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ABSTRACT

The aim of the present investigation was to devalopce-daily modified release (MR) matrix tabtetriulations of
Capecitabine (CPC), an anti-cancer drug, using Hydr Propyl Methyl Cellulose (HPMC K4M & HPMC K15M)
as drug release retardant. The tablets were pregdrg direct compression process and evaluated #oious
physico-chemical/mechanical parameters. Among we drades of HPMC used, K15M was selected as releas
retardant based on viscosity in controlling the CR&lease during dissolution. The effect of différgiters like
microcrystalline cellulose (MCC, Avicel PH 105),r&p Dried Lactose (SDL), Pre Gelatinized Starch @GDi
Calcium Phosphate (DCP) on CPC release was alstdiestuand the percent release at the end of dissolus in

the order of SDL > Avicel PH 105 > DCP > PGS. Tlenfiulation containing 10% (w/w) of HPMC K15M and
MCC (Avicel PH 105) as filler gave a complete andteolled release of CPC over a period of 24h (941476 %).
The dissolution data was also evaluated for drdgase kinetics and mechanisms.

Keywords: Modified release (MR) matrix tablets; Capecitab{i@PC); HPMC; Fillers andn vitro dissolution
studies.

INTRODUCTION

The development of oral MR dosage forms has a#tdantuch attention in the recent years and hydricpimiatrix

tablets are among the commercially successful obietr release dosage forms [1]. The most impornanigble in

hydrophilic matrix systems is the rate at which dineg substance is released and the release oigloagtrolled by
the formation of a hydro-gel layer around the nxafisilowing exposure to aqueous fluid [2]. Overdfie basic goal
of the controlled release therapy is to achieveeady-state blood level or tissue level that israpeutically
effective and non toxic for an extended periodmgt[3].

Capecitabine (CPC) is an orally-administered chéerafpeutic agent used in the treatment of metadbatiast,
stomach, pancreas and colorectal cancers [4]. GRGaropyrimidine carbamate pro-drug of 5- fluoracil (5-FU)
and its absorption is higher than 5-FU [5]. CPGedectively tumor-activated to its cytotoxic moieB+FU, by
thymidine phosphorylase, an enzyme found in higlegicentrations in many tumors compared to norrsaliés or
plasma, where it inhibits DNA synthesis and slohe growth of tumour tissue. The tumour-prefererdizivation
of CPC reduces systemic exposure to 5-FU and palignimproves safety and efficacy [6]. PresentGRC is
marketed as immediate release (IR) tablets (150m8) and in the existing type of dosage form (asRatablet)
poor patient compliance and exposure to high dosdsug may be anticipated and MR dosage formsiaeeled for
better therapeutic efficacy and patient compliar€BC is well absorbed from the gastrointestinattirand its
plasma half-life is about 45-60 min and all thesgperties make it an ideal drug candidate for dgw@lent into MR
dosage formg7]. So far, no reports were published on MR dosage forms of @Rsed on the matrix tablet
technology. However, some patents were publishgdri8 also a report on the chitosan hydrogel mégroeres of
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CPC were published [9]. Hence, the aim of this gmésnvestigation is to develop a once-daily ordR ivhatrix
tablets of CPC based on the matrix tablet technolming hydrophilic cellulose ether polymers.

EXPERIMENTAL SECTION

Capecitabine was obtained from Divi's Laboratoridgderabad, India as a gift sample. Hydroxy Prdggthyl
Cellulose K4M was obtained from Colorcon, India.dryxy Propyl Methyl Cellulose K15M was obtained rfro
Colorcon, India. Partially pre Gelatinized Starchswobtained from Rouette Pharma, France. Sprayl Diaetose
with maize starch was obtained from Rouette Pharfnance. Dicalcium Phosphate was obtained fromrFina
Mumbai, India. Microcrystalline Cellulose PH 101daRH 105 were obtained from FMC Biopolymers, USAICT
was obtained from Loba Chemie, India. Magnesiunarate was obtained from Loba Chemie, India. Alleoth
reagents used were of analytical grade.

FTIR Studies:

The FT-IR spectra of pure drug and CPC with diff¢rexcipients like HPMC K 4 M, HPMC K 15 M, Avic&lH
105, Avicel PH 101, SDL, PGS, DCP, Magnesium stearand talc was measured using ATR-FTIR
spectrophotometer (Bruker, Germany). ATR spectreewmeasured over the wave number range of 500-49bat

a resolution of 1.0 cth The powder sample is simply placed onto the AT{&tal and the sample spectrum is
collected.

Preparation of CPC MR Tablets by direct compressionrechnique:

CPC MR Matrix tablets were prepared by direct cagspion method, as per formulae given in Table IMBP
(K4M, K15 M) was used as release retardant mater&lfficient quantities of MCC (Avicel PH 101 aR#él 105),
pre gelatinized starch, maize starch, spray draetobe and Di-Calcium Phosphate were used to thesédulk
volume of the tablets to a targeted weight of 40@agh. Talc and magnesium stearate at 0.5% w/vislevere
used as glidant/lubricant.

All the ingredients were passed through sieve #b8fbre mixing. Initially drug and polymers were mik
thoroughly and then required quantities of fillersre added and finally the blend was mixed witle taid mixed
thoroughly for 5min in a poly bag and then addedrdquired amount of magnesium stearate and moteanther
5 min. Powder blends (for 50 tablets each) of la#l &bove formulations were compressed on singletptablet
press (Cadmach, India) using 10 mm punches (roape) to a hardness of 4-6 kgfcm

TABLE 1: Composition of MR CPC Matrix Tablets

Formulations

S:No. Ingredients (mg/tab) ——> =15 5 F7 F8_ Fo
1 CPC 150 150 150 150 150 150 150 150 150
2 HPMC K4M 100 100 60 40 - - - -
3 HPMC K15M - - - - 40 100 40 40 40
4 Avicel PH-105 146 - 186 206 206 146 -
5 Avicel PH-101 - 146 - - - - -
6 Spray Dried Lactose - - - - - - 206 -
7 PreGelatinisedStarch - - - - - - - 206 -
8 DiCalciumPhosphate - - - - - - - - 206
9 Magnesium Stearate 2 2 2 2 2 2 2 2 2
10 Talc 2 2 2 2 2 2 2 2 2

Total weight 400 400 400 400 400 400 400 400 400

Evaluation of Pre compression Parameters of the pater blend:
Pre compression parameters of the prepared povetad bf all the formulations were studied by det@ing the
Bulk density, Tapped density, Compressibility Indeausner’s ratio and Angle of repose [10].

Evaluation of post Compression parameters of MR CPQ@ablets:
The compressed MR CPC tablets were subjected tougaphysical tests which include hardness, frighilveight
variation and drug content uniformity [11].

Hardness

The hardness of the tablets was measured with safbo hardness tester (M/s Campbell ElectronicsleinglC-
66, India). The results reported were averagetabtets for each formulation.
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Friability
For each formulation 10 tablets were weighed, mlaceFriabilator (M/S Campbell Electronics, Indiajd were
subjected to 100 rotations in 4min. The tabletsewaweighed and friability was calculated by théofe@ing

formula: Friability :WZV;Wlxloo
1

Where W is the initial weight and \is the final weight of the tablets.

Weight variation
The individual and total weight of 20 tablets fraach batch was determined. Percentage deviatithe dfdividual
weights from the average weights was calculated.

Drug content

Ten tablets were weighed individually; these welacgd in a mortar and powdered with a pestle. Aately
weighed powder sample equivalent to 20 mg of CP€ tnansferred into a 20 ml volumetric flask and mag to
volume with distilled water. The contents of thdwretric flask were sonicated for 15 min in-ordereixtract the
drug into distilled water. The solution was theltefied, suitably diluted with distilled water antisarbance was
measured at 240 nm using Elico SL150 UV-Visible @mphotometer (Elico Ltd., Hyderabad). The estioratvas
carried out in triplicate.

In-vitro drug release studies:

In-vitro dissolution studies of MR CPC tablet formulatiggrepared were carried in 900 mL of distilled wadsr
dissolution medium using USP XXI type Il (Paddlethual) Dissolution Rate Test Apparatus (LABINDIA, DS
8000) at 50 rpm. The temperature was maintainedtaahat 37+0.5°C. At regular time intervals, 5ahlsample
was withdrawn from the dissolution medium and repthwith equal volume of fresh medium. After fittcm and
appropriate dilution, the samples were analyzed240 nm for CPC against blank using UV-Visible
spectrophotometer. The amount of drug presentdrséimples was calculated using standard curvediskelution
experiments were conducted in triplicate.

Release kinetics and mechanism

In order to describe the kinetics of the releasegss of CPC, various equations were used sudieazeto-order
rate equation, which describes the systems whererdlease rate is independent of the concentraifothe
dissolved species [12]. The first-order equatiorscdbes the release from systems where dissolutd® is
dependent on the concentration of the dissolvingciss [13]. The Higuchi square root equation, dbesrthe
release from systems where the solid drug is dsggkin an insoluble matrix and the rate of drugase is related to
the rate of drug diffusion [14]. Two factors, howeydiminish the applicability of Higuchi’'s equatido matrix
system. This model fails to allow for the influenmeswelling of the matrix upon hydration and gralderosion of
the matrix. Therefore, the dissolution data wese ditted according to the Peppas equation, whiabften used to
describe the drug release from polymeric systerh [15

Mt/Moo = K t"

Where Mt/Mwo is the fractional drug release at time t; K is a constant incorporating the properties of the
macromolecular polymeric system and the drug aisdankinetic constant which depends on and is tsei@scribe
the transport mechanism. The value of n for a tahk0.45 for Fickian (Case I) release, > 0.45$0t89 for Non
Fickian (anomalous) release and 0.89 for caseelloforder) release and > 0.89 for super case # tfprelease.
Equation one was used to calculate the n valuesaaigientify the drug release mechanism of drug.

Due to the differences in drug release kinetios,Reppas constant ‘k’, though is one of the measfreclease rate,
should not be used for comparison. Therefore, tyatterize the drug release rate in different féatimens, mean
dissolution time (MDT) was calculated from dissa@utdata using the formula:

MDT = (n/n+1) x K"
Where n is the release exponent and k is the Peppagtant [16]. MDT value is used to characterize drug

release rate from the dosage form and the retamfiigacy of the polymer. A higher value of MDT indtes a
higher drug retarding ability of the polymer andeAversa [17].
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40C 300 20C 10C cm?

FIGURE 1: FTIR spectrum of CPC (A), CPC-HPMCK4M (B), CPC ~-HPMCK15M (C), CPC-Avicel PH 105 (D), CPC-Aicel PH
101(E), CPC-SDL (F), CPC-PGS (G), CPC-DCP (H), CP®lagnesium Stearate (1), CPC-Talc
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RESULTS AND DISCUSSION

FTIR studies:

FTIR studies were carried with a view to evalutein situ drug and excipient/s compatibility. Figure 1 shdtws
IR spectra of pure CPC and CPC with different excifs. Pure CPC showed characteristic IR absorption bahds
1038 cnt indicating the presence of C-N group, 1115'ndlicates the presence of C-O-C group in aromaiig, r
1337 cni indicates the presence of C-F group, 1645 imicates the presence C=N group, 1707 amdicates the
presence of stretching of C=O group, 3516'dndicates the presence of bending of N-H group,83tifi*
indicates the presence -OH group. From the rethase prominent peaks of drug were also preseheitR spectra
of physical mixtures of drug with various excipienfThus, revealing compatibility of the selectedigdmwith
excipients.

Determination of pre and post compression parametet.

The results of various pre compression parameterggizen in Table 2. These results indicate that gbowder
blends of all formulations can be suitable to prefablets by direct compression technique. Thepressed tablets
fulfilled the official compendia requirements rediag drug content, uniformity of weight, hardnessl driability.
The results are given in Table 3.

TABLE 2: Pre Compression Parameters of the Powdeblends

Powder Blend Bulk density(g/ml)  Tapped density(g/m)l Carr’s index (%) Hausner's ratio  Angle of Repose)

F1 0.252 0.336 14.3 1.33 28.6
F2 0.257 0.331 18.7 131 27.5
F3 0.243 0.328 153 1.28 27.9
Fa 0.258 0.359 16.8 1.25 29.8
F5 0.233 0.319 11.6 1.16 26.5
F6 0.262 0.345 135 121 28.1
F7 0.249 0.342 20.7 1.37 30.5
F8 0.256 0.353 22.9 1.37 34.2
F9 0.249 0.348 21.2 1.38 31.1

TABLE 3: Post Compression Parameters of MR CPC Talts

. Weight variation Friability
Formulation  Drug content (mg/tab) (Mean * SD) Hardness (kg/cm) (% wt loss)
F1 149.2 £0.198 398+24 5 0.62
F2 149.8 £0.199 398 +£3.2 5 0.52
F3 151.4 +£0.201 399+1.2 5 0.56
F4 150.3 £0.200 401+2.3 55 0.41
F5 149.4 £0.199 397+£3.2 5 0.69
F6 150.6 +0.200 402 +2.1 5 0.52
F7 149.2 £0.198 398+29 5 0.57
F8 150.5 £ 0.200 403 2.1 5 0.34
F9 149.5 +0.199 397 +1.6 4.5 0.49

In-vitro drug release studies:

All the tablet formulations were subjected ito vitro drug release studies using distilled water asotitisn

medium, in order to assess drug release profitdading release kinetics and drug release mechanfisom tablets.
In the present investigation, swellable polymee IRPMC of viscosity grades K4M, K15 M were useddtard the
CPC release from the MR tablets. The dissolutiaiiles of the formulations (F1-F9) clearly indicdta controlled
release pattern over a period of 8-24 h. This ollett release of CPC from the tablets is becauseslefase
retardant material, HPMC, and it swells upon cantaith dissolution medium and a gel layer forms tablet
surface. This gel layer retards further uptakdwfifand subsequent CPC release.

Effect of MPMC concentration and viscosity on CPC elease:
Initial formulation studies were carried out to komto the release retarding effect of HPMC K4Maatevel of
25%w/w in the formulations (F1 and F2) using AVICBH 105 and 101 as fillers.

Formulation F1 containing MCC (Avicel PH 105) afiller has given a CPC release of 90.46 + 0.40%hatend of
24 h. The calculated MDT for formulation F1 is 6%5@n (Table 4). In the case of formulation F2, (¢eliPH 101
as filler) gave a CPC release of 89.77 = 0.99 %hatend of 24 h. The calculated MDT for formulatied is 662
min (Table 4). The initial % CPC release at 1 hetipoint is 13.27 = 1.29% for F1 and 12.80 + 1.6f%%0F2
formulations and there is no significant differemcehe values. However, based on the data froncpnepression
parameters (Table 2), Avicel PH 105 was selectedilles in further formulation studies. The comptva
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dissolution profiles were shown in FigureQverall, from these results HPMC K4M was able tanmt the CPC, a
water soluble drug, release from MR tablets oveer@od of 24h.
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FIGURE 2: Comparative dissoltion profile of Formulation F1 & F2

Further studies were carried out to enhance thialitiurst release of CPC from the MR tablets bydang release
retardant HPMC K4M concentration. Formulation F8%w/w HPMC K4M, with Avicel PH 105 as a filler gav
22.12 + 2.21%initial burst release of CPC at 1h and 92.36 + %%t the end of 24 h. The calculated MDT for
formulation F3 is 559 min (Table 4). In case ofnfioitation F4, the polymer (HPMC K4 M) concentratioas
further reduced to 10%w/w with the same filler gyadie 35.19 + 0.33%hitial burst release of CPC at 1 h and 95.52
+ 0.33% at the end of 24h.

Further studies were carried out by developing fdation F5 with 10%w/w HPMC K15M, Avicel PH 105 as
filler in order to compare the effect of viscosityHPMC on the CPC release from the MR tablets4£? + 0.35%

of initial burst release at 1h and 94.41 = 1.76 t%ha end of 24 h were observed. The Comparatissotlition
profiles of formulations F4 and F5 were shown igufe 3. Interestingly CPC release at the end of \#d& not
much affected by the HPMC viscosity but the inibarst release of CPC at 1h for formulation F4ighar than F5.
However, the tablet integrity and gel strength weraintained with 10%w/w HPMC K15M when compared to
10%w/w HPMC K4M.

The calculated MDT values for formulation F4 (HPNK@M 10%w/w) is 487 min, whereas, for formulation F5
(HPMC K15M 10%w/w) is 516 min (Table 4). Based te MDT values it can be further confirmed that HPMC
K15M retarded the CPC release well when comparéu farmulation F4 containing HPMC K4M.
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FIGURE 3: Comparative dissoltion profile of Formulation F4 & F5
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Since, CPC is a water soluble drug, in formulatiehthe HPMC K15M concentration was further increlate
25%w/w to control the drug release for a prolongedod of time and with MCC (Avicel PH 105) as kefi it gave

CPC release of 87.56 + 1.24% and tablets weretiatat a gel layer was remained even at the enldeo24 h. The
calculated MDT for the formula F6 (HPMC K15M 25%w/ig 686 min (Table 4). This MDT is significantlygier

when compared to formulation F5 containing 10% wiMHPMC K15M.The comparative dissolution profilefsFé®

and F6 were shown in Figure 4.
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FIGURE 4 : Comparative dissoltion profile of Formulation F5 & F6

Overall, the release of CPC was found to be inWerstated to the viscosity grade of HPMC presenthie matrix
structure i.e., higher the viscosity grade sloveethe CPC release from the matrix tablets. Thedietg ability of
the HPMC matrices is in the order of HPMC K15MHPMC K4M. The concentration of the polymer in the
formulation also affected the CPC release from riadrix tablets i.e., higher the concentration of fholymer
slower is the CPC release. From the results oldaaee above, further formulation studies HPMC K15Msw
selected as release retardant material at a cantientof 10%w/w.

Effect of fillers on CPC release from MR tablets:

Diluents fill out the size of a tablet or capsuteaking it practical to produce and convenient foe tonsumer to
use. By increasing the bulk volume, the fillers mdtkpossible for the final product to have thegaovolume for
patient handling. Diluents slightly affect the dnedease from a dosage form especially in MR do$aiges. Fillers
such as, PGS, maize starch with spray dried ladi®B¢) and Di Calcium Phosphate (DCP) were usethé
further studies to formulate MR tablets and théfieat on CPC release was investigated. All thenfdations were
prepared with 10%w/w HPMC K15M as the release detat

Formulation F7 with SDL (spray Dried Lactose) a evagoluble filler gave complete CPC release atetia of 8 h
and the tablets were completely dissolved. Thiddcbe due to the large particle size and waterkdelnature of
SDL and thereby making the channels in gel mafrhese results were further confirmed by the low Mizlue
(444 min) obtained with this formulation (Table 4).

With formulation F8 containing PGS (pre gelatinizetidrch) water insoluble filler, the CPC releases w&.9 *
0.36% at the end of 24 h. Tablets were intact agldayer was remained at the end of 24 h. Thesdtsewere

further confirmed by the MDT value of 869 min whiishsignificantly higher when compared to all otfibers and

also all other formulations (Table 4). Formulatie® with DCP (Di-calcium phosphate) as filler, thBC release
was 79.9 + 1.37% at the end of 24 h. The sloweg delease with DCP is may be due to the hydrophoaiare of
DCP which results in the decreased penetratiom@fdissolution medium towards the matrix core. €hesults
were further confirmed by the MDT value of 754 niirable 4). The Comparative dissolution profiles avehown
in Figure 5.
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FIGURE 5 : Comparative dissolution profiles of different fillers

Overall, as supported by MDT values the effectilidrs on the CPC release is in the order of SDMCC (Avicel
PH 105) > DCP > PGS with HPMC K15M 10% w/w as telease retardant.

Drug Release Kinetics and mechanism:

The R values for F1-F9 obtained with first order plots were foundbe superior when compared to tRévalues
obtained with zero order plofEhese results indicatatlat the CPC release from F1-F9 followed first orkiaetics.
The Higuchi square root model showed higher caticelacoefficient values (0.926-0.99&nd diffusion is the
release mechanism for CPC from tablets. The graphegQ,/Q versus Logt showed a linear relationship wittf R
values ranged from 0.981-0.998 and ‘n’ values ffb#80-0.643. The formulations F4, F5 and F7 shovatdes of
n < 0.45, indicating Fickian diffusion is the druglease mechanism. The formulations F1, F2, F3FB6and F9
showed values of n >0.45 but < 0.89, indicatingnaalous transport as the release mechanism whitidies both
swelling and erosion. The results are given in &abl

TABLE 4 : Invitro Drug Release Kinetic Data

Zero order First order Higuchi Peppas MDT

RE Ko Re Ky(h?) Re Ku(h™ Re v (M)

Formulation

F1 0.918 3.63 0.994 0.089 0.99219.67 0.990.61850 +6.3
F2 0.892 3.58 0.986 0.087 0.98419.61 0.98D.640662 +5.9
F3 0.875 3.34 0.982 0.092 0.99218.54 0.998.473%59 +5.7
F4 0.730 3.08 0.966 0.110 0.92618.09 0.99®.43487 +7.8
F5 0.800 3.29 0.977 0.103 0.96318.79 0.98D.450616 +5.7
F6 0.942 3.42 0.986 0.075 0.99518.32 0.998.622686 +5.3
F7 0.888 11.06 0.908 0.502 0.99735.25 0.99D.446444 +6.9
F8 0.885 2.90 0.974 0.055 0.99015.97 0.998.643869 +7.5
F9 0.829 3.00 0.958 0.064 0.97416.96 0.99®.512754 +6.5

CONCLUSION

The present study was carried out to develop oadg-dral MR matrix tablets of CPC based on theriraablet
technology using HPMC as release rate retardarg. féhmulation F5 containing HPMC K 15 M (10% w/w§ a
release retardant and Avicel PH 105 as filler slibgeod flow properties, mechanical properties anddginitial
burst release of CPC (24.27 + 0.35%) and maintaimegyrity of the tablet and controlled the relea6€PC over a
period of 24 h (94.4 + 1.76%). This formulationaafsilfilled the regulatory requirements in termspafrcent drug
release (not less than 85% at the end of dissoludtadies i.e. 24 h). Drug release kinetics of éipgimized
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formulation F5 followed first order kinetics andetmechanism was governed by diffusion processdisated by
both the Higuchi and power law equations.
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