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Abstract 
Polysaccharide hydrogel from Tamarindus indica was isolated by maceration technique using water as 
solvent and precipitated by the addition of acetone, which was used as non-solvent. The yield of 
hydrogelwas78.07±0.01% w/w with respect to dry weight of the seeds. The purity of the hydrogel 
was ascertained using qualitative chemical tests for different phytoconstituents. The viscosity, swelling 
index, pH and the microbial load of the isolated hydrogel were recorded. The hydrogel was used as 
sustaining agent to prepare bilayered matrix tablets of diclofenac sodium, which was used as model 
drug. The matrix tablets were prepared by wet granulation method. The first layer containing loading 
dose was prepared using starch powder (starch-1500) as disintegrant, Corn starch paste as binder, 
erythrocin red as coloring agent for distinguishing two layers and lactose as diluent along with drug. 
The second layer containing maintenance dose was prepared using the selected hydrogel as matrix 
material and microcrystalline cellulose as diluent. The layers were compressed using a hydraulic press. 
First, the maintenance dose layer was compressed and above that, the loading dose layer was 
compressed again. The prepared matrix tablets were evaluated for hardness, friability, drug content 
and in vitro dissolution profiles. The tablets had good physical properties and drug release was found 
to be sustained up to 12 h. In the in vivo bioavailability study in human volunteers, the developed 
matrix tablets exhibited improved bioavailability than the marketed sustained release tablets. Hence, 
the selected hydrogel can be considered as an ideal matrix material for the preparation of sustained 
release bilayered matrix tablets. 
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INTRODUCTION 
Today, there is a global renewed interest in the natural product research, which includes search for 
biologically active compounds and lead molecules from different plant sources.1 This renewed interest 
towards natural products is more visible, especially in developing countries of the West and Asia.1 Apart 
from biologically active molecules, the pharmaceutical research is also focused on development of natural 
excipients for the formulation of dosage forms and drug delivery systems.2 This interest in natural 
excipients might be due to the abundant availability, biodegradability, biocompatibility and cheaper 
cost.2Among the commonly used natural excipients, polysaccharide hydrogels have a prominent position. 
The use of polysaccharides as suspending agents, emulsifying agents, viscosity enhancing agents and 
gelling agents is well documented.2-8Some of the polysaccharides have been used in tablet formulation as 
binding agents, disintegrating agents and sustaining agents.9-13 
 
Tamarind seed polysaccharide is a galactoxyloglucan, obtained from the kernels of Tamarindus indica 
(Family: Leguminosae). It possesses properties like adhesivity, high viscosity, and broad pH tolerance.14 It 
is reported to be non-carcinogenic.15 It has excellent mucoadhesive property.16 It is biocompatible,16 

thermally stable,17 and also possesses high drug holding capacity.18Tamarind seed polysaccharide finds its 
applications as as stabilizer, thickener, gelling agent and binder in food industry. Recently, its uses as 
binder in ibuprofen tablets19 and sustaining agent in spheroids20 have been reported.  
 
In the recent years, considerable attention has been focused on the development of sustained drug 
delivery systems to improve patient compliance, which is a common issue associated with some drugs, 
especially, those which need frequent administration andthose which undergo extensive first pass 
metabolism.21 Diclofenac sodium is a commonly used non-steroidal anti-inflammatory drug, which is 
known to undergo first pass metabolism and needs frequent dosing.22 It also causes severe gastric 
irritation.22 To avoid these problems, in the present study, sustained release bilayered matrix tablets of 
diclofenac sodium were developed using a natural polysaccharide hydrogel from Tamarindus indica. 
 

MATERIALS AND METHODS 
Materials 
The seeds of Tamarindus indica were purchased from local market and authenticated from Medicinal Plants 
Survey Collection Unit, Ootacamund (India). Diclofenac sodium was obtained as a gift sample from 
Wintac Pharma Pvt. Ltd., Bangalore (India). Lactose and corn starch were purchased from Cheminnova 
Remedies Pvt. Ltd. Hydrabad (India). Microcrystalline celluslose (Avicel PH 101) was obtained as gift 
sample from Degussa, Mumbai (India). Starch-1500 was obtained from Colorcon Ltd, Mumbai (India). 
Acetonitrile (HPLC grade), orthophosphoric acid (AR grade), triethylamine (AR grade), were purchased 
from SD FineChem, Mumbai (India). HPLC grade water was obtained from Millipore system in the 
laboratory. Reference samples were obtained from Department of Pharmaceutical Analysis, JSS College 
of Pharmacy, Ootacamund (India).All other materials and reagents used in the present investigation were 
of AR grade and were purchased from SD FineChem, Mumbai (India). 
 

Isolation of Hydrogel 
The hydrogel was isolated by using multiple maceration technique.14,19,20 The seeds were soaked in hot 
water for 12 h and then the hydrogel was separated using muslin cloth filtration. The marc was used for 
second and third isolations. The filtrates collected from all the three isolations were mixed together and 
treated with equal quantity of acetone, which was used as non-solvent to precipitate the hydrogel. The 
precipitated hydrogel was separated by centrifugation and washed with acetone twice and then dried 

under controlled temperature (less than 50C). 
 

Characterization of Isolated Hydrogel 
To determine the purity of the isolated hydrogel, tests for alkaloids, clycosides, carbohydrates, flavonoids, 
steroids, amino acids, terpins, saponins, oils and fats, tannins, and phenols were carried out using reported 
methods.23,24 For identification of hydrogels, ruthenium red, corallin soda and iodine tests were 
performed.23,24 The pH of the isolated polysaccharide was determined using a digital pH meter. The 
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viscosity of 1% solution of the polysaccharide was determined using a Brookfield R/S Rheometer 
(Brookfield Engineering, USA) at 50 rpm angular velocity.  
 
The swelling index was determined using a method reported by WHO.25 Swelling index is the volume (in 
milliliters) taken up by the swelling of 1 g of polysaccharide under specified conditions. One gram of 
polysaccharide powder was introduced into a 25 mL glass-stoppered measuring cylinder. Twenty five 
milliliters water was added and the mixture was shaken thoroughly every 10 min for 1 h. It was then 
allowed to stand for 3 h at room temperature. Then the volume occupied by the polysaccharide was 
measured, including the sticky hydrogel portion. The procedure was repeated thrice and the average 
swelling index was calculated.  
 
The isolated hydrogel was evaluated for microbial load after storage for 4 months. The number colony 
forming units (cfu) of bacteria and fungi per gram of hydrogel was determined by a process described in 
IP.26 Also, evaluation for the presence of pathogenic microorganisms Escherichia coli, Salmonella typhi, 
Pseudomonas aerugenosa and Staphylococcus aureus was carried out according to the method described in Indian 
Pharmacopoeia.26 
 

Drug-Polymer Compatibility  
The compatibility between diclofenac sodium and tamarind polysaccharide was studied using FTIR peak-
matching technique.27 A drug-polymer mixture (1:1) was prepared by co-grinding the drug and polymer. 
Hundred milligrams of this powder was mixed with potassium bromide (400 mg) and was compressed in 
a hydraulic press to form a pellet at 15 tons pressure. The pellets were scanned from 4000 to 400 cm-1 in a 
Perkin Elmer FTIR spectrophotometer. Similarly, the IR spectra of individual drugs and polymers were 
also recorded. The samples were preserved in air-tight containers at room temperature and the spectra 
were recorded at 1, 2, 3 and 6 months intervals. Appearance /disappearance of peaks in the spectra were 
observed to assess any possible physical and chemical interactions. 
 

Formulation of Sustained Release Bilayered Matrix Tablets 
The formulae used for different batches of bilayered tablets are shown in Table 1. Five different batches 
of granules were prepared representing 2, 4, 6, 8 and 10% of tamarind hydrogel in maintenance-dose 
layer. In all the batches, the composition of the loading-dose layer was same. The loading-dose layer was 
composed of starch paste as binder (5% of total weight of loading dose layer) and starch powder as 
disintegrating agent (5% of total weight of loading dose layer), lactose as diluent and magnesium stearate 
as glidant (1% of total weight of layer). The total weight of the loading dose layer was kept to 50 mg. The 
maintenance dose layer was composed of 80 mg diclofenac sodium, 2-10% of hydrogel as binder and 
matrix material, and 1% w/w magnesium stearate as glidant. In this layer, microcrystalline cellulose was 
used as diluent and the total weight of the layer was 250 mg. The total weight of the bilayered matrix 
tablet was hence 300 mg.  
 

Preparation and Evaluation of Granules 
The granules for both layers were prepared by wet granulation technique. The binding agent was 
dissolved in minimum quantity of water, which was sufficient to produce a damp mass. The wet mass was 

passed through British Standard Sieve (BSS) no. 10 and dried in an oven at 50 C. The dried granules 
were passed through BSS 16/22 and the particles that passed through BSS 16 and retained on BSS 22 
were considered as granules and those that passed through BSS 22 were considered as fines. The prepared 
granules were evaluated for percentage of fines, average particle size by sieve analysis, and flow behavior 
by measuring repose angle.28 
 

Preparation of Bilayered Matrix Tablets 
The granules were mixed with magnesium sterate with light tumbling and compressed using a hydraulic 
press fitted with 8 mm flat-faced punches using at a pressure of 2 tons / sq.cm. Initially, the maintenance-
dose layer was compressed and on it, the loading-dose layer was compressed successively. In each batch, 
100 tablets were compressed.  
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Table 1. Formulae used for loading dose and maintenance dose layers of different batches of bilayered tablets of 
diclofenac sodium 
 

Ingredients 

Quantity per tablet (mg) 

Loading 
dose 
layer 

Maintenance dose layer in different batches 

B1  
(2%) 

B2 
(4%) 

B3 
(6%) 

B4 
(8%) 

B5 
(10%) 

Diclofenac sodium 20 80 80 80 80 80 

Starch paste (binder) 2.5 --- --- --- --- --- 

Starch powder (disintegrant) 2.5 --- --- --- --- --- 

Tamarind Hydrogel (binder) --- 5 10 15 20 25 

Lactose (diluent) 24.5 --- --- --- --- --- 
Microcrystalline cellulose 
(diluent) --- 140 135 130 125 120 

Erythrosine Red (color) 0.005 --- --- --- --- --- 

Magnesium stearate (glidant) 0.5 25 25 25 25 25 

Total weight of each layer 50 250 250 250 250 250 

 

Physical Properties of Bilayered Tablets 
The weight of 20 tablets was checked individually and the average weight and deviation were noted. The 
hardness of the tablets was measured using a tablet hardness tester (Electrolab, Mumbai, India) and the 
friability was tested using a friability tester (Electrolab, Mumbai, India).  
 

Drug Content 
To determine the drug content of tablets, twenty tablets were weighed accurately and powdered. A 
quantity of powder equivalent to 100 mg of diclofenac sodium was weighed accurately and shaken with 
60 mL of methanol in a 200 mL volumetric flask and volume was made up with methanol. Five milliliters 
of this solution was diluted to 100 mL with methanol and the absorbance of the resulting solution was 
measured at 276 nm using a UV-visible spectrophotometer (1800, Shimadzu, Japan). 
 

In vitro Dissolution 
The in vitro dissolution studies were carried out in phosphate buffer of pH 6.8 (900 mL) maintained at 

370.5C using USP XXIII dissolution apparatus attached with paddle. The stirring was done at a speed 
of 50 rpm. Samples of 5mL were withdrawn at various time intervals and analyzed for drug content at 
276 nm spectrophotometrically (1800, Shimadzu, Japan). 
 

In vivo Bioavailability  
In the present study, bioavailability of diclofenac sodium from the formulated bilayered matrix tablet was 
assessed in four healthy human volunteers. 
 

Volunteers  
The human volunteers involved in the study were in age group of 22-25 years weighing between 50-70 kg. 
The liver and kidney functioning in them were assessed by clinical and biochemical tests and were found 
to be normal. The subjects selected did not use alcohol or tobacco and had not taken any medication for 
a week prior to the study. All the volunteers gave written consent and the study protocol was approved by 
ethical committee of the institution (Approval No. JSSCP/OT/DPP/1551/2002-3, Dated. 26-5-2002). 
 

Dosing and Plasma Sampling  
The bioavailability study was carried out in two phases. In the first phase, the bilayered tablets prepared 
with 10% tamarind hydrogel as matrix material, containing 100 mg diclofenac sodium were given orally to 
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all volunteers after an overnight fasting. Blood samples (4 mL) were collected in heparinized centrifuge 
tubes at 0.25, 0.5, 1, 2, 4, 6, 8 and 10 h after dosing. The collected samples were centrifuged at 3000 rpm 
to separate plasma. For comparison, marketed formulation of diclofenac sodium (Voveran SR–100 mg; 
manufactured by Novartis India Ltd, Mumbai) was given to the same volunteers in the second phase of 
study, which was conducted after a washout period of 15 days following the same protocol as in phase 1 
of the study.  
 

Analysis of Diclofenac Sodium in Plasma 
Reverse phase HPLC method was used for the estimation of diclofenac sodium in plasma. A Waters® 
Breeze HPLC system was used for the analysis. The column used was Phenomenex Luna® C18 (5 µ, 25 
cm × 4.6 mm id). A mixture of acetonitrile: triethylamine (adjusted to pH 3.5 using orthophosphoric acid, 
42: 58 v/v) was used as mobile phase at a flow rate of 1.0 mL/min with an operating pressure of 3000 
psi. A Rheodyne-7125 injector with a 20 µL loop was used for injection of samples. Detection was done 
at 276 nm with a sensitivity of 2.0000 AUFS. The mobile phase was filtered through 0.22 µm membrane 

filter and degassed. The separation was carried out at temperature 201C. 
 
Standard solution of diclofenac sodium (1 mg/mL) was prepared in the mobile phase. From the standard 
solution, suitable dilutions were made to get 50, 100, 200 and 400 ng/mL of diclofenac sodium.  
 
For extraction of diclofenac sodium from plasma,1 mL plasma sample was taken and 2 mL of acetonitrile 
was added to it for precipitation of proteins, and this was vortexed for 5 min. The resulting solution was 
centrifuged at 5000 rpm for 10 min and the supernatant was separated and analyzed. 
 

Analytical Procedure 
Each 20 µL standard solutions were injected and the chromatograms were recorded. This was followed 
by injection of sample solution obtained from the plasma samples. A computer controlled Breeze Data 
Station-3.2 was used to plot peak area Vs concentration in ng/mL. The peak response factors obtained 
from the sample chromatograms were compared and the plasma concentration of diclofenac sodium at 
different time intervals was calculated. The formula used for calculation of plasma concentration of 
diclofenac sodium is given below: 
 
Sample Concentration = (Standard Concentration × Sample Area)/Standard Area   (1) 
 

Bioavailability Parameters 
The area under curve (AUC) of the plasma concentration – time curve was determined using the formula 
given below: 
 
AUC = (1/2) (C1+C2) (T2-T1) + (1/2) (C2+C3) (T3-T2) ……. + (1/2) (Cn-1+Cn) (Tn-Tn-1)  (2) 
 
Where, C is drug concentration and T is time, and the subscript refers to sample number. 
 
Based on the plasma concentration – time plot, various bioavailability parameters such as Tmax, Cmax, AUC 
and biological half-life (t½) were calculated. 
 

RESULTS AND DISCUSSION 
The polysaccharide hydrogel from the seeds of Tamarindus indica was isolated by multiple maceration 
technique and then precipitating the hydrogel using acetone, which was used as non-solvent. The yield of 

hydrogel was found to be 78.070.01% w/w with respect to dry weight of seeds. The purity of the 
hydrogel was ascertained by using qualitative chemical tests for different phytoconstituents. The results 
are shown in Table 2. In the qualitative phytochemical tests, only test for carbohydrates was positive 
indicating the purity of the isolated hydrogel. In the ruthenium red and corallin soda tests, the hydrogel 
particles stained pink, indicating mucilaginous nature of the hydrogel. In the iodine test, the particles did 
not stain blue, indicating absence of starch.  
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Table 2. Determination of purity of hydrogel isolated from tamarind seeds 
 

Tests Results 

Alkaloids  

Carbohydrates + 

Flavonoids  

Steroids  

Amino acids  

Terpins  

Saponins  

Oils and fats  

Tannins and Phenols  

Glycosides  

+ Present;  Absent  

 

The pH of 1% solution of the hydrogel was found to be 6.410.25, which was near neutral. Hence, the 
polysaccharide hydrogel can be used as excipient in oral dosage forms, as it does not irritate the 
gastrointestinal tract due to its near neutral pH. The viscosity of 1% w/v solution of the polysaccharide 

was found to be 74.690.31 cP. The swelling index was found to be 18.701.05 mL. Viscosity and 
swelling index have profound effect on the granule and tablet properties. Higher viscosity and swelling 
indices may indicate higher sustaining effect of the excipient. The microbial load test of the hydrogel 
indicated 150 cfu/g of bacteria, but, no fungi. The pathogenic organisms were found to be absent. Hence, 
it was concluded that the selected hydrogel was suitable to be used as pharmaceutical excipient. 
 
The FTIR spectra of purified hydrogel, drug and combination of hydrogel-drug are given in Fig 1. There 
was no appearance or disappearance of characteristic peaks of drug and the hydrogel, which indicates 
absence of any interaction of drug with the selected hydrogel. 
 
Five batches of granules were prepared using five different concentrations (2, 4, 6, 8, and 10%) of 
tamarind seed hydrogel and were evaluated for Percentage of fines, average particle size and repose angle. 
The results are given in Table 3. At 2% concentration of tamarind seed hydrogel, granules were not 
properly formed and the percentage of fines was too high (above 80%). Hence, this batch was not 
considered for further studies.  
 

Table 3. Properties of diclofenac sodium granules prepared using different concentrations of tamarind seed 
hydrogel as sustaining agent 
 

Parameter 

Batches 

B1 
(2%) 

B2 
(4%) 

B3 
(6%) 

B4 
(8%) 

B5 
(10%) LDL* 

Fines (%) 85.20 23.12 19.37 13.75 9.37 15.6 

Average particle size (mm) --- 0.47 0.49 0.51 0.52 0.58 

Angle of repose () --- 32.60 30.96 28.81 27.02 26.21 

* Loading Dose Layer 

 
The percentage of fines was found to reduce with increase in the hydrogel concentration. The average 
particle size was found to be in the range of 0.47 to 0.52 mm, which was found to be ideal for 
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compression into tablets. The angle of repose values were found to decrease with increase in 
concentration of hydrogel. At the lowest concentration of the hydrogel, the granules exhibited poor flow, 
whereas at higher concentrations, the flow was good. To improve the flow property, 1% magnesium 
stearate was added to all the batches of granules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1 FTIR spectra of tamarind hydrogel (a), diclofenac sodium (b) and their mixture (c) 
 
The results of various physicochemical properties of the tablets are given in Table 4. The hardness values 
of tablets were near 6 kg/cm2, the friability values were between 0.21-0.61% and the content of drug in all 
the batches was found to be uniform, and very near to the label claim. The hardness and friability values 
were within pharmacopoeial limits.26 There was no observable correlation between concentration of the 
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hydrogel and physical properties of the tablets, such as hardness and friability. Between the batches, these 
values had no significant difference. Irrespective of the hydrogel concentration, these parameters 
remained the same in all batches. Hence, it was concluded that the variation in hydrogel concentration did 
not exhibit any effect on physical properties of the tablets. 
 

Table 4. Physicochemical properties of diclofenac sodium bilayered tablets prepared using different 
concentrations of tamarind seed hydrogel as sustaining agent 
 

Parameter 

Batches 

B2 (4%) B3 (6%) B4 (8%) B5 (10%) 

Hardness (kg/sq cm) 6.00  0.16 5.86  0.19 5.93  0.19 5.94  0.25 

Friability (%) 0.61 0.56 0.30 0.21 

Drug Content (mg/tablet) 97.46  0.23 98.47  0.11 98.58  0.29 98.04  0.26 

* Average of three determinations  SEM 

 
The results of in vitro dissolution studies are given in Fig 2. The tablets showed an initial burst release of 
the drug from the immediate release layer, followed by controlled release from the second maintenance 
layer up to 12 h. With increase in the concentration of the hydrogel in the second layer, the drug release 
was found to retard. The maintenance layer did not dissolve in the dissolution medium. Hence, the 
mechanism of drug release from the second layer might be through diffusion. No attempts were done to 
determine the release mechanism as dissolution of sustaining layer was not separately conducted. 
 
Considering the physical properties and in vitro dissolution profile, the batch of tablets prepared with 10% 
tamarind hydrogel (B5) was selected as ideal batch and was further used for the bioavailability study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2. In vitro dissolution profiles of different batches of bilayered matrix tablets of diclofenac sodium using 
tamarind hydrogel as matrix material 
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For estimation of diclofenac sodium in the plasma samples, an in house reverse phase HPLC method was 
used. The chromatograms of standard diclofenac sodium and the sample (extracted from plasma) were 
recorded to find out any interference by the plasma constituents. It was found that there was no 
interference even though some additional peaks were observed in the sample chromatogram (Fig 3). The 
retention time of diclofenac sodium was found to be 10.770 min for standard solution. The retention time 
for sample was found to be 10.552 min. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. Typical HPLC chromatograms of reference standard (a) and sample (b) solutions of diclofenac sodium 
 
 
The bioavailability study was carried out in four healthy human volunteers and the plasma concentration 
Vs time curves for the developed bilayered tablets and the marketed SR tablets are given in Fig 4. The 
bioavailability parameters calculated based on the plasma concentration Vs time curve are given in Table 
5. 
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Fig 4. Plasma concentration Vs time curve for ideal batch (B5) of developed bilayered matrix tablets and 
marketed SR tablets of diclofenac sodium 

 
 

Table 5. Pharmacokinetic parameters for bilayered matrix tablets and marketed SR tablets of diclofenac sodium  
 
 

Parameter Bilayered tablets (B5) Marketed SR tablets 

Time to peak concentration,  
Tmax (h) 

1 1 

Peak height concentration,  
Cmax (ng/mL) 

518.70 192.65 

Area under curve,  
AUC0-10 (ng. h/mL) 

2163.11 1080.42 

Elimination half-life  
t½ (h) 

2.604 3.768 

 
The Cmax of the drug from the developed tablet was found to be 518.70 ng/mL, which was attained in 1 h 
(Tmax) post-dosing. In case of marketed SR tablets, the peak plasma concentration was found to be less 
than the developed bilayered tablets (Table 5). This might be due to the reason that marketed SR 
formulation did not have any immediate release layer, and hence, the drug is released in a slow and steady 
manner. The developed formulation showed a short duration of 1 h to achieve Cmax, which might be 
because of the loading dose layer, which released the drug immediately. The AUC0-10 was found to be 
2163.11 ng.h/mL, which was much higher than the marketed SR tablets of diclofenac sodium. This 
indicates better absorption and bioavailability of the drug from the developed formulation. This increase 
in the availability of drug may be because of retarded release of drug form the dosage form as well as 
longer retention of the formulation in the gastrointestinal tract due to mucoadhesive nature of the 
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tamarind hydrogel. The biological half-life of the developed formulation was lower than the marketed 
product, which might be due to faster elimination accompanied by increased bioavailability of the drug. 
 

CONCLUSION 
The developed formulation of diclofenac sodium was able to sustain the drug release and to improve the 
extent of absorption and availability of the drug. Hence, in conclusion, it can be stated that the tamarind 
hydrogel can be used as a release retarding or sustaining agent in matrix tablets. 
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