by means of latent 
variables, which allows for the data to be represented in a meaningful manner. In PCA the central idea is 
to minimize the dimensionality of a data set consisting of a large number of interrelated variables, while 
keeping maximum variation in the data set. This is done by transforming to latent variables, the principal 
components (PCs) that are uncorrelated and ordered so that the first few PCs retain most of the variation 
in all of the original variables.15
PCA a multivariate method used to explore the main source of variability present in the data sets. It is 
used to detect cluster formatting and to establish relationship between object and variable.16 The sample 
variation in data is given in terms of latent variable as given below:

              X=UP =   		  
			   (3)
where X is a given data matrix, Ui and Pi are score and loading vector, respectively and orthogonal to 
each other. Generally score matrix (U) gives the relationship between samples while loading matrix (P) 
shows the importance of each variable (Figure 2). 

Figure 2: Flow of complicated data and chemometric extraction of information’s.
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Linear Discriminate Analysis (LDA)
LDA is a supervised pattern recognition method and seeks a linear function of the variable in multivari-
ate space which maximizes the ratio between both variances compared to the within-group variance. 
Since multi-dimensional data arise when the number of variables larger than the number of observations, 
then we cannot use LDA directly. In that case PCA is employed to compress data and to transform the 
original data set comprising of a large number of inter-correlated variables into a reduced new set of 
variables.
LDA makes a discriminate function for each group according to this equation:

          F(Gi) = ki +  
where i is number of groups(G), ki is the constant of each group, n is number of parameters used to 
classify a set of data into a given group and Wj is weight coefficient, assigned by LDA to a selected 
parameter (Pi).17
Soft Independent Modelling of Class Analogy (SIMCA)
In order to test the robustness, a popular classification method SIMCA was used to assign unknown 
samples to its existing classes. SIMCA is a clustering method that separates PCA models for a prior 
determined class of data that operates on the residual matrix 5.
There are five steps involved to obtain the classification model: 
1.	 Construction of separate PCA models for each class.
2.	D etermine the optimal number of PCs by validation.
3.	 Fitting the unknown samples to each predefine model, provided that the class are distinct enough. 
4.	D eciding whether the samples belong to the corresponding class by referring to the object-to-model 

distance and leverage (distance of the sample to the model center).
5.	 Validate the classification results with statistical test called significance test.18
Quality by Design (QbD)
QbD is a concept in which Quality by Design approach have been used in the advancement of product 
and process quality especially by the pharmaceutical industry. Quality by Design (QbD) has become an 
important concept for the pharmaceutical industry that is further defined in the International Conference 
on Harmonization (ICH) guidance on pharmaceutical development as "a systematic approach to devel-
opment that begins with predefined objectives and emphasizes product and process understanding and 
process control, based on sound science and quality risk management”  25. Quality is built into product 
and process by design   based on scientific understanding. It includes knowledge rich submission which 
shows product knowledge and process understanding. The quality of method developed has become 
increasingly important in a QbD environment and for this quality attributes like robustness and rugged-
ness should be verified early in the method development stage to ensure method performance over the 
lifetime of the product. Otherwise, if a non- robust or non- rugged method is adapted, significant time 
and resource may be required to redevelop, revalidate and retransfer the developed analytical methods. 
The developed method will be more robust which gives greater level of confidence in case of variations 
in conditions and this approach gives greater transfer success when method is transferred from research 
level to quality control department. It provides a space for invention of new techniques by continuous 
improvement throughout method development cycle. The main reason behind the adoption of QbD ap-
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proach is to provide greater compliance with regulatory authorities 19, 20. 
QbD can be applied for various analytical methods which include, chromatographic techniques like 
HPLC (For stability studies, method development, and determination of impurities in pharmaceuticals), 
hyphenated technique like LC–MS, analysis of genotoxic impurity, dissolution studies etc. shown in 
Figure 3. 

Figure 3: Applications of QbD in Pharmaceutical sciences

Design of experiments (DOE) and statistical analysis have been applied widely to analytical sciences. 
The major advantage of using DOE to pharmaceutical analysis is that it allows all the potential factors to 
be evaluated simultaneously and systematically. Using DOE, one can evaluate and identify the critical 
factors based on statistical analysis. Once the critical factors have been identified, the optimal analytical 
method can be performed by using proper DOE with optimization all critical factors.21,22 
HPLC (High-Performance Liquid Chromatography)
HPLC   is used for the analysis of multicomponent pharmaceutical formulation. Various kinds of in-
jection and selective treatment are required for the analysis of samples by HPLC. Optimization of the 
different chromatographic conditions like selection of the column, selection of various mobile phases 
with various compositions, temperature of the column and selection of one specific wavelength has to 
be done for accurate analysis of results.  HPLC is a very sensitive analytical technique for determination 
in which some factors like error in linear regression, error in chromatographic area, fluctuation during 
single wavelength detector response etc. could affect the outcome of chromatographic analysis. For the 
statistical comparison, various statistical tests are being involved, like the t-test, ANOVA test, F test and 
so forth. Various chemometric methods can also be used along with the combination of detectors. Evalu-
ation of the response from detector is based on the function of the peak area. The results obtained from 
HPLC chemometric calibrations were compared with those obtained by instrumental analysis using 
HPLC.23,24 Application of DOE, to study the robustness of a HPLC method for sitagliptin and piogli-
tazone was carried out for six selected factors the percentage of acetonitrile in the mobile phase, the pH 
of mobile phase, the detector wavelength, the column temperature, the flow rate and the strength of the 
buffer. These factors are examined in 2-level screening experimental designs created using JMP@ (SAS 
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Institute) software. The system suitability parameters the capacity factor, tailing factor and resolution 
were calculated. It was analyzed using the ANOVA method by least squares fitting.25 
Software and tools
Number of software packages and other tools for multivariate analysis, including: High-D, JMP (Sta-
tistical software), MiniTab, Calc, PSPP, SAS (software), SciPy for Python, SPSS,  TMVA - Toolkit for 
Multivariate Data Analysis in ROOT, The Unscrambler, MATLAB, Eviews, Prosensus ProMV and Um-
etrics SIMCA.
CONCLUSION
Chemometrics is used in optimizing experimental procedures, extracting useful information from the 
chromatographic data and resolution of the mixture into linear components. It is an application driven 
discipline, chemometric techniques are widely used in pharmaceutical analysis and improved chemo-
metric methods of analysis will makes to utilize fully all the benefits of novel analytical methodologies. 
Advanced analytical instrumentation and data processing, led to a need in advanced methods for design 
experiments, calibration of instruments and evaluate the resulting data. Various chemometric methods 
are applied for the analysis of data with an aim to achieve maximum accuracy, precision and robustness. 
The implementation of chemometric techniques with a view of ensuring overall production process 
control necessitate the use of analytical techniques capable of providing accurate results in a simple and 
rapid manner. 
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Abstract

Polyphenols are potential nutraceuticals used in recent years for their unique biological proper-
ties. This natural plant component is being given as food supplement in case of type 2 diabetes 
mellitus. In this review, all the potential efficacies of poly phenols that include flavonoids, lig-
nans, polymeric lignans, stilbenes and phenolic acids evaluated through clinical trials are being 
discussed. Based on several reports on survey, it is evident that if taken as diet polyphenols have 
been found to modulate the carbohydrate and fat metabolism, attenuate hyperglycemia and insu-
lin resistance, improve adipose tissue metabolism and reduce stress and inflammatory processes 
to a great extent. Due to this, the development of long-term diabetes complications like cardio-
vascular disease, neuropathy, nephropathy and retinopathy also seem to be prevented. Hence, in 
order to standardize the dose and duration of polyphenol dietary supplement in diabetics, it is 
obvious that an investigation on human clinical studies is the definite need of the day.

Key words: Polyphenols, Flavonoids, Type 2 diabetes mellitus (T2DM), Diabetic complications

INTRODUCTION

Diabetes mellitus (DM), a metabolic disorder in the endocrine system has become a life-threatening 
disease with India fast becoming a diabetic capital of the World. Diabetes treatment involves usage of 
drugs including oral hypoglycemic agents such as sulphonylureas, metformin, gliclazide, DPP4 inhibi-
tors and insulin therapy. In spite of the invention of several drugs for diabetes that help intervene at many 
stages of the disease, they are associated with adverse effects such as glitazone causing cardiac and renal 
toxicities demanding alternate medicine devoid of toxicities. The widespread use of drugs derived from 
natural sources for diabetes and other diseases is seen as a promising option that has emerged as a new 
paradigm in therapy popularly known as Complimentary and Alternate Medicine (CAM). The uncertain-
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ties in the drug formulation in terms of authenticity of the herb used, method of extraction or preparation 
of the formula and more importantly contamination with heavy metals and other impurities limit the 
use of herbal products for therapy. Among the various types of compounds present in natural products, 
polyphenols, terpenes, alkaloids, flavanoids etc. have found use in diabetes treatment. We have chosen 
polyphenols for the present review since there are numerous, such as tea polyphenols, resveratrol and 
others reported to be useful in the ailment of diabetes.

DIETERY SUPPLEMENTS FROM THE PLANT SOURCE

More than 800 plants found to have anti-diabetic properties. Ethano-pharmacological surveys shows that 
more than 1200 plants were used in traditional medicines for the hypoglycemic activity. Some of the 
herbal extracts have been shown hypoglycemic activity in human and animal models and can be used for 
the treatment of type 2 diabetes mellitus. For diabetes, many conventional drugs have been derived from 
the active molecule of medicinal plants like Momodicacharantia, Gymnemasylvester, Azardichtaindica 
etc.  Many plant constituents are also usedas anti-diabetic agentslikepolyphenols,isoflavones,resveratrol
,apigenin,epigallocatechingallate,hespiridine,cyanidine,myricetin,quercetin,Catechinetc.

POLYPHENOLS

Polyphenols are present in many dietary ingredients andhave gained importance owing to their perceived 
health benefits. Apart from exerting its antioxidant benefit, polyphenols are also known to modulate es-
sential signaling molecules involved in carbohydrate and lipid metabolism eliciting protective action 
against metabolic disease and the harmful effects of insulin resistance thus slowing down progression 
towards T2DM.Polyphenols are a structural class of organic chemicals characterized by the presence of 
large multiples of phenol structural units that are present in plant based foods such as fruits, vegetables, 
whole grains, cereals, tea, coffee and cocoa. Anti-diabetic action of polyphenols may be considered to 
be operating through different mechanisms: inhibition of glucose absorption in the gut or its uptake 
by peripheral tissues. Several other polyphenolic components such as Caffeic acid, black and green 
tea extracts, EGCG, isoferulic acid have been studied for their glucose uptake in adipocytesin-vitro on 
cultured cells. Even though polyphenol rich supplementation had no effect on glycemia, it significantly 
reduced the level of glycatedhemoglobin (HbA1c) indicating that polyphenols could help reduce the risk 
of diabetic complications such as the beneficial effect of curcumin in reducing renal damage. Literature 
reports indicate the utility of polyphenols in the management of diabetes and the list of components used 
are: Citrus flavonoids inhibit Glucose-6-phosphatase, Quercetin and Resveratrol inhibit GLUT4 and 
AMPK, Isoflavones like genisteinhelp in revival of pancreatic β-cells. Other than this, high polyphenolic 
dark chocolate helps in reducing oxidative stress in T2DM, Cyanidine’s role in adipose tissue metabo-
lism, Grape seed proanthocynidine function in reducing neuropathy, nephropathy and retinopathy are 
important.
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Figure1: Chemical structures of a few common dietary polyphenols

CLINICAL TRIALS

Several clinical trials involving Genistein supplementation,Isoflavonesat a dose/day of 90mg, pome-
granate polyphenols at a dose of 2 capsules per day (equivalent to 753mg of polyphenols) and fenugreek 
seeds were reported in the literature indicating beneficial effects of polyphenol in the management of 
diabetes purportedly acting through various mechanisms independently evaluated through in-vitro meth-
ods. These results are summarized in Table 1.  

Table 1:MECHANISMS OF ACTION INVOLVED IN INVITRO STUDIES

POLYPHENOLS SOURCE MECHANISM
Flavanoids Citrus G6 phosphatase inhibition
Tea polyphenols Green tea AMPK inhibition 
Quercetin Apple GLUT4 & AMPK inhibitors 
Genistein Soya beans Revival of pancreatic β cell 
Resveratrol Red grapes Attenuates  β cell mass 
Procynidin Apple Decrease apolipoproteinβ synthesis 
Anthocyanines Strawberry Adipose tissue metabolism 
Catechin Green tea Decrease the synthesis of thromboxane A2 

Through a clinical study (NCT01245270), eight male volunteers upon ingestion of a concentrated bil-
berry extract showed reduced postprandial glycaemia and insulin probably through reduced rates of 
carbohydrate digestion and/or absorption.  In another study,olive leafpolyphenols (51.1 mg of oleuro-
pein, 9.7 mg of hydroxytyrosol per day) on insulin action and cardiovascular risk factors in middle-aged 
overweight men elicitedimprovement in insulin sensitivity and pancreatic β-cell secretory capacity.
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Table 2: Clinical trial involving polyphenols and the administered doses

Substance 
Given

Principle / 
Polyphenols

Dose/Day 
of Isofla-
vones

Days Number of 
Groups

Biomarkers Significantly 	
Affected

Geinstein 
supplement

geinstein 54mg 365 30 women 
of age group 
between (47-
57)

Reduced excretion of pyridinium 
crosslinks and increase in bone 
mineral density  in femur and 
lumbar spine

Isoflavone 
supplement 

isoflavones 1,332mg 84 32 post 
menopausal 
women with 
diet control 
type 2 diabe-
tes mellitus

Lowers fasting insulin,insulin  
resistance, LDL & cholesterol 

Isoflavone 
enriched soy 
protein

isoflavones 90mg 365 15 young 
healthy 
women

No changes in bone mineral den-
sity or other bone parameters

Moreover, type 2 diabetes also significantly influences the benefits of dietary polyphenols, although only 
limited studies have been conducted so far. An understanding of type 2 diabetes-mediated changes in 
pharmacokinetics and bioactivity of dietary polyphenols will augment the benefits of these phytochemi-
cals. 
Ostertaget. al., described the health benefits of polyphenols and remarked that the poor biological activi-
ties may be due to the low bioavailability. This was supported by the finding that only nano to micromolar 
concentrations of polyphenols detected in samples in-vivo as against the required high milli molar levels 
for defence against free radicals. Polyphenols from popular dietary components such as fenugreek, bitter 
melon, cinnamon, pomegranate, apple, curcumin, tea are widely used in the management of diabetes. 
However the clinical trial information using polyphenols from these sources are not comprehensive. 
There were as many as 39 clinical trial records found in clinical trial database that disclose various poly-
phenol rich dietary sources highlighting the doses, frequency and duration of administration. The data 
recorded in these trials can be summarized as follows.
 

CLINICAL TRIAL DATA ON THE USE OF POLYPHENOLS IN THE MANAGEMENT OF 
DIABETES

Olive oil polyphenolcould promote HDL anti-atherogenic and cholesterol efflux function, grape seed 
powder reduces plasma concentrations of large LDL and large LDL-cholesterol particles in obese hu-
mans.Short-term supplementation of polyphenol, viz.,soyisoflavones could play lipolytic role and that 
epigallocatechin-gallate combined with resveratrol may improve metabolic health and body weight 
regulation.In view of the complications including calcium loss observed with habitual coffee and tea 
consumption, it was suggested that supplementation with adequate dietary calcium may be necessary for 
diabetic patients.Polyphenol-rich functional foods and nutraceuticals help activate intestinal T regula-
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tory cells and homeostatic regulation of the gut microbiotathat could help reduce low-grade inflamma-
tion. Supplementation of olive leaf polyphenols for 12 weeks has resulted in asignificant improvement 
of insulin sensitivity and pancreatic β-cell secretory power. Green tea seems to reduce fasting blood 
glucose levels in a small interventiontrial; although no improvement in HbA1c levels were seen. Human 
nutrigenomic studies with Mediterranean diet (MedDiet) and olive oil (OO) interventions, revealed that 
gene expression changes manifested by improvement in systemic markers for oxidation and inflamma-
tion toward a protective action.Effectiveness of Hibiscus sabdariffa L. (HS) in addressing the risk fac-
tors associated with cardiovascular disease has been reported. Adding a spice mix to hamburger meat, 
prior to cooking helped in reducing the urinary malondialdehydeand improving postprandial endothelial 
dysfunction in men with Type 2 diabetes.A natural mixture of grape polyphenols at nutritional doses was 
demonstrated to efficiently prevent fructose-induced oxidative stress and insulinresistance. A test drink 
enriched in pomegranate polyphenols, consumed with a high-fat meal, was shown to reduce postprandial 
lipaemia and improve vascular function and blood pressure compared to placebo.A high-polyphenol 
chocolate administration was effective in protecting oral glucose challenge.Red wine administeredat 
30 g alcohol/d for 4 weeks, has resulted in a beneficial effect on insulin resistance presumably through 
the non-alcoholic fraction of red wine (mainly polyphenols), that emphasizes the greater protective 
effects of red wine on cardiovascular disease than other alcoholic beverages. The role of nutritional 
supplements, e.g. L-carnitine and polyunsaturated fatty acids (PUFAs), exert lipid-lowering effects in 
overweight hyperlipidemic subjects highlightingthelipid-lowering effects of polyphenols and carnitine 
(PPC).Metabolic response to sweetened dried cranberries (SDC), raw cranberries (RC), and white bread 
(WB) in humans with type 2 diabetes were compared that showed  the use of polydextrose as a bulking 
agent has a potential toreducecalorie content.Role of polyphenol rich chocolate in subjects with chronic 
fatigue syndrome (CFS) has suggested that high cocoa liquor/polyphenol rich chocolate (HCL/PR) may 
benefit these patients with improved symptoms. 

Among the polyphenols that were evaluated through clinical trials for the management of diabetes, the 
following summary can be made. Olive oil polyphenols, soy isoflavone and pomegranate polyphenols 
exert beneficial cardiovascular effects. Olive oil polyphenol exclusively improved pancreatic beta cell 
secretory power. Few combinations such as epigallocatechin-gallate with resveratrol and cranberry with 
white-bread exhibited favorable energy expenditure to maintain a healthy metabolic process. Anti-in-
flammatory and protective effects are observed with respect to olive oil polyphenols. Insulin resistance 
can be addressed with grape polyphenols. At the outset, after the elaborate study, it is being observed that 
olive oil polyphenols greatly enhance the overall health condition of diabetic patients through improving 
insulin resistance and beta cell secretory power. 

Based on prior findings and reports it is inferred that polyphenols without glycosidic linkage, viz., (Epi)
catechin, Caffeic acid, Anthocyanins and Proanthocyanidin suffer from rapid onset and faster elimina-
tion necessitating frequent dose administration. However polyphenols with glycosidic linkage such as 
Hesperidin, Rutin, Genistin, Daidzin have higher Tmax, higher AUC and longer elimination half lives 
indicating that they possess a sustained duration of action which might be beneficial to the patient in 
overcoming frequent administration of the drug and combating non-compliance in diabetes manage-
ment. 
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CONCLUSION
Although the trials reported above indicate a potential benefit to diabetic patients, it still remains to be 
unclear about the evidence, for using these foods in treating type 2 diabetes. Further, the bioavailabil-
ity, dose, frequency of administration and toxicity profiles along with the pure active polyphenols from 
each of these dietary sources need to be understood before embarking on recommendation for a clinical 
dose. The dietary polyphenols are characterized by a low intrinsic activity and poor absorption from the 
intestine in addition to their rapid elimination. The present review can be used for further exploring the 
pharmacokinetic pitfalls of polyphenols in management of Diabetes. 
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ABSTRACT
Over the past 30 years, greater attention has been focused on development of sustained or con-
trolled-release drug delivery system. The ideal drug-delivery system two pre requisites would 
require. First, it would be a single dose for the duration of treatment, whether it is for days or 
weeks or for the lifetime of the patient, as in diabetes or hypertension. Second, it should deliver 
the active entity directly to the site of action, thereby minimizing or eliminating side effects. 
Microchip is a new approach in the novel drug delivery system. It is a device act as an implant 
and delivers required quantity of drug on the site of action at specific time.  This device having 
so many advantages like it stores the drug for long period of time and also protects the drug. 
Effective concentration of drug can be maintained in blood for long period of time. This system 
is more beneficial to treat chronic diseases. Chronic diseases require therapy for long period 
of time which improves patient non-compliance. Chronic diseases like diabetes, cancer, and 
osteoporosis can be treated by using microchip. There are some limitations in this type of drug 
delivery system which can be overcome in future research study. This type of drug delivery 
system can take new era in the world of medicine and technology.
Key words: Controlled Release, Microchip, Cancer, Diabetes, Hypertension

INTRODUCTION
Drug delivery refers to approaches, formulations, technologies, and systems for transporting a pharma-
ceutical compound in the body as needed to safely achieve its desired therapeutic effect. It may involve 
scientific site-targeting within the body, or it might involve facilitating systemic pharmacokinetics; in 
any case, it is typically concerned with both quantity and duration of drug presence. Drug delivery is 
often approached via a drug's chemical formulation, but it may also involve medical devices or drug-
device combination products. Drug delivery is a concept heavily integrated with dosage form and route 
of administration, the latter sometimes even being considered part of the definition. Drug delivery tech-
nologies modify drug release profile, absorption, distribution and elimination for the benefit of improv-

Manikandan et.al.,/ Journal of Pharma Innovative Research, 2015; 2(1): 43-55
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ing product efficacy and safety, as well as patient convenience and compliance.1
Drug release is from diffusion, degradation, swelling and affinity based mechanism. Most common routes 
of administration include the preferred non-invasiveperoral (through the mouth), topical (skin), transmu-
cosal, nasal,buccal/sublingual,vaginal,ocular and rectal)and inhalationsroutes. Many medications such 
as peptide and protein, antibody, vaccine and gene based drugs, in general may not be delivered using 
these routes because they might be susceptible to enzymatic degradation or cannot be absorbed into the 
systemic circulation efficiently due to molecular size and charge issues to be therapeutically effective. 
For this reason many protein and peptide drugs have to be delivered by injection or a Nano-needle ar-
ray. For example, many immunizations are based on the delivery of protein drugs and are often done 
by injection.2Current efforts in the area of drug delivery include the development of targeted delivery 
in which the drug is only active in the target area of the body (for example, in cancerous tissues) and 
sustained release formulations in which the drug is released over a period of time in a controlled manner 
from a formulation. In order to achieve efficient targeted delivery, the designed system must avoid the 
host's defense mechanisms and circulate to its intended site of action. Types of sustained release formu-
lations include liposomes, drug loaded biodegradable microspheres and drug polymer conjugates.3

 IMPLANTABLE CONTROLLED DRUG DELIVERY SYSTEM
The controlled drug delivery systems are used to release therapeutic agent at predictable rate in vivo. 
Most of controlled drug delivery systems are designed for implantable devices, transdermal, subcutane-
ous, or intramuscular uses. Implantable devices can deliver drug which cannot be delivered via the oral 
route or are irregularly absorbed via GIT. These devices deliver drug in to blood stream. This replaces 
daily injections and repeated insertion of IV catheters. This is beneficial to the treatment of chronic dis-
eases.
This system is particularly suitable for drug delivery requirements of insulin, steroids, chemothera-
peutics, antibiotics, analgesics, heparin and contraceptives. These devices are placed under skin which 
reduces side effects caused by traditional administration techniques. Implantable devices can control 
release by electrical power source to achieve zero order or manipulated non-zero release profile. Figure 
1 shows drug levels in the blood with (a) traditional drug dosing and (b) controlled-delivery dosing. 
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Currently available drug delivery implants can be divided into two main categories, according to their 
way of delivery of drug in a passive or active manner. Polymer implants are the most common passive 
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drug delivery systems. They are designed to maintain a constant diffusion rate of drug out of the poly-
mer or they degrade in the body at a particular rate, thereby releasing drug at that rate.   A desirable drug 
delivery implant would be small in size, have the ability to protect the drug or biosensor from the body 
until needed, allow continuous and pulsatile delivery of both liquid and solid drug formulations.4
Therefore, it is necessary to design a drug delivery device that has the following characteristics:  

1)	 It must be simple to use and manufacture. 

2) 	 It must be multi-welled so that drugs and other molecules can be delivered for weeks or years    at 
a time, 

3) 	 It must hold many different drugs or other molecules of varying dosages and can release these 
substances in a controlled dependable manner, and  

4)  	 It must be biocompatible and small enough to be implantable in the human body (i.e. a micro-
chip). 

Microchip & Microchip Device Design
The microchip delivery system consists of a substrate containing multiple reservoirs capable of holding 
chemicals in the solid, liquid or gel form. Each reservoir is capped (i.e. with a conductive membrane) 
and wired with the final circuitry controlled by a microprocessor. This central processor should be able 
to actively control electrically the exact time of release and the amounts of drugs dispersed by control-
ling the dissolution of the gold membrane. The system should be reasonable to manufacture by standard 
microfabrication techniques and still be cost-effective.Microchip allow localized delivery of drug by 
direct placement of the device at the treatment site, delivery on demand,  programmable dosing cycles 
and  automated delivery of multiple drugs. The microchip delivery system consists of a substrate con-
taining multiple reservoirs capable of holding chemicals in the solid, liquid, or gel form. Each reservoir 
is capped (i.e. with a conductive membrane) and wired with the final circuitry controlled by a micropro-
cessor. This central processor should be able to actively control electrically the exact time of release and 
the amounts of drugs dispersed by controlling the dissolution of the gold membrane. The system should 
be reasonable to manufacture by standard micro fabrication techniques and still be cost-effective.5
 

The Design Approach—an Overview6

1.	 The Substrate 
According to system design, the reservoirs will be patterned into the substrate. This can easily be done 
by standard etching techniques of microfabrication. Any material that can serve as a support, is suitable 
for etching, and is impermeable to the molecules to be delivered and to the surrounding fluids may be 
used as a substrate. 
For this in vivo application, biocompatibility should be considered. Non-biocompatible materials, how-
ever, can also be enclosed within biocompatible materials like poly (ethylene glycol). One example of a 
strong, nondegradable, easily etched substrate that is impermeable to the delivered chemicals and non-
degradable to the surrounding environment within the body is Silicon. It should be noted that for some 
applications a material degradable over time might be preferred. For example, brain implants make the 
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removal of a device difficult or too endangering to the patient and therefore this device would not be 
applicable.

2.	 Release System 
The design of a release system depends on the treatment required by the patient whether it is a continu-
ous or pulsed release. Drug delivery can be achieved by a passive or active release system. In the passive 
system, the drugs diffuse through a membrane or enter the body by the degradation of the substrate. 
Active systems are triggered by a microprocessor and are preferred due to a more predictable release 
profile. The exact time release and amounts of drugs can then be controlled. The chip can be placed stra-
tegically as well for drugs that are too potent for a continuous release. The device being described will 
be employing an active system.  

3.	 Reservoir Caps 
In the active timed-release devices, the reservoir caps consist of thin films of conductive material pat-
terned in the shape of anodes surrounded by cathodes. Any conductive material that can oxidize and 
dissolve in solution upon application of an electric potential can be used for the fabrication of the anodes 
and cathodes. The anode is defined as the electrode where oxidation occurs. The portion of the anode 
directly above the reservoir oxidizes and dissolves into solution upon the application of a potential 
between the cathode and anode. This exposes the release system to the surrounding fluids and results 
in the release of the molecules or drugs. Gold is chosen as the model membrane material because it is 
easily deposited and patterned, has a low reactivity with other substances and resists spontaneous corro-
sion in many solutions over the entire pH range2. However, the Presence of a small amount of chloride 
ion creates an electric potential region which favors the formation of soluble gold chloride complexes 
(Frankenthal et al, 1982). Holding the anode potential in this corrosion region enables reproducible gold 
dissolution. Potentials below this region are too low to cause appreciable corrosion, whereas potentials 
above this region result in gas evolution and formation of a passivating gold oxide layer that causes cor-
rosion to slow or stop (Santini et al, 1999). Gold has also been shown to be a biocompatible material. 

4.	 Control Circuitry and Power Source 
 The control circuitry consists of a timer, demultiplexer, microprocessor or an input source. The micro-
processor will control the desired reservoir to be activated so that a variety of drugs may be contained 
in each specific reservoir. The input source can either be a memory source, remote control device or a 
biosensor. A thin-film micro battery can be used as a power source. All of these can be patterned directly 
onto the device.
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5.	 Reservoir filling 
Three-dimensional printing is capable of fabricating complex structures by ink-jet printing liquid binder 
onto loose, fine powder (Wu et al, 1999). The printing pattern can be obtained from a computer-aided-
design model (CAD). Inkjet printing in combination with a computer-controlled alignment apparatus 
is capable of depositing as little as 0.2 nl of a liquid or gel solution of known concentration into each 
reservoir (Santini et al, 1999).The volume of the reservoirs can be controlled by specifying the appropri-
ate print head to deposit a pre-determined amount of binder. The drug is pushed out of the nozzle as the 
vapor bubble within the nozzle expands upon heating. The relationship between the amounts expanded 
by the vapor bubble to the heat added follows the ideal gas law relationship.
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6.	 Microfabrication
Microfabrication can be generally defined as the production of micro scale features in or on a material 
by techniques such as deposition, etching, micro molding along with patterning techniques such as pho-
tolithography or micro contact printing (Jonh et al, 2000).Fabrication of these microchips begins by de-
positing ~0.12 mm of low stress, silicon-rich nitride on both sides of prime grade, silicon wafers using a 
vertical tube reactor (Santini et al, 1999). The silicon nitride layer on one side of the wafer is patterned by 
photolithography and electron cyclotron resonance (ECR) enhanced reactive ion etching (RIE) to give a 
square device containing square reservoirs. The silicon nitride serves as an etch mask for potassium hy-
droxide solution at 85°C, which anisotropically etches square pyramidal reservoirs into the silicon along 
the crystal planes until the silicon nitride film on the opposite side of the water is reached.
The newly fabricated silicon nitride membranes completely cover the square openings of the reservoir. 
Gold electrodes (0.3-0.5 mm thick) are deposited and patterned over the silicon nitride membranes by 
electron beam evaporation and lift-
Off. Some portions of the electrodes must be protected from unwanted corrosion by an adherent, non-po-
rous coating that isolates the electrode materials from the surrounding electrolyte. Silicon dioxide is used 
as a model protective coating because its physical properties can be tailored to a particular application by 
selecting the appropriate processing conditions2. A layer of plasma enhanced chemical vapordeposition 
silicon dioxide is deposited over the entire electrode containing surface.  
The silicon dioxide located over portions of the anode, cathode, and bonding pads are etched with ECR-
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enhanced RIE to expose the underlying gold film. This technique is also used to remove the thin silicon 
nitride and chromium membranes located in the reservoir underneath the gold anode. The reservoirs are 
then filled with the molecules or drugs to be delivered by the aforementioned reservoir filling methods 
and subsequently sealed.
1.) Deposit layer of insulating material,silicon nitride (0.12 mm), onto the substrate by PECVD 
2.) Pattern by photolithography and square reservoirs are etched by ECR-enhanced RIE 
3.) With potassium hydroxide solution at 85°C, anisotropically etch square pyramida reservoirs into the 
silicon along the (111)   crystal 
4.) Invert and deposit gold electrodes (0.3-0.5 mm thick). Pattern by E-beam evaporation and lift off. 
5) Deposit electrode protective coating,silicon dioxide, by PECVD. Silicon dioxide over anode, cathode 
and bonding pads are etched with ECR-enhanced RIE to expose gold film. 
6.) Remove SiN layer in the inside of reservoir by RIE to   expose gold membrane. 
7.) Fill reservoirs by inkjet printing through opening (500 mm x 500 mm)   
 

7.	 Device testing:
Microchip has demonstrated in vivo and in vitro release of drugs using the technology. Device has been 
tested by releasing radio-labeled compounds and therapeutic drugs and detecting release by scintillation 
counting and liquid chromatography, respectably. In vitro testing is performed with flow cell configura-
tion, in which the chip is mounted in a chamber of phosphate-buffer saline (PBS). Periodically the PBS 
is replaced via inlet and outlet tubes and the collected fractions are analyzed. Both blood and urine are 
monitored to evaluate release. Incremental and cumulative release profiles measured from urine in a rate 
are shown in Figure No. 11. These experiments have shown that drug release is reliable and repeatable.  
Scientists are designing in vivo experiments on the 100 –dose IDDS. The result from these experiments 
will be used to establish the long-term stability of the device and the efficacy of released drugs.
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8.	 Delivery schedule
The drug delivery schedule is heavily dependent on patient need. However, the 400 reservoirs add flex-
ibility to patient treatment. The multiple reservoirs can hold multiple drugs and can release them in 
varying amounts. For example, with the battery capabilities, the patient can be administered 25 ml (one 
reservoir) per day. At this rate, the drugs can be delivered everyday for over a year.

Theory of operation
-	 Each reservoir is sealed at one end by a thin membrane of material that serves as an anode in an 
electrochemical reaction and dissolves when an electric potential is applied to it in an electrolyte.  
-	 There must be at least one other electrode on the device surface to serve as a cathode in the elec-
trochemical reaction.  
-	 The cathode must be made of any conductive material but is usually made of the same material 
as the anodes to simplify fabrication procedures.
-	 In addition, any number of cathodes can be designed on a microchip, and they can be of different 
shape or size to suit the electrode design desired for a particular application.  
-	 The reservoirs are filled through the open end with the drug/molecule to be released.  
-	 The open ends of the reservoirs are then sealed with a waterproof material. 
-	 The device is submerged in an electrolyte containing ions that form a soluble complex with the 
anode material in its ionic form. 
-	 An electric potential is applied to an anode membrane when release from corresponding reser-
voir is desired. This causes oxidation of the anode material and formation of the soluble complex with 
the electrolyte ions.
-	 The complex then dissolves in the electrolyte and the membrane disappears.
-	 The chemical in the newly opened reservoir is now exposed to the surrounding.
-	 Electrolyte and is free to dissolve in the electrolyte and diffuse out of the reservoir.

 
 
Manikand

 

 T
c
m
a
p

 I
c
t
s
d

 T
o
b

 T
t
m

  
e
a
m

 

Microch

 The real
of certain
by the w
created i
delivery 

anet al., 2015/

The cathode
conductive m
made of the
anodes to 
procedures. 
In addition, 
can be desig
they can be
size to suit
desired for a
The reservoi
open end wi
be released.  
The open en
then sealed
material.  
The device

electrolyte c
a soluble co
material in it

hip Technolo

lization that 
n drugs can b

way in which
mmense int
systems. M

/   JOURNAL O

 

JOURN
U

e must be m
material bu
e same mat

simplify 

any number
ned on a mi

e of differen
t the electr

a particular a
irs are filled
ith the drug/
 

nds of the re
d with a 

e is subme
ontaining io
omplex with
ts ionic form

ogy in Drug

the therapeu
be affected d
h they are d
terest in con

Much previo

OF PHARMA IN

NAL OF 
Universal Pha

made of any
ut is usually
terial as the

fabrication

r of cathodes
crochip, and
nt shape or
rode design

application.  
d through the
/molecule to

eservoirs are
waterproof

erged in an
ons that form
h the anode

m.  

m

g Delivery7

utic efficacy
dramatically

delivered has
ntrolled drug
ous work in

NOVATIVE RES

PHARM
(I

armaceutical 

y 
y 
e 
n 

s 
d 
r 
n 
 

e 
o 

e 
f 

n 
m 
e 

 
 

microchip 

y 
y 
s 
g 
n 

drug
sust
a m
allow
Adv
have

SEARCH, 2015

MA INN
SSN: 2350-13
Research Pub

 An elec
anode m
correspo
This ca
material
soluble 
ions. 

 The com
electroly
disappe

  The ch
reservoi
surroun

 Electrol
the elec
reservoi

g delivery 
ained drug r
ore recent tr
w the releas

vances in m
e made an 

; 2(1): 44-58

NOVATIV
32) 
blication. All r

ctric potentia
membrane w
onding rese

auses oxidati
l and for
complex wi

mplex then 
yte and 
ars. 

hemical in th
ir is now 

nding. 
lyte and is fr
ctrolyte and d
ir. 

focused 
release rates 
rend is to m
e rate to be 
microfabrica
entirely ne

VE RESE
rights reserve

al is applied 
when release 
ervoir is des
ion of the a
rmation of 
ith the electr

dissolves in
the memb

he newly op
exposed to

free to dissol
diffuse out o

Operatio

on achie
over time, w

make devices
varied over 

ation techno
ew type of 

51 

EARCH
ed 

to an 
from 

sired. 
anode 

the 
rolyte 

n the 
brane 

pened 
o the 

lve in 
of the 

on of 

eving 
while 
s that 
time. 
ology 
drug 



J. Pharm. Inn. Res. | June 2015 | Vol - 2 | Issue - 2 ISSN : 2350-1332

'Nexus' - Alumni Association SJCOPS, Chalakudy50

Microchip Technology in Drug Delivery7
 The realization that the therapeutic efficacy of certain drugs can be affected dramatically by the way 
in which they are delivered has created immense interest in controlled drug delivery systems. Much 
previous work in drug delivery focused on achieving sustained drug release rates over time, while a 
more recent trend is to make devices that allow the release rate to be varied over time. Advances in 
microfabrication technology have made an entirely new type of drug delivery device possible. Proof-of-
principle experiments have shown that silicon microchips have the ability to store and release multiple 
chemicals on demand. Future integration of active control electronics, such as microprocessors, remote 
control units, or biosensors, could lead to the development of a 'pharmacy on a chip,' ie 'smart' micro-
chip implants or tablets that release drugs into the body automatically when needed From pacemakers 
to artificial hips, people are getting more familiar with new technology placed in their bodies, but im-
bedding microchips still raises many privacy concerns. People who are weary of daily needle injections 
for their medical issues could soon have new options: researchers have been developing an implantable 
microchip that will replace needles. In 2011, human trials began in Denmark and elsewhere. According 
to Plastics Today, researchers developed wireless and implantable microchips. 
The future of drug delivery may be a programmable, wirelessly controlled microchip implanted in a 
patient's body. A Massachusetts Institute of Technology (MIT) research team envisioned the implantable 
microchip idea 15 years ago. The team created a Micro-CHIPS company to explore commercialization. 
Recently, the researchers announced a successful in-body test results. Human clinical trials began in 
Denmark during 2011 with successful results. The Micro-CHIPS company plans to develop implants 
with the capability to transport hundreds of drug doses per chip. Dosages will be scheduled in advance 
or triggered remotely by radio communication over a special frequency called Medical Implant Com-
munication Service. Implantable microchip devices will provide real-time dose schedule tracking, and 
as part of a network, physicians can remotely adjust treatment schedules as necessary. 
Micro-CHIPS expect that it will take a few years for its first product to reach the market. During this time, 
the company plans on refining the technology design for a microchip implant so it will deliver drugs for 
either one or two years. The company should complete the clinical studies for approval by regulatory 
authorities within the next few years, according to Plastics Today. Reuters reported that an implantable, 
wireless microchip successfully delivered osteoporosis medicine to a small group of Danish women. 
This accomplishment raises hope for a new kind of drug delivery system that will allow patients to skip 
regular injections.  The device, currently being developed by privately held Microchips Incorporated, 
has a wireless receiver that signals the microchip to release the drug, according to Reuters. According to 
the Los Angeles Times, science researchers say they have devised a modern technique for giving patients 
their medicine. This new method involves a microchip embedded in the body where doctors can control 
drug release into their patients’ body remotely by a wireless connection. The drug chip was employed for 
delivering bone-strengthening hormones to women suffering with advanced osteoporosis who otherwise 
would have needed daily injections. After four months, the chips were safely removed from the patients' 
bodies, according to science researchers. 
According to Radio Frequency Identification Technology News (RFIDNews), Positive-ID declared that 
it has received an order for its Veri-Chip microchip to be employed for disaster preparation and crisis 
management by the Israeli Military. The Veri-Chip microchip was approved by the U.S. Food and Drug 
Administration for patient identification in 2004. The company’s integration partner intends to provide 
the microchips to the Israeli military. Veri-Chip will assist crisis situations and disaster recovery in com-
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bination with cameras capable of wirelessly receiving of both RFID scanned data and GPS data. A Web-
enabled database will support the gathering and storing of information and images captured during di-
saster response operations. Positive-ID stated that it has developed its RFID glucose-sensing microchip, 
called the Gluco-Chip. This microchip will precisely calculate glucose levels in any diabetic’s body. 
According to the 2011 National Diabetes Fact Sheet, more than 25 million children and adults in the 
U.S. have diabetes, which is roughly 8 percent of U.S. population. The Gluco-Chip is FDA cleared and 
based on Positive-ID’s Veri-Chip microchip employed for patient identification. The company believes 
the measurement of glucose levels through this system will allow individuals with diabetes to monitor 
glucose levels in a less invasive manner, according to RFIDNews.

Nano-microchip8
 It's almost surreal, like something out of a sci-fi flick, but nano-microchips invisible to the naked eye are 
a reality that are already being hosted in wide-range of applications. Nanotechnology deals with struc-
tures smaller than one micrometer (less than 1/30th the width of a human hair), and involves developing 
materials or devices within that size. To put the size of a nanometer in perspective, it is 100,000 times 
smaller than the width of a human hair. More than ten years ago simple low-cost techniques improved 
the design and manufacture of nano-microchips. That unlocked a multitude of methodologies for their 
manufacture in a wide-range of applications including optical, biological, and electronic devices.
The joint use of nano-electronics, photolithography, and new biomaterials, have enabled the required 
manufacturing technology towards nano-robots for common medical applications, such as surgical in-
strumentation, diagnosis and drug delivery.Japan's Hitachi says it has developed the world's smallest and 
thinnest microchip, that can be embedded in paper to track down parcels or prove the authenticity of a 
document. The integrated circuit (IC) chip is as minute as a speck of dust.Nano-electrodes implanted in 
the brain are increasingly being used to manage neurological disorders.

Micro-Chip Applications9-11

Chemicals to be released 
Multiple chemicals can be stored inside and released from the microchip. Each reservoir can be filled 
with different chemicals or combination of chemicals. Chemicals in any form (solid, liquid, gel) can be 
delivered by microchip. Micro fluidic device such as pumps are limited to delivering liquids. The con-
trolled release microchip consists of reservoir covered by a thin membrane of material that can be dis-
solved on demand. The form of the chemical or drug in the reservoir and the presence or absence of other 
materials such as polymer matrices or excipient has little or no effect on the electrochemical behavior of 
the membrane. Therefore, controlled release microchip has the potential for a high degree of flexibility 
in the type of chemicals they can store and release. 

Simplicity of release mechanism 
The microchip has no moving parts .A thin barrier membrane covers the each reservoir filled with one or 
more chemicals. The release of chemicals from the microchip is initiated by disintegration of the mem-
brane. The membrane is removed by the application of an electric potential, which cause the membrane 
to dissolve by simple electrochemical reaction. The absence of moving parts potentially increases device 
reliability by decreasing the possibility of mechanical breakdown. (Jonh et al, 2000) 
Accuracy 
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A Variety of highly potent drug can potentially be delivered from the microchip in a safe manner. It is 
important that the amount of drug delivered to a patient matches the amount prescribed, especially for 
highly potent compounds. Each reservoir of microchip can be accurately filled with a small amount of 
the drug by using microinjection or ink-jet printing techniques (J.Yoo et al 1997).The amount of the drug 
administered from a microchip filled by this printing methods can be tightly controlled, and accidental 
overdose id unlikely because release from active devices can only occur when an electric potential is 
applied to an anode. Larger doses can be administered by simply opening several reservoirs simultane-
ously. 

Complex release patterns 
Complex release patterns (such as simultaneous constant and pulsatile release) can be achieved from 
the microchip. Any complex chemical or drug release pattern can be broken down into a combination of 
two parameters: Release time and Release rate. A unique feature of the controlled release microchip is 
the potential to control both of these parameters. The time at which release begins from any reservoir is 
determined by the time at which the anode membrane covering that reservoir is removed. Spontaneous 
release from reservoir will not occur if the anode membrane material is stable in the electrolyte solu-
tion. Therefore, an anode membrane material is selected that will not dissolve and open until the correct 
electric potential is applied.

Potential for local delivery 
 The microchip can be made small enough to make local chemical delivery possible. An advantage of 
local drug delivery is that high concentration of drug can be achieved at the site where it is needed, while 
keeping the systemic concentration of the drug at a low level. This technique is particularly useful if the 
drug has adverse side effect if administered systemically in high doses.

Stability enhancement 
Some new protein based drugs have limited stability (i.e., shelf life ).Water penetration into this protein 
drug formulation is one of the most frequent causes of their instability. The membrane covering the filled 
reservoir of a microchip will prevent penetration of water into these reservoirs.Thus,the stability of pro-
tein drug is theoretically enhanced first, because the drug can be isolated from the outside environment 
(hermetically sealed) and second, because they can be stored in the microchip in their most stable form 
(solid,  liquid, gel). 

In cancer therapy 
Measuring proteins in the blood can help doctors determine patients' cancer risk and monitor the health 
of the elderly and people with chronic diseases. But current methods for testing these proteins are too 
expensive and require too much blood to be performed regularly. A micro fluidic chip in clinical trials 
does on a single chip in 10 minutes what normally takes multiple technicians’ hours to do and with just 
a single drop of blood. Researchers hope to make bedside diagnostics based on blood proteins a reality 
by bringing down the cost of such tests by at least an order of magnitude. The diagnostic chip is being 
developed by Caltech chemistry professor James Heath and by Leroy Hood, the president and founder of 
the Institute for Systems Biology, in Seattle. Heath and Hood have founded a company called integrated 
.Diagnostics to commercialize the blood chip. 
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Microchip for Antidepressants
Depression is the fourth most important cause of disability in the world. In Britain, most depressed 
patients are managed in primary care and antidepressant drugs represent the mainstay of treatment. 
To-date, tricyclic antidepressants have been the most widely used group of drugs and still account for 
approximately 50% of all new prescriptions. Almost all previous studies have relied on indirect methods 
of assessment including self-reporting of tablet consumption and the counting of left-over tablets. More 
recently, mechanical devices such as the microprocessor-based Medication Event Monitoring System 
(MEMS) have been developed. The assay of blood for drug and its metabolites has also been used for 
dothiepin a ratio of nordothiepin: dothiepin of greater than 1.1 indicates noncompliance for a period of 
48 h or longer. The MEMS system allowed us to identify the precise times at which opening of the con-
tainer occurred. As a consequence it was possible to detect when patients ceased to take their medication, 
the occurrence of drug holidays, apparent increases in tablet consumption prior to review by research 
nurses and variability in the timing of drug taking during the study. Implantable technology for psycho-
tropic medications may have its historical beginnings in the use of haloperidol or fluphenazine depot 
injection formulations, which represented a crude delivery system that delayed the delivery of the drug 
to the circulatory system by its slow dissolution from a lipophilic matrix.

Additional applications and variations of reservoir-based microchip technology include 
Alleviation of osteonecrosis, using an implant that locally administered drug to bone in the affected 
joint. Application of active release from reservoirs from orthopedic implants to address a wide range 
of bone health issues. Laser-based photolytic opening of selected reservoirs as an enabler for reservoir 
opening in ophthalmic applications;
● 	 Light-based actuation using a photosensitive gel that changes volume and acts as a valve to a res-
ervoir; and Alternative circuit design to decrease the number of connections required for independently 
controlled reservoirs.This technology can be useful in diabetes, Parkinson’s disease, congestive heart 
failure, anti-coagulation.

CURRENT DEVELOPMENTS 12
Microchip technology   Electronic identification or radio frequency identification technology has been 
tested for identification purposes for over twenty-five years. Three types of devices can be categorized, 
as follows: 

	 Implantable microchips for permanent application, which are injected or surgically implant-
ed. 

	  Microchips deposited in body cavities or orally ingested for temporary application. 
	 Electronic devices that can be attached to the exterior of an animal. 
	 A well-known company with the name Microchips has done research on microchip based 

drug delivery which is as following. (Santini et al, 1999) 
	M icrochips’ development of a long-term implant designed to provide 100% compliant de-

livery of parathyroid hormone for people who suffer from severe osteoporosis. Parathyroid 
hormone (PTH) is the only drug therapy available in the US that has an anabolic effect on 
bone, resulting in marked bone growth. 

	  In November, Microchips’ was awarded the 2008 AAPS Drug Delivery Technology Award 
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for its osteoporosis research.  The award is given by the American Association of Pharma-
ceutical Scientists to recognize outstanding research pertaining to novel drug delivery tech-
nologies. Microchips’ device is being developed to conveniently deliver human parathyroid 
hormone (hPTH 1-34) to help build bone, prevent new fractures, and improve the quality of 
life for patients with osteoporosis.  

CONCLUSION
It can be concluded that, the future trend requires advanced drug delivery system like individualized 
therapy and the capability to automate delivery system. Microchip based implantable drug delivery de-
vices allow localized delivery by direct placement of the device at the treatment site, delivery on demand 
(pulsatile, adjustable continuous dosing, and emergency administration, programmable dosing cycle) 
automated delivery of multiple drug and dosing in response to physiological response. The designed 
microchip for drug delivery allows for storage and dependable controlled release of multiple drugs. 
This device is less complex and much more dependable than the aforementioned devices that attempt to 
control drug release rate (i.e. electro-mechanical or polymer systems). The microchip can be created by 
general microfabrication techniques and can also be self-contained, which eliminates the need for patient 
or doctor intervention. The proposed device described (assuming one dose per day) can last over a year; 
however, the delivery abilities do depend on patient need.
 Today, internal drug delivery devices that sense, stimulate, deliver to, and record from biological sys-
tems are being developed by application of the growing fields of micro technology and nanotechnology. 
Some of these devices are programmable, i.e., drugs can be stored and released on predetermined or 
real-time demand. A silicon microchip with the ability to provide on-demand controlled release of single 
or multiple drugs. The future may also hold the development of a biodegradable microchip that, once im-
planted, would not require removal. Like the available delayed-release antidepressants, implantable drug 
delivery systems such as microchips will enhance drug safety, tolerability, and efficacy because of the 
ability to maintain a more constant plasma drug level. These encouraging results for support the feasibil-
ity of applying microchip-based implant technology to deliver other therapeutic peptides and proteins. 
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ABSTRACT

Analyzing the effect on cell growth and /or cell death has been an important component of 
many researches, especially in cancer treatment development. So in-vitro cytotoxicity testing is 
a challenging task.Many methods are involved for this purpose. Most of them are cell viability 
Assays. Here we briefly describe the currently used cytotoxic tests and their advantages and 
disadvantages. 

Key-words:In-vitro assay, cell viability

INTRODUCTION

In vitro cytotoxicity testing is the scientific analysis of the effects of toxic chemical substance on cultured 
bacteria or mammalian cells. In vitro (literally glass) testing methods are primarily used to evaluate the 
toxicity of potential anti-cancer drugs. A significant part of drug discovery in the last forty years has been 
focused on agents to prevent or treat cancer. This is not surprising because, in most developed countries 
and, to an increasing extent, in developing countries, cancer is amongst the three most common causes 
of death and morbidity. Treatments for cancer may involve surgery, radiotherapy and chemotherapy and 
often a combination of two or all three is employed.Natural compounds from flowering plants play a 
significant role in cancer chemotherapy. Anticancer drugs in wide clinical use include vincristine and 
vinblastine from Catharanthusroseus, palitaxel (Taxol) and taxotere from species of yew (Taxus), etopo-
side derived from lignans of Podophyllum spp. and camptothecin analogues, such astopotecan, from 
Camptothecaacuminata.[1] All of these are fundamentally cytotoxic and act principally by inhibiting 
cell proliferation, but by different mechanisms. Their cytotoxic effects are evaluated by using various 
invitro testing methods. Assessing cell membrane integrity is one of the most common ways to measure 
cell viability and cytotoxic effect.

Cytotoxicity testing is based on one or more mammalian cell lines being grown under conditions, where 
they are actively growing and undergoing mitotic division. Cells are cultured in a microtitre well plate 
and the rate of multiplication and growth is measured indirectly by formation of a colour, the intensity of 
which is directly proportional to the number of cells present. A variety of experiments can be used and 
the most basic is to compare the rate of proliferation of a cancer cell line in the presence and absence of 
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the test substance, usually after a specified time. [2] The major invitro cytotoxic evaluation techniques 
are MTT assay,  MTS assay, SRB assay, Resazurin reduction assay, Protease viability marker assay, ATP 
assay, Neutral red uptake assay, Clonogenic assay, WST assay, Agar overlay diffusion method.The pres-
ent review deals withthe study of various invitro cytotoxicity test, their advantages and disadvantages.

MTT TETRAZOLIUM ASSAY

PRINCIPLE

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction assay 
was the first homogeneous cell viability assay developed for a 96-well format that was suitable for high 
through put screening (HTS)[3] .The MTT substrate is prepared in a physiologically balanced solution, 
added to cells in culture, usually at a final concentration of 0.2 -0.5mg/ml, and incubated for 1 to 4 hours. 
The quantity of formazan (presumably directly proportional to the number of viable cells) is measured 
by recording changes in absorbance at 570 nm using a plate reading spectrophotometer. A reference 
wavelength of 630 nm is sometimes used, but not necessary for most assay conditions.Viable cell with 
active metabolism convert MTT into a purple colored formazan product with an absorbance maximum 
near 570 nm. When cells die, they lose the ability to convert MTT into formazan, thus color formation 
serves as a useful and convenient marker of only the viable cells.[4]The formazan product of the MTT 
tetrazolium accumulates as an insoluble precipitate inside cells as well as being deposited near the cell 
surface and in the culture medium. The formazan must be solubilized prior to recording absorbance 
readings. A variety of methods have been used to solubilize the formazan product, stabilize the color, 
avoid evaporation, and reduce interference by phenol red and other culture medium components.[5,6]  
Various solubilization methods include using: acidified isopropanol, DMSO, dimethylformamide, SDS, 
and combinations of detergent and organic solvent. [1,5,6] Acidification of the solubilizing solution 
has the benefit of changing the color of phenol red to yellow color that may have less interference with 
absorbance readings.[7] The amount of signal generated is dependent on several parameters including: 
the concentration of MTT, the length of the incubation period, the number of viable cells and their and 
metabolic rate etc.

Reagent preparation: MTT Solution

 1. 	D issolve MTT in Dulbecco’s Phosphate Buffered Saline, pH=7.4 (DPBS) to 5 mg/ml.                                                                          

 2. 	 Filter-sterilize the MTT solution through a 0.2 µM filter into a sterile, light protected container.      

3. 	 Store the MTT solution, protected from light, at 4°C for frequent use or at -20°C for long term 
storage.

Solubilization Solution

1. 	 Choose appropriate solvent resistant container and work in a ventilated fume hood.

2. P	 repare 40% (vol/vol) dimethylformamide (DMF) in 2% (vol/vol) glacial acetic acid.. Add 16% 
(wt/vol) sodium dodecyl sulfate (SDS) and dissolve.Adjust to pH = 4.7

3. 	 Store at room temperature to avoid precipitation of SDS. If a precipitate forms, warm to 37°C and 
mix to solubilize SDS.
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PROCEDURE

1. 	 Prepare cells and test compounds in 96-well plates containing a final volume of 100 µl/well.Incu-
bate for desired period of exposure.

2. 	 Add 10 µl MTT Solution per well to achieve a final concentration of 0.45 mg/ml..Incubate 1 to 4 
hours at 37°C.

3. 	 Add 100 µl Solubilization solutions to each well to dissolve formazan crystals.

4. 	M ix to ensure complete solubilization.

5. 	 Record absorbance at 570 nm. 

MTS TETRAZOLIUM ASSAY

PRINCIPLE

More recently developed tetrazolium reagents can be reduced by viable cells to generate formazan prod-
ucts that are directly soluble in cell culture medium.[8-13] These improved tetrazolium reagents elimi-
nate a liquid handling step during the assay procedure because a second addition of reagent to the assay 
plate is not needed to solubilize formazan precipitates, thus making the protocols more convenient. The 
negative charge of the formazan products that contribute to solubility in cell culture medium are thought 
to limit cell permeability of the tetrazolium.[14] This set of tetrazolium reagents is used in combination 
with intermediate electron acceptor reagents such as phenazine methyl sulfate (PMS) or phenazine ethyl 
sulfate (PES) which can penetrate viable cells, become reduced in the cytoplasm or at the cell surface 
and exit the cells where they can convert the tetrazolium to the soluble formazan product.[15]

Reagent preparation

MTS Solution (containing PES)

1. 	D issolve MTS powder in DPBS to 2 mg/ml to produce a clear golden-yellow solution.

2. 	D issolve PES powder in MTS solution to 0.21 mg/ml.

3. 	 Adjust to pH 6.0 to 6.5 using 1N HCl.

4. 	 Filter-sterilize through a 0.2 μm filter into a sterile, light protected container.

5. 	 Store the MTS solution containing PES protected from light at 4°C for frequent use or at -20°C 
for long term storage.

PROCEDURE

1. 	 Prepare cells and test compounds in 96-well plates containing a final volume of 100 µl/well. An 
optional set of wells can be prepared with medium only for background subtraction.

2. 	 Incubate for desired period of exposure.
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3. 	 Add 20 µl MTS solution containing PES to each well (final concentration of MTS will be 0.33 
mg/ml).

4. 	 Incubate 1 to 4 hours at 37°C.

5. 	 Record absorbance at 490 nm. One of the advantages of the tetrazolium assays that produce an 
aqueous soluble formazan is that absorbance can be recorded form the assay plates periodically 
during early stages of incubation. Multiple readings may assist during assay development; but 
caution should be taken to return the plates to the incubator between readings to maintain a near-
ly constant environment. Extended incubations with the tetrazolium reagent beyond four hours 
should be avoided.

RESAZURIN REDUCTION ASSAY 

PRINCIPLE

Resazurin is a cell permeable redox indicator that can be used to monitor viable cell number with proto-
cols similar to those utilizing the tetrazolium compounds.[16]Resazurin can be dissolved in physiological 
buffers (resulting in a deep blue colored solution) and added directly to cells in culture in a homogeneous 
format. Viable cells with active metabolism can reduce resazurin into the resorufin product which is pink 
and fluorescent.The quantity of resorufin produced is proportional to the number of viable cells which 
can be quantified using a microplatefluorometer equipped with a 560 nm excitation / 590 nm emission 
filter set. Resorufin also can be quantified by measuring a change in absorbance; however, absorbance 
detection is not often used because it is far less sensitive than measuring fluorescence. The resazurin 
reduction assay is slightly more sensitive than tetrazolium reduction assays. [17]The major advantages 
of the resazurin reduction assay are that it is relatively inexpensive, it uses a homogeneous format, and 
it is more sensitive that tetrazolium assays. In addition, resazurinassays can be multiplexed with other 
methods such as measuring caspase activity to gather more information about the mechanism leading to 
cytotoxicity. [18] The disadvantages of the resazurin include the possibility of fluorescent interference 
from compounds being tested and the often overlooked direct toxic effects on the cells. [19]

Reagent Preparation

1. 	D issolve high purity resazurin in DPBS (pH 7.4) to 0.15 mg/ml.

2. 	 Filter-sterilize the resazurin solution through a 0.2 μm filter into a sterile, light protected con-
tainer.

3. 	 Store the resazurin solution protected from light at 4°C for frequent use or at -20°C for long term 
storage.

PROCEDURE

1. 	 Prepare cells and test compounds in opaque-walled 96-well plates containing a final volume of 
100 µl/well. An optional set of wells can be prepared with medium only for background subtrac-
tion and instrument gain adjustment.

2. 	 Incubate for desired period of exposure.
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3. 	 Add 20 µl resazurinsolution to each well.

4. 	 Incubate 1 to 4 hours at 37°C.

5. 	 Record fluorescence using a 560 nm excitation / 590 nm emission filter set.

    A general disadvantage of both the tetrazolium and resazurin reduction assay protocols is the require-
ment to incubate the substrate with viable cells at 37°C for an adequate period of time to generate a 
signal. Incubation of the tetrazolium or resazurin reagents with viable cells increases the possibility of 
artifacts resulting from chemical interactions among the assay chemistry, the compounds being tested, 
and the biochemistry of the cell.

PROTEASE VIABILITY MARKER ASSAY

PRINCIPLE

         Measurement of a conserved and constitutive protease activity within live cells has been shown to 
serve as a marker of cell viability. A cell permeable fluorogenic protease substrate (glycyl phenyl alanyl-
amino fluorocoumarin; GF-AFC) has recently been developed to selectively detect protease activity 
that is restricted to viable cells. [20]The GF-AFC substrate can penetrate live cells where cytoplasmic 
aminopeptidase activity removes the glycine and phenylalanine amino acids to release aminofluorocou-
marin (AFC) and generate a fluorescent signal proportional to the number of viable cells. Cell permeable 
glycylphenylalanyl-aminofluoroumarin (GF-AFC) substrate is converted by cytoplasmic aminopepti-
dase activity to generate fluorescent aminofluorocoumarin (AFC).As soon as the cells die; this protease 
activity rapidly disappears, thus making this protease activity a selective marker of the viable cell popu-
lation. [21]

 Reagent Preparation

GF-AFCsolution

1. 	T haw the GF-AFC substrate and Assay Buffer components from the Cell Titer-Fluor™ Cell Vi-
ability Assay kit. [21]

2. 	T ransfer 10 µl of the GF-AFC Substrate into 10 ml of the Assay Buffer to prepare a 2X Reagent. 
Note: For multiplexing applications where total sample volume is a concern, a 10X Reagent can 
be prepared by adding 10 µl GF-AFC Substrate to 2 ml of Assay Buffer.

3. 	M ix by vortexing the contents until the GF-AFC substrate is thoroughly dissolved.

	 Storage: Store the CellTiter-Fluor™ Cell Viability Assay components at –20°C. The diluted Cell-
Titer-Fluor™ Viability Reagent should be used within 24 hours if stored at room temperature. 
Unused GF-AFC Substrate and Assay Buffer can be stored at 4°C for up to 7 days with no ap-
preciable loss of activity.

PROCEDURE

1.	 Set up opaque-walled 96-well assay plates containing cells in culture medium at desired density. 
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An optional set of wells can be prepared with medium only for background subtraction and in-
strument gain adjustment.

2.	 Add test compounds and vehicle controls to appropriate wells so that the final volume is 100 μl 
in each well (25 μl for a 384-well plate).

3.	  Culture cells for the desired test exposure period.

4.	 Add CellTiter-Fluor™ Reagent in an equal volume (100 μl per well) to all wells, mix briefly by 
orbital shaking, then incubate for at least 30 minutes at 37°C. Note: Longer incubations may im-
prove assay sensitivity and dynamic range. However, do not incubate more than 3 hours, and be 
sure to shield plates from ambient light.

ATP ASSAY	

 PRINCIPLE

The measurement of ATP using firefly luciferase is the most commonly applied method for estimating 
the number of viable cells. ATP has been widely accepted as a valid marker of viable cells. When cells 
lose membrane integrity, they lose the ability to synthesize ATP and endogenous ATPases rapidly deplete 
any remaining ATP from the cytoplasm. Although luciferase has been used to measure ATP for decades, 
recent advances in assay design have resulted in a single reagent addition homogeneous protocol that 
results in a luminescent signal that glows for hours. [22]The ATP detection reagent contains detergent to 
lyses the cell, ATPase inhibitors to stabilize the ATP that is released from the lysed cells, luciferin as a 
substrate, and the stable form of luciferase to catalyze the reaction that generates photons of light. [23]
The ATP assay is the fastest cell viability assay to use, the most sensitive, and is less prone to artifacts 
than other viability assay methods. The luminescent signal reaches a steady state and stabilizes within 10 
minutes after addition of reagent and typically glows with a half-life greater than 5 hours. The ATP assay 
has the advantage that you do not have to rely on an incubation step with a population of viable cells 
to convert a substrate (such a tetrazolium or resazurin) into a colored compound. This also eliminates a 
plate handling step because you do not have to return cells to the incubator to generate signal.

The ATP assay chemistry can typically detect fewer than 10 cells per well and has been used widely in 
1536-well format. The ATP assay sensitivity is usually limited by reproducibility of pipetting replicate 
samples rather than a result of the assay chemistry. [23]

ATP Assay Reagent Preparation

1. 	T haw the CellTiter-Glo® Buffer and CellTiter-Glo® Substrate and equilibrate to room tempera-
ture prior to use. For convenience the CellTiter-Glo® Buffer may be thawed and stored at room 
temperature for up to 48 hours prior to use.

2. 	T ransfer the appropriate volume (10ml ) of CellTiter-Glo® Buffer into the amber bottle con-
taining CellTiter-Glo® Substrate to reconstitute the lyophilized enzyme/substrate mixture. This 
forms the CellTiter-Glo® Reagent.

3. 	M ix by gently vortexing, swirling or inverting the contents to obtain a homogeneous solution. 
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The CellTiter-Glo® Substrate should go into solution easily in less than 1 minute.

PROCEDURE

1. 	 Set up white opaque walled microwell assay plates containing cells in culture medium at desired 
density.

2. 	 Add test compounds and vehicle controls to appropriate wells so that the final volume is 100 μl 
in each well for 96-well plate (25 μl for a 384-well plate).

3. 	 Culture cells for the desired test exposure period.

4. 	 Equilibrate plates to ambient temperature for 30 min to ensure uniform temperature across plate 
during luminescent assay.

5. 	 Add CellTiter-Glo® Reagent in an equal volume (100 μl per well for 96-well plates or 25 μl per 
well for 384-well plates) to all wells.

6. 	M ix contents for 2 minutes on an orbital shaker to induce cell lysis.

7. 	 Allow the plate to incubate at room temperature for 10 minutes to stabilize luminescent signal and 
Record luminescence.

WST ASSAY

PRINCIPLE AND PROCEDURE

WST-1 Cell Proliferation Assay is a sensitive and accurate assay for cell proliferation and cytotoxicity.  
The assay is highly convenient as it is performed in a single cell tissue culture well and requires no wash-
ing, harvesting or solubilization of cells.  Adherent or suspension cells are cultured in a microplate and 
then incubated with WST-1 and the assay is monitored with a spectrophotometer. The assay principle 
is based upon the reduction of the tetrazolium salt WST-1 to formazan by cellular dehydrogenase.  The 
generation of the dark yellow colored formazan is measured at 420-480nm (optimal at 440nm) and is 
directly correlated to cell number. 

FEATURES

1. 	 Uses WST-1, a high sensitivity tetrazolium salt.

2. 	 Colorimetric assay.

3. 	 Adherent or suspension cells.

4. 	 No washing, harvesting or solubilization required.

APPLICATIONS

1. 	F or the detection of cell toxicity, death, viability or proliferation. 

2.	  Ideal for high throughput screening. [24]
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NEUTRAL RED UPTAKE ASSAY

PRINCIPLE

 The neutral red uptake assay provides a quantitative estimation of the number of viable cells in a culture. 
It is one of the most used cytotoxicity tests with many biomedical and environmental applications. It 
is based on the ability of viable cells to incorporate and bind the supravital dye neutral red in the lyso-
somes. Most primary cells and cell lines from diverse origin may be successfully used.[25]

PROCEDURE

 Cells are seeded in 96-well tissue culture plates and are treated for the appropriate period. The plates are 
then incubated for 2 h with a medium containing neutral red. The cells are subsequently washed, the dye 
is extracted in each well and the absorbance is read using a spectrophotometer. The procedure is cheaper 
and more sensitive than other cytotoxicity tests (tetrazolium salts, enzyme leakage or protein content). 
Once the cells have been treated, the assay can be complein<3 h. 

CLONOGENIC ASSAY 

PRINCIPLE

Clonogenic assay or colony formation assay is an in vitro cell survival assay based on the ability of a 
single cell to grow into a colony. The colony is defined to consist of at least 50 cells. The assay essen-
tially tests every cell in the population for its ability to undergo ‘‘unlimited’’ division. Clonogenic assay 
is the method of choice to determine cell reproductive death after treatment with ionizing radiation, but 
can also be used to determine the effectiveness of other cytotoxic agents. Only a fraction of seeded cells 
retains the capacity to produce colonies. Before or after treatment, cells are seeded out in appropriate 
dilutions to form colonies in 1–3 weeks. Colonies are fixed with glutaraldehyde (6.0% v/v), stained with 
crystal violet (0.5% w/v) and counted using a stereomicroscope.The assays detect all cells that have 
retained the capacity for producing a large number of progeny after treatments that can cause cell repro-
ductive death as a result of damage to chromosomes, apoptosis, etc. [26]

MATERIALS-REAGENTS

1. 	 Appropriate culture medium containing serum

2. 	 Phosphate-buffered saline (PBS) pH 7.2

3. 	T rypsin .The trypsin solution is freshly prepared before the experiment from a stock solution 
containing 0.5 g  trypsin, 0.2 g  EDTA and 0.85 g NaCl

4. 	 Isotonic buffer for cell counting when using a Coulter counter

5. 	 Colony fixation-staining solution, glutaraldehyde 6.0% (vol/vol), crystalviolet 0.5% (wt/vol) in 
H2O. [26]

EQUIPMENT

1. 	 Pipettes
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2. 	 Culture dishes or six-well plates

3. 	T ubes for dilution

4. 	 Coulter counter or hemocytometer

5. 	 Stereomicroscope

6. 	 Colony counting pen

7. 	 Statistical analysis software (SPSS)

PROCEDURE

Initial handling of cells

1. 	 Before any experiment, ensure that all required materials from sterile pipettes, sterile test tubes, 
culture dishes and six well plates are at hand. Warm the medium, PBS and trypsin to 37 1C. Work 
out the cell dilutions and label the dishes or plates. The experiment has to continue smoothly to 
limit the total time, preventing adverse effects of pH and temperature changes.

2. 	 Harvesting cells from a donor culture is performed using trypsinization. To detach cells from the 
plastic, the overlying medium is removed and cells are washed with PBS. PBS is removed and 
replaced by a solution containing trypsin.

3. 	 Remove the medium above the cells.

4. 	 Wash the cells with PBS.

5. 	T rypsinize cells to produce a single-cell suspension. The trypsin solution should be left over the 
cells until they round up; this may be inspected under the microscope.

6. 	 When cells start to round up indicating detachment from the culture dishes, resuspend the cells in 
medium to inhibit trypsinization. Adding sufficient volume of medium supplemented with serum 
neutralizes the trypsin solution. Detach the cells by pipetting up and down the medium with the 
cells.

7. 	 Count the cells. The accurate number of cells that are plated is required to obtain the correct data 
for plating efficiency (PE) for unirradiated controls or after a certain treatment for a proper sur-
vival calculation.

8. 	 Dilute the cell suspension into the desired seeding concentration and seed into flasks or plates as 
desired. The dilutions have to be performed accurately to seed the correct number of cells.

Clonogenic assay setup

9. 	T here are two essentially different ways to perform studies using this assay: In option (A), cells 
are plated before treatment. Cells are harvested from a stock culture and plated at appropriate 
dilutions into (cluster) dishes. After attachment of the cells to the dishes, which generally takes 2 
h or more, the cells are treated. The treatment has to be performed before cells start replicating; 
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otherwise, the numbers of cells per dish will increase, yielding more colonies. After treatment, 
the dishes are placed in an incubator and left there for a time equivalent to at least six potential 
cell divisions. This method is often used for a quick screening of the sensitivity of cells to differ-
ent treatments. In option (B), cells are treated in dishes and subsequently re-plated in appropriate 
dilutions to assess clonogenic ability. The replating may be performed immediately after treat-
ment or it may be delayed to allow repair processes. This method is used especially in radiologi-
cal research to determine potentially lethal- and sublethal damage repair. [33]

 Fixation and staining of colonies

10. 	 Remove the medium above the cells.

11. 	 Rinse carefully with PBS.

12. 	 Remove the PBS and add 2–3 ml of a mixture of 6.0% glutaraldehyde and 0.5% crystal violet.

13. 	 Leave this for at least 30 min.

14. 	 Remove the glutaraldehyde crystal violet mixture carefully and rinse with tap water. Do not place 
the dishes or plates under the running tap, but fill the sink with water and immerse the dishes or 
plates carefully.

15. 	 Leave the dishes or plates with colonies to dry in normal air at room temperature (20 1C).Colo-
nies can be counted up to at least 50 weeks after staining.

Counting the colonies

16. 	T he standard procedure is to count using a stereomicroscope and an automatic counting ‘‘colony 
counter pen. When for a certain drug a dose-modifying factor is calculated, the ratio of the radia-
tion dose at a certain survival level after radiation alone to that for the combined treatment should 
then be calculated and not the ratio of the surviving fractions at ascertain radiation dose.

SRB ASSAY

PRINCIPLE

The sulforhodamine B (SRB) assay is used for cell density determination, based on the measurement 
of cellular protein content. The method not only allows a large number of samples to be tested within a 
few days, but also requires only simple equipment and inexpensive reagents. The SRB assay is therefore 
an efficient and highly cost-effective method for screening. CytoScan™-SRB Cytotoxicity Assay is an 
accurate and reproducible assay based upon the quantitative staining of cellular proteins by sulforhod-
amine B (SRB). Sulforhodamine B is an anionic aminoxanthene dye that forms an electrostatic complex 
with the basic amino acid residues of proteins under moderately acid conditions, which provides a sensi-
tive linear response. The color development is rapid and stable and is readily measured at absorbances 
between 560 and 580nm. [28]

PROCEDURE 

The method described here has been optimized for the toxicity screening of compounds to adherent cells 
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in a 96-well format. After an incubation period, cell monolayers are fixed with 10% (wt/vol) trichloroa-
cetic acid and stained for 30 min, after which the excess dye is removed by washing repeatedly with 1% 
(vol/vol) acetic acid. The protein-bound dye is dissolved in 10 mMTris base solution for optical density 
(OD) determination at 510 nm using a microplate reader. The results are linear over a 20-fold range of 
cell numbers and the sensitivity is comparable those of flourimetric method.

FEATURES	

1. 	M easures total biomass by staining cellular proteins.

2. 	 Linear response.

3. 	 Simple, accurate and reproducible assay. [34-38]

APPLICATIONS

1. 	F or the detection of cell toxicity, death, viability or proliferation.

2. 	 Ideal for high throughput screening. 

AGAR OVERLAY DIFFUSION METHOD

PRINCIPLE

The agar overlay was designed to determine the cytotoxicity of diffusible components from material or 
solution. A layer of agar was added over a cell monolayer to act as cushion to protect cell from mechani-
cal damage while allowing the diffusion of leachable materials. The test articles were then placed on 
top of agar layer and incubated. The cell monolayer were examined and scored based on the degree of 
cellular destruction.

PROCEDURE                                                                                                                                                                        

Six well culture seeded with verified quatity of cell and incubated 37 degree with 1% co2, until approxi-
mate 18% confluent. The agar overlay consisted of equal mixture of 1N AGAR 1% and 10% bovin calf 
serum. Solid test article were placed directly on the solidified agar overlay.  Liquid or gel test article were 
applied to sterile filter discs, testing Not less than 0.1ml per well. Powders resin or irregular materials 
were placed directly onto the solidified agar, testing not less than 100mg per well. Positive and negative 
references were included with each assay. All tests were performed using three test wells per test article. 
After the addition of test articles, the cell culture plates are incubated as described above for 24 to26 hr. 
Following incubation, cells were evaluated microscopically.  [29]

 CONCLUSION

There are a variety of assay technologies available that use standard plate readers to measure metabolic 
markers to estimate the number of viable cells in culture. Each cell viability assay has its own set of 
advantages and disadvantages. The ATP detection assay is by far  

the most sensitive, has fewer steps, is the fastest to perform, and has the least amount of interference 
whereas the tetrazolium or resazurin reduction assays offer less expensive alternatives that may achieve 
adequate performance depending on experimental design. The fluorogenic cell permeable protease sub-
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strate is far less cytotoxic than the tetrazolium and resazurin compounds while enabling many possi-
bilities for multiplexing other assays to serve as orthogonal or confirmatory methods. Other than these 
methods, cytotoxicity can also be measured by using Sulphordamine B (SRB) assay, WST assay, Clo-
nogenic assay and Agar over lay diffusion method. Regardless of the assay method chosen, the major 
factors critical for reproducibility and success include, using a tightly controlled and consistent source 
of cells to set up experiments and performing appropriate characterization of reagent concentration and 
incubation time for each experimental model system.Development of these in vitro techniques has made 
the effort to develop new drug molecules with anticancer property easy and we can use this as a way to 
proceed towards in vivo techniques to evaluate cytotoxicity. Due to ethical reasons also animal models 
may be used 

only when we confirm the activity of a new chemical entity, either natural or synthetic by in vitro cy-
totoxicity test. This can ultimately lead to the development of new drug molecules which possess least 
toxicity as well as increased efficacy to treat one of the most feared diseases by mankind.
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ABSTRACT

Several analytical tools are present that help to quantify costs of drugs and identify areas where 
costs can be reduced. The major tools include VEN system, ABC analysis, therapeutic category 
analysis, price comparison analysis, total variable cost analysis, lead-time analysis, expiry date 
analysis, and hidden cost analysis. VEN system categorizes drugs by their relative public health 
value. ABC analysis examines the annual consumption of drugs and expenditures for procure-
ment. Therapeutic category analysis considers the utilization and financial impact of various 
therapeutic categories of drugs and then compares cost and therapeutics benefit to select the 
most cost-effective drugs in each major therapeutic category. Price comparison analysis com-
pares drug prices paid by different supply systems, as one measure of procurement efficiency. 
Total variable cost analysis compiles information on variable costs associated with purchasing 
and inventory management, which help in considering the options for change in terms of their 
impact on total variable costs. Lead-time analysis is as systematic approach to track procure-
ment lead times, determining the points at which lead time can be reduced and adjusting safety 
stock. Expiry date analysis examines levels of stock on hand and their expiry dates and com-
pares this information with average rates of consumption to assess the likelihood of wastage. 
Hidden cost analysis examines supplier performance to identify any hidden costs incurred be-
cause of problems such as late deliveries and short shipments. The inventory control manage-
ment can show improvementin patient care and in the optimal use of resources.

Key-words: Drugs, Expense
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INTRODUCTION

A medical store is an extensively used facility in any hospital where a large amount of money is spent 
on purchases on a frequent basis. It is estimated that nearly 35% that is nearly one third of annual hos-
pitals budget is spent on buying materials and supplies, including medicines [1]. There has always been 
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a requirement of a very effective and efficient management of the medical stores to avoid unnecessary 
purchase and prevent under purchase that leads to shortage of drugs in hospital. Inventory management 
is defined as the continuing process of planning, organizing and controlling inventory which aims at 
minimizing the investment in inventory while balancing supply and demand. Drug inventory manage-
ment helps in designing appropriate corrective measures.Inventory control is a scientific system which 
indicates as to what, when, and how much to order, and how much to stock so that purchasing costs and 
storing costs are kept as low as possible. Efficient priority setting, decision making in purchase and dis-
tribution of specific drugs, close supervision on drugs belonging to important categories, etc., depends 
on the drug and inventory management. Since the mid-1980s, the strategic benefits of inventory manage-
ment and production planning and scheduling have become obvious [2].

Analytical tools for the inventory management

1.	 VEN categorization:The VEN system categorizes pharmaceuticals based on their relative pub-
lic health value. The categories are vital (V), essential (E), and nonessential (N) (also known as D for 
desirable which makes it VED categorization). At times the health systems find a two category system 
more useful than the three-tiered VEN; for example, the categories might be V and N, differentiating 
between those medicines that must always be in stock and other medicines. V – Vital drugs potentially 
involve lifesaving drugs. Drugs that are crucial to providing basic health services are included in this 
group as well. E – Essential drugs are less severe in effectiveness when compared to vital drugs but they 
are significant for illnesses.  N – Nonessential drugs are used for minor or self–limited illness. Drugs 
that are still questionable about their efficacy also belong to this class. To identify the drugs according to 
VEN system, a panel of pharmacists, doctors with different specializations should be set up since opin-
ions can differ. The degree of importance of procurement and control procedures reduces from vital to 
nonessential drugs.

2.	 ABC analysis:The ABC analysis also known Pareto’s law or Always, Better and Controlexam-
ines the annual consumption of medicines and expenditures for procurement by dividing the medicines 
consumed into three categories. Class A includes 10 to 20 percent of items, which account for 75 to 80 
percent of expenditures. Class B items represent 10 to 20 percent of items and 15 to 20 percent of expen-
ditures. Class C items are 60 to 80 percent of items but only about 5 to 10 percent of expenditures. ABC 
analysis can be used to measure the degree to which actual consumption reflects public health needs 
and morbidity, reduce inventory levels and costs by arranging for more frequent purchase or delivery of 
smaller quantities of class A items, seek major cost reductions by finding lower prices on class A items, 
where savings will be more noticeable. According to ABC classification, it suggests that the more analy-
sis should be applied to materials with high inventory value. Class A should be most extensively handled 
and Class C is analyzed little. Advantage of ABC classification is that controlling small numbers of items 
amounting to 10-20 % will result in the control of 75-80% of the monetary value of the inventory held.
Very strict control procedures should be used with A items and the controller should have great authority. 
Class B can be controlled by middle management. Low safety stock policy is applied to this class with 
quarterly or monthly orders. Class C items do not need to be highly controlled. Since the items have the 
lowest value compared to the class A and B, orders can be placed at a greater volume to take advantage 
of quantity discount. Rough estimates are sufficient to manage class C materials. 

3.	 Therapeutic category analysis: This analysis considers the use and financial impact of various 
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therapeutic categories of medicines and then compares cost and therapeutic benefit to select the most 
cost-effective medicines in each major therapeutic category. The analysis reviews the volume of use of 
various therapeutic categories and subcategories of drugs. This technique builds on ABC analysis, i.e., 
produce a list of drugs with the volume and value of use calculated for each drug. Further sorts the ABC 
list into therapeutic categories, where coding systems followed in WHO essential drug list and American 
hospital formulary service pharmacologic and therapeutic classification system. Therapeutic category 
analysis helps to select medicines for a formulary or procurement list.

4.	 Price comparison analysis: This analysis compares pharmaceutical prices paid by different 
supply systems as one measure of procurement efficiency. Acquisition price comparison analysis states 
whether the system is getting the maximum benefit from available procurement funds, and in case not 
how much might be saved with alternative procurement practices. It can also compare supply system 
acquisition and selling prices with local private-sector prices to gauge the cost-effectiveness of in-house 
pharmaceutical services and to assess price elasticity for cost recovery.

5.	 Total variable cost analysis: Total cost analysis compiles information on variable costs associ-
ated with purchasing and inventory management to help managers consider options for change in terms 
of their impact on total costs. It is the sum of four components drug acquisition costs, inventory holding 
costs, purchasing cost, and shortage cost (emergency purchase, client outside purchase leading to loss 
of revenue, increased morbidity or mortality, etc.,). The compiled data are then reviewed to look for op-
tions to reduce the total cost and to perform what if analysis i.e., what happens to inventory holding cost 
if ordering costs are reduced and so forth. This analysis help in finding opportunities for cost reduction 
and modeling the cost impact of potential changes in the supply system.

6.	 Lead-time analysis:Lead time is defined as the interval between submitting an order and re-
ceiving the goods. Lead-time analysis is a systematic approach to tracking procurement lead times, 
determining the points at which lead time can be reduced, and adjusting safety stock appropriately. Pay-
ment time should also be analyzed (when delayed payment to suppliers is feasible) which is the interval 
between receipt of goods at the warehouse and payment to the supplier.

7.	 Expiry-date analysis:Analysis of expiry dates versus inventory levels is useful for determining 
how much stock is at risk of wastage. This analysis examines levels of stock on hand and their expiry 
dates and compares this information with average rates of consumption to assess the likelihood of wast-
age (and to develop appropriate countermeasures). The analysis is done for each drug by determining 
the average monthly consumption during the past year and dividing the quantity in stock by the average 
monthly consumption to determine the stock position in months. Then the number of months remaining 
until expiry is calculated. If the months until expiry are greater than the stock position in months, there 
should be limited risk of wastage. But if the stock position is higher that the months until expiry; there 
is some risk.

8.	 Hidden-cost analysis: Hidden costs are those costs that occur due to poor supplier performance 
and are not obvious in the invoice price. The procurement officers should consider the expected hidden 
costs for each supplier based on the past performance. The hidden costs may include viz., commissions 
for local agents, cost of late deliveries, cost of delivery errors, loss due to poor packaging, replacement 
cost of unusable drugs, etc. Hidden costs may make one supplier considerably more expensive than a 
competitor that offers a higher unit price but better performance.
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CONCLUSION

Among the inventory control techniques mentioned in this review the most commonly used are ABC 
analysis and VEN categorization methods. It is a usual practice of coupling ABC and VEN whereby the 
vital and essential drugs are not under - purchased just by considering the cost factor. Further the selec-
tion of techniques to be used depends on the need of institution. The inventory control management can 
show improvement in patient care and in the optimal use of resources.
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ABSTRACT

Coconut water is the juice in the interior or Endosperm of young coconut. It is one of the natures 
most refreshing drinks, consumed for its nutritious and health benefiting properties.  Coconut 
water easily forms hydro gel with the sodium alginate, which is a polysaccharide.  Coconut wa-
ter contains Monolausin, an antiviral, antibacterial and antiprotozalmanoglyceride that is used 
to kill the lipid coated viruses such as HIV, Herpes, Cytomegalovirus, flu and various Patho-
genic bacteria. Based on literature survey, there is no report for biological activity of Green 
Coconut Water scientifically.  Therefore, the present project work was designed to develop the 
Green Coconut Water – Alginate hydrogel   formulation and to investigate its antimicrobial ac-
tivity using well diffusion methods.  Different concentrations of (4%, 3.5%, 3%, 2.5%) alginate 
is used to formulate the hydrogel with coconut water (1ml). The compatibility of coconut water 
and alginate is determined by FT-IR method. The FT-IR spectra showed that coconut water and 
alginate will mix without any interaction. PH of the preparation lies in the range between 6.5 
to 7.1. This shows that the preparation is suitable for topical application. The sample D (2.5%) 
was exhibited considerable antimicrobial potential (zone of inhibition 2.5 mm) with standard 
Erythromycin (zone of inhibition 1mm). 

Key-words: gel; coconut water; microbial study

INTRODUCTION 

	 Coconut water is the juice in the interior or Endosperm of young coconut. It is one of the nature 
most refreshing drinks, consumed for its nutritious and health benefiting properties.Coconut water eas-
ily forms hydro gel with the sodium alginate, which is a polysaccharide. The formed hydro gel produces 
antimicrobial actions.1
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	 Alginate is a linear unbranched polymers containing B(1,4) linked D-Mannuronic acid  and α 
(1,4) linked L-glucoronic acid. It’s average molecular weight contains 50-10,00,000 residues. They are 
thermally stable, cold setting gelling agents. Alginates  solubility and water holding capacity depends 
on PH(Precipitating below PH 3.5), molecular weight (low molecular weight Ca2+ alginate chains with 
less than 500 residues shows   increased  water binding with  increasing  size ), lonic strength ( low lonic 
strength   increases extended   nature of chains ) & nature of ions present.Alginate is used to stabilize 
phase separation in low-fat, fat- substitutes. Example    is alginate / casein blends in starch 3-phase 
systems.2So further prospects are excellent as recombinant epimerizes with different specificities may 
be used to produce novel designer alginates. 

Alginate products were prepared as dressings, bandages or implants, has varying rates of disintegration 
in tissues depending upon the purpose for which they are to be used. Alginate has haemostatic property. 
The absorbable alginate fibredressing is used   in surgery.3

 The present investigation utilizes alginates which are precipitated in a solution of polyvalent ions like 
Ca2+, Zinc resulting in an aqueous insoluble product that could have utility in the fields of Medicine, 
dentistry, surgery etc.

Alginate is a polysaccharide extracted from certain sea weeds.

Coconut water as Antimicrobial

Coconut water contains Monolausin, an antiviral, antibacterial and antiprotozalmanoglyceride that is 
used to kill the lipid coated viruses such as HIV, Herpes, Cytomegalovirus, flu and various Pathogenic 
bacteria.To develop green coconut water – Alginate hydrogel formulation and to investigate its antimi-
crobial activity using well diffusion method.  Based on literature survey, there is no report for biologi-
cal activity of Green Coconut Water scientifically.  Therefore, the present project work was designed to 
develop the Green Coconut Water – Alginate hydrogel   formulation and to investigate its antimicrobial 
activity using well diffusion methods.  

1. Formulation of Green Coconut Water – Alginate hydrogel.

2. Characterisation of Green Coconut Water – Alginate hydrogel

•	 Colour

•	 PH

•	 FTIR

3. Antimicrobial Studies of Green Coconut Water- Alginate hydrogel

MATERIAL & METHOD

Tender Coconut Water, Sodium Alginate, Potassium Bromide, E-Coli Bacteria, Erythromycin Tablet, 
Weighing Balance, Stirrer, Incubator, Refrigerator, FTIR Spectrometer, EUTECH Instrument.
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Formulation of Green Coconut Water- Alginate Hydrogel4

GREEN COCONUT WATER ALGINATE
SAMPLE A 1ml 4%
SAMPLE B 1ml 3.5%
SAMPLE C 1ml 3%
SAMPLE D 1ml 2.5%
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Figure 1: Different concentrations of Green Coconut water-Alginate hydrogel

CHARACTERISATION OF GREEN COCONUT WATER-ALGINATE HYDROGEL

1.Colour and appearance – Detected by physical test.

2.PH – Detected by PH Meter, EUTECH Instrument, PH Tutor. PH/Co meter

3.FT-IR  - Detected by Fourier transform infrared spectrophotometer was taken with coconut water, 
alginate and prepared mixture of green coconut water and alginate

ANTIMICROBIAL STUDIES OF GREEN COCONUT WATER-ALGINATE HYDROGEL5

1.	T he nutrient Agar plate was prepared.

2.	T he Microbial suspension or organisms (E-Coli) is spread over the nutrient agar plate with a ster-
ile swab.

3.	 Well was made in each nutrient Agar plate using metal borer.

4.	 Wells are filled with the different concentrations of Green Coconut Water and the standard (Eryth-
romycin) 

5.	 If  Substantial antimicrobial activity is present for std. & samples, zone of inhibition appears 
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around test product. The zone of inhibition is simply the area on agar plate that remains free from 
microbial growth.

6.	T he diameter of zone of inhibition is usually related to the level of antimicrobial activity present 
in the sample and standard  which was compared.

7.	 If diameter of zone of inhibition is larger the antimicrobial action is greater and was highly po-
tent.

8.	T he Kirby-Bauer  zone of inhibition test method is designed to qualitatively test the ability of 
antimicrobial agents to inhibit the growth of micro-organisms over an 18-24 hour period  of con-
tract.

RESULT AND DISCUSSION

II)  Evaluation studies

1.	 Colour and appearance

Sample A Sample B Sampl C Sample D

Colour Slight Yellow Yellowish Brown Yellowish brown Light Brown

Appearance Gel Gel Gel Gel

2.PH

The PH of each sample is detected by PH Meter (EUTECH Instrument

Sample PH

A 6.5

B 6.9

C 7.0

D 7.1

This PH is equivalent to skin PH so these preparations are suitable for topical applications.

3	  FTIR Studies

FITR – SPECTRUM OF ALGINATE
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FTIR-SPECTRUM OF COCONUT WATER

FTIR SPECTRUM OF MIXTURE OF COCONUT WATER AND ALGINATE

ANTIMICROBIAL   STUDIES OF GREEN COCONUT WATER-ALGINATE HYDROGEL

The efficiency of the mixture of Green Tender Coconut Water – Alginate Hydrogel can be studied from 
the diameter of their zone of inhibition formed.
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Sample Diamter
Erythromycin 1 mm
Sample A (4%) 1.8mm
Sample B (3.5%) 1.7mm
Sample C (3%) 1.6 mm
Sample D (2.5%) 2.5mm

CONCLUSION

This study indicated that formulation sample D (2.5% of Green Coconut Water-Alginate) Exhibited 
considerable antimicrobial activity conformed with  Standard (Erythromycin) against E.coli usingWell 
diffusion method 
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