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ABSTRACT

Degradation of guar gum by colonic microorganisnas been extensively exploited to design
colon specific drug delivery systems. Most of tliesegns suffer from the drawback of very high
polymer proportion, need for enteric coating, useother polysaccharides having better colon
specific delivery tendency or compromised theréipeefficacy due to variation in gastric
transit time. In the present investigation, an @i was made to first understand and rationalize
important findings of earlier reports and then iti§hmechanisms that can be better suited for
colonic delivery systems. It was concluded thatHaapd transit time dependent mechanism of
release preceding colonic microorganism mediategger for drug release will provide systems
that are having biphasic release profile ideal foslonic delivery. In this study, controlled
release colon specific formulations of indomethasiere designed with pH and transit time
dependent release profile using combination of saspve polymers Eudragit (L100 or S100)
and guar gum in matrix bases. In vitro drug releasedies indicated a high burst release from
matrix tablets with only guar gum as release retiagd polymer, thereby confirming non-
suitability of such matrix for colon specific reEm The inclusion of pH responsive polymers
Eudragit (L100 and S100) in the matrix base sigaffitly reduced the drug released in the
initial phase (0-6 h) followed with controlled rekse upto 14-16 h. A sigmoidal release pattern
was observed from the designed formulations swatéit colonic delivery. This formulation
design is expected to show a combined pH and sgetiontrolled release behavior with
potential of a better performance when compareddated systems and/ only guar gum based
matrix tablets.

Keywords: Colon specific delivery, controlled release, pHs&ve polymers, matrix, guar gum
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INTRODUCTION

Colorectal cancer, inspite of the well-charactatizmolecular events in the adenoma-to-
carcinoma sequence is the second largest causemoércrelated death in industrialized countries
[1, 2]. The main course of treatment for cancer of therc@lnd rectum are surgery, radiation
therapy, and chemotherapy [3]. In case of chemafherthe oral route is the most preferred and
an appropriately designed targeted drug deliverstesy to the colon would ensure direct
delivery of anticancer agent at the disease si®el dosing and a reduction in systemic side
effects.

For an ideal colon targeted system, drug releageldlive biphasic and characterized by minimal
drug release in the initial phase (during tranbitotigh upper gastro intestinal (Gl) tract)
followed by complete drug release in colomhis has been achieved by the use of three major
approaches - pH dependent systems, time basedaatetibl enzyme based systems [4]. Several
colonic drug delivery systems are reported suatr@ss-linked alginate-chitosan blend gel beads
for pulsatile release of piroxicam into colon [5hdaenteric-coated microgranules for pH
dependent delivery of. ornidazole to the coloh. [6

Indomethacin, a non-steroidal anti-inflammatorygjrbias shown anti cancer potential in the
treatment of colorectal cancer [Amongst the several mechanisms proposed for itotum
inhibition potential include induction of apoptasi®duction in proliferation rates of HT-29
colon cancer cells, and down regulation of surviyan apoptosis inhibitor) [8, 9]. A
conventional oral formulation of indomethacin wowalause unwanted systemic and local upper
gastrointestinal side effects. However, a coloredjge formulation of indomethacin with
negligible to low drug release till the formulatioeaches the colon would achieve high local
concentrations of drug in the colon and reducsyisdemic absorption.

A polymeric matrix comprising of a combination ofvedling controlled and pH dependent
polymers can achieve a pH and transit time depdarsgdstem that releases the drug in a biphasic
sigmoidal fashion that is characterized by neglegtb low initial drug release for 4-6 h followed
with controlled release for 8-10 h.

Guar gum, a naturally occurring galactomannan palglsaride, derived from the seeds of
Cyamopsis tetragonolobu®f the Leguminosae family, is degraded by gutraucganisms
therefore various researchers have attempted ¢hysner as a trigger for colon specific delivery.
Various reports on use of guar gum as excipiettierform of a matrix bas# compression coat
over tablets for selective drug release in the cadosummarized in Table When used alone,
very high percentage of guar gum is required inrtarix base [10,11] or compression coat
[12,13,14] to achieve the desired retardation enititial phase. Alternately, it has to be used in
combination with other polymers [15,16} suitably coated with enteric polymers [17, )
some of the other reported guar gum based fornoulsitithe drug release is slow and controlled
by microbial degradation in the colon [15,19] Ssgktems may be unsuitable for patients whose
colon transit time is low (in the range of 10-12shgh as in case of diarrheal symptoms. Further,
when antibiotics and antibacterials are co-adnengst, the microflora of the colon is disturbed
and this may affect the degradation of guar gunrimf20]. Drug release would be incomplete
or irregular in such cases.

One way of protecting the formulation made of naltypolymers from high initial release in
acidic to weakly acidic environment is by entemmatng with pH sensitive polymers like
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TABLE 1 Use of guar gum as matrix base and/or compssion coat for colonic delivery

Drug Technique employed Important findings Reference
Matrix base
Indomethacin  Guar gum as carrier Guar gum founidisig for colon 49
targeting.
Albendazole Matrix tablets with 20% guarDrug release was found to decrease with 20
gum; influence of increase in proportion of metronidazole

Mebendazole

Celecoxib

Indomethacin

Sennosides

Mesalazine

Indomethacin

Rofecoxib

Ondansetron

Metronidazole

metronidazole and tinidazole and tinidazole
on drug release.

Matrix tablets prepared with Tablets were suitable for selective drug 47
20% or 30% guar gum delivery to colon with 50% drug release

from tablets with 30% guar gum in
simulated colonic fluids.

Matrix tablets prepared with Tablets were suitable for selective drug 39
20% or 30% guar gum delivery to colon.

Matrix tablets prepared using ablets prepared using guar gum as bind2B
guar gum/ xanthan were unable to protect drug release for
gum/chitosan/ Eudragit E as initial 4-5 h.
binders

Matrix tablets prepared with50% guar gum tablets were suitable for 11
30%, 40% and 50% guar colon targeting. Lower proportions were
gum not suitable.

Matrix tablets prepared by Selective drug release in colon. 50
slugging method

Matrix tablets prepared usingsuar gum alone not suitable for colon 15
combination of guar gum  targeting. Guar gum and xanthan gum
with xanthan gum were a better combination.

Matrix tablets prepared with 57% drug release in simulated colonic 10
40%, 50%, 60% and 70% fluid for tablets prepared with 70% guar
guar gum. gum.

Guar gum/ sodium alginate Both types of formulations were found 41
matrix tablets prepared by  suitable for colonic delivery.
direct compression method

Matrix tablets prepared with Upto 70% drug release during initial 4-5 17
guar gum grafted with h. Reduced significantly after enteric
methacrylic acid coating.

Diltiazem Guar gum / chitosan matrix Chitosan found to be more suitable for 18

HCI tablets coated with shellac or colon targeting. Enteric-coated tablets
inulin were better.

Compression coat

5- Amino Compression coat comprisingDrug release was less than 2% in 46

salicylic acid  of 150 mg of guar gum simulated gastric and intestinal fluids and

about 93% of 5-ASA in pH 6.8 with rat
caecal contents.

Tinidazole Compression coat comprising ablets coated with 55% guar gum gave 12
of 55%, 65% and 75% of  99% release in 24 h. Tablets with 65% and
guar gum 75% guar gum released only 67% and

20% of drug.
5- Compression coat comprising80% guar gum in compression coat was 13
Fluorouracil  of 60%, 70% and 80% of  found suitable for colon targeting. Lower

Metronidazole

Ornidazole

guar gum proportions were not suitable.

Compression coated tablets Matrix and multilayered tablets failed to 14
containing 275 or 350 mg of retard drug release (43-52% and 25-44%
guar gum were compared  in stomach and upper Gl tract) while
matrix and multilayered compression coated tablets gave suitable
tablets. colon specific release.

Compression coat comprisingablets coated with 65% and 75% guar 48
of 65%, 75% and 85% of = gum completed drug release in 24 h in the
guar gum presence of rat caecal contents.
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5- Compression coat comprisingTablets coated with xanthan: guar gum 16
Fluorouracil  of guar gum and xanthan (10:20) released around 67.2% and 80.3%
gum in different proportions in presence of 2% and 4% caecal contents
respectively after 19 h of incubation.

Eudragit L100 and/or Eudragit S100. However, vdeab vivo drug release has been reported
from systems coated with pH responsive polymers22].

Therefore the present investigation was aimed sigdang pH and transit time dependent system
based on pH sensitive polymers in guar gum matseb

It was envisaged that a matrix system of this matan overcome the drawbacks of some of the
guar gum based formulations reported previouslychSa design shall release the drug at
predetermined rate and not depend solely on degpaday colonic enzymes, and thereby
initiate and complete drug release within a smailee period, suited for patients with faster
colon transit times.

Indomethacin tablets for colon specific releaseehlbeen prepared using guar gum as a binder
[23] as a compression coat alone [24] and film iogathase with Eudragit FS30D [25].
Indomethacin formulations for colon targeting pispdave also been attempted by coating with
pH sensitive polymers Eudragit L100 and Eudrag(®B[R6, 27] and compression coating with
pectin / chitosan mixtures [28].

The effect of employing pH responsive polymers-iagd (L100 or S100) in matrix base either
with each other or with ethyl cellulose [29] witblpcarbophil and carbopol [30], xanthan gum
[31]; and with ethyl cellulose in a microsphere maf32] on indomethacin release has already
been reported by us. In the present study, thetedfevarying polymer proportions of guar gum
alone and in combination with EL100 or ES100 waslisd in a medium of simulated Gl fluid
pH (without enzymes). The effect of storage on skebility and release profile of selected
formulations was also investigated. The storedHmstovere also evaluated for the absence of
physical and chemical interaction between drugpslgmeric excipients.

MATERIALS AND METHODS

Indomethacin and Guar gum were obtained as gifjpkam@nd purchased from Ajanta Pharma
Ltd, Aurangabad, India,and Signet Chem, Mumbaijdncespectively. Eudragit polymers were

obtained from Rohm Pharma, Germany. All other clesaigiand reagents used were either of
analytical or pharmaceutical grades.

Analytical Method

Indomethacin in pure form and designed formulatias analyzed using in- house developed
and validated UV-Visible spectrophotometric methaging Jasco V-570 double beam UV-
Visible spectrophotometer (Jasco Corporation, Tokyapan) accompanied with Spectra
Manager software. The method involved analysishefdrug at 320 nm in phosphate buffer 7.4
pH in the range of 5- 5ag/ml using 1 cm matched quartz cells.
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TABLE 2 Composition, physical characterization andrelease rate kinetics of guar gum (GG) based fornations

Batches Composition# Physical Characterization Power law correlation

GG EL100 ES100 Drug Weight Crushing  Friability Thickness Correlation ' MSSF K" ! ti0s)  tooor

(mg) (mg) (mg) contenf  variation” strength (%) (mm) time span (%/H")

(mg/ (kg)
tablet)

Effect of GG only
IGG5 3.75 - - 72.5+0.3 4.1 4.5 (x0.1) 0.4% 1.70.(4) 1-4h 0.9923 1.23xT0 15.041 1.34 0.4 3.8
IGG10 7.5 - - 74.2+0.2 1.2 4.5 (x0.2) 0.1% 2.00.02) 1-4 h 0.9748 1.13xf0 17.104 1.22 0.6 3.9
IGG20 15 - - 73.210.4 2.5 4.7(x0.3) 0.2% 2.04 (£0.01) 6 - 0.9886 1.24x1b 22218 0.93 0.3 4.5
Effect of ELL00/ES100 on indomethacin matrix
IEL20 - 15 - 73.0+0.1 +1.5 4.9 (x0.2) 0.3% 2.10. 30 2-12 h 0.9130 3.75x10 2.659 1.48 2.1 10.8
IES20 - - 15 72.6+0.2 2.3 4.5 (x0.1) 0.2% 2.02.040 2-14 h 0.9750 1.16x7Ff0 1.137 1.40 3.5 26.7
Effect of ELL00/ES100 on GG matrix
IGG5EL5 3.75 3.75 - 76.2+0.2 3.6 4.6(x0.1) 0.3%  881(+0.02) 2-10 h 0.9927 2.04x10 3.760 1.22 2.2 135
IGG5EL10 3.75 7.5 - 73.8+0.2 2.3 4.5 (£0.1) 0.1%  .901(x0.02) 2-12 h 0.9759 2.12x310 1.149 1.87 3.2 10.3
IGG5EL20  3.75 15 - 75.0£0.2 +1.8 4.7 (x0.3) 0.2% 2.11 (#90.01 2-12h 0.9838 2.87x10 1.494 1.75 3.0 104
IGG5EL40 3.75 30 - 75.4+0.3 2.3 4.9 (x0.1) 0.4% 1®(+0.02) 2-14 h 0.9885 1.25x40 0.901 1.74 3.2 14.1
IGG10EL10 75 7.5 - 74.240.2 +2.8 4.5 (+0.2) 0.5% 2.05(x0.02 4-12h 09863 2.13x10 1.336 1.73 35 114
IGG10EL20 7.5 15 - 73.2+0.2 0.5 4.7 (£0.2) 0.4% 072+0.01) 4-12 h 0.9947 3.54x40 1.370 1.59 3.2 13.9
IGG5ESS5 3.75 - 3.75 74.7+0.1 +0.9 5.0 (x0.0) 0.5% 1.87 (9. 1-4h 0.9821 8.42x7T0 19.598 1.12 0.5 3.9
IGG5ES10  3.75 - 7.5 74.2+0.1 2.3 4.8 (+0.2) 0.4% 1.92 (8).0 1-4 h 0.9433 467x10 17527 1.14 1.2 4.2
IGG5ES20 375 - 15 72.240.2 1.2 4.8 (x0.2) 0.4% 2.12 (#0.03 2-10h 0.9851 1.50x10 2.687 1.59 2.6 9.1
IGGS5ES40 375 - 30 72.31+0.3 +1.3 4.7 (x0.2) 0.3% 2.15(£0.01 2-14h 0.9859 253x10 11.343 0.82 3.9 12.5
IGG10ES10 7.5 - 7.5 72.4+0.2 1.9 4.6 (£0.2) 0.5% 1.93(x0.01 2-6h 0.9889 1.63x10 5.352 1.59 1.6 5.9
IGG10ES20 7.5 - 15 74.2+0.2 4.9 4.6 (£0.1) 0.3% 2.13(#0.03) 2-14h 0.9937 1.89x10 0.493 1.87 3.8 16.2

# Each tablet contains 75 mg of indomethacin. Atmatains 1% w/w talc and 0.5% w/w magnesium steaaatformulation additive8 Mean#SD (n = 10)bSD_from the mean
value (n = 20¥ mean+SD (n = 10)* mean of 10 tablets °meanz+SD (n = 5)Correlation coefficienf Mean sum of squared residudRelease rate constariiffusional
exponent indicative of the release mechanisime for 10% of the drug release (in fthe predicted or calculatetime for 90% of the drug release (in h from eqIte diameter

of the tablets was 0.70 £0.01 cm.
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Tablet manufacturing

Matrix embedded non-disintegrating tablets (eaaftaining 75 mg of indomethacin) using GG
alone or in combination with EL100/ ES100 were prep by wet granulation technique. Batch
guantities of drug and polymer(s) pre-sieved thio#fj20 mesh (ASTM) and dried at 55°C were
mixed. The dry blend was granulated with ethyl htildq.s.) and passed through #40 mesh and
dried at 55°C on a tray drier. The dried granulesenpassed through #60 mesh and the passings
blended with 1% w/w talc and 0.5% w/w magnesiumarsttee and compressed using 7mm
punches on a 16 station rotary tablet compressimchme (Cadmach, Ahmedabad, India). Three
batches of tablets were prepared for each fornmattormulae of prepared matrix embedded
tablets containing GG alone and in combination viatil00/ES100 are presented in Table 2
respectively. Tablets comprised of indomethacimalwere also prepared by a similar technique
and used as a control in dissolution study.

Physical characterization of designed tablets

The designed formulations were studied for theiysptal properties like weight variation,
thickness, crushing strength, friability and drugntent uniformity. For estimating weight
variation, 20 tablets of each formulation were Vel using a Mettler Toledo balance (AG135,
Mettler Toledo, GMBH, Greifensee, Switzerland). Theishing strength of 10 tablets was
measured using Monsanto (standard type) tablenbkasdtester. Friability was determined on 10
tablets in a Campbell Electronic Friabilator fomdns at 25 rpm. For estimation of drug content,
10 tablets were crushed and the aliquot of powdaivalent to 10 mg of drug was extracted in
methanol: phosphate buffer pH 7.4 (1:9), suitablyted using phosphate buffer pH 7.4 and
analyzed spectrophotometrically at 320 nm.

In vitro release studies

In vitro dissolution studies were carried out gsidSP Type Il (paddle method) apparatus
(Electrolab TDT-08L with autosampling unit, Mumbéndia) at 75 rpm. The dissolution was
carried out for the first 2 h in distilled waterO® ml; pH 6.8-7.0). Then, 200 ml of phosphate
buffer concentrate (4.75 g of KAO, and 1.07 g of NaOH in distilled water) was addedatise
the total media volume to 700 ml and the pH tof@rdthe remaining period. At predetermined
time intervals, a 10 ml sample was withdrawn arglaged with fresh dissolution media. The
samples were filtered, suitably diluted using plhagp buffer pH 7.4 and analyzed
spectrophotometrically at 320 nm. The release studiere conducted in duplicate per batch for
three batches and the mean values from three lsatdbag with the SD were plotted against
time (Figure 1 to 3) and used for all further cédtions. The release profiles from GG matrices
were compared against pure indomethacin tablet gaoth which served as control (shown in
Figure 1). Effect of Eudragit on drug release frda& matrix is compared against an
indomethacin matrix formulation prepared with oill100 or ES100 (20% w/w of drug) as a
control (shown in Figure 2 and 3).

Effect of simulated Gl fluid pH (without enzymes) m release

Selected formulations from previous study were istich a medium of changing pH. The initial
condition was 350 ml of 0.1N HCI (pH 1.2) for 0-2 rom 2-4 h, the pH of the media was
raised to 4.5 (for simulation of duodenum) withatalissolution media volume of 600 ml. From
4" h onwards, the pH was raised to 7.4 by addingmphosphate buffer concentrate (2.18 g of
KH,PO, and 1.46 g of NaOH in distilled water) to get disson volume of 900 ml. The study
was further continued till the end in 900 ml volunA¢ predetermined time intervals, a 10 ml
sample was withdrawn and replaced with fresh diggwl media. After appropriate dilutions, the
samples were analyzed by the UV method discussqatewvious section. The corresponding
release profiles are presented in Figlre
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Characterization of sigmoidal release profiles by pwer law equation

In order to understand the mechanism of drug reléasn these formulations, the cumulative
percentage drug release data (post 2 h) was fitted the power law equation given by
Korsemeyer et al. [33] and Ritger and Peppas [34]

M, /M_=Kt" Q)
Where, M, /M _is percentage of drug released at any time K is release rate constant

incorporating the structural and geometric charasttes of the polymeric system and the drug;
‘n’ is the diffusion exponent indicative of the @ase mechanism of the drug. The value of n for
a cylinder is < 0.45 for Fickian release (diffusioontrolled), > 0.45 & < 0.89 for non- Fickian
release (diffusion and polymer relaxation), 0.89dase Il release (only relaxation and swelling)
and > 0.89 for super case -ll release (relaxatiod arosion) for swellable systems. For
cylindrical systems like tablets, the n values @fS0and 0.89 represents pure diffusion or erosion
controlled release respectively. The values of tbefficient were calculated using linear

regression analysis betweésgM,/M_ and logt data obtained from drug release studies on
MS Office Excel 2003 software.

The values of correlation time span, K, mytand oy, ‘I (correlation coefficient of the
regression analysis) and MSSR (Mean sum of squagduals) as obtained from the dissolution
data of designed formulations are given in Tabldlt& correlation time span is the period of
drug release phase taken for calculation of rel&amsaics. Using the calculated values of K and
n, the release profiles were predicted beyond ¥ 24 h for each formulation and are shown as
dotted trend line(s) in Figures 1 to 3.

The dissolution profiles of selected formulatiomschanging pH medium (without enzymes)
were compared with the target dissolution profiledligible to no release in first 6 h followed
by controlled release up to 14-16 h) usipgdissimilarity) and £ (similarity) factor [35] as

shown below.

fﬁ“é IR—T”/LZ]1 R”xloo ........ )

= 50.Iog{ 1+@MY (R T, )2] | xloo} ....... 3)

Wheren is number of sampling point&: and T; is the drug release from reference and test
sample at sampling poihtrespectively. The corresponding data is presentddble 3.

Batch reproducibility and stability on storage

Three batches of each formulation were preparedtla@delease studies were done using the
same conditions for estimating batch reproducipilibt order to assess the long-term stability of
the various formulations prepared, one selecteshditation (IGG5ES20) from each batch was
sealed in cellophane packets, placed in hermetisakiled vials and separately stored at ambient
conditions (25°C/60% RH) and accelerated stabiiggt conditions (40°C/ 75% RH) for 6
months. At the end of the study period, the formoikes were observed for change in physical
appearance, drug content and in vitro drug relehseacteristics. The initial (zero time) results
were compared with post stability testing periosuits for statistical differences. The powdered
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samples of indomethacin matrix tablets were aldypested to differential scanning calorimetry
study and determination of IR spectrum.

a) Differential scanning calorimetry (DSC)

The possibility of any interaction between indonageih and guar gum along with Eudragit
polymers during tablet processing was assessediyirtg out thermal analysis on pure drug,
guar gum, ES100, powdered samples of formulatiotrixndefore and after storage using
Differential Scanning Calorimeter (Shimadzu, Jap&model- DSC-60). Pure drug and
formulation (IGG5ES20) equal to 2.5 mg of drug wexecurately weighed onto standard
aluminium pans and then hermetically sealed. TheC DBermograms were obtained at a
scanning rate of 10°C/min over a temperature ramig@5—200°C under constant purge of
nitrogen gas (flow rate of 30 ml per min). The thegrams of the samples were recorded and
endothermic peak(s) were analyzed for melt temperand enthalpy of fusion using TA-60WS
software (version 1.51). Results are shown in Edur

b) FTIR studies

FTIR study was also carried out for pure drug, pdalsnixture of drug and polymeric excipients
as well as for batches stored at accelerated iyabibrage conditions to confirm absence of
chemical interaction during storage. The samplesewappropriately diluted with dried
potassium bromide and IR spectra were acquirechénrange of 400 to 4000 Emwith a
resolution of 4 cril. The data was processed using Kubelka Munk mefoodbaseline
correction. Results for stored formulations at &reed conditions are shown in Figure 6.

Data Analysis

The difference in the release data between therdiit formulations was compared using paired
t-test for means and one-way analysis of variadd¢QVA) at 5% level of significance using
Microsoft Office 2003, Excel package.

RESULTS AND DISCUSSION

Physical characteristics

Physical appearance, crushing strength, weighatran and drug content uniformity of different
tablet formulations were found to be within saisfay limits (Table 2). The crushing strength
was found to vary between 4.5 — 5.0 kg. The peaggnfriability in all the formulations was
observed tx 0.5%. The manufactured tablets showed low weighiation (SD within £ 5% of
the average weight of the tablet) and high degfelug content uniformity (within £ 7% of the
theoretical value) indicating that wet granulatisn acceptable method for good quality matrix
tablets of indomethacin for Gl fluid pH modulateelidery.

In vitro release of matrix tablets

Indomethacin, an indole acetic acid derivative wattpKa of 4.5, has been reported to have
solubility of 0.01 mmol/L (3.66 pg/ml) in pH 1.2 @r5.52 mmol/L (1975 pug/ml) in pH 7.2 at
37°C [36]. Our studies reveal that the drug (pnese a micronized form) has a solubility of ~
53 ug/ml in distilled water at 25°C and ~ @@/ml at 37°C and therefore, dissolution was carried
out in distilled water for the first 2 h as satiwatsolubility was not achieved in distilled water
even when 55-65% of the complete dose is releddezichoice of distilled water as dissolution
medium is supported by previous reports that dtae as the patient consumes a tablet with a
good quantity of water, dissolution of poorly waseluble drugs can be done in distilled water
for the initial period [37, 38]. Further, duringgiminary studies it was observed that distilled
water could discriminate well between the variousriulations with and without EL100 / ES100
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as both these polymers are insoluble in water {Eiduto 3). This was followed by testing in
phosphate buffer pH (7.4) for the remaining peraddstudy. This medium was considered as
most suitable as the drug was freely soluble a ft and it also mimics the alkaline
environment of distal small intestine (pH > 6.8)awlon.

In case of the matrix bases comprised of guar guainnilar proportions (5, 10 and 20% w/w of
drug), the in vitro drug release profiles againstepindomethacin tablets are shown in Figure 1.
On exposure to the dissolution fluids, the gum bee® hydrated and forms a viscous gel layer
that slows down further penetration of dissolufilids towards the core tablets. On coming into
contact with biological fluids, guar gum swells apd the drug release takes place by diffusion
[39]. Mechanical erosion of the swollen guar guiyelathen follows. Drug release from guar
gum matrices is also reported to be controlled hyewpenetration, gelatinization, and diffusion
[40]. This gelling retards the drug release frorbléa dosage forms. In the present study,
however, it was observed that guar gum proportigp® 20% w/w of drug in matrix base
(IGG20) could not retard the drug release from rietrix. Formulations with 5% guar gum
(IGG5) were found to give faster drug release (ye#6% in 2 h) followed by complete release
in 4 h. Formulations with 10% (IGG10) and 20% (I&}»f the polymer were also found to
swell rapidly with 30% drug release in the firsth2followed by disintegration of the matrix
resulting in complete release in 4-5 h. When ong-ABOVA test at 5% level was performed
between mean cumulative percentage drug releases/dbr IGG5, IGG10, and 1GG20, the
difference was statistically insignificant. Wheregent in lower proportions in a matrix base,
guar gum tends to swell and dissolve rapidly owimgts highly hydrophilic nature. This is the
reason why drug release was faster for guar guradosmulations when compared to a pure
drug tablet which is highly hydrophobic in naturedadissolved relatively slowly. This
necessitates the use of large quantities of thgnpei to generate relatively stable matrices. The
calculated n values from the Peppas equation (TAbiedicate the drug release mechanism for
the various formulations to be super case — Il typelying drug release by erosion of matrix.

o

]

8

(]

)

s —e—IGG5

(=)

£

a3 —A—IGG10
—8—IGG20

—X—Indomethacin

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)

FIG. 1. Release profile of indomethacin from matries containing varying proportions
of guar gum. Each data point represents mean = S (=6).
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Effect of Eudragit L100 on guar gum matrices

For guar gum matrices, the formulations containt®% guar gum with EL100 in varying
proportions, (5, 10, 20 and 40% w/w of drug) agai&$ 20 (indomethacin with EL100), the in
vitro drug release profiles are shown in Figurdt2vas found that on increasing the relative
proportion of EL100 from 5% to 40% wi/w of drug, teevas significant retardation in the initial
release rate (2-7% release in 2 h for all formateg) followed by increase in release rate post 2 h
in phosphate buffer media. Thgotextended from 2.2 h for IGG5ELS5 to 3.2 h for IGGSIL
(Table 2). The duration of drug release post 2 & @dended from 13.5 h for IGG5EL5 to 14.1 h
for IGG5EL40. The release kinetics calculated fese formulations were significantly different
when compared to the matrix base IGG5 (Figure hg felease retardation in the initial phase
was significant when compared to a previous stumplving guar gum based indomethacin
tablets wherein 21% of drug release occurred irfitee5 h [23]. However, the release profiles
were not significantly different from IEL20, implyg that inclusion of guar gum in 5% and 10%
proportion could not contribute much to releasandtion.

—&— IGG5EL5
—@— |GG5EL10
—&— IGG5EL20
—{—IGG5EL40
—8—|GG10EL10
—/—IGG10EL20
—X=—|EL20

Cum % released

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)

FIG. 2. Release profile of indomethacin from guar gm matrix showing effect of varying proportion of
EL100. Each data point represents mean + SIh(=6).

The effect of increasing the relative proportiorEbf100 varied from 10 to 20% on drug release
from formulations prepared using 5% guar gum (IGGBEand IGG5EL20) and 10% guar gum
(IGG10EL10 and IGG10EL20) was not significant. Tdmange in the relative proportion of the
two polymers did not exert a significant effect dmug release from the various formulations.
There was no appreciable difference between thefdwoulations (IGG5EL10 and IGG5EL20)
with respect to the drug release rates and dissnlyrofiles were almost similar for the two.
However, a statistically significant difference waltstained between the dissolution profiles of
IGG10EL10 and IGG10EL20 and drug release was ertbricom 11.4 h for IGG10EL10 to
13.9 h for IGG10EL20. This may be due to the presef relatively higher proportion of EL100
in case of IGG10EL20. With increase in relativegadion of guar gum from 5% (IGG5EL10)

434



Sajeev Chandranet al Der Pharmacia Lettre, 2011, 3(1):425-441

to 10% (IGG10EL10) in 10% EL100 matrix, drug releagas extended from 10.3 hto 11.4 h
(Table 2). However, in the case of IGG5EL20 and 1GEL20, the release kinetics were almost
similar with respect to the initial release for tie formulations while the duration release was
slightly more extended in case of IGG10EL2§{tof 13.9 h). Thus, increase in percentage of
guar gum from 5% to 10% in 20% EL100 matrix did radtect the release rates of the
formulations significantly.

In case of all these formulations, the drug releasechanism was inferred as being
predominantly erosion based (n>1.0; super casguk)to the presence of EL100 (Table 2). As
guar gum is non-ionic, its hydration should be teaéd by pH changes of the dissolution
medium [41].From the present study, it was observed that poesehEL100 in the guar gum
matrix base could effectively control the initialalling and impart pH dependent drug release
kinetics. The explanation offered for this findinguld be: during granulation, the granulating
solvent (ethyl alcohol) dissolved a portion of ED1&hich not only imparted the necessary
adhesion between the matrix components but alsoddra layer over the guar gum particles.
This may have inhibited the swelling of the hydritiplgum in water.

Secondly, EL100 in a polymeric base could impgrtHaresponsive drug release character. With
increase in the pH of dissolution medium to 7.4,imerease in the drug release rate was
observed on account of matrix erosion due to diggwi of EL100. The formation of a porous
matrix then facilitated enhanced diffusion of thhaglthrough the pores [42, 43].

TABLE 3 Release kinetics data for selected formulans in simulated Gl fluid pH (without enzymes)

Batches Power law correlation Dissimilarity — Similarity
factor” factor”
Correlation r° MSSR ke n¢ tiow toowe  T1 f,
time span
IGG5EL20 4-14h 0.9637 4.26x10 1.023 1.86 4.5 11.1 2.03 51.0
IGG5ES20  4-14h 0.9988 4.07 x310 1.007 1.67 5.7 14.6 3.95 53.8
IGG10ES20 4-14h 0.9989 1.23x%01.107 1.47 5.9 19.7 14.9 34.5
IGG10EL20 4-14h 0.9395 1.03x10 2601 1.39 4.1 12.8 19.4 21.3

2 Correlation coefficient Mean sum of squared residuéiRelease rate constahDiffusional exponent indicative of
the release mechanistiime for 10% of the drug release (in Hjime for 90% of the drug release (in h).
# Comparison with theoretical target release proffi@r similarity  should be > 50 and &k 15

Effect of Eudragit S100 on guar gum matrices

The effect of replacing EL100 with ES100 in simitatios in guar gum matrices was not as
pronounced as observed with the former (Figure"®)en compared to IES20 (indomethacin
with ES100), guar gum actually enhanced the drigase rate. In the matrix containing 5% guar
gum and equal proportion of ES100 (IGG5ES5), preseri ES100 could not control the drug
release initially which is indicated by the low walof toy (0.5 h) and the duration of release
could not be extended beyond 3.9 h. This implieat the relative proportion of ES100 was
probably not enough to control the swelling of ggam. On further increasing the relative
proportion of ES100 from 5% to 40%, there was propoate retardation in the release rate of
the drug as indicated by a significant change lease kinetics (Table 2). With increase in the
level of ES100 from 10% (IGG5ES10) to 20% (IGG5ES20corresponding retardation in the
drug release rate was observed. The, increased from 1.2 h for IGG5ES10 to 2.6 h for
IGG5ES20 (Table 2). Similarly, the duration of dnajease extended from 4.2 h (IGG5ES10) to
9.1 h (IGG5ES20). Subsequently, with increase iL@Sfrom 10% (IGG10ES10) to 20%
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(IGG10ES20), a significant decrease in the inigiatl overall release rate was observed which
resulted in relatively highend, (3.8 h) and dy (16.2 h) values, implying a more suitable
polymer proportion of ES100 (Figure 3). When thepartion of guar gum was increased from
5% (IGG5ES10) to 10% (IGG10ES10) on 10% ES100 mathie change was insignificant.
When the percentage of guar gum was increased386niiGG5ES20) to 10% (IGG10ES20) in
20% guar gum matrix, there was good retardatiothénrelease rate to give higheg4 (3.8 h)
and toy (16.2 h) for IGGLO0ES20, implying retarding effemt guar gum on drug release.
Therefore, the interaction between guar gum andOBStas complex and unpredictable and
could not be accounted for in the present investiga

,><”)<
/)(/

=X

——IGG5ES5
—8—|GG5ES10

—&— |GG5ES20

—0— IGG5ES40
—O—IGG10ES10
—O—IGG10ES20
—X=—1ES20
0 \ \ \ \ \ \ \ \ \ \ \ 1

0 2 4 6 8 10 12 14 16 18 20 22 24

Cum % released

Time (h)

FIG. 3. Release profile of indomethacin from guar gm matrix showing effect of varying proportion of
ES100. Each data point represents mean = S €6).

A good correlation of the dissolution data with gf@ver law equation (‘r’ ranging from 0.9433
to 0.9947 and MSSR between 1.25 R1&nd 4.67 x 1) for guar gum and Eudragit (both
EL100 and ES100) matrices indicate the suitahiftthe Peppas model for calculation of release
rate kinetics and understanding the mechanismugf telease (Table 2).

Effect of simulated Gl fluid pH (without enzymes) m release

For any colon targeted drug delivery systealease of drugs must be completed within the
residence time of the dosage form in the colon \athinitial delay of 4-6 h (time taken for
transit through stomach and small intestine). Télergc residence time is reported to be highly
variable from 10 h [44] to 30-40 h [45]. For theepent study, it was assumed that drug release
profile with an initial time lag of 4-6 h subsequeomplete release within 14-16 h would ensure
that maximum drug release occurred in colon in r@dled fashion even in cases when colonic
transit time is on the lower side. This initial 8rfag would ensure the passage of the formulation
intact upto the terminal ileum and ascending celithout appreciable drug loss. Based on these

assumptions, a theoretical target release profés wdefined as shown in Figure 4 as target
profile.
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The in vitro release studies conducted in the ahitlissolution conditions were intended to
characterize and understand the effect of Eudeaitydrophilic matrix swelling and initial drug
release (in distilled water medium for 2 h) anddis investigate the potential of the various
formulations to complete drug release in the stifad time- frame of 14-16 h in the alkaline
environment of colon (pH 7.4 medium). The perforocamf selected designed formulations
(IGG5EL20, IGG5ES20, IGG10EL20, and IGG10ES20) wk® evaluated in a pH gradient
system in order to investigate the suitability ofnfiulations in real-time changing pH situation
existing in Gl tract (Figure 4). The choice of pHdnditions was pH 1.2 for duration of 2 h
(simulated gastric fluid), pH 4.5 for 2 h (simuldtduodenum) followed by pH 7.4 (simulated
distal ileum and colon) for the remaining periodstiidy. The drug release from the various
formulations was compared with the theoretical éargalues using;f(dissimilarity) and £
(similarity) factors (Table 3).

100 -
90 +
80 -
70 H
k5
2 60 - —&—|GG5EL20
[J]
© —8— |GG5ES20
£ 501
c —&— |GG10EL20
3 40 -
O —&—IGG10ES20
30 - Target profile
20
10 ~

Time (h)

FIG. 4. Release profile of selected formulations isimulated Gl fluid pH. Each data point representamean +
SD (n =6).

It was observed that theyd, and b9, for different formulations were in the range 01-45.9 h
and 11.1 to 19.7 h, thereby approaching close rigetgorofile values. The release profiles of
IGG5EL20 and IGG5ES20 showed good similarity witleal target release with>50 and
f1<15. It was observed that a significant pH ancetalependent release pattern was observed for
all the formulations implying suitability for colospecific release, even in the absence of
enzymes. In a previous report, the use of grafolyoper of methacrylic acid with guar gum
could not prevent drug release in upper Gl traodamns (drug release was 70% in the initial 4-
5 h) [17]. However, in the present investigatiamgarporating pH sensitive polymers in guar
gum matrix base resulted in very low initial relea®rresponding to that observed after enteric
coating [18, 23]. Thus, a separate coating stem vaudragit could be avoided and the
uncertainty of drug release from a coated systeahdcalso be overcom&ince degradation of

437



Sajeev Chandranet al Der Pharmacia Lettre, 2011, 3(1):425-441

guar gum is slow and requires prolonged colonidezxe to initiate and complete drug release,
formulations based either on the use of guar gumeabr microbial degradation may not be
effective for patients experiencing diarrhoeal stongs or whose colonic transit rate is fdst.
such cases, the present design that works on theigle of a dual trigger mechanism — pH
dependency and time-based release would ensune spéeificity in release.

In the present study, guar gum alone was incapabletarding the drug release from the
designed matrix tablets, as has been reportedquglyi In combination with Eudragit, it was

possible to obtain desirable release kinetics fgarar gum even when employed in very low
polymer proportions of 5% and 10%, unlike in presaeports when higher proportions of guar
gum were employed to generate stable matrices3214]. By utilizing a suitable blend of

hydrophilic (GG) and slightly hydrophobic (EL100 &S100) polymers, it was possible to
regulate drug release from a matrix to achieverdbela release kinetics.

Batch reproducibility and stability on storage

No significant difference was observed in the re¢eprofile of different batches of each matrix
formulation, indicating that the manufacturing pes employed was reliable and reproducible.
There was no change in the physical appearandeedditferent formulations at the end of the
six-month storage period at 40°C/75% RH (data ruaiws). The formulations were also
subjected to estimation of drug content, in vitmuglrelease and drug excipient interaction
studies. There was no significant change in drugesd. Further, in vitro release studies carried
out on the formulations stored at accelerateddestlitions indicated no statistically significant
change in the drug release profiles when comparddrinulations stored at ambient conditions
(data not shown). These results imply good stahulitproduct on long-term storage.

DSC
mwW/mc¢

-10.00-

-20.00-

50.00 100.00 150.00 200.00
Temp [C]

FIG. 5. DSC thermogram of A) pure drug) ES100 C) gar gum D) formulation IGG5ES20 (before storage) E)
(after storage at 40°C/75% RH for six months).

a) Differential scanning calorimetry (DSC)

DSC thermogram of indomethacin revealed a shargingeéndothermic peak of the drug at
161°C which corresponds with the melting point ofgdrug (159-161°C) with an enthalpy
value of -57.2 J/g. It may be observed from Figbréhat there was little or no difference
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between the endothermic peak obtained for the pung and the formulation (IGG5ES20)
before and after storage. There was no changesiarthalpy value of formulations after storage
implying stability to tablet manufacturing process well as compatibility with the polymeric
excipients. A slight reduction in enthalpy valughwiittle broadening of the endothermic peak
was observed in the case of IGG5ES20 which mighe leccurred due to the mixing process
that lowers the purity of the different componesmsl also due to the presence of bound moisture
present in guar gum [12]

b) FTIR studies

The IR spectrum of the drug revealed peak band§&@ cni" due to stretching of ether group (-
C-0-). The peak corresponding to the tertiary anfi@N-) was observed at 1650 ¢rwhile
carbonyl stretching of aliphatic COOH was obseraed720 crit (Figure 6 a). It was observed
there was no change in spectrum of drug as is evidem the IR spectrum of the formulation
IGG5ES20 (Figure 6 b) that all peaks due to théeiht functional groups of pure drug were
well preserved even after storage at 40°C/75% RHafperiod of six months implying absence
of chemical interaction between the drug and tmeédation excipients.

N

5=
0
bl

(b)
FIG. 6. IR spectrum of powdered sample of (a) purérug (at zero time) (b) IGG5ES20 (after storage at
40°C/75% RH for six months).

]
“
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CONCLUSION

Therefore, from the present study, it can be cateduthat the use of pH based polymers in
combination with hydrophilic polymer(s) like guanrg to form a polymeric matrix base controls
the initial swelling of these polymers to a goodegx which could prevent early drug loss from
their matrices during upper GI transit. It also fews matrix strength and rigidity to the
formulations, thereby enabling lower proportionstteése polymers to be used in matrix bases.
Therefore, mixed polymer matrix with pH modulatedperties can serve as an alternative to
coating technology which although has commerciasitality, yet suffers from the drawback of
inconsistent performance in vivo. A pH and time teolted matrix system can offer a suitable
platform for colon targeting purpose with minimunugd loss during upper Gl transit and
maximum drug release in the colon.
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