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ABSTRACT

The present study was undertaken to assess thetipbtef Carboxymethylated Tamarind seed polysaddea(CM-
TSP) as a matrix former in sustained release matbtets of Glipizide. Carboxymethylation of Tamalrikernel
powder (TKP) was carried out and evaluated fomitisromeritic properties viz. bulk density, tap dgnsangle of
repose, Hausner’s ratio, Carr’'s index and the résuhdicated good flow properties. CM-TSP was asaluated
for various physicochemical properties such as Isitity, swelling index, melting point and viscosifyhe drug and
CM-TSP were found to be compatible as confirmetRogpectral studies and Differential Scanning Catwatry.
Sustained release matrix tablets of Glipizide waepared by direct compression method using CM-ashatrix
former. A 3 full factorial design with two independent variabland three dependent variables was employed to
optimize drug release profile and evaluated usimgpg®nse Surface Methodology. Concentration of CRI-{PQ))
and type of diluent (X were taken as independent variables. The depéndeiables selected were percent of drug
release at 4 hr (¥, 8hr (Y;) and swelling index @Y. Response surface plots were developed, and wptim
formulation was selected. The Formulation F8 shoaeslow and complete drug release of 98.3540.57%r av
period of 20 hr with ‘n’ value 0.642 indicating théne release mechanism was Non-Fickian. The pal@ive TSP
had significant effect on drug release from thelgalfp>0.05). Polynomial mathematical models gemtedafor
various response variables using multiple regressinalysis, were found to be statistically sigmifit (p>0.05).

Key words: Carboxymethyl tamarind seed polysaccharide, @tiigi, 3 full factorial design, response surface
methodology, sustained release matrix tablet.

INTRODUCTION

Hydrophilic matrices are an interesting option whileveloping an oral sustained-release formulafibiey can be
used for controlled release of both water-solulsld water insoluble drugs. The release behavioureds varies
with the nature of the matrix and it is the complateraction of swelling, diffusion and erosion pess [1].
Polysaccharides are the choice of material whichlde®n evaluated as hydrophilic matrix for drugveey system
due to their non-toxicity and acceptance by regudatiuthorities. Tamarind seed polysaccharide isatral
polysaccharide isolated from seed kernelTafmarindus indicafamily Leguminoseae. It has been significantly
evaluated for use in hydrophilic drug delivery gyst It possesses high viscosity, broad pH toleraswelling and
binding properties [2]. This led to its applicatias release retardant polymer and binder in pharutizal industry.
In addition to these other important propertiesxgibglucan have been identified recently, whichline non-
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carcinogenicity [3], mucoadhesivity, biocompatityil[4], high drug holding capacity [5] and high threal stability
[6]. This led to its application as excipient indngphilic drug delivery system [3-6].

Carboxymethyl TSP is a derivative of xyloglucan dne microbial resistance of CM-TSP is much bettan that
of plain powder. The viscosity of CM-TSP in solut#ois higher compared to native gum. Derivatizatbn SP i.e.
CM-TSP disrupts the organization and exposes tigsaocharide network for hydration which resultshigher

viscosity due to which it's swelling index is alsigher as compared to TSP. The presence of carkethyingroups
makes the molecule resistant toward enzymatic laffdc Since CM-TSP is having improved propertiglsieh are
required for the retardation of release, the prestrdy was undertaken to elucidate release kimeticGlipizide, a
hypoglycemic drug from the matrix tablets containl@M-TSP as matrix former. The model drug choseastsess
the release behaviour was Glipizide that is BCSs:zla drug, with low aqueous solubility and highrmeability.

Glipizide, is an effective oral antidiabetic (10és more potent than Tolbutamide in evoking paataresecretion
of insulin (8,9) requires controlled release foratidn owing to its short biological half-life (10f 3.4 + 0.7 h and
is rapidly eliminated. Hence sustained release titettion is needed for Glipizide for better contoblblood glucose
levels to prevent hypoglycemia and enhance clingéfitiency, to reduce G.I disturbances and to enbgatient
compliance.

MATERIALS AND METHODS

Tamarind kernel powder was obtained as gift sarfiplm Meckoni Impex, Surat, Gujarat. Glipizide wastained
as gift sample from Horizon Bioceuticals Pvt. Ltdagnesium Stearate, Lactose, Starch and Microdliysta
cellulose were purchased from CDH (P) Ltd, New Réhdia. Methanol, monochloroacetic acid, sodiuydioxide
were purchased from Merck Ltd., India. All the cheals used were of A.R grade.

Procedure for Carboxymethylation of TKP:

Carboxymethylation of TSP was carried out using riethod reported by Goyal et al [7]. TSP (0.05 nvedls
dispersed in 80 ml alkaline aqueous methanol (OribBsodium hydroxide). To this dispersion monocbéxetic
acid (0.09 mol) was added in solid form with contios stirring for 15 min. The flask was immersedain
thermostatic water bath and the temperature wastaiaéd at 70°C for 60 min. The contents of thekKlavere
shaken occasionally during the course of the stUdhe reaction product was filtered, dissolved inteweand
neutralized with dilute acetic acid. The reactionduct was precipitated in ethyl alcohol and wastveide with
aqueous methanol (80 %, v/v) followed by pure meshalhe products were initially dried at room tesmggure and
then in vacuum oven at 40°C for 4 hr to obtain oayimethyl tamarind seed polysaccharide (CM-TSPg TiV-
TSP was characterized by FTIR analysis.

Evaluation of CM-TSP:

1. Micromeritic properties of CM-TSP: Bulk density, tap density, angle of repose, Haus ratio and Carr’s
index was determined.

2. pH of 1% solution: The pH was measured using a digital pH meter.

3. Physicochemical Properties of CM-TSP Various physicochemical properties such as shitybiswelling
index, melting point, moisture content and visgogiere determined.

4. Compatibility studies: Pure drug (Glipizide) and physical mixtures drugd &CM-TSP were examined by
Fourier Transform Infrared (FT-IR) spectra. The cme were recorded in a Thermo-IR 200 FTIR
spectrophotometer. Each spectrum was derived flosirjle average scans collected in the range @400 cm-
1 at the spectral resolution of 20 cm-1. DSC cuivpure drug (Glipizide) and physical mixtures diargd polymer
were obtained by a Differential Scanning Calorimeteheating rate of 10°C/min from 30 to 300°C itragen
atmosphere (30mL/min).

Preparation of Glipizide matrix tablets:

Matrix tablets were prepared by direct compressi@thod. Glipizide (10mg) was blended with CIEPT(10%,
20% and 30%)) with diluents (Lactose, Starch anddyid’he mixture was blended with 1% Magnesium stiear
and mixed for 5 minutes. This mixture was comprésssing 8 station rotary tabletting machine (Cadmauith
flat punch of 8mm diameter. The compositions ofdebwere varied by using polymer in different @atand using
different diluents and is represented in Table-2
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Evaluation of Tablets
1) Granular analysis: Bulk density, tap density, angle of repose, Gaimdex and Hausner’s ratio of the prepared
granules were determined.

2) Post compression analysisThe prepared tablets were evaluated for weighatian test, hardness, friability and
content uniformity. Hardness was determined by giditonsanto hardness tester. Friability was detezthimsing
Roche friability testing apparatus. Uniformity oéight and content uniformity were performed acawgdio the I.P
method

Measurement of swelling index

Six tablets were weighed individually (W1) and medcseparately in Petri dishes containing 25 ml ludgphate
buffer pH 7.4. At regular intervals of 0.5, 1, 1253, 4, 5, 6, 7, and 8 hr. the tablets were readmarefully from the
petridishes and excess water was removed usiray fithper without pressing (11). The swollen tabletse re-
weighed (W2) and the swelling index of each tahlas calculated using the equation:

Swelling Index = ———————— x 100

w1
In-vitro drug release:
Drug release studies were carried out using USsblison test apparatus-Il. The study was conduategl’°Cand
50 rpm. The dissolution medium used was 900m| aisphate buffer pH 7.4 and study was carried upitbdurs.
5ml of sample was withdrawn at different time intds and replaced with fresh medium in order tormzén sink
condition. The withdrawn samples were diluted diiitaand drug content was estimated spectrophotara#yr at
223 nm.

Release Kinetics:

To analyze the mechanism of drug release from tlarixntablets, the release data was fitted intoiovesr
mathematical models viz., Zero order, first orded ddiguchi equation.[12] The dissolution data wk ditted to
the well known experimental equation (Korsmeyer ggaspequation), which is often used to describeditugy
release behaviour from polymer systems.[13]

log (M;- My) =logK + nlogt

Where, Mt is the amount of drug release at tinMftis the amount of drug release after infiniteeink is a release
rate constant incorporating structural and geowedticharacteristics of the tablet and n is theedéftial exponent
indicative of the mechanism of drug release. Taifgldhe release exponent for the different batch&snatrix
tablets, the log value of % drug was plotted addogstime for each batch according to the abowsaéqgn. A value
of n=0.5 indicates Fickian (case |) release; >b<1.0 for non Fickian (anomalous) release; >iddicates super
case Il type of release. Case Il gradually referthé erosion of the polymeric chain and anomatoarssport (non-
Fickian) refers to a combination of both diffusiand erosion controlled drug release. [14]

Experimental design

A full 3% factorial design was developed where the concémtraf the CM-TSP (X1) and the type of diluent
(lactose, starch and MCC) (X2) were selected a®facThe levels of the two factors were selectedhe basis of
the preliminary studies carried out before impletimgnthe factorial design. The percent of drugastein 4hr (Q4),
8hr (Q8) and swelling index (SI) were taken as oesp variables. The factors and levels of experiahatesign
were given in Table 7 and 8. The response surfagphg and mathematical models were obtained front DO
software.

Statistical analysis

The results from statistical analysis of the faelodesign batches were performed by multiple regjom analysis
using Microsoft excel. To evaluate contributioneafth factor with different levels on responses, Wway analysis
of variance (ANOVA) was performed using Microsofkdel. To graphically demonstrate the influence aéhe
factor on responses, the response surface plotsgesrerated using DOE software.
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Similarity Factor (f2) analysis:

In-vitro release profile of Glipizide from selected CM-T&Mtrix tablet formulation and the marketed susthine
release tablets were performed under similar cmmdit The similarity factor between the two forntidas was
determined using the data obtained from the drlease study. The data was analyzed by the formula:

f, = 50log {[1 + (/N) (Ri - Ti)4] °°x 100}

where; N = number of time points, Ri & Ti = disstdun of reference and test products at time ‘i'f,lis greater
than 50 it is considered that the two productseskamilar drug release behaviors.

RESULTS AND DISCUSSION

Carboxymethylation of TSP was carried out with mznioroacetic acid in the presence of alkali astalgst under
heterogeneous conditions. The product was browmistte in colour and soluble in water. The micrortieri
properties of CM-TSP are tabulated in Table noHe Viscosity of 1% w/v solution of CM-TSP was foutadbe
1225-715 cps at various shear rates. The pH ofstllated polysaccharide was found to be 6.9 andimgepoint
was 252-256°.The glipizide matrix tablets using CBP as matrix former were prepared by direct cosgioa
method. (Table 2) The granules were characterizéd nespect to micromeritic properties. (Table 3)Tangle of
repose of 23-31° indicates satisfactory flow bebawi

Table 1: Micromeritic properties of CM-TSP

Sr.no. Parameters Values obsered

1 Bulk density 0.60 glcc

2 Tapped densi 0.8Cglcc

3 Angle of repose 186

4 Carr’s index 32.0°

5 Hausner's ratio 1.15

6 Loss on drying 17%

7 pH 6.8

Table 2: Composition of Glipizide matrix tablets

Ingredients (mg) F1 F2 F3 F4 F5 | F6 F7 F8 F9
Glipizide 10 10 10 10 10 10 14 1 1p
CM-TSP 20| 40 60 20 40 60 2 40 60
Lactose 168| 148 12 - - - -

Starch - - - 168] 148 128

MCC 168| 148 128
Magnesiunstearat 2 2 2 2 2 2 2 2 2
Total 20C | 20C | 20C | 20C | 20C | 20C | 20C | 20C | 20C

Table 3: Pre compression physical parameters of Glizide granules

Forgﬁ(l))(ljzénon Angle of repose (°) Bulk density (g/c¢) Tapped dgr(g/cc) | Carr's index Ha;):t?sr s
F1 29.41+0.031 0.634+0.024 0.721+0.032 15.12+0.192.20+0.015
F2 26.35+0.021 0.616+0.025 0.685+0.016 12.55+0.115.15+0.014
F3 25.34+0.315 0.634+0.032 0.690+0.024 16.42+0.132.24+0.026
F4 29.50+0.200 0.616+0.026 0.694+0.031 18.32+0.118.20+0.025
F5 30.45+0.022 0.590+0.014 0.715+0.023 14.12+0.065.04+0.040
F6 31.30+0.024 0.595+0.018 0.693+0.027 15.572+0.1. 11206+0.026
F7 29.15+0.026 0.606+0.024 0.715+0.015 13.15+0.115.15+0.034
F8 24.65+0.023 0.629+0.024 0.745+0.014 17.25+0.105.17+0.056
F9 23.25+0.052 0.652+0.025 0.775+0.022 14.12+0.145.14+0.040

The matrix tablets were evaluated for hardnesabifity, content uniformity, uniformity of weightral in vitro drug
release studies. The hardness of the tablets thalatches was found to be in the range of &8 Kg/cnf. The
friability of the tablets was in the range of 0.24).65 %. The drug content was found to be uniffsmall the
batches and was found to be within 95+2% of labelaim. Evaluation data of the matrix tablets wgreen in
Table 4. The hardness and friability values indidajood handling properties of the prepared médbiets.
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Table 4: Post compression parameters of Glipizideablets

Formulation| Weight Variation(mg) Hardness kg/cm? Fei@bility %6Drug content Th(ﬁl;;])ess
F1 199.7 6.5 0.45 97.28 2.20
F2 200.2 6.9 0.38 95.65 2.35
F3 199.9 6.6 0.46 97.44 2.20
F4 200.1 7.0 0.50 96.25 2.25
F5 200.5 6.5 0.34 98.80 2.15
F6 200.t 6.C 0.51 97.4¢ 2.12
F7 200.6 7.1 0.24 97.35 2.05
F8 199.5 6.7 0.65 95.15 2.10
F9 202.4 6.9 0.40 96.68 214

The compatibility between the drug and CM-TSP wamfl to be good by the FTIR and DSC studies. TH&RFT
spectrum of TSP, CM-TSP, Glipizide and physical tonig of TSP and Glipizide is given in Fig.1. It dam used as
standard spectrum for quality control and detertidmaof the purity of CM-TSP. The spectra of TSRpday a
characteristic broad peak at 3260.34 capresenting hydroxyl (OH) groups of glucan backhdPeak at 2918.69
cm’can be attributed to C-H stretching of alkanes kRampearing at 1018.19 ¢nis due to C-O-C stretching of
cyclic ether. Cyclic C-H bending was confirmed by peak at 755.77 ¢ The IR spectra of CM-TSP shows a
reduced intensity of absorption band at 3260.34 due to OH stretching indicating that some OH geowere
carboxymethylated. Peak appearing at 1646 and 168wy be attributed to the incorporation of carboxifige
groups into the TSP molecule.

Fig.1: FTIR spectrum of CM-TSP
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Page 1/1

The DSC thermogram (Fig.2) of TSP shows broad émnt at 88.1%C with heat of fusion of 249.36 J/g followed
by an exotherm at 331.8% with heat flow of 63.62 J/g while the thermalnei of CM-TSP shows a sharp
endotherm at 128.35° with heat of fusion of 253@&50hus the shift in the endothermic peak in thermal curve
of CM-TSP indicates the modification of TSP.
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Fig. 2 DSC thermograph of TSP, Glipizide and CM-TSRand CM-TSP + Glipizide
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Fig.3 shows the shape and surface of TSP and CMaBS#amined under Scanning Electron Microscopettaand
examination reveals that CM-TSP was rougher in @impn to TSP.
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Fig.3: Scanning Electron Microscopy of CM-TSP and’ SP
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Fig.4: Percentage Swelling Indices of F1-F3 (TSP-ttose), F4- F6 (TSP-starch), F7- F9 (TSP-MCC)
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Fig 5: Cumulative % release of Formulations F1-F3l(actose), F4- F6 (starch), F7- F9 (MCC)

Fig.4 shows the swelling index of all the formubais which indicates that swelling increases withcemtration of
CM-TSP using MCC as diluent. The prepared matriXets were also studied fam vitro drug release studies.
Table 5 indicates the data analysis of releasdl@soficcording to different kinetic models. Drudeese from the
matrix tablets was found inversely proportionatite concentration of CM-TSP and depends on tymiloént. The
Formulation F8 showed a slow and complete drugasslef 98.35+0.57% over a period of 20 hr. Thevalue of
formulation F8 from Korsmeyer-Peppas equation veamd to be 0.642 indicating that the release mashawas
non-Fickian or anomalous release (0.5 < n < Ighttwed that the release was dependent on bothddfugion and
polymer erosion. R2 value (i.e., 0.989) was maxinfanzero order plot, therefore release kinetits fiero order
plot.
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A 3% factorial design was adopted to optimize the fdation variables. In the present design, conceintraif TSP
(Xy) and type of diluent (} were selected as independent variables. Pereerdagy release at 4hr, 8hr and
swelling index were taken as dependent variablég dpplication of an empirical polynomial equatitmnthe
experimental results facilitates the optimizatisogedure. The general polynomial equation is devial:

Y= bo + byXq + Xy + bioXaXo + by X + by X5

Where Y is the dependent variable, ib the arithmetic mean response on nine runs anid khe estimated
coefficient for factor X. The main effects (XX,) represent the average values of change in fafitmrslow to high

value. The interaction terms {%nd %°) are included to investigate nonlinearity. Thegirelease at Qand Q and

swelling index (S.1.) for nine batches showed widgiations and the results are given in Table & data clearly
indicates that the values of dependent variablesmgly depend on the independent variables. ANOVfaf the
dependent variables is given in Table 9.The polyiabequations are given below and the regressia@ffica@nts

are given in Table 8.

Q4= 5.08 — 5.63X+ 10.09% + 6.90%X, + 12.28%> + 19.14%>
Qs=28.91 — 14.77% 1.46% + 11.37%X, + 11.60%> + 26.79%>
Sl= 78.37 + 5.98X+ 4.20%, + 3.16%X, — 0.31 % — 3.82%2

The high levels of correlation coefficients for tdependent variables indicate a good agreementeketwhe
dependent and independent variables. The polynamgisztion can be used to draw a conclusion by derisg the
magnitude of the coefficients and the mathematsogh it carries (+ or —). Positive sign before atéa in the
equation represents that the response increadesheifactor, while a negative sign indicates thatresponse and
the factor have inverse relationship.

From the above equations it can be concluded ligatalease of drug from matrix tablets is inverselgted to the
amount of CM-TSP (¥ and positively related to the type of diluentXThe magnitude of coefficients indicate
that the release of drug after 4hr is dependerthertype of diluent while the release after 8hr amelling index
are dependent on the concentration of polysacohalidilso indicates that the release of drugalttidepends on
the diluent but eventually the release is conttblby the concentration of CM-TSP. Similarity factamalysis
between the formulation F8 and marketed producyr(@e-XL containing TSP as matrix former) for theigd
release showed apflactor of 73.23, which is greater than 50, whiohfrmed that the release of the drug from the
prepared matrix tablets is similar to that of tharketed tablet.

Table 5: Mathematical modeling of matrix tablets

Formulation Correlation Coeifints (F) Release exponent n
Zero order| Firstordef Higuchi Korsmeyer Peppas
F1 0.977 0.988 0.878 0.928 0.896
F2 0.94¢ 0.83¢ 0.85¢ 0.87¢ 0.912
F3 0.95: 0.89¢ 0.77¢ 0.85¢ 0.904
F4 0.968 0.954 0.891 0.885 0.763
F5 0.910 0.983 0.766 0.864 1.149
F6 0.850 0.960 0.661 0.921 0.999
F7 0.881 0.875 0.924 0.982 0.601
F8 0.98¢ 0.992 0.94¢ 0.96¢ 0.642
F9 0.789 0.843 0.959 0.962 0.458

Table 6: Factors and levels of the factorial design

Factor/level -1 0 +1
X1(concentration of (CM-TSP 10% 209 30%
X2(Type of diluent) Lactosg Starch MCC

306
Scholar Research Library



Rashmi Manchandaet al Der Pharmacia Lettre, 2015, 7 (2):297-309

Table 7: Independent and Dependent variables of fonulations in a & full factorial design

Sr.no.| Formulation code Coded factor level®ercent drug released Swelling index
X1 X2
Q4 Q8 Sl
1 F1 -1 -1 37.15 88.15 68.5
2 F2 0 -1 17.67 61.70 69.53
3 F3 1 -1 12.15 36.10 72.4
4 F4 -1 0 19.47 52.25 69.75
5 F5 0 0 12.30 35.53 79.56
6 F6 1 0 8.05 22.18 85.20
7 F7 -1 1 50.67 79.09 70.35
8 F8 0 1 23.56 43.12 78.40
9 F9 1 1 53.29 72.55 86.9

Table 8: Summary of regression output of significanfactors for the measured responses

Parameterq Coefficients of regression parameters
bo b b B B By R
Qs 5.0822 | -5.633| 10.091 6.905 12.286 19.141 0.8822
Qs 28.9177| -14.776 1.46 11.37 11.6p 26.19  0.8883
SI 78.3788| 5.9833] 4.2033 3.1625 -0.3133 -3.8233 6929

Table9: Analysis of variance (ANOVA) for dependentariables in factorial design

For Q. SS DF MS [ Fvalue

Regression| 2026.904 § 405.380  4.496
Residual 270.458 3 90.15

Total 2297.363] 8

For Qs

Regression| 3546.40 5 709.28 4.773
Residual 445.798 3|  149.599

Total 3992.20 8

For SI

Regression| 390.2425 5 78.049 18.8829
Residual 12.4000 3 4.133

Total 402.6475] 8
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Fig.6: Response surface plot of tablet formulationafter 4 hours dissolution

Design-Expernt® Software

Factor Coding: Actual

Q4 (%)

® Design points above predicted value
® Design points below predicted value

X1 = A: Concentration of CM-TSP
X2 = B: Type of Diluent 60

30
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B: Type of Diluent
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Lewvel 1 of B Level 10f A

A: Concentration of CM-TSP (%)

Fig.7: Response surface plot of tablet formulationafter 8 hours dissolution

Design-Expent® Software
Factor Coding: Actual
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® Design points above predicted value
® Design points below predicted value
X1 = A: Concentration of CM-TSP
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Fig.8: Response surface plot of tablet formulationshowing the effect of polymer on
Swelling index (S.1.)

308
Scholar Research Library



Rashmi Manchandaet al Der Pharmacia Lettre, 2015, 7 (2):297-309

Design-Expern® Software

Factor Coding: Actual

S.1. (%)

® Design points above predicted value
(<)

X1 = A: Concentration of CM-TSP 90
X2 = B: Type of Diluent

S.I. (%)

Lewel 30of B

Lewvel 2 of B
B: Type of Diluent Lewel 30f A
Level 2 of A

Lewel 1 of B Level 1 0f A

A: Concentration of CM-TSP (%)

CONCLUSION

Sustained release matrix tablets of glipizide vgitiisfactory release characteristics were sucdgssgiepared by
direct compression method using Carboxymethylatachdarind seed polysaccharide (CM-TSP) as matrix éorm
and different diluents (lactose, starch and MC@sponse surface methodology was adopted for uadeiag the
change of responses and effect of formulation et Study indicated that increase in amount of T3P in the
tablets resulted in a reduction in the release e calculated release exponent (n=0.642) of &8 mon-Fickian
or anomalous release mechanism with zero ordeti&in@?=0.989). It was concluded that CM-TSP with MCC at
high concentrations was able to produce desirentistf
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