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ABSTRACT

The objective of the study was to prepare holloerosphere as a new dosage form of floating drugvdsl system
with prolonged stomach retention time. Hollow mgpberes containing Repaglinide were prepared bylsom
diffusion method using Eudragit S100 and Eudradid@ as release retardant polymer. The prepared osigheres
were evaluated for particle size, % drug loadingsvitro buoyancy and in-vitro drug release, drugigients
compatibility studies by FT-IR and surface morplggldoy SEM. The FT-IR studies showed compatibifitsirag
with the excipients used in the formulations. Taeige sizes of the microspheres were ranges th@2.2 +12.2

to 321.8 £8.2m. The developed microspheres showed good iniwitoyancy, high entrapment efficiency and drug
loading with sustained release of drug for 9h. Tiechanism of drug release followed Higuchi kinetmdel with
non-Fickian diffusion, the SEM studies showed smatrface and shape of the hollow microspheres. The
developed formulation of Repaglinide in the formfloAting microsphere has a great potential for riqgy of
diabetes type-Il in future.

Keywords: Repaglinide, floating drug delivery systems (FDDIS)|low microspheres, hypoglycaemic agent, in-
vitro buoyancy

INTRODUCTION

Drugs with short half-life are eliminated quicklyom blood circulation, therefore require frequentsidg and
reduce patient compliance. Oral controlled reld@$®) formulations came into existence to overcohig problem.
CR formulations attempt to maintain a constant mpksevel of drug by controlling drug release frohe t
formulation. A significant obstacle for these sysseis the Gastric Retention Time (GRT), which phgsiological
limitation. Hence, prolongation of GRT is very imant for drugs with short half-life and poor biadability.
GRT can be prolonged by increasing gastric retantibthe formulation. There are several approaclsesl by
researchers to prolong GRT, which include: (i) Magtioesive delivery systems, in which formulationexél to the
mucosal surface of GIT; (ii) Swellable delivery ®ms, which swells after administration and presettpass
through pylorus; and (iii) density controlled deliy systems, in which formulation either sink infloat over the
gastric fluid [1].

Floating systems are recommended particularly fogsl which are primarily absorbed in the stomaahfan drugs
acting locally on the stomach. Also, if the drugéa narrow window of absorption or is unstablentdstinal pH,
floating approach can be used. Floating can beegeti by inclusion of highly porous systems, by us@n of
swellable agents or agents which generatest@€€reate and maintain buoyancy [2].
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Repaglinide, S(+)2-ethoxy-4(2((3-methyl-1-(2-(1-@iinyl) phenyl)butyl) amino)-2-oxoethyl) benzoicid, is a
potent second generation oral hypoglycemic agenelyiused in treatment of non-insulin dependenbetia
mellitus. It is a fast and short-acting meglitinidealog was chosen as the drug candidate becaussryoshort
biological half-life of 1hour, low bioavailability50%) and poor absorption in the upper intestirett hence it is
indicated for the development of a dosage form witlieased gastric residence time [3]. The objecti’present
work was to formulate prolonged-release floatingcrogpheres of Repaglinide and to evaluate the pedpa
formulation for various parameters to optimize fivenula.

EXPERIMENTAL SECTION

Materials

Repaglinide was provided as a gift sample from @mtriPharmaceuticals, Eudragit S 100 and Eudrag®Q were
purchased from Evonik Degussa Ltd., Mumbai, Dicoethane was purchased from SD fine chemicals,tiadiro
excipients are of analytical grade.

Drug—excipient compatibility study by FT-IR spectrascopy[4]

Repaglinide and different grades of Eudragits vergiected to compatibility studies. The drug antymper were
mixed physically in 1:1 ratio and FT-IR spectra aecorded on a Bruker spectrophotometer (Model-220
Germany) in the range of 4000-400tm

Preparation of Hollow Microspheres

Hollow microspheres were prepared by the emulsiffusion method established by Kawashietaal., [5] as per
the composition given in Table 1. Weighed amounRepaglinide was mixed with polymers (Eudragit ® BOL
100) in different ratios (1:1, 1:2 and 1:3) in axtare of Dichloromethane and Ethanol (1:1) at raemperature.
Glycerol monostearate was used as emulsifying agdm drug-polymer solution thus prepared was thewmred
into an aqueous solution of Polyvinyl Alcohol (0%5w~/v, 200 ml) maintained at constant temperatuird0sC,
forming an oil-in-water (o/w) type emulsion. Thesutant emulsion was stirred, employing a propeijpe agitator
at 300 rpm. The finely dispersed droplets of thi/mper solution of drug were solidified in the aquemhase via
diffusion of the solvent. After agitating the systdor 1 h, the resulting polymeric particulate gyss were sieved
between 500 and 1000 um (between Sieve No. 35 &pdardd dried overnight at 40 to produce hollow
microspheres.

Table 1: Composition of hollow microsphere

Batch codes

Ingredients ST sz s3 L1 12 (3
Repaglinide (mg) 10 10 10 10 10 10
Eudragit S 100 (mg) 10 20 30 - - -
Eudragit L 100 (mg) - - - 10 20 30
Glycerol monostearate (ml) 5 5 5 5 5 5
DCM: Ethanol mixture (1:1) (ml) 15-20 15-20 15-20 5-20 15-20 15-20
PVA (0.75% wi/v) 200 200 200 200 200 200

Evaluation of prepared hollow microspheres

Surface morphology[6, 7]

Hollow microspheres were observed using a scanelieciron microphotograph (SEM). The samples wegaterb
with gold and scanned randomly and photomicrograpre taken with a scanning electron microscope.

Particle size [8]

Particle size analysis of drug-loaded microsphesas performed by optical microscopy using a compoun
microscope (Erma, Tokyo, Japan). A small amourdrgfmicrospheres was suspended in n-hexane (10 Tile).
suspension was ultra-sonicated for 5 seconds. Al sl of suspension thus obtained was placed dean glass
slide. The slide containing microspheres was malimte the stage of the microscope and 300 particiee
measured using a calibrated ocular micrometer.aMeeage particle size was determined by using thedadson's
equation [ean = TndEn, where n= number of microspheres observed anthelan size range. The process was
repeated 3 times for each batch prepared.
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In-vitro Buoyancy [9, 10]

300 milligrams of the microspheres were placedf &l of Simulated Gastric Fluid (SGF) IP. The & was
stirred at 100 rpm in a dissolution apparatus fér. &fter 8 h, the layer of buoyant microspheres \gpetted and
separated by filtration. Particles in the sinkiragtizulate layer were separated by filtration. RE$ of both types
were dried in desiccators until constant weightthBibe fractions of microspheres were weighed arayancy was
determined by the weight ratio of floating part&te the sum of floating and sinking particles.

% Buoyancy = [W/ W; + W)] x 100

Where W and W are the weights of the floating and settled mipheses respectively and all the determinations
were made in triplicate.

Drug loading and Drug entrapment efficiency [11]

50 mg of dried microspheres containing repaglinicere dissolved in 10 ml of Simulated Gastric FI{®IGF)
followed by sonication for 30 minutes to dissolfe fpolymer and to extract the drug. The dissolved) g@dmount
was measured spectrophotometrically with a UV dete@JV-160A, Shimadzu, Japan) at 243 nm. Drug ennhof
microspheres was calculated according to follovdggations:

Weight d 7 i h
% Drug loading = —c gl of drug in microspheres o 4

Weight of microspheres recovered

o Actual amount of Drug in Microspheres
U Drug entrapment ef ficiency = X100

Theoretical amount of Drug in Microspheres

In-vitro drug release [12, 13]

The in-vitro release rate of repaglinide of from microspheress wetermined in a USP XXIII paddle type
dissolution apparatus (Labindia dissolution tegiaaptus USP). A weighed amount of microspheresvatgrit to
100 mg of drug was filled into a hard gelatin cdps{#3) and placed in the dissolution apparatu€ 80 of
Simulated Gastric Fluid (SGF) was used as dissolutiedium. The dissolution medium was maintaine8i7at 1
°C at a rotation speed of 100 rpm. Perfect sinlditmms prevailed during the drug release study melliliter (10
ml) samples were withdrawn at each 1 h interval filiered. The initial volume of the dissolution diam was
maintained by replacing 10 ml of fresh dissolutinadium after each withdrawal. Samples were analyséaty UV
spectrophotometer (Shimadzu UV-1800, Japan) anpdagainst appropriate blank.

Release kinetics [14-16]

In order to understand the kinetics and mechanisdnug release, the dissolution data of the opthiformulation
was fitted with various kinetic equations like zesader (cumulative% release vs. time),first ordeg% drug
remaining vs. time), Higuchi’'s model (cumulative%ug release vs. square root of time), Peppas pbgt ¢f
cumulative% drug release vs. log time). Moreovet,(®efficient of correlation) values were calcuthtier the
linear curve obtained by regression analysis oftheve plots [17].

The equations of different release kinetics arfobiews:

Zero order equation: Q =QKot;
First order equation: INQ = InQ Kut;
Higuchi equation: Q=K%
Korsmeyer-Peppas equation: Q"

In the equations, Kto Kowere release rate constants, @i@s fraction of drug released at time t, K wasstant
and n was diffusion constant that indicates germratating release mechanism [18].

It is known that the Peppas model is widely usedatafirm whether the release mechanism is Fickiféfogion and
non-Fickian diffusion. The ‘n’ (release exponentkafrsmeyer-Peppas model) value could be used tmactaize
different release mechanistsThe interpretation of n values was done in thieféng manner:

n<0.5 (0.45) - quasi-Fickian Diffusion

n=0.5 (0.45) - Diffusion mechanism

0.5<n<1 - Anomalous (non-Fickian) Diffusion - batiffusion and relaxation (erosion)
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n=1 (0.89) - Case 2 transport (zero order release)
n>1 (0.89) - Super Case 2 transport (relaxation)

RESULTS AND DISCUSSION

Drug-excipient compatibility study

FT-IR spectra of repaglide is shown in (Fig 1) #@mel following characteristics peaks were obtaine8387.18 crit
assigned to N-H stretching vibration, 1685.60"canrresponding to the carbonyl group, 2937.57* dor -CH
stretching, 1603ciffor C=C and 1447 cithfor CH deformation. The above characteristics pefaksare also

retained in the physical mixture of the drug andigients used in the formulation (Fig 2) indicatithg absence of
interaction.
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Fig 1: FT-IR spectra of Repaglinide
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Fig 2: FT-IR spectra of 1:1 physical mixture of Repglinide and excipients used in the formulations

Surface morphology
Surface morphology of the hollow microspheres wear@ned by scanning electron microscopy. The saréddhe
prepared hollow microsphere was found to be rougth porous, presumably because of rapid evaporatfon
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volatile solvent from the polymeric matrix. The eaf micro balloons were found to be hollow, therefthey will
float over the gastric content. The SEM imagesaofiulations were shown in Fig 3.

EHT= 5,00 kv e Signal A = InLens. E
WE = 88 mm Mogs 1163 KX Teme 16:08:33 WE = 6.6 mm Mag= 1163KX Time 160833

Signal A = InLens = Signal A = InLens. Date 8 May 2013
— WE = 8.8 mm Meg= 1169KX Tiene 16:08:33 — WO= 68mm Mag= 1189KX Tina :46:08:33

Fig 3: Scanning electron photomicrographs of prepagd hollow microspheres
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Fig 4: Comparison of Mean Particle size of hollow erospheres of different formulations
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Particle size

Results of particle size analysis are shown indrighe average particle size was found to be indhge of 192.2 +
12.2 to 321.8 = 848n. The mean particle size was significantly vam@edording to concentration of polymer used
for the preparation of microspheres. The particte ®f the hollow microspheres produced with Eudr&g100
(Formulation S1, S2, and S3) as polymer is smallér respect to use of polymer Eudragit L 100 (Falation L1,

L2 and L3) in the formulations.

Entrapment efficiency and drug loading

The results of entrapment efficiency and drug Ingdire shown in Table 2 and Fig 5. The higher pgroédrug
loading and entrapment efficiency was obtainechi formulations varies from 53.85 + 0.45 to 67.80.%6 and
79.32 £ 1.02 to 86.44 + 1.14 respectively. FormafaL3 has shown the highest percentage of druditgga most
probably because it large particle size. On therottand, formulation S1 showed the least percentdgiugs
loading, as it was having the smallest particle,sizhich means it, was having the largest overdiVa surface area
and therefore maximum drug loss from the surfagenduwvashing of microspheres [20].

Table 2: Entrapment efficiency and drug loading ofall formulations

Batch No % yield* Mean Particle Size £ SD* Drug entrapment efficiency Drug loading

(um) + SD*(%) + SD*(%)
S1 90 .05+ 0.30 1922+122 79.32+ 1.02 53.855 0.4
S2 87.1+28 2305+ 15.4 84.01+ 0.98 60.21% 0.89
sz 92.34+ 2¢ 2786 7.5 86.44+ 1.1¢ 64.85 0.8¢
L1 91.09 + 0.87 212.2+10.3 67.98+ 1.21 55.34+ 1.7
L2 92.66 +0.22 284.1+14.1 7751+ 1.01 61.76% 0.99
L3 90.10 + 34 321.8+8.3 79.5411.6 67.80+ 0.56

*SD= Standard deviation (n= 3)
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Fig 5: Comparative diagram of prepared formulationswith respect to mean patrticle size, % drug entraprant, and % drug loading

Buoyancy

The in vitro buoyancy of the formulations was tdsie Simulated Gastric Fluid (SGF), the percentageyancy
was calculated and shown in Table 3 and Figurehé. dntire formulations batch showed more than 90&y&ncy
at initial 1 h, as the time was progressed thegrgage buoyancy was decreased to a minimum buoysnks.1 +
2.3 % in formulation F3 and maximum buoyancy ofl302.3 with that of formulation S3 after 10 h. ¢hihis result
suggest that the grade of eudragits polymers hagymficant role in the buoyancy of the preparedidvo
microspheres.
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Table 3: Results of buoyancy test of prepared bates

Percentage buoyancy of prepared batches (%) + SD*

Time (Hrs.)

S1 s2 S3 1 2 3
0 100 100 100 100 100 100
1 941412 964412 92522 96.4%+2C 921+21 91417
2 88:21 89204 84.4:12 895+18 852+1823822
3 81413 80313 756:17 824+33 722+1766%3.0
4 76406 75521 67.21.6 78.6£27 67.3:2.1 68526
5 69.5+1.4 68821 60.3t18 71.9+32 627+1856+28
6 58.741.3 615:1.6 53.4:14 64727 514+2009+2.7
7 494420 554108 48613 57.7+2€ 426+1E 337423
8 40.9+17 447+13 31.8+13 484428 30.7+227.7+19
9 31.1£1.2 34622 246:07 352+22 242+1808%2.1
10 23t12  246+1.7 175:11 30123 161%1731%23
*SD= Standard deviation (n= 3)
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Fig 6: Percent buoyancy of prepared hollow microspéres

In-vitro drug release

Thein-vitro drug release of all formulations was shown in €abknd Figure 7. The S1, formulation showed 98.8%
at 6h, S2 and S3 formulations showed 99.2%, 73.Bélsuy release at 9h respectively where as theokrhdilation
99.7% at 7h, L2 and L3 formulations showed 90.2% &8.8% at 9h respectively. From the data, S2 \ealy
showing the best release profile after 9 hrs. Natnelease of drug was observed in any of the ditations, which
suggest that Repaglinide molecules were entrapped tbe hollow cavity of the microspheres. Withriggse in
polymer concentration in the formulation the petage drug release was decreased. The concentodtimsiymer
increased the density of polymer matrix, which hesliin increase of diffusion path length; this desed the
overall release of drug from polymer matrix. Anath@obable reason is, drug release form microsplere
significantly affected by the size of microspherbgrease in polymer concentration leads to in&eassize of
microspheres thus drug release from microsphendadndow drug to polymer ratio found to significntiecrease.
This result was in agreement with the earlier gisigierformed by Degt al.,2011 [21] Analyzing the data obtained
from all the evaluator tests, formulation S2 wamlfiy selected as optimized formulation, henceaswhosen for
further release kinetic studies for better undeditey of kinetics and mechanism of drug releasenfrihe
formulation.
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Table 4: In-vitro drug release from the prepared formulations

% Cumulative Drug Release from formulations (%)

TIME (h)

S1 S2 S3 L1 L2 L3
0 0 0 0 0 0 0
0.t 28.2 19.t 8.¢ 8.2 6.€ 4.€
1 40.2 255 114 13.2 11.1 8.8
15 56.4 34.2 18.5 215 221 16.4
2 60.4 43.¢ 24.% 32.4 30.1 24.t
3 68.8 55.6 314 44.3 41.7 32.7
4 75.9 63.1 40.6 64.7 49.0 38.2
5 89.1 71.1 48.7 75.¢ 57.¢ 45.2
6 98.8 77 54.8 87.5 66.7 51.8
7 86.7 64.6 99.7 75.5 60.3
8 95.9 70.3 86.3 64.9
9 99.2 73.8 90.2 68.8
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Fig 7. Comparison of in-vitro drug release from prgpared formulations

The data obtained for the in vitro release of th&naized formulation (S2) were fitted into equatofor the zero
order, first order, and Higuchi release models. Trterpretation of data was based on the value ofsalting
regression coefficient. The results are shown fieele 5 and Fig 8-11. Thim-vitro drug release showed the
highest regression coefficient values for Higuchi®mdel (r2=0.9937) followed by Zero-order (r2=0.851
indicating the release of drug from matrix as aasgquoot of time dependent process and n valueoofrideyer-
Peppas model was 0.933 confirmed non-Fickian ddfusnechanism.

Table 5: correlation coefficient and kinetic equatdn for different models of the optimized batch (S2)

Models Coefficient of correlation ¢?) Equation

Zero-order 0.9518 y=10.127x + 16.302

First order 0.8419 y =-0.1841x + 2.1396
Higuchi’'s model 0.9937 y =34.297x - 4.7338
Korsmeyer-Peppas model 0.4914 y =0.933x + 1.1668
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Zero-oder equation
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Fig 8: Zero-order Release kinetics for formulationS2

First-order equation
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Fig 9: First-order Release kinetics for formulationS2

Higuchi Equation
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Fig 10: Higuchi Model Release kinetics for formulaibn S2
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Korsmeyer Peppas equation

2.5
2
3
© 2
=Ts]
=
- 1.5
g
= y=0.933x+ 1.1668
= 1 R? =0.4914
E
=
(=]
= 0.5
=T
o

0
0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
log time

Fig 11: Korsmeyer Peppas Model Release kinetics féormulation S2
CONCLUSION

The floating hollow microsphere of Repaglinide veascessfully prepared by emulsion diffusion methidee FT-
IR studies showed compatibility of drug with thecgxents used in the formulations. The particleesiof the
microspheres were ranges betweenl192.2 + 12.2 t@ 328.3um. The developed microspheres showed goed
vitro buoyancy, high entrapment efficiency and drug ilegavith sustained release of drug for 9h. The rae@dm
of drug release followed Higuchi kinetic model witbn-Fickian diffusion, the SEM studies showed sthaurface
and shape of the hollow microspheres. The develdpeshulation of Repaglinide in the form of floating
microsphere has a great potential for therapy aibeties type-Il in future.
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