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ABSTRACT

The aim of the study was to optimize Etoricoxib (ET,
CODES" tablet. Core tablets consisting of ETX and lactul
were prepared by wetrgnulation method and evaluated 1
pharmacopoeial tests. The core tablets were subsequ
coated with optimized levels of (acid soluble layer) Eudr
E100 followed by (barrier layer) HPMC and finally wi
(enteric layer) Eudragit L100. Concentratiohptasticizer was
optimized by preparing films, which were evaluated in term
folding endurance. A full factorial design was employed wh
comprised of two independent variables: coating level
Eudragit E100 and amount of lactulose, with three difie
levels and dependent variable was percent drug releasé
hour i.e. as soon as the formulation reaches to c(
Fermentation study was carried out to decide the inoculg
dose of the bacterial culture which was 108miLattobacillus
sporogened 900mL of test medium. Thi@ vitro drug release
study of nine batches was carried out by change over n
method (1.2pH HCI buffer, 5pH and 6.8pH phosphate bu
with and without addition of microbial culturkeactobacillus
sporogenes to select optinzed formulation (F2) that wa
subjected tain vivo roentgenography. Dissolution study wi
addition of microbial culture showed fast drug rele
(98.929+1.69%) than the dissolution study without additior
culture (94.03+1.72%). Roentgenography studpssantiated
the intactness of formulation till it reaches to colon. FTIR
DSC revealed absence of any major interaction between
and formulation excipients. Conclusively, colon targeted E
CODESM tablets were prepared using CODES technology
its ability to target colon was validated by roentgenography.
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INTRODUCTION

Targeting drug to the specific organ gives certain advantages like low incidences of adverse side
effects, delivery of drug to target site and lower conventional (dlpsBelivery of drugs via
colon offers numerous therapeutic advaatagot only in case of local pathologies such as
ulcerative colitis,Crohnés disease carcinoma and infections but also aasewhere circadia
rhythm is evidente.g. asthmaillcer,ischemic heart diseases and rheumatoid artWatisus
approaches are reqted fordevelopmendf colon targeted systems likéolon targeted delivery
capsule CTDC) and CODE$"(2). Rheumatoid arthritis(RA)is an inflammatory autoimmune
disease which affectarge numbeiof people by causing joint destruction adidability. Two
classes of medication are used for treating RA#asng NSAIDS (Nonsteroidal anti
inflammatoy drugs) such as AspirifNaproxen, IbuprofenCekcoxib, Rofecoxib, Etoricoxib
and slowacting DMARDS(Disease modifying aftieumatic drugs)such as Adalimumab,
Etanercept, Methotrexate and Hydroxychloroqusmn(

Etoricoxib ETX) is an effective nonsteroidal astiffammatoryagent §-chloro-6-methyt3-[4-
(methylsulfonyl) phenyl2, 3-bipyridine) usedfor various arthritic conditions. It is a selective
inhibitor of cyclooxygenas@(COX-2) belonging to BCS claHl$5).Clinical equivalence for

ETX 30mg once daily versus ibuprofen 800mg thrice daily and ETX 60mg once daily versus
diclofenac 50mg thricelaily, naproxerbOOmg twice daily, and celecoxib 200mg once \dasl

well established).ETX was found to be efficient in extension studies up to 4.5y8drs(
patients with rheumatoid arthritis,8weeks treatment with ETX 90mg once daily was significantly

effective at improving symptoms such as tender and swoller{ghint

ETX has not been explored much due to certimise dependeside effect49,10. A few ETX
formulations like mouth dissolvintablets (1) and oral disintegrating tablets are available in
market Few attempts have been made to increase the solubilit¢ TX by preparing solid
dispersions and cyclodextrin inclusion compleXd®-14).The present study asnfor the
development of chronotherapeutic delivery of ETX for colon region in the form of oral tablet
dosage formETX when given in the conventiontbletform fails to produce the desired drug
release due to rapid systemic absorption. ETX being an efficient drug for arthritis, if given in the

form of colon releaseablet will prevent the release of the drug till it reaches the calwh
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concentratanaximum drug incolon while avoiding systemic side effe(®. Moreover,in the
presentvork, the propose&TX formulation isintended to be released when there is a localized
pH fall, in which it is freely soluble so there is no need to enhance solubilgy.the dose
dependentside effects of the ETX can be effectively reduced by achieeoign targeted
delivery with reduced dos¢hrough new formulatiorapproaches. ThuETX is a very good
candidate for colon deliverysystem as luminal delivery can focushe maximum drug
concentration ircolonwhile avoiding significant systemigxposureCTDC approach is reported

to target ETX to colon with succimiacid asanefficient carrier (5).

To the best of information, although ETX is a good candidate for calwvedy, there idack of
study of ETX in CODES8" form. CODES"(16)is a novel technology which utilizesechanism

of both pH dependent amdicrobial triggeredsystem(Figure 1)(17).Briefly, it is hypothesized
that the system consists of dri@gtuloseand other excipients in tablet core which is first coated
with acid soluble polymer Eudragit E100,followed by a barrier layer of HPMCand final enteric
coating of Eudragit L100 which releases theigdat targetedsite i.e. colorEnteric coating
protects the ystem inacidic environment ofstomachand degrades in small intestine whereas
acid soluble polymer protects the formulatiorsmallintestine.Barrierlayer of HPMC prevents
possible interaction between cationic Eudragit E100 and anionic Eudragitdoaf0gs (18).
When systemreachescolon lactulose is converted into lactate and otkleortchain organic
aci ds -galactosidade by colonic microflof#)).These organic acids lower pH around
microenvironment ofablet dissolving acid soluble polymer completely and thus promoting drug
release(20) and avoiding the inherent problems asated with pH dependent amdicrobial

triggeredsystem.
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Figure 1: Schematic representation of CODE®' technology.

There are othgoolysaccharidesuch as isomalt, pectin, amylose and galactomannan which have
been explored as carriers for colgpecificdrugdelivery. Clinicalstudies showed that ingesting
lactulose resulted in consistent and substantial acidification of proximal colonic contents as a
result of fermentation but had little effect on thid of the distal colonic conten{d8). Also,
lactulsse is used ininfant formula dairy products and as medication for chronic
constipationMoreoverthere exists an inverse relationship between colon carcinogenesis and
dietary intake of lactulose2l). And in the case of colon carcinoma, adjuvant therapj wi
NSAIDS is given,as NSAIDS reduce the relative levels of PGE2 productitiuman colon
carcinoma.Thus a combination of colon abeti (lactulose) and NSAIDS might find their
clinical application in the casen colon canceralsa However,in the presenstudy,the selected

doseof ETX CODESV is therapeuticallyefficientin rheumatoid arthritis.

Thus considering all benefits of CODESsystem and suitability of ETX for this system, present
study was aimed (a)To develop , optimize and evaloaken targéed delivery system using
novel combination of CODE® and ETX, a COX2 inhibitor for rheunatoid arthritis which
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remains intact throughout GIT and releases the drug as soon as the formulation reaches
ascending colon i.e.at about f.(b)To carry out fenentation studies using different bacterial
cultures to determine their lactulesetabolizing capacity.(c)To performni vivo
roentgenographic study in rabbits for determining coating integrity of formulation.

MATERIALS AND METHODS

Materials

Etoricoxib wa obtained as gift sample from Zim Laboratories, MIDC, Nagpur and Lactulose
was obtained as generous gift sample from S.C.M. Fresenius Kabi Comparsgria
(GMBH).Eudragit E100 and Eudragit L100 were obtained as gift sample fromEvonik Degussa
India Pvt. ltd. Mumbai.Hydroxypropyl methykellulose(Methocel E4NM wasobtained as gift
sample from Colorcon Asia Pvt.Ltd.,, Goa.All other chemicals used dwindy were of

analyticalreagengrade.
Methods

Preformulation studies

Melting point range of drug was @eimined by using hiele tube method and solubility afrug
was determined in different solvents like methanol, tetrahydrofuran, dimethylsulfoxide,
dimethylformamide, chloroform, ethanol, atalluene Also the solubility of ETXat differentpH
like 1.2 pH HCI buffer, pH 5and pH 6.8 phosphatebuffer was determined byltraviolet
spectroscopy (UV) usinghakeflask method. Identification and confirmation of drugvas
carried out by using Fourier transform infrared spectros€&diR),Differential scanning
caloiimetry (DSC) & Ultraviolet spectroscopyUV). FTIR spectrum ofpuredrug was recorded
by FTIR spectrophotometeusing KBr disc method(FTIR spectrophotometer, Shimadzu
Corporation, Japan)fhe drug was triturated with KBr powder in a weight ratio of 1:4040
scannedrom 4000to 500cm*(22). DSC thermogram fodrug was obtained usindifferential
scanning calorimeteDSC Mettlerl0 Star system Mettler-Toledo, Switzerland. Sample
weighing 23mg was analyzed igandard4 O € | al umi nheatingmt of 10°Gimint h
from 30300°C with continuous nitrogen purging at flowate of 50mL/min (23). For

spectrophotometric determination Ghnax, drug (ETX) stock solution of concentration
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1000pg/mLwas prepared which was then further diluted to 10pug/mL concemtr&olution

was filtered and analyzed syperndtvalidgetd ot I€Fet r i c
guidelines for parameters asnearity, Precision Robustness, Ruggedness, LOD, LOQ and
Recovery studies28). Calibration curves were plotted for ETX methanol, phosphateuffer

(pH6.8) phosphateouffer (pH5), hydrochloricacid buffer (pH1.2) for which series of working

standard solutions of concentration ranging froil4ug/mL were prepared from stock
solutions.Absorbanceof these solutions was measdron UVspectrophotometei/¢630, Jasco

2000 series, Jappat234nm @5).

Drug excipient compatibility study

Interactionbetween drug and excipients was studied by FTIR and PSR spectra of pure
drug, excipients, optimized formulation and physicalxtorie of tablet composition were
recorded by FTIR spectrophotometer using KBr disc method as desahbed. Thespectrum

of drug and excipients was compared to that of optimized formulation and physical mixture.
DSC thermograms ofirug Eudragit E100, lactulose, physical mixtures(ETX + lactulose+
Microcrystalline cellulose(MCC) PH101, EudragitE100+HPMC+Eudraditt00, magnesium
stearate+ talcand optimized formulation were obtained by differential scanning caloriraster

perthe procedure describe above

Preparation of ETX core tablets

Desired quantity of bulk powder was weighed and granulated using wet granulation technique by
employing 2%w/w HPMC in distilled wateras binder solution (Table 1). Granules were

evaluated for preompression propertieské angleof r epos e, bul k density,
index andHausnergatio. Granules were then fed manually to pilot press tablet compression
machine Chamunda Pharma Machinery Pvt.L&hmedabayl A 250mg tablet was compressed

using 8mm concave shapguminches where compression force was kept constant for all
formulations(26). Mainly three batches were compressed, L2, LF3 containing 20%40%,

60% of lactulose.
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Table 1: Composition of core tablets of etoricoxib (CODEY")

Batches Etoricoxib | Lactulose MCC Magnesium Talc Coating

(mg) (mg) PH 101(mg) | stearate(mg) (mg) | levels(%)
F1 90 50 109.75 0.25 0.25 4
F2 90 100 59.75 0.25 0.25 4
F3 90 150 9.75 0.25 0.25 4
F4 90 50 109.75 0.25 0.25 8
F5 90 100 59.75 0.25 0.25 8
F6 90 150 9.75 0.25 0.25 8
F7 90 50 109.75 0.25 0.25 12
F8 90 100 59.75 0.25 0.25 12
F9 90 150 9.75 0.25 0.25 12

Evaluation of core tablet

Core tablets were evaluated for various parameters namely tablet thickness, diameter, hardness,

%friability, drug content, weight variation dnn vitro disintegration timeA mean of triplicate

was used so as to study the variability in thsults. Thicknesand diameter of tabletwere

measured usinyernier caliper (YamayoinstrumentsMumbal). Hardnesf tablets (=3) was

estimated by Morento hardness tester. Friability was estimated using Rdchbilator

(Veegoscientific India). Tablets (=6) from every batch were selected randomly, weighed and

placed in the plastic chamber providedapparatus. Friabilatawas operated for 100 revaions

and tablets were collected,-dasted and reweigheDBifferencein weights was used to estimate

percent friability. For drug content determination, tablets were crushed and powder equivalent to

10mg ofdrug was transferred in 10mof methanol to giveconcentratiorof 1 0 0 0 € ,qaidm L

fi

|l tered.

The fi

|l trate

was

di |

ut ed t o

spectrophotometrically. Theveight variation andin vitro disintegration test wereone in
accordance tJSP 7).
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Formulation of CODES™ ETX tablets

Prepared cor&ablets were given three layers of polymeric coating using pan coating system i.e.
first layer of Eudragit E10@10% w/w)and 2% of triethyl citrat§d TEC) in isopropyl alcohol

(IPA), second layer with HPMC E4M(2%w/w) in distilled water)and third layer of Eudragit

L100 (6%(w/w) and3% of dibutyl phthalat¢DBP) in isopropyl alcohol)The concentration of
plasticizer was optimized by preparing films using solvent evaporation technique, for which
polymeric solution was poured on as$ ring(3.14cf) placed on mercury surface and dried at
room temperature for 24 hours. Films were evaluated in terms of appearance and folding
endurance. The coating solution was sprayed omvprenedbed(30°C), and tablets were coated

and dried using iet air temperature 35-40°C) at 25-30rpm. The process oftoating was
performed till desired weight gain was achieved. At the end of each stage of coating, tablets were
cured in coating pan for 15 minutaad dried at 4T in hot air oven(Spectrumequipmets
HyderabadYor 2h. Percentage weight gain of tablets after coating was assumed to be indicative
of coating thicknes€oating ofEudragit E100 was done with respect to increasing weight gain
of tablet i.e. 4%,8%,12% per tablet core as per the expemihagsign level§Table 1),whereas
coating weight gain oR% and 6% respectively was achieved for HPMC E4M and Eudragit
L100 coating polymer2g).

Lactulose release

Lactulose release was determined by measwirangein weight of the tablet. Tablets (BF

from each batch were selected randomly, weighed and pladedtiidish containing 15 of
medium The study was conducted in two different mediums, simulated gastric fluid (3GF)
buffer, pH 1.2 for 2h and then 6h in simulated intestinal fluid (BHesphate buffer pH 6.8 2

At regular intervals, tablets were removed carefully ffdetridishand excess surface water was
removed by light blotting with filter paper. Tablets were reweighed and change in weight was

recorded.

In vitro drug release tudy

In vitro drug release from ETX CODE% tablet was carried out to determine and compare the
effect of added microbial cultur@_actobacillus sporogenes[108mL] in dissolution media

during dissolution study at colonic pH.Firdissolution study of 9 hehesin three buffers
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SGF(pH 1.2)for 2h,followed bySIfpH 6.8)for 4h,and then simulated colonic fl(®CF)pH 5.0
buffer for 4h was carried out without addition of microbial culture to dissolutiedia at any
stage of proces®7). Then dissolution sidy was repeated in above mentioned SGIF, for 2h

and 4h respectively followed by addition of microksalturefor further 4h. For the dissolution
study carried out byddition of microbial culture, all solutions were degassed for 20 minutes
before useand continuas nitrogen purging was provided in vessels using a-wapinitrogen
evaporator(6-port). Test conditionsfor dissolutionwere 900mLmedium, stirring speef
75rpm and temperature 37+0.5°8liquot samples were withdrawn at regular intenaatsl sink
condition was maintainedSamples were analyzed spectrophotometrically at 231nm for SGF,
234nm for SIF an&CF @9,30)

Fermentation studies

Screening of bacterial strains was done to determine their lactuletsdolizing capacity. It was
carried out by inoculating liquid media i.e. lactulodgoth @50mL) containing 100mgof
lactulose with different concentrationf bacterialculture (vith and without lactulogewhich had

been grown overnight in basal medium. To liquid media was addwdocresolpurple (Few
drops).It was then incubated 37°C in anaerobic conditions. Tirreurse ofexperimentwas

over 2h, with pH measurement by microelectrode every hour. Two strains selected were

LactobacillussporogeneandEnterococcusgaecalis(31).

Experimental design for ETX CODES™ tablets

A full factorial design was selected for optimizing ETX COD¥Sablet. The independent
variables were coating levels of Eudragit E100(xnd amountof lactulose(Xy), each at three
different levels anddependentvariable was percent drug release &th7(32)i.e. as sooras

formulationreaches to ascending col¢hable 2). Total of 9(F1-F9) formulation batches were

prepared and elizated for percent drug release.
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Table 2: Experimental design: factors and responses

Factors Responses
(independent Levels used (dependent
variables) -1 0 1 variables)

X1(Eudragit E
_ 4% 8% 12 % Y 1= %DR at
100 coating) "
theendof 7
Xo(Lactulose
20 % 40 % 60 % hr

loading)

Statistical analysis

Effect of two independent variables, cogtievels of Eudragit E10R() andamountof lactulose
(X2) onresponsdY) was observed by employing Desigmpert SoftwargVersion 8.0.7.1Stat
Ease Inc.,Minneapolis, MN). The regression equation for response was calculated using

following equation
ResponseY:bo+ b X1+boX o+ b3X 12+b4X22+b5X 1X2

Responses in above equation Y @quantitativeeffect of formulation components or independent
variables X and X; b is coefficientof term X. The main effect¢X; and X) show the average

result of changing faots one at a time from its low to high valUéeinteractionterms(X1, X2)
representesponse changes when two factors are simultaneously changed. The polynomial terms
(X1? and %2 investigatethe nonlinearity parameter Contour plots and 3@raphs were
generated using output files by Desigrpert Software Significanceof these parameters on

variables was assessed by analysisaofaince ANOVA) (34).

In vivoroentgenographystudy

The roentgenography study wascomplished in accordance with institmtd ethical and
regulatory principles. The investigations were performed with approval by the Institutional
Animal Ethics Committee, Department of Pharmaceutical sciences, R.T.M.N.U., India
(IAEC/UDPS/2014/29).The study involved the use of three rabbéighing 2 2.5 kg.The study

was conducted in two steps, first, barium meal study was carried out to trace gastrointestinal tract
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of animaland then the actual study was performed. All rabbits undewtsst fasted overnight

with free access to water. Bamumeal study was conducted by administering2@BL of
standard bariumsulphate suspension 50% w/v) (35) and x-ray images were captured
periodically until barium meal reacheblon For actual study, optimized CODE&ablets

(6mm) were prepared by replaecg ETX with radieopague compound bariusulphateand
coating steps were accomplished. After overnight fasting, tablets were administered to three
rabbits with 1815mL of water taking care that animal does not chew taKledy images of
rabbits in lateraposition were captured usin§iemensX-ray machine(Heliophos D Xray
generator, Nagpuveterinary College, Indiaat 80mAs and 42kV voltages, to trace movement

and coating integrity of CODEY tablet in gastrointestinal tra8&-37).

Stability studies

Stability studies were performed to cheelffect of environmental or storage conditions.
Optimized batch was kept for accelerated stability condition &tC42°C temperature and
75+5% relative humidity for a period 3 months. The samples were withdrawd af @030, 60

and 90 dayd interval and evaluated for physical appearance, hardness, friability, weight

variation, drug content, and vitro drug release.

RESULTS
Preformulation studies

The melting point range of ETX bYyhiele tube method was found to W27-128°C. ETX
formed a clear solution in methantétrahydrofurandimethyl sulfoxide,dimethyl formamide
andchloroform isopropyl acetatesthanoltoluene ETX wasfound to be insoluble in wateFfhe
solubility of ETX was found to be 14.06 mg/mLin21pH HCI buffer, 0.21 mg/mL in pH 5
phosphate buffer, and 0.11 mg/mL in pH 6.8 phospbatier. TheFTIR spectra oETX (Figure

2) showedcharacteristic peaks at 3057chT* for (C-H) stretching, 1678.07 cmfor (C=C)
stretching, 1083.99cthfor (S=0) bmd, and 1598.99cth for (C=N) bond.However, DSC
thermogram of ETX (Figure 3) shows a sharp endothermic peak at 134.58/
spectrophotometric analysis of ET3olution inme t h a n 0 Inhx a BEnen. Similarly,
wavelengtho f ma x i mum &P eroeolyidn of EMX p(epared in 6.8pH phosphate
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buffer and 5pH phosphate buffer was found to be 234nm, while in 1.2pH hydrochloric acid

buffer it was found to be 231nm.

I R T |
E UL UV ST PRI P

Figure 2: FTIR spectrums of (A) ETX, (B) Eudragit E 100, (C) Lactulose, (D) Physical

mixture, (E) Optimized formulation.

The standard calibration curve of ETX irethanolwas found in the range y = 0.075x0.005

with R2as0.999. The %RSD values for intday and interday validation parameters was found

to be 0.4382 and 0.471While the % RSD values for robustness and ruggedness was found to

be 0.8276 and 0.820The percent recovery fbr8 , 20 and 2 2werefgunditbbes ol ut i
98.2037,100.98001 03 . 9123 % respectively. The Limit of
eg/ mL was found to be 0. 026 BmitafrquantificationlIO®) r es p e
for 2 €9 [//mlLwasfoudd tdbe 0.G794 and 0.0663 respectively.
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Figure 3: DSC thermograms of(A) ETX , (B) Eudragit E 100, (C) Lactulose, (D) Physical

mixture, (E) Optimized formulation .

The calibration curve of ETX in 6.8pH phosphate buffer was in the narg@ 076x+0.054 with
R2value 0.994The calibration curve of ETX ipH5 phosphatéuffer was found in the range y =
0.129% 0.007 withR2value of 0.997While the calibration curve of ETX ipH1.2 hydrochloric
acidbuffer was in the range y = 0.113x+0.043 wsdvalue of 0.997.

Drug excipient compatibility study

FTIR spectra oEudargitE100 showed characteristic vibration at wave number 28a®i98ue
to dimethylamino bond. While spectrumof lactulose showedeak at 344Zm™ for (OH)
stretching and at 1155¢hdue to the presence (€=0)group in lactulose structure. Thpectra
of physical mixture and ETX was compared and no major deviation was noted(BigMiale
DSC thermograms of ETX, physicalixture and optimized formulation when compargid not

show ay major shifting of endothermic peak of drug and lactyldrssy peak shifted from
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134.55 to 133.42 and lactulose peak shifted from 154.43 171.87).Howeverthere was a
presence a new peak in thermogram D #mel drug showed diffused peak thermogran
E(Figure3).

Evaluation of ETX core tablet

The precompression properties of granules and jgsostpression properties of core ETX tablets
were evaluated as per pharmacopoeisistandardsAngle of repose ranged between 20°.05 to
22°.58 while Car siindex valuesandHausnersatio valuesrangedbetweenl.96 to 7.27 and 1.02

to 1.07 respectivelyTablet thickness ranged 6.1 to 6.6 namd the diameter nearly varied in
range 8.02 to 8.08 mnThe average weight of tablets ranged fra80.7 to 252.7 mg while
hardnesf tablets ranged from 3.4 to 3.8 kgfcs friability of less than 1% was obtained
which ranged betweed.116 to 0.165 %.Drug content values varied between 93.9 to 94.9 %.
Variation in in vitro disintegration time from 13.51 to 15.26in was found to be inversely
related to MCC content. Highén vitro disintegration time was displayed by formulationsLF
(15.25+0.87) containintpwestamount of MCC and lower disintegration time was exhibited by
formulation LRk (13.51+0.24) containingighestievel of MCC.

Evaluation of CODES™ ETX formulation

The core ETX tablet was successfully coated to formulate CODESX tablet by applying
three polymer coatings whigdonsisted of acid soluble Eudragit E10@rriercoating of HPMC,
and enteric coating of Euabit L100 respectively. The plasticizer content was optimiped
different solutions which were evaluated in terms of folddinguranceTable3).Brittle films and
low numbers of foldswere obtainedwhen TEC and DBP werecastedusing acetoneand
ethanol/wger mixture(9:1).Highestnumbers of folds werebtained by 2% concentration of
TEC inIPA which showed189+ 1.03folds and 3% concentration of DBP in IRAowedl78+
3.01folds.
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Table 3: Optimization of plasticizer content in polymer solution.

Plasticizer | | Concentration(% 20 4% 6%
wiw)
Solvents Folding endurance (no. of folds)
Isopropyl alcohol(IPA)] 189+1.03 | 185+ 3.68 | 182+ 2.08
Triethyl :
_ Ethanol/water mixture| '
citrate Brittle 34+2.21 57+4.8
[9:1]
Acetone 40+ 1.15 68+2.1 |112+3.48
o Concentration(% 2%
Plasticizer Il 1% 3%
w/w)
Solvents Folding endurance (no. of folds)
Di-butyl - Misopropyl alcohol(IPA)| 93+ 2.93 | 164+ 3.42 | 178+ 3.01
phthalate Ethanol/water mixture| ' : .
Brittle Brittle Brittle
[9:1]
Acetone Brittle 23+3.34 | 59+451

*The datais presented as mean value + S.D. (n = 3)

Lactulose release

The change in weight of the tabfer eachbatch perour is given(Tabled). The % change in
weight of the tablet in the initial 2h (SGF pH 1.2) was insignificant and found iratigerl.2
1.05% to 8.8 + 3.05 ¥But when the medium was changed to SIF (pH 6.8), % change in weight

of the tablet started increasing and was found in the range 8 £ 1.12 % to 60.4+ 3.62%.

Citation: Hemangi D. Trivedet al. ljppr.Human, 208; Vol. 7 (1): 185-215



www.ijppr.humanjournals.com

Table 4: Lactulose release per hour

Batch Change in weightper hour(%)
code 1 2 3 4 5 6 7
F1 1.2 2 8 19.2 31.6 41.2 48.4
(20:4) | +1.05 | £2.08 | #1.12 +2.11 +4.06 12.72 +2.56
F2 1.6 3.2 6.8 16 30.4 40.4 14.4
(40:4) | +1.08 | £2.03 | £1.04 +3.29 +3.54 +2.08 +2.73
F3 3.2 9.6 22 35.2 49.6 29.2 12.2
(60:4) | £1.02 | +2.01 | +2.56 +3.38 +2.45 +2.12 +2.92
F4 1.6 8.8 18.8 28 34 40.8 52.8
(20:8) | +1.09 | £3.05 | £3.71 +2.62 +1.36 +1.16 +2.06
F5 2 8.8 17.2 22 36 46 20.4
(40:8) | +2.06 | +3.08 | +1.48 +3.12 +2.27 +2.20 +3.21
F6 3.2 10 23.2 38 51.2 30.8 14
(60:8) | +1.05 | £3.06 | %2.62 +1.24 +3.18 12.24 +3.88
F7 1.6 4.4 18 31.6 39.2 47.6 60.4
(20:12) | £1.04 | +2.34 | +3.16 +2.32 +4.71 +2.28 +3.62
F8 2 6.4 12 18.4 33.6 43.2 18
(40:12) | £1.07 | +2.72 | +2.12 +2.54 +2.64 +2.32 +3.45
F9 2.4 6.8 21.6 35.6 49.2 28.8 11.2
(60:12) | £2.03 | +2.41 | +1.69 +4.48 +3.52 +3.36 +3.22

*The datais presented as mean value + S.D. (n = 3)
In vitro drug release study

The percent average drug release from ETX CODESblet in SGF and SIF witand without
addition of bacterial culturd_actobacillus sporogenesgiven in Table 5 Drug rekase study
showed that there was no change in dimensiotebbétin first 2h.In SIF the tablet was found to

be a little swollen while in SCF complete solubilization of acid soluble Eudragit E100 coating

startedwheresize of tabletwas found tdoe decreaeal up to end of the study. The drug release
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valueswithout addition of microbial culture ranged from (56.412.51%to 94.03+ 1.72%6) and
maximum percent drug release (94€3L.726) wasshown byF8 batch containng highest
coating of Eudragit E100(12%wi) and lactulose (40%wi/w), followed by formulation F5
(92.714 £ 1.88%0) contaimng medium coating of Eudragit E100 (8%w/w) with lactulose
(40%w/w) and theeafter of batch2 (98.84% 1.5%%) contairing low coatingof Eudragit E100
(4%w/w) with lactulose (406w/w). The drug release values with addition of microbial culture
ranged from (63.67% 1.62%to 98.929+ 1.6%%6) and maximum percent drug release (989829
1.69%) wasexhibited by batch8 contaimg highest coatingf Eudragit E10012%w/w) and
lactulose(40%wi/w), followed by formulation F5 (98.734 1.81%) contaimng medium coating
of Eudragit E100(8%w/w) with lactulose (40%w/w) and treafter of batchF2 (98.328+
1.39%) containg low coatingof Eudragit E10Q4%w/w) with lactulose (40%w/w)lhe drig
release study witladdition of microbial cultureLactobacillussporogeneshowed higher drug
releasg98.929+ 1.69%)than without addition of microbial cultuf@4.03+ 1.72%)

Table 5: Percentaveragedrug release from ETX CODES™ tablet with and without

addition of bacterial culture (Lactobacillussporogeneg.

Batches Drug release (without Drug release with addition
addition of culture) of culture
F1(20:4) 89.489+1.81 94.637+1.28
F2(40:4) 92.847+1.55 98.328+1.39
F3(60:4) 90.869+1.33 97.614+1.35
F4(20:8) 90.599+1.36 96.212+1.59
F5(40:8) 92.714+1.88 98.734+1.81
F6(60:8) 91.929+1.47 97.241+1.02
F7(20:12) 91.05:1.82 96.515+1.83
F8(40:12) 94.031.72 98.929+1.69
F9(60:12) 91.565+1.12 96.515+1.64

*The data is presented as mean val&x (n = 3)
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Lactulosefermentation studies

Enterococcudaecalisshowedreductionin pH6.8 to pH5 after 4h, sstudywas further carried
out with Lactobacillussporogenesvhich showedeductionin pH within an hour. The change in
color of bromocresopurple indicatorfrom purple toyellow wasobserved The changén pH is
given in Table6 showinginverserelationship betweeroncentratiorof cultureand pH. Thus
volumeof bacterial inoculum required in 900mL of test media was found to be 1@8arder
to obtain pH.

Table 6: Lactulose fermentation studies

Bacterial Change of pH in lactulose broth (initial pH
inoculums(mL) 6.8)

{Lactobacillus First hour Second hour
sporogenes

10mL 6.34+ 0.02 6.28t 0.01

20mL 6.21+ 0.01 6.08: 0.01

30mL 5.09 0.02 485+ 0.01

40mL 4.25 0.02 2.22+ 0.01

50mL 4.04+ 0.02 3.93t 0.02

*The data is presented as mean value £ S.D. (n = 3)
Statistical analysis

Statistical analysis was carried out after determining the percent drug release of all nine
formulation batches by BenExpert Software Yersion 8.0.7.1, StaEaselnc., Minneapolis,
MN).The effect on percent drug release(Y) was observed to be significant by ANOVA and the

polynomial equation was found as follows:
Y= 97.72+0.48 %+0.80 X% i 2.31X;%i 0.12 %*-0.21 XX

Where X& X, areindependentariables,97.72 is arithmetic mearesponseand 0.48, 0.80,
2.31,0.12,0.21 are estimatetbefficientof factorsX; & X, which represent the average result of

changing one factor at a time from itsM to high value. The interaction termi$) showsthe
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response changes when two factors are simultaneously changed. The polynomial,teants(X
X,?) areincluded to investigate neimearity. The positive sign focoefficient of X:& X»
indicates that actulose concentration and Eudragit E100 coating levetreased, the percent
drug releas€Y ;) also increases.3D figurgBigure4) showed linear ascending pattern for drug
release with increasing lactulose and Eudragit E100 coating ldveisever, negativesign
indicatesincreasen lactulose loading and Eudragit E100 coatiejpyed and decreast drug

release.

X0 A Laciekose badwg
X2- B: Ewdagh 100 coing

B: Eudraglt € 100 coating

A Lactuose loadng

. ot e e
© i o b s
nsss
163

= A Lactbose kadeg
X2 B EukagtE 100 costmg

Drug release

Figure 4: Contour plot & Response surface 3D plots showingffect of independent
variables on the dependent variables viz lactulesloading andeudragit E 100 coating on

drug release by design expert on CODEY formulations.

In vivoroentgenographystudy

The roentgenography results are given in Talaslad Figure5(a-b). Barium meal movement
ascertained gastrointestinal tractasfimd. The study was then carried out with radmaque

optimized CODES&" tablet. The actual position and coating integrity of COD¥$ablet was
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determined by comparing it with-Kay images of barium meatudy. The x ray graphs showed
that the tablet remaidantact in stomachFigure5 (a)]. Also, no major change in size and shape
of tablet (Figure 5bi d) proved that tablet remained intactsmall intestine; while Figuré(e)

clearly depicts decrease in tablet size.

Table 7: In vivo roentgenography data of @DES™ based tablets in rabbits

Parameter Time (h)
Mean gastric retention time 3.15+0.38
Mean intestinal transit time 4.05+0.66
Mean time of apparent reduction izei 8.10+0.80
of tablet

*Thedatais presented as mean value + S.D. (n = 3)

Figure 5(a): Barium meal movement through Gl tract ofrabbit .
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Figure 5(b): Optimized CODES™ tablet along the Gl tract of rabbit..

Stability studies

Stability data Table8) revealecho change in physical appearance of COBHSased tablet of
ETX at the end of 3 months after storage48fC+2°C and 735% relative humidity The
hardness value and drug content value reduced insignificafttm 3.40.02 to
3.3+0.05kg/criand 94.3+1.36% to 93.9+1.1Q%espectively.While friability values and weight
variation values deviated slightly from 0.116+0.00%0 0.116+0.008% and 252.7+18.9% to
252.9+18.5% respectively.Thein vitro drug release profes at various time intervals were
compared withreference(0 day samples) showedlight change in% drug release from
98.328+1.39% to 97.929+1.08%.
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Table 8: Evaluation parameters of stability batch {F2 (20:4)}

Evaluation Before stability After 60
After 30 days After 90 days
parameters (0 day) days
Hardness (kg/ch) 3.4+£0.02 3.4+0.06 3.4+£0.04 3.31£0.05
Friability (%) 0.116+0.005 0.116+0.004 | 0.116+0.006 0.116+0.008
Weight variation
%) 252.#18.9 252.#18.9 | 252.918.5 | 252.%18.5
0
Drug content (%) 943+ 1.36 94.3+1.06 | 94.2+1.12| 93.9+1.10
% Drug release 98.328 + 1.39 98.263+£1.04 | 98.05&1.09| 97.929+ 1.08

*The data is presented as mean value £ S.D. (n = 3)

DISCUSSION

Preformulation studies

General solubility study indicated that ETsXsoluble innonpolar solvents and insoluble in polar
solvents as reported in earlgudies Also, ETX wasfreely soluble in pH 1.2 hydrochloric acid
buffer slightly soluble inpH 5 phosphate buffeandpH 6.8 phosphate buffe9).FTIR study of
ETX exhibited the wae numbers which complied with thatt standarchumberg22). The DSC

thermogram of ETX showed a sharp endothermic peak indicating pure crystalline form of drug

as per standargalug23). Wavelengthof maximum absorptior{ /) obtained for ETX in
mix Specifiesl in standacdaafedent t

25). Calibration curves of ETX obtained in different solutions folloBegrLamberts lawThe

differents o |

inter-day and intraday precision study confirms adequate sample diahbiid method reliability

utions

was

found

wi t h

over a period of 24h as the selected concentration lies within linearity range and observed RSD

was < 2%.The robustness and ruggedness data shows that Y%wBSkithin limit (less than 2)
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Drug and excipient compatibility

The FTIR spectra of physical mixturand tablet excipientsalong with drug are shown in
theFigure2.When compared with individual spectrum of drug and excipients, it was observed
that some peaks of drug were found HTIR spectra of physical mixture, while sonoé the
characteristic peaks corresponding to the drug were found to overlap with those of the polymer.
A shift in(S= O) bondmight indicate the possibility of intanolecular hydrogen bonding via
(S=0) group of ETX andOi H) group of lactulose which mayakie effect on solubility of

drugin DSC thermogram OFigure 3), presenceof the new peak wasay be due to the
excipients present.Whilesmajor deviation irthe endothermipeaks was observgeence drug

and lactuloseare considered to be compatible. VEhIDSC thermogram gphysical mixture
showed diffused peak of drug indicating its conversion to amorphous form and thus also

indicatedenhancemernih drugsolubility (23).

Evaluation of ETX core tablet

The precompression propertiespmwderblend of all thee batchegLFi, LF,, and LF3 were
found within standard limits showing good flowroperty Also the postcompressional
properties showed/alues within standardlimits.The @blet thicknessand diameter values
indicatad uniform size and regular shajpé the tablet thushowng least variation in processing.
The range ofaverage weight of tableshowed uniformity in weight variationHardness and
friability values (lessthan P4) indicaied good mechanical strengtheast variation in dig
content values sheed uniform drug distributionVariation in in vitro disintegration time was
found to beinversely related to MCC content. Higharvitro disintegration time washownby
formulation containinglowestamount of MCC and lower disintegration time was exbibiby
formulationcontaininghighestievel of MCCmay bedue toits disintegratingability (27).

Evaluation of CODES™ ETX formulation

Brittle films andlow numberof folds were obtained when TEC and DBP weastedusing
acetone and ethanol/watmixture (9:1). This might be due to the low solubility of plasticizer in
the solvents and also the volatile nature of the solvent.Highesbers of folds werebtained by
2% concentration of TEC ilPA which gave 189 1.03olds and 3% concentration of DBP in
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IPA gave 178t 3.0Xolds,thus a 2% concentration of TEC and 3% concentration of DBP in IPA
were used for coating Eudragit E 100 and Eudragit L, t&Xpectively.

Lactulose release

A plot of % change in weight of tablet verstisie (Figure6) did not show anychange in weight

of tablets in initial 2 h (SGF pH 1).2lueto enteric coatindEudragit L100) but when medium
was changed to SIF pH6.Bgressionof water in tablet was observed which ledroreasan
weight of tablets up to a particular time folladvby decrease in weight. The decrease in weight
of tablet can be attributed to the fact that lactulose got dissolved dugréssof water in tablet
and got diffused througpermeablecoat of Eudragit E100.This change in weight was used to
guantify lactlose release. The tablet containimgheramount of lactulose showed weight loss
after5h (F3-F6-F9); while tablet containingow and medium amount of lactulose showed weight
loss after7h (F2-F5-F8)Also results indicated that lactulose release was sahgmregulated by
amountof MCC. This maybedue to the binding property MCC (38). Formulationcontaining
highest percentage of MCC showed least weight loss while formulation containing least

percentage of MCC showed highest weight loss.

Lactulose Release
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Figure 6: Lactulose release in weight versus time.
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In vitro drug release study

Thein vitro release profiles of ETX CODE%tablets F1-F9) in SGF andSIF (With and without
addition of microbial culturg are given in Figure7. Negligible drug release (B(L5%) was
found in hydrochloric acid buffeipH1.2 which can be attributed to the dependent solubility of
the Eudragit L100 which dissolves above pHI'Be polymer is insoluble at gastric pblut gets
hydrated and ionized as pH increases-t Bence tablets were mtt for initial first two hours
which also proved the coating level was optimum in sealing release of ETgastric
environment. A slight drugelease(0.17%2.04% to 6.625:2.02% was recordedin SIF
(phosphate buffer, pH 6.8), as the enteric coagetgdissolved. While the barrier layer HPMC
got hydrated and finally got dissolved. The drug release was still restricted in SIF due to Eudragit
E100 coating which dissolves at pHWShile slight drug release was due to the fact that polymer
Eudragit E100 cding is swellable and permeable above pABo, ETX release in SIF casay

to be inversely regulated bgmountof MCC.Higher drug release in SIF was recorded for
formulation F3F6-F9 (6.6t1.49to 6.3t1.46%) containinglow amount of MCC followed by
formulaion FA F5F8 (5.4t1.42to 5.31.71%) and minimum drug release was recorded for
formulation FIF4-F7 @4.0%1.47 to 4.31.10%) containing highest amount of MCC.The
variation inreleasemay be due teswelling capacity of MCC that increaseatiffusional path
length for travieng of ETX molecules.

Figure 7: Invittrodi ssol uti on profiles of C CelidiiGnEof t a b | et
microbial culture (Lactobacillussporogeneps

Citation: Hemangi D. Trivedet al. ljppr.Human, 208; Vol. 7 (1): 185-215



