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ABSTRACT

The aim of the study was to apply statistical ojation technique for the development of ketaprdbaded
mucoadhesive multiparticles to target the smalkstine. The mucoadhesive multiparticles were pregany
quassi- emulsion solvent diffusion method anddfille enteric coated capsules. All the formulationsre
characterized for particle size, mucoadhesion, gdleading, entrapment efficiency, in vitro releastadies. A 3
factorial design was used to optimization. The adeljpble variables were PVA concentration (X1) anthtional

speed of stirring elements(X2). The chosen respeasables were particle size (Y1), percentage rofgdrelease
for 24 h (Y2), mucoadhesion (Y3) and entrapmditiezicy (Y4). The optimized formulation accordinghe study
was mucoadhesive microspheres prepared with 0.5%0fPVA and 400 rpm of stirring speed i.e ( -1).+The
results of this optimized formulation showed witlsam particle size of 225.5 um, percentage of delgase for 24
h 97%, 83.43% of mucoadhesion and 88.4% of entrapaféciency.
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INTRODUCTION

Mucoadhesion of multiparticles is the successfulhme of retain drug in the target site for prolotdgelease and
therefore for prolonged action of drug. This do$agas were improve the absorption and systemicuaibability
the drug that were normally poorly absorbed][ 1]

Ketoprofen is a Non steroidal anti-inflammatory giftNSAID) used in rheumatic disorder and usednfoderate
pain.[2] It has short half life (4.5 h) required frequermfyadministration. Also the drug causes gastritation to
the stomach. The drug has poorly solubility in wated acidic condition and therefore its bioavaligbremains
problematic in stomach region.[3, 4]. The drug bkhinaximum absorption from small intestine follagi oral
administratiod. So that small intestine specific ketoprofen |@hdeucoadhesive multiparticles is the preferred
option to avoid gastritis, improved bioavailabilitgduced frequency of administration. Biocompatibblymers are
preferred as they are nontoxic and eliminated ftbenbody. Eudragit RS 100, Chitosan and Carbop4!|® have
been used over the years in the development of adinesive multiparticles [6, 7, 8].

Factorial design and response surface methodokgy important statistical tool to study effectsefreral factors
influencing responses by varying them simultangolisi carrying them simultaneously by carrying ouited
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number of experiments[ 9, 10]. Literature seamealed no study carried out to formulate smaéstibe specific
mucoadhesive multiparticles and to demonstratertfig@ence of formulation variables using a factbagproach.
The aim of the present study was to develop opgthibrmulation of mucoadhesive multiparticles ofdggofen to
target the small intestine using factorial desigpraach

MATERIALSAND METHODS

Ketoprofen USP was purchased from BEC chemieatsLtd, (Mumbai. India). Poly Vinyl Alcohol (PVAwas
obtained from Loba Chemie Pvt Ltd (Mumbai, Indig@hitosan (MW 150 KDa) was obtained from Centratitate

of Fisheries Technology, (Cochin, India). Carbo@®@4 P and Eudragit RS100 were purchased from sigma
chemicals (Mumbai, India). All other chemicals,geats and solvents used were of analytical grade.

Experimental design for preliminary Trials

Preliminary trial formulations were designed by sjeemulsification and solvent diffusion method ggivarious
drug: polymer (s) ratio (1: 1, 1: 3 and 1: 6) TdblBased on the results of preliminary trials kobrsig to polymer
ratio was selected for the optimization.

Preparation of mucoadhesive multiparticles

Mucoadhesive ketoprofen multiparticles were pregdng quasi-emulsification and solvent diffusion haf* for
preliminary trial. To prepare inner phase, Eudr&fit 100 was dissolved in isopropyl alcohol (5mljl d@ine drug
was added to the solution under constant stirrin@0® rpm at 37° C. The inner phase was added diep
introduced into water phase (outer phase) contgicambopol 934 P in 200ml of stabilizing agent {poiyl alcohol
0.5%) with constant stirring at 200 rpm for 30 n@hitosan was dissolved in 15 ml of 1 % v/v aquseacetic acid
solution and dropped into the gently agitated smtubf outer phase and stirred at 200 rpm for h.2The
multiparticles were filtered using what man filfgper (No 56) to separate the multiparticles ameddn an oven at
40° C for 12 h. The dried multiparticles were stbin a dessicater.

Preparation of Enteric capsules

The coating solution was prepared by dissolvingentpolymer Eudragit L100 (10% w/w) Caster &®gw/w),
titanium dioxide(0.5%w/w), methanol (10%w/w) mettred chloride (1%w/w) in 100 ml of isopropyl alcbého
Weight equivalent to 50 mg of drug containing npdtticles were filled into hard gelatin capsuled anated with
the enteric coating solution using dipping and migytechnique. At each stage the capsules wereikepthot air
oven forl5 minutes at 45° C. The capsules were lvegigand the weight gain limited to (8 %w/w) indiogt
completion of enteric coating.

Statistical optimization by 3? factorial design:

A 32 full factorial design was used for optimizationtbé formulation variables. Amount of PVA(X1) astirring
speed (X2) were selected as independent variaBbaticle size (Y1) Invitro release studies (Y2) , Entrapment
efficiency (Y3), Percent mucoadhesion (Y4) werkected as dependent / response variables. Dataanatgzed
using Minitab 2002 — V13. 20 software to genefthite study design and the response surface platistital
model incorporating interactive and polynomial tenwas utilized to evaluate the responses.

Y= bg +0 X1 +0pX o+ Xo+byp X 1 X+ 011X 1o+ 10X o0

Where, Y is the dependent variablg,i® the arithmetic mean response of the nine rand,bl is the estimated
coefficient for the factor X1. The main effects (o¢hd X2) represent the average result of changimeg af the
factors at a time from its low to high value. Tiieraction term (XX,) show response changes when two factors
are simultaneously changed. The polynomial terms &Kd X»,) are included to investigate non —linearity.

Characterization of multiparticles

Particlessizeanalysis

Particle size analysis was performed on multipkesi¢dormulations by Malvern Mastersizer (Malverstinments,
Mastersizer 2000, UK). The results are the avemafgthree analyses. The valuesgjdwere expressed for all
formulations as mean size range.
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Drug loading and Entrapment efficiency *

100 mg of accurately weighed multiparticles wenasbed in a glass mortar pestle and the poweredpanitles
were suspended in 25 ml of phosphate buffer (@812 h at room temperature to release the entcagpey. After
12 h the solution was filtered using microporeefiland the filtrate was diluted and analyzed far kietoprofen
content using UV spectrophotometer at 256 nm. Tieuwnts of ketoprofen present in the multipartichesre
determined using a calibration curve. The drug ilogéind entrapment efficiency were calculated ugtqgation
(1) and(2), respectively.

A. Drug Loading (%)
Amount of ketopeafin multiparticles

Drug Loading = X 100
Multipartiés weight

B. Entrapment efficiency (EE)

Actuatight of ketoprofen in sample
Entrapment Efficiency = X 100
Theocatiweight of ketoprofen

Test for mucoadhesion

The mucoadhesive property of PMP was evaluatedyitro wash-off test. A 1x1 cm piece of intestinal mucosa
of goat was tied onto a glass slide using threascdddhesive multiparticles were spread (~50) dmtontet rinsed
tissue specimen and the prepared slid was hung amoof the grooves of a USRablet disintegrating test
apparatus. When the disintegrating test apparats aperated, where by the tissue specimen was gioswn
regular up-and-down moment in the beaker of tilsentligration apparatus, which contained the phdsptaffer
(pH 6.8). At the end of 6 h, 12 h, 18h and 24 hpthtre nhumber of multiparticles still adhering onigsue was
counted.

In vitro release and kinetics Study 4>

Each Enteric capsules containing weight equivale®) mg of drug loaded on multiparticles were jscied to the
dissolution studies. The studies were carried sitguthe USP XX111 dissolution test apparatus deqpsl, 50
rpm, 37°C £ 0.5°C) for 2 h in 900 ml of 0.1 N H@irtificial gastric fluid). Then the dissolution diem was
replaced with 900ml of pH 6.8 phosphate bufferifjaial Intestinal fluid) and the experiment wasntimued. At
different time interval samples were withdrawn aaglaced with an equal volume of fresh medium tantain a
constant total volume. The aliquots were dilutedtasly, filtered and analyzed for the drug contdmyt UV
spectrophotometer method at 256 nm.

The results ofn vitro release profile obtained for all the formulationsrev plotted in modes of data treatment as
follows: zero order kinetic model, first order ktitemodel, Higuchi’s model, Korsmeyer equation pp&s model.
This model was used frequently in predicting thiatree importance of Fickian (n= < 0.43) or norclan (n=
>0.43) and case 11 (> 0.85) in anomalous diffushonl super case 11 transport where n> 1.0. Table 4

RESULTSAND DISCUSSION

In the present study Eudragit RS, chitosan, Carb®p® P were selected for the preparation of maittiples; While
Eudragit can provide this formulation with susta@inelease characteristics, chitosan and carbopél Pdffer
mucoadhesive properties. The layout and resultsriat design are shown in Table 2 — 5 and Fig P+liminary
trial batches were prepared to study the effedhefdrug to polymer ratio on particle size, mucassibn, drug
release character and entrapment efficiency andacteistics of the multiparticles. On the basishaf preliminary
trials a 3 factorial design was employed to study the efféfcindependent variables (PVA concentration atd
Stirring speed X on particle size, percentage of drug release, oamivesion and entrapment efficiency
characteristic of the mucoadhesiv3e multiparticBest formulation PF 3 were considered for the rojatation
based on the characteristics of the multiparticidse inner phase, Isopropyl alcohol in varyinggadion 5 ml,
10ml, and 15 ml were attempted on the formatiomaftiparticles and it was observed that 5 ml afeinphase
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yielded the best results, PVA 0.5 % as a stabijizagent, stirring speed 400 rpm and stirring tnh were
selected. The formulation of multiparticles couldescribed in the following process. The formatibdroplets by
quassi emulsion solvent diffusion. The rapid diidusof Isopropyl alcohol (IPA) (solvent for EudradgtS100 and
drug) in agueous medium might reduce the solubilitthe polymer in the droplets, since the polyrvas insoluble
in water. The instant mixture of the IPA and waaétthe interface of the droplets at the interfat¢he droplets
induced the precipitation of polymer. Thus formatiof shell enclosing the IPA and the dissolved dcognter
diffusion of IPA and water through the shell proewfurther crystallization of drug in the dropl&tsm the surface
in wards. The finely disperse particles of polynsefution of the drug were solidified in the aqueqigse via
diffusion of the solvent. The interactions betweba cationic chitosan polymer and the anionic cpob®34 P
helped form mucoadhesion layer on the multipaicdarface. The stirring time and speed on the paiticles
formulation were selected based on earlier studizas been reported that the increased mechastiealr force
produced by the increasing the stirring speed diithe suspension of drug and polymer into the Isdnaplets
rapidly. In our study the multiparticles prepareiihwt00 rpm had a smaller particles size 225.47gneh having
homogenous size distribution. The stirring time eatended to 2 h in the study owing to use of npmlymers
(Eudragit RS 100, Chitosan, Carbopol 934 P).

From the data from the particle size analysis alltiparticles in f1 — f9 were nearly spherical wnih, and free
flowing (angle of repose value < 30°) The partiitee of multiparticles ranges from 226 to 28@um and showed
good correlation coefficient (0.9633). The resultslicate that the effect of X1 is more significa(RVA
concentration) is more significant than X2 (i.ecrgtg speed). Thus as the PVA concentration ireeeahe particle
size decreases. The result of the study indicatest the PVA at higher concentration stabilizes dispersed
droplets by reduces the interfacial forces betwibendroplets during the process of preparationsmthe particle
size was deceased as the concentration of PVAdsetk Particle size Y1, percentage of drug reldasag 24th
hourY2, mucoadhesion Y3, and drug entrapment efiicy Y4. The entrapment efficiency and percentdgdrug
release are important variables for assessingring [dading capacity and the drug release proffil¢ suggest the
amount of drug available at site. The drug entragreéficiency of multiparticles varied from 62.4% 88.4 % and
showed good correlation coefficient 0.9207.The Itssof equations indicates that the effects of XAVA
concentration) more significant than X2 (stirrisgeed). Thus, as the stabilizing agent (PVA) comagan
increases the drug entrapment efficiency increddewever, stirring speed increased the particle arzd thus drug
entrapment efficiency decreased. The effect of R@Acentration and stirring speed 400 rpm (X1, X®)ears to
influence the particle size result an increasesize. Though increasing the stirring speed showetkasing the
particle size with reduction in drug entrapmenicéthcy the net effect of X1 X2 appears to increases drug
entrapment efficiency. The results indicates tiveirs) speed does not appear to influence eitherptrticle size or
the drug entrapment efficiency and changes in @arSize and the drug entrapment efficiency araifogintly
influenced by the concentration of the PVA.

The drug release profile of the multiparticlesdigate neither the PVA concentration nor the stiyrspeed did
influence thein vitro drug release and the correlation coefficient w&976.The percentage drug release of all
formulation f1 — f2 ranged from 83.10 % to 97 %eThbrmulation f7 showed highest percent drug rel€83%) as
compared to other formulation. However statistiahlysis indicates no significant difference in teéease rate
between the formulation suggest that the release af drug from the multiparticles is independehthe PVA
concentration and stirring speed used in the ptegady. However all formulations showed slow rekearofile of
the drug during 22h possible due to combined chitosan and carbambEaidragit RS100.

Theinvitro release data of all formulations were fit intotb@edel for analyzing the release kinetics and ragidm
of release. It was observed that r value of zedeoplots were in the range of 0. 91 — 0.98 arad &rder plot were
in the range of 0.81 — 0.89. Based on maximuralues it can be conclude that the formulations f@ follow
zero order kinetics. When the slope n values wema the range of 0.8- 1.05. (>0.45) indicating dineg release by
non Fickian diffusion mechanism. Non- Fickian isaamolous transport, in the process polymer chaiaxegion /
erosion or both involved

Thein vitro wash off test for the percent mucoadhesion aftem 2dried from 64.26 % to 83.43%. However showed
poor correlation coefficient 0.5933 (Y3).The resutidicate that the PVA concentration increases) (k& percent
mucoadhesion increases. Whereas the stirring spesehses i.e. X2, the percentage of mucoadhesoredses.
However both the effect are insignificant from 8tatistical analysis. Though all the formulationf¥9 showed
good mucoadhesion for 24 h. The PVA concentrat®mvall as the stirring speed did not affect siguaifitly the
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mucoadhesion of the multiparticles. Further thigdgtincluded chitosan and carbopol in the fixedorat all the
multiparticles and show the significant differeninghe mucoadhesion was not observed between theufations

Due to the effect of PVA concentration (X1) andrsig speed (X2). Based on the above results f7faasd to be
the best formulation. Table 4.

TABLE 1. COMPOSITION OF MULTIPARTICLESFOR PRILIMINARY TRIALS

Ingredients (mg) Code: PF1 Code:PF2 Cede3
Ketoprofen 100 100 100
Eudragit RS100 50 150 300
Chitosan 25 75 150
Carbopol 934 P 25 75 150

TABLE 2: LAY OUT OF 3 FULL FACTORIAL DESIGN

Code Variable levels Y1 Y2 Y3 Y4
X1 X2 % % % %

fi1 -1 -1 269.2 27 955+4.2 77.33+7.5 @82
f2 -1 0 275.7986 89.2+3.9 64.26 4.5 387
3 -1 1 280.288 87.215.2 68.00 +4.8 4B2.9
4 0 -1 243.28p 83.1+3.7 71.08 5.2 643.6
5 0 0 262.34 915 +4.7 75.66 £6.3 .323.6
6 0 1 266.7¥ 93.0 £3.5 70.33 5.7 18011
f7 1 -1 225583 97.0+2.9 83.43 +8.3 483.1
8 1 0 233.89 95.3 +3.3 75.23 6.2 .28%.6
9 1 1 237.58 95.0 +4.2 73.10 £5.3 .32.8

Translatiof coded level in actual units

Independent variables 1 - 0 +1
X1=  PVA (% wiv) 5 0.5 0.75
X2 = Stirring speed (rpm) 020 400 600

Response Variables: Y1= Particle Sizenj Y2= Percentage of drug release for 24h (3% Mucoadhesion (%)
Y4= Entrapment efficiency (%). All the values average of three such determinations.

TABLE 3: SUMMARY RESULTS OF REGRESSION ANALYSIS

Coefficient o) b b b R
Y1 254.87 -21.390 7.660 0.260 0.965
Y2 91.890 02.583 -0.045 1.602 0.297
Y3 73.149 03.695 -3.380 -0.250 0.595
Y4 76.244 09.333 -1.301 0.025 0.920

TABLE 4: OPTIMUM VALUES FOR PRODUCTION OF KETOPROFEN MUCOADHESIVE MULTIPARTICLES

Specification pt®num values
Drug to polymer(s) ratio 1:6

Amount of drug .10

Stabilizing agent PVA 70,000
Concentration of stabilizing agent 0.5%

Inner phase solvent sopropyl alcohol
Amount of water in outer phase 200 ml
Temperature of inner phase 37°C
Stirring type magnetic stirrer
Stirring rate (rpm) 400 rpm
Stirring time (min) 60
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TABLE 5: DRUG RELEASE KINETIC DATA FOR OPTIMIZED BATCH (f7)

Batch Zero First Higuchi Korsmeyer - peppas
2

Code or 7 r 7 n Mechanism
f7 0.099 0.894 0.969 0. 969 1.01 Case 11 transport
Surface Plot of Y1 vs X2, X1

Fig. 1: Effect of dependent variables on particlesize

Surface Plot of Y2 vs X2, X1

Fig.2: Effect of dependent variableson entrapment efficiency
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Surface Plot of Y3 vs X2, X1

Fig.3. Effect of Dependent variables on mucoadhesion property

Surface Plot of Y4 vs X2, X1

Fig.4: Effect of Dependent variables on Entrapment efficiency
CONCLUSION

In the current work a mucoadhesive multiparticlesorporating ketoprofen is described. A systeenstiidy using

a central composite design revealed the most seitncentration of stabilizing agent PVA and stgrspeed of

rotational elements. The optimized formulationsilfad all the requirements of the target set axtiibited suitable
values of particle size, mucoadhesion, and disiselygeriod and entrapment efficiency. The presamysclearly

indicates the applicability of statistical optiraiion technique to predict the composition of arfolation and speed
of rotational elements that gives optimum prodwsrameters.
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