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ABSTARCT

The aim of present research work was to developxaiiim trihydratemucoadhesive microcapsules twlpng
residence time of dosage form in stomach and taemehcontrolled drug release for more effective gylori
eradication. Microcapsules containing sodium algeand mucoadhesive polymer (carbopol 934 P, HydRnopy!
Methyl Cellulose (HPMC), Sodium Carboxy Methyl Glelse (SCMC), and Methyl Cellulose (MC))were pregar
by orifice ionic gelation method and evaluatedrfmorphology, particle size analysis, percentagedyidtug content,
drug entrapment efficiency, swelling ratio, mucoesitie properties and in vitro drug release. Prepmare
microcapsules were spherical, free flowing and leitbd good mucoadhesive property. Average parsite for
microcapsules was in the range of 300 to %80 and encapsulation efficiency was in the rangebf69%.
Formulations containing alginate-carbopol 934P dwowed more mucoadhesion, swelling and drug entrapme
efficiency than alginate-HPMC, alginate-SCMC andiahte-MC. As per pictures of scanning electronroscopy,
optimized batch F9 (containing one part of carbopal nine parts of alginate) proved that microcdpsuwere
spherical having size range of 500-550pum and umifprcovered with the coat polymer. The optimisattip
showed zero order drug release up to 10 - 12 h lvkiggested that the optimised mucoadhesive missodes are
promising for controlled drug delivery of amoxitiltrihydrate for effective treatment.
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INTRODUCTION

Microcapsule as a part of carrier system accepted am approach for controlled release and drug
targeting[1].Controlled release drug delivery systeare designed for controlling the rate of drulivdey, sustaining
the duration of therapeutic activity and/or tanggtthe delivery of the drug to a specific tissu8f#jen compared
with single unit sustained release tablets, multiwontrolled release dosage forms like microcagsuhnd
microspheres release drugs more uniformly and pted@se dumping[3].

Helicobacter pylori have become recognized as amggstric pathogen with worldwide distributidth. pylori are a
spiral-shaped bacterium found in the stomach, wiigbng with acid secretion) damages stomach amdiehal
tissue, causing inflammation and peptic ulcers[4&inoxicillin (a-amino-hydroxybenzylpenicillin) i@ semi-
synthetic, orally absorbed, board-spectrum aniibiehich is widely used in the standard eradicati@atment of
gastric and duodenal ulcers, which are associatédHv pylori infection combined with a second antibiotics and an
acid-suppressing agent. However, some reports #nitat trials indicate that the therapies cannoing out
compete eradication dfl. pylori and suggest that the therapeutic effect needs muestigation [6]. One of the
reasons for failure of complete eradicationHf pylori with conventional dosage forms of amoxicillin indes
shorted residence time in the stomach [7,8].

Yellanki et al prepared microsphere of amoxicitliinydrates by emulsification/ evaoparation metlusthg organic
solvent.[3].Microsphere is a homogeneous struataele of a continuous phase of one or more mispiblgmers
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in which particulate drug is dispersed throughdugt matrix, at either the macroscopic (particulat#sinolecular
(dissolution) level. Microcapsule is a reservoipdysystem with regular or irregular shapes thattaios a
welldefined core and envelope. The core can belslidjuid, or gas and the envelope are made ofrdiragous,
porous or nonporous, polymeric phase created byoomgore polymers[9].Microcapsules are very smedptets or
particles of liquid or solid material, coated wahcontinuous film of polymeric material. Howevedretsuccess of
these microcapsules is limited owing to their shiegidence time at the site of absorption. It wotihérefore, be
advantageous to have means for providing dmdte contact of the drug delivery system vtite absorbing
membranes. This can be achieved by coupling bicdoimecharacteristics to microcapsules and devedppin
bioadhesive microcapsules[10]. Bioadhesive micreokgs shows efficient absorption and enhanced hitzdoility
of the drugs due to a high surface to volume ratioch more intimate contact with the mucus layet specific
targeting of drugs to the absorption site[11].

In the present study, mucoadhesive microcapsulesnoicillin trihydrate were prepared to prolongidence time
of the formulation in stomach and to achieve cdlgdodrug release for more effective treatmentHof pylori
eradication.

MATERIALS AND METHODS

Amoxicillin trihydratewas procured as a gift samfifem Tuton Pharmaceuticals, (Ahmedabad, Indiapdi@n
alginate, potassiumdihydrogen phosphate and calchloride were purchased from S.D. Fine chem. Mdrtbai,
India). Carbopol, HPMC E 50LV, sodium carboxymett®lulose and methyl cellulose were purchased fGorel
Pharma Chem (Ahmadabad, India), Yerrow chem. Pd{Mumbai, India), Chemport private limited ( Munipa
India) and Suvidhinath laboratories(Baroda, Indie¥pectively. All other chemicals used were ofigial grade.

2.1 Identification of drug

The identification of amoxicillin trihnydrate was reied out using Fourier transform Infrared speatopy (FTIR).
Samples were prepared in KBr disks by means ofdadsyatic press. FTIR spectrum was recordedin dhge of
3500 to 500 crt using a Shimadzu FTIR spectrometer and comparéutiné reference spectrum of amoxicillin
trihydrate present in Indian Pharmacopoeia 2007.

2.2Preparation of amoxicillin trihydratemucoadhesivemicrocapsules

Microcapsules of amoxicillin trihydrate were pregérby an orifice- ion gelation method. Compossioof
amoxicillin trihydratemucoadhesive microcapsules arentioned in table 1. Sodium alginate and muuesite
polymer (carbopol 934 P / Hydroxy Propyl Methyl Dse (HPMC)/ Sodium Carboxy Methyl Cellulose (SCM
Methyl Cellulose (MC)) were dissolved in15 ml pigd water to form a homogeneous polymer solutianoicillin
trihydratewas dissolved in 5 ml purified water audtied to the polymer solution. The resulting mitutas mixed
thoroughly to form a smooth viscous dispersion s added dropwise into 40 ml calcium chloride (19%6)
solution through a syringe with a needle of no 2Z8e added droplets were retained in the calciuloricke solution
for 15 minutes for completing the curing reactionproduce microcapsules. The microcapsules wetectetl by
decantation; washed repeatedly with water and drietSC for 12 h. The prepared microcapsules were stiored
desiccator for further studies.

Table 1: Compositions of amoxicillin trinydratemucacadhesive microcapsules

B Amoxicillin trihydrate Sodium alginate | Carbopol 934P | HPMC | SCMC | MC
atch no.
(mg) (mg) (mg) (mg) (mg) | (mg)
F1 100 300 100 - - -
F2 100 300 - 100 -
F3 100 300 - - 100 -
F4 100 300 - - - 100
F5 100 700 100 - - -
F6 100 700 - 100 -
F7 100 700 - - 100 -
F8 100 700 - - - 100
F9 100 900 100 - - -
F10 100 900 - 100 -
F11 100 900 - - 100 -
F12 100 900 - - - 100
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2.3 Evaluations of amoxicillin trihydratemucoadhesie microcapsules

The prepared amoxicillin trihydratemucoadhesiverotgapsules were evaluated for morphology, parscte and
shape, yield, drug content, microencapsulationciefficy, swelling ratio, mucoadhesive propertiis vitrodrug
release.

1.3.1.Particle size and shape of microcapsules
The particle size and shape of 100 microcapsusssamnalyzed by an optical microscopy.

1.3.2.Flow propertyof microcapsules
Flow property of microcapsules was indicated bylargf repose which was estimated using fixed hefghhel
method.

1.3.3.Yields of production

The yields of production of microcapsules of vasidiatches were calculated using the weight of finatiuct after
drying with respect to the initial total weight ¢ie drug and polymer used for preparation of miapsales.
Percentage yield was calculated as per equation 1.

Practical mass (microcapsules

% Yield =

Theoretical mass (drug + polymers)

1.3.4.Swelling study

50 mg of microcapsules were placed in a glassoaataining 10 ml of distilled water at 37+0.5°Can incubator
with occasional shaking. The microcapsules wer@gigally removed, blotted with filter paper, arfteir changes
in weights were measured during the swelling wegililibrium was attained. Weight of the swollen raapsules
was recorded after a period of 3 h and swellinig nabs calculated using equation 2.

swellingratio = =% x 100 2
wellingratio = Wo 2)

Whereas, W= Equilibrium weight of microcapsules after swajliand Wo = Initial weight of microcapsules

1.3.5.Microencapsulation efficiency

Microcapsules equivalent to 100 mg drug were crdshenortar and pestle; added to 100 ml 0.1 N H@lsimaken
for 1 hr at 3720.%C in sonicator. The samples were filtered to ebtaiclear solution and analysed for the drug
content using UV spectrophotometer (UV-1800shimadr@72 nm.

Percentage encapsulation efficiency was calculasedy equation 3.

Calculated % drug content

% encapsulation efficiency = Theoretical % drug contentX 100 3)

1.3.61n vitro mucoadhesion study

The mucoadhesive property of microcapsules wasuated by arin vitro adhesion testing method known as wash
off method. A 2 cm wide and 2 cm long (2x2) pie€eat intestinal mucosa was tied onto a glass g&dm. long
and 1 in. wide) using thread. About 50 microcapsulere spread onto wet tissue specimen and allbovhgdrate
for 30 s. The prepared slide was hung onto onéeigtooves of a USP 24 tablet disintegrating tppaeatus and
given regular up and down movements in the teaddh37 °C. 0.1N HCI and pH 7.4 phosphate buffes wsed as
the test fluid to check mucoadhesion of microcagsih acidic as well as alkaline pH. At the endeath 1 hr
interval up to 8 hr, the apparatus was stoppechantber of microcapsules still adhering to the #&saas counted.

1.3.7In- vitro drug release studies

In vitro drug release studies of microcapsules were caougdising USP XXIII Eight-station dissolution ratest
apparatus Type-Il with a paddle stirrer (TDT-06Tedfro Lab) at 100 rpm. Microcapsules containi® Ing of
drug were placed in the vessel containing 900 rhl M.HCI maintained at 37+(6. 10 ml of samples were
withdrawn at regular interval of 1 h up to 12 h ameglaced with fresh medium maintain at same teatpegs.
Samples were filtered through 0.45 micrometer Wiaatriilter paper and absorbance of the filtrates magsured
after suitable dilution using UV visible double beapectrophotometer (UV -1800, Shimadzu) at theelemgth of
272 nm. The cumulative percentage drug releasecalaslated and plotted as a function of time. Dreigase from
microcapsule of optimized batch was also studiguHrv.4 phosphate buffer.
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Kinetics modelling of drug dissolution profiles
The dissolution profile of all the batches wasefittto Zero order (equation 4), First order (equefd Higuchi
(equation 6) and Korsmeyer-Peppas (equation 7) htodescertain mechanism of drug release.

Zero order release model:
m=Kk*t “

Where, k is zero-order constant, m is the % drugleased and t is the time. The plot of % drugasde versus
time is the linear.

First order release model:

m = ea * e-bt 5]
Where a is the intercept and b is the slop. It mesuthat the drug molecules, diffuses out througieldike layer
formed around the drug during the dissolution psscé plot of log % drug release versus time idlithear.

Higuchi Model:

m = 100 — q * square root of time (6]

Where ¢ is the Higuchi constant(% per square rdotinoe), in Higuchi model, a plot of % drug unreies
(released) versus square root of time is linear.

Korsmeyer Peppas Model:
Mt/Moo = kt" Iy

Where, Mt/Mo is the fraction of drug released at time t, k kKirgetic constant and n is the release exponent that
characterizes the mechanism of drug release. §.45 indicates drug release mechanism by Ficki#asibn, and
if 0.45 <1 <0.89, then it is non Fickian or anomalous diffusio

1.3.8.Scanning electron microscopy (SEM) study of isrocapsules

Particle size, shape and surface morphology of coagsules of optimized batch were examined by sagnn
electron microscopy (SEM) study (Eacn edex-xl-3i@afl). Microcapsules were mounted onto the sarsplb
using double sided sticking carbon tape and coatdplatinum film. Scanning Electron photographsrevtaken at
an accelerating voltage of 30 kV, chamber pressfife8 mm Hg.

1.3.9.Stability studies

Amoxicillin trihydrate mucoadhesive microcapsulesre weighed; wrapped in abutter paper and subjexttédo
different temperature conditions, at room temp £28°C) and at elevated temperature (45°€)2 for 3 months.
Stored microcapsules were analyzed for physicatigbssuch as colour, texture, mucoadhesion, driugpenent and
in-vitro drug release at interval of 1 month up to 3 manths

RESULTS AND DISCUSSION

3.1. Identification of drug

All principle peaks were presemt the IR spectra of drug wheomparedvith the reference spectrum of amoxicillin
trihydrate given in Indian Pharmacopoeia 2007(Fégl). Peaks at wave number 1773.39, 1685.62, 1575.42 and
1518.53 crit indicated vibrations of-lactam, Amide C=0 stretching, COO- asymmetrietshing and aromatic
ring, respectively.
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Figure 1:FTIR Spectrum of amoxicillin trihydrate

3.2. Patrticle size and shape of microcapsules

The drug loaded microcapsules of batch F1-F12 weflwish white in appearance. They were found & b
discrete, large and spheric8larticle size of microcapsules was in the rang80df to 55Qm (Table 2). Sodium
alginate had a great influence on size and shapei@bcapsules. Particle size of microcapsule imaseased as
increased in alginate concentration might be duentwe viscous nature of polymer solution. Microedes
containing higher amount of alginate (Batch F9-F&#&re more spherical and regular as compared toaha
microcapsules having lower percent of alginate ¢Bdt1-F4). Although, it was observed that as irgireathe
concentration of sodium alginate beyond 900 mg peed non—spherical microcapsules.

Table 2: Results of particle size, % yield and engeulation efficiency of microcapsules

Batch no, | Particle size (um) | % yield % Entrapment efficiency
F1 300-340 95.12 56.82
F2 305-345 99.03 51.87
F3 305-340 98.63 53.79
F4 307-345 81.75 54.68
F5 400-445 93.70 62.48
F6 405-450 99.80 57.92
F7 404-445 95.10 58.28
F8 405-445 98.30 60.13
F9 500-550 99.13 69.76
F10 505-545 91.73 61.45
F11 505-540 96.55 63.43
F12 504-550 96.19 67.82

3.3. Flow property
Angle of repose of prepared microcapsules of eatthbwvas less than 20 which indicated excellent f\ooperty.
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3.4. Percentage yield

The production yields of prepared formulations wiaréhe range of 81.75 to 99.13% (table 2). Maximyieid was
observed for batch F9 having alginate-carbopol B34hereas, minimum yield was observed for batchh&ng
alginate-methyl cellulose.

3.5. Swelling study

Swelling of microcapsules increased with time whaduld explained by the weight gain of microcapsulehe
graph of swelling index v/s time is shown in fig@eMaximum swelling of microcapsules was obsemétin 8 h,
after which polymer started eroding slowly. The Hiwg index showed that formulation containing héghratio of
alginate having maximum swelling index. The micqmmaes of A9 batch containing carbopol 934 P showed
maximum swelling property as compared to HPMC, SCNMZ because Carbopol 934 P has viscosity more
compared to HPMC, SCMC, and MC resulting in lowdbng forces between the molecules. Linearity inlBmg
index indicated the sustained release of drug.

45 - mal
4 - WAz
3.5 HA3
L3 m A4
5 Y
£ 25 4
5 5 WA
E _ mAT7
w15 A
HAE
l -
AQ
0.5 A
mal0
|:| -
mall
1 2 4 & a
al12
Time{hr)

Figure 2: Swelling Index of microcapsules (Batch FE12)

3.6 Microencapsulation efficiency

The entrapment efficiency of microcapsules of bakdh to F12 was in the range of 51 to 69% (Table 2).
Encapsulation efficiency of the microcapsules wapethdent mainly on the concentration of sodiumnalgi. As
concentration of sodium alginate increased, theapsdation efficiency of the microcapsules incréase
Microencapsulation efficiency for sodium alginateraopol 934P was found higher compared to sodilgimate—
HPMC/ SCMC/MC.Batch F9 having maximum concentratafnalginate and carbopol 934 P showed maximum
microencapsulation efficiency.

3.7. Invitr omucoadhesion study

Percentage of microcapsules adhering to mucosaliNtHCI| and phosphate buffer till 8 h is showrtable 3 and

4, respectively. No significant differences wereaited (p>0.05) in percentage mucoadhesion in OHQ\ and
phosphate buffer at 1, 2, 4, 6 and 8 h. The nullvesion study showed that formulations containiigipér ratio of
alginate showed higher mucoadhesion (Batch F9-Eaf&)pared to that of microcapsules having lower grarof
alginate (Batch F1-F4). Formulations containingiredte-carbopol 934P as showed more mucoadhesian tha
alginate-HPMC/SCMC/MC. The greater mucoadhesivegnty of alginate- carbopol 934P is due tothe presef a
certain amount of unionized carboxyl groups presétitin carbopol934P which forms a strong gel netwweith the
mucus glycoprotein network of the intestinal mucosa
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Table 3:Results ofl n-vitro wash off test of microcapsules in 0.1 N HCI

Batch no Percent of microcapsules adhering to mucosa at défent time
) 1h 2h 4 h 6 h 8h
F2 70 58 34 22 -
F4 74 66 48 32 N
F5 94 84 64 44 18
F6 78 52 42 28 N
F7 84 70 54 48 16
F10 80 63 a1 38 2
F11 90 78 62 50 19
F12 84 64 42 48 16

Table 4:Results ofl n-vitro wash off test of microcapsules in pH 7.4 phosphatriffer

Batch no Percent of microcapsules adhering at different time (hr)
lh 2h 4h 6h 8h
F1 86 74 48 34 (1) 6
F2 64 50 26 20 (1) -
F3 76 70 40 38 (6.33) 4
F4 70 62 44 30 (4) -
F5 88 78 54 42 (1) 12
F6 70 54 32 24 (1) -
F7 78 76 50 44 (2.33) 9
F8 76 66 44 36 (1) 7
F9 90 84 56 48 (1) 14
F10 78 56 36 32 8
F11 84 74 52 46 12
F12 80 56 36 42 10
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Figure 3:Cumulative % drug release of microcapsulesontain alginate-carbopol 934 P
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All polymers (SCMC< MC< HPMC<Carbopol) were retadddrug release up to 10 hrs (Figure 3, 4, 5 andTéie
order of increasing drug release rate observed vdtious microcapsules was alginate-SCMC < MC <Gpolx
HPMC. The difference in the drug release charastiesi of various microcapsules was due to the miiffee in
solubility of coat material (Carbopol 934-P, SCM@C, HPMC) in dissolution medium. Optimized batch, F
containing one part of carbopol and nine partsigihate, showed slow and extended release up to 1@ h. This
may be due to the hydrogel structure of calciumnalg (which encapsulated the drug in its netwahyl the
swelling of carbopol 934P.Batch F9 was consideredraoptimised batch based on results of percerytiatgh in
vitro mucoadhesion, microencapsulation efficiency, swgliandin vitro drug release. Results lof-vitrodrug release
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study of the batch F9 in 0.1 N HCI and phosphaféebpH-7.4 were subjected to one way ANOVA (Tab)e The
compositions of dissolution medium showed no sigaift effect on release rate of drug as calcul&tedlue was
less than tabulated F value. Although, drug releakéatch F9 in 0.1 N HCI was fast as compared to
pH7.4phosphate buffer (Figure 7).
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Figure 4: Cumulative % drug release of microcapsuls contain alginate-HPMC
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Figure 5: Cumulative % drug release of microcapsule contain alginate-SCMC

Table 5: Results of ANOVA test for comparison of n-vitro drug release of Batch A9 in 0.1 N HCI and pH 7.4ptsphate buffer

- F F
Source of Variation | Sum of Squares| Degree of freedo | Mean of Squares calculated P-value tabulated
Between Group 66.6125 1 6.6125 0.099487  0.756(133413873
Within Groups 12058.13 18 669.8963 - - -
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Kinetic model study
Plots of cumulative percent drug release versus tivare found to be linear with all the microcapsuteicating
that the drug release from these microcapsulesfotsved zero order kinetics. The regression caeaht (F)
values of different model study and the values oiffskheyer- Peppas co-efficient (n) of all formulat@re shown in
Table 6. In case of batch F9, regression co-effici@lue of zero order model showed more lineardynpare to
first order, Higuchi, Hixson Crowell and Korsmeyeeppas model. n value of Krosmeyer-peppas modefouas!
to be 0.879 which indicated drug release by noRi&icor anomalous diffusion. There is no significdifference of
release profile of optimized batch at 0.1 N Hcl &l pH(figure 7).

100
80 4
80 -
70
60
50 4
40 4
30 4
20 4
10 1

Cumulative % drug release

0

Sodium alginate . Carbopol 234F

e

o

—— 41
== A5
AQ

4 & B 10 12
Time (hrs)

Figure 6: Cumulative % drug release of microcapsule contain alginate-MC
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Figure 7: Cumulative % drug release of Batch A9 ir0.1 N HCl and pH 7.4 phosphate buffer

Scanning electron microscopy (SEM) study of optimed microcapsules
SEM image of optimised batch F9 indicated thatrttierocapsules were spherical having size ranged0f50um
and uniformly covered with the coat polymer (Figdre
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Table 6: Results of kinetic model study of microcagules

Batch no Regression coefficient () Release Exponent
Zero order | Firstorder | Higuchi | Hixoncrowell | K-peppas n
F1 0.9947 0.959 0.9627 0.9504 0.982 0.636
F2 0.9974 0.931 0.9814 0.9321 0.992 0.700
F3 0.9975 0.929 0.9825 0.9885 0.995 0.745
F4 0.9907 0.979 0.9445 0.9510 0.968 0.696
F5 0.9936 0.961 0.9602 0.9643 0.975 0.656
F6 0.9959 0.928 0.9775 0.9489 0.988 0.728
F7 0.9973 0.953 0.9661 0.9773 0.989 0.737
F8 0.9721 0.986 0.9106 0.9274 0.952 0.693
F9 0.9976 0.932 0.9684 0.9700 0.993 0.879
F10 0.9929 0.940 0.9637 0.9415 0.99( 0.722
F11 0.9888 0.957 0.9459 0.9496 0.986 0.799
F12 0.9748 0.981 0.9167 0.9365 0.96( 0.728

AccV Spot Magn  Det WD F——— 500 pm
30.0kV 5.0 42x GSE 9.1 0.8 mBar Sample Al

Figure 8: Scanning electron microscopy of optimizethatch

Stability study

No significant changes were observed in appeardegiyre, shape, mucoadhesion, microencapsulaffaieacy
andin vitro drug release of Batch F9 stored at room temperatnd at 45°C/ 75% RH up to 3 months, which proved
stability of optimized batch.
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