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ABSTRACT

The aim of this study was to develop controlleccasé mucoadhesive microspheres of clarithromyaintte
treatment of peptic ulcer disease caused by Hedicty pylori (H. pylori). Clarithromycin mucoadhesi
microspheres were prepared by using carbopol 97d& tdydroxypropyl methyl cellulose K4M (HPMC K4M)dan
Eudragit RS 100. The prepared microspheres wergestdal to evaluation for percentage yield, partisiee,
incorporation efficiency, in vitro mucoadhesion andvitro drug release characteristics. Absencalfg-polymer
interaction was confirmed by using differential soang calorimetry analysis and fourier transformfrared
spectrophotometry. X- Ray diffraction study waedumted to analyze physical nature of entrappedydriihe
stability of the clarithromycin in 0.1N HCI was demined to correct the dissolution data and alse stability of
entrapped clarithromycin was analyzed in 0.1N HQhe prepared microspheres showed a strong mucsadghe
property. The polymer concentration influenced i vitro drug release significantly in 0.1N HQlhe particle
sizes of microspheres ranged between 118.546rB1to 493.23+11.23m. The percentage drug entrapment and
percentage yield of formulations were about 52.6220to 87.9740.83% and 37.53%1.43 to 89.33%1.46%
respectively. In vitro release was conducted inNOHCI using high-performance liquid chromatograpfishe
results further substantiated that mucoadhesiveraafheres of clarithromycin improved the gastriabdlity of
clarithromycin (due to entrapment within the migshsre). The formulation FC6 selected as best faatian based
on release profile, mucoadhesiveness and mucousver rate. From the above results, it was conalutiet the
mucoadhesive microspheres of clarithromycin hasibéi#ty for eradicating H. pylori from the stomaatmore
effectively because of the prolonged gastroimastiesidence time and controlled release of dmegnfthe of the
formulation.

Key words: Clarithromycin, carbopol 974P, controlled releade,pylori, hydroxypropyl methyl cellulose K4M,
microspheres, mucoadhesive

INTRODUCTION

Helicobacter pylori (H. Pylori)infects approximately 50% of the adult populatiordas associated with a wide
range of upper gastrointestinal diseases includastritis, peptic ulcer disease and gastric cafiderThe most
widely recommended treatment in international gliiés for the eradication dfl. pylori is combination of two
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antibiotics (clarithromycin plus amoxicillin or ntehidazole) with a proton pump inhibitor (PPI) frleast 14 days
[2-6]. However, since the microorganism was discedethe eradication rate has fallen considerahbti this
regimen [7]. There could be several reasons fofdihgre antibiotic therapy againkt pylori. One the reason is that
conventional tablets or capsules do not remairhénstomach long. Therefore, antibiotics might ratenenough
time to diffuse in to the mucosa layer whéetePylori resides, and the antibiotic concentrations ingdgtric mucus
cannot reach minimum inhibitory concentrations 9, Stomach specific drug delivery systems can piplthe
residence time of antibiotics in the stomach antdtinaously release the antibiotics in the infecteeh.

The objective of this work was to prepare microspbef clarithromycin by using the mucoadhesiveypars for

H. pylori eradication therapy. To achieve therapeutic needagk form should have mucoadhesive and controlled
release property. In this study carbopol 974P aR¥B K4M were used achieve the mucoadhesive andaitat
release property. Eudragit RS 100 used as matfiymer to disperse mucoadhesive polymer and aldmast
mucoadhesive property [10]. Carbopol 974P is a waekic polymer, it form hydrogen bonding with muici
glycoprotein and this interaction is pH sensitivalthough carbopol has many advantages e.g Goodogeling
ability and mucoadhesive ability, there are feworépon the application of carpopol to the extendsease dosage
forms. This is due to ionic nature and high sevisjtiof carbopol to the pH of the medium [11]. Gefl nature of
carbopol is important for drug release propertye Thaximum swelling of the polymer is at pH 7-7 8. pylori
colonize in stomach where the pH is acidic. Buadidic pH carbopol does not dissociate completesylting in a
less viscous gel, it significantly affect its redegproperty [12]. To optimize the mucoadhesive @mrolled release
property combination of carbopol and HPMC K4M wa®d in this study. Because HPMC K4M is a non ionic
polymer its release property is not affected bygbithe environment [13].

MATERIALS AND METHODS

Materials

Clarithromycin, Eudragit RS 100 and Hydroxypropyétiyl cellulose K4M (HPMC K4M) were collected adtgi
samples from Macleods Pharmaceuticals limited, Maimll other reagents and chemicals used werenafytical
grade.

Preparation of Microspheres

Clarithromycin loaded microspheres were preparedabgolvent evaporation method by using acetonédiqu
paraffin solvent system. Agglomeration of microggsewas prevented by using 0.75% w/v Span80. EudRg)
100 was used to form a matrix of microspheres andoadhesive polymer were chosen to produce muceahis
carbopol 974P and HPMC K4M. Eudragit RS 100 aadttiromycin were dissolved in acetone; carbopd®and
HPMC K4M were dispersed in it (Table 1). The totalume of acetone was 30 ml. This homogeneous final
dispersion was cooled to 5°C and poured slowly wtttring (700 rpm) into 300 ml of liquid parafficontaining
0.75% w/v span 80, which was previously also cotdes°C. The obtained emulsion was stirred at 4@%Cl0 min.
The suspension of microspheres in liquid paraffas\iltered and microspheres were washed by n-teeaad dried

in vacuum at room temperature overnight.

Table 1: Formulation composition of the mucoadhesi microspheres of clarithromycin

Formulation code  Eudragit RS 100(% w/v)  Carbopol 92P(% w/v) HPMC K4M(% w/v)  Clarithromycin (% w/v)

FC1 2 1 1 5
FC2 4 1 1
FC3 6 1 1 5
FC4 8 1 1 5
FC5 6 0.5 1 5
FC6 6 15 1 5
FC7 6 2 1 5
FC8 6 1 0.5 5
FC9 6 1 15 5
FC10 6 1 2 5

Stability study of clarithromycin 0.1 N HCL

It was reported that clarithromycin unstable irdaci0.1N HCI) solutions [14]. Therefore the resubbtained from
the dissolution study will underestimate the amaainthe drug released from microspheres. In orderaiculate
correct amount of the drug release the degradatienconstant and half life were determined byofeihg method.
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Clarithromycin (50 mg; powder) dissolved in 250 mE 0.1 N HCL (pH 1.2) and vibrated in a water bath
maintained at 3T. After clarithromycin was completely dissolvednBof samples were collected at 0, 1, 2, 4, and
8 h and mixed with 1 ml of 0.3M NaOH to preventtfisr degradation. The samples were then filtereautih a
0.45um nylon membrane filter and concentration rdéteed by HPLC as per the method reported earig}. [ The
HPLC (Shimadzu Scientific Instruments, MD, USA), sisting of a UV detector (SPD-10A), a pump (LC-10AD
and an automatic injector (SIL-10A. The wavelengtiihe UV detector was 210 nm and a reversed-pbalsenn
(Luna 5um C8, Phenomenex, USA) was used. The mpbigse flow rate was 1ml/min, and the mobile phase
consisted of aqueous 0.07M potassium dihydrogesgfaie-acetonitrile (65/35).

The main peak area of clarithromycin at 0, 1, 2ard 6 h was measured. The degradation of clanthctn was
assumed to follow first order kinetics. Degradatiate constant and degradation half life were dated by using
following first order equation [15].

C=Ce™
In which C is the concentration of drug remainitidime t, G is the initial concentration of drug of drug, ktie
degradation constant. The half lifgftwas determined from the degradation constant.

Morphological analysis

Surface and cross-sectional morphologies of theddemere observed with a Scanning Electron Microscop
(HITACHI-SEM MODEL S — 450) at an accelerating \age of 20 kV. Prior to examination, samples were
prepared on aluminum stubs and coated with gol@uadyon atmosphere by means of a sputter coater.

Particle size analysis

Particle size and size distribution of the raw matevere measured by a laser based particle siab/zer (780
AccuSizer Particle sizing systems, Inc, Santa Barbara, C&l§A). The particles were dispersed in n-Hexamer pr
to analyzing and the particles were suspended mamdily by magnetic stirring during the measurement

Determination of drug content and encapsulation ef€iency

The drug content in microspheres was measured eftesiction from the microspheres. Accurately weits mg
microspheres, crushed in to powder using glassanarid pestle. The powdered microspheres were sdsgen
15 ml of NaOH solution (pH 10). The mixture wastexed at 2500 rpm for 1 min and then for a furthérat 1000
rpm and room temperature. In order to determineatheunt of drug loaded in the microspheres, thetieol was
filtered through a 0.45um syringe filter and thedikrwas analyzed by HPLC.

weightof drugin microsphersx

Drugcontentn microsphegs= 100

weightof microsphess

. - Actualdrugencapsulad
Encapsuldbn efficiency = x100

Theoreticddrugencapsulatd

Determination of yield of microspheres
Thoroughly dried microspheres were collected an@ylmexl accurately. The percentage yield was thecukzed
using formula given below.

Mass of microspheres obtained
x 10C

% yield = _
Total weight of drug and polymer

Fourier Transform Infrared Spectrophotometry (FTIR)
Infrared red spectra for pure clarithromycin, blamicrospheres, clarithromycin loaded microspheresevobtained
on a FTIR-Shimadzu (84005) using the KBr disk mdthkhe scanning range was 450-4000'cm
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Differential scanning calorimetry

The thermal analysis of pure drug, formulations blahk microspheres was carried out using UnivevgaRE TA
Instruments to evaluate possible drug-polymer auon. Approximately 3mg of sample was accuratedyghed
into a 40ul aluminum pan and sealed with a punched lid. Apgerature range of 10-3 was scanned using a
heating rate of 1% min. A nitrogen purge of 50 ml mihwas used in the oven.

X-ray powder diffractometry

X-ray powder diffractometry (XRD) was carried ootitivestigate the effect of the microencapsulapoocess on
the crystallinity of the drug. Powder XRD pattefusre recorded on a Bruker AXS D8 Advance diffractten
using Ni-filtered, Cu K[alpha] radiation with 2[ttad interval defined from 20 to 95[degrees] wittstep size of
0.05[degrees]. The XRD patterns of pure drug, fdathens and blank microspheres were recorded.

In vitro evaluation of mucoadhesiveness

The mucoadhesive properties of the mucoadhesiveggiberes were evaluated ibyvitro wash-off test as reported
by lehr et al [16]A 1x1 cm piece of stomach mucosa was mounted englass slide with cyanoacrylate glue and
rinsed with 0.1N HCL. Microspheres were spread jJ~0a wet rinsed tissue specimen and the preshical was
hung on to one of the grooves of a USP tablet @ignating test apparatus which contained the 906fd/1N HCL

at 37+ 0.5C. When the disintegrating apparatus operatedishae specimen was given slow regular up and down
movement in the test fluid.

At the end of 30 min, 1 h and at the hourly intésug to 6 h, the machine was stopped and numbaiabspheres
still adhering to tissue was calculated. The studiere carried out in triplicate.

Numberof microspheesadheredt theend of 6 hour
Percentagef Mucoadhesieness- x100

Numberof microspheesspread

In vitro dissolution studies

Drug release from mucoadhesive microspheres ofttdlamycin was determined using USP dissolutiort tes
apparatus 2 (Paddle) with stirrer at 100 rpm (Di3300, Labindia). 900 ml of 0.1N HCI (pH 1.2) wased as the
dissolution medium and the temperature was maiethat 37°C+0.2°C. A sample of microspheres equindle
500 mg of drug was used in each test. Samples takesm at appropriate time intervals and replacikd an equal
volume of fresh dissolution medium. The withdranamples were filtered through 0.45um syringe filéerd
neutralized with NaOH solution (0.03 M) to adjusetpH of sample to approximately 5.0 in order tevent the
further degradation of drug before analyzed by RR-8 as described above. These experiments wereictattin
triplicate.

Clarithromycin was reported to be unstable in mediwith low pH [15]. Therefore, the results obtairfeom the
dissolution study will underestimate the amounthef drug released from microspheres. Correct atfithe drug
released were calculated by using degradationcratstant. The following equation was used to comésolution
data of clarithromycin [15].

do/ -d _
o= Ryar ke

WhereC is the concentration of the drug at titm® the total amount of the drug released at timé the volume of
the release medium, akdhe first order degradation constant.

Kinetics of drug release

In order to understand the mechanism and kinetidrof release, the drug release data ofirihétro dissolution
study were analyzed with various kinetic model liero order (fraction drug releass time), first order (log
percentage drug remainingtime), Higuchi model (fraction drug releagesquare root of time), and Peppas model
equation, %R = Kt n, where %R is the percentage delease, K is the kinetic constant, and n isrdiease
exponent and is a measure of release mechanismapplied to interpret mechanism and kinetics ofgdrelease
[17]. R? values were calculated for the linear curves olethiby regression analysis of the above plots.rifalues
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could be obtained from the slope of the above éguatf the value of n is 0.43 or less, the releaschanism
follows Fickian diffusion, while the higher valu€8.43 < n < 0.85) indicates a non-Fickian modelo(aalous
transport). The non-Fickian model corresponds tepted diffusion/polymer relaxation. If the n-valie0.85, the
drug release follows zero order and case Il trarspo

Stability of clarithromycin in microspheres in pH 1.2

Stability clarithromycin present within the micrdsges were analyzed at pH 1.2 by following method.
Microspheres containing equivalent to 50 mg of dwaye suspended in 30 ml of 0.1 N HCL in six grddda
centrifuge tube with lid. The tube was then plaoed thermostatic vibrator and vibrated at a spafetO0 rpm at
37+1°C for 1, 2, 4, 5 and 6 h, respectively. Theolghsamples were withdrawn at different time inérand
neutralized with NaOH solution (0.03 M) to adjuse¢ tpH of sample to approximately 5.0 in order ®vent further
degradation of drug. The samples were taken ouiffdrent time intervals and microspheres werdeobéd
separately by filtration. The drug content of thlirdte (amount of drug released from microspherasyl
microspheres (amount drug entrapped in microspherese determined separately by HPLC method asrithesic
earlier [15].

Accelerated stability studies

The optimized formulation were stored in a stépithamber (Remi CHM- 10 S®, India) at 40 + 2°C dmuhidity
of 75 + 5% RH for 6 months and observed for thegdrantent, mucoadhesiveness amditro drug release 0, 30,
90, and 180 days. The zero time samples were ssedndrols.

RESULTS AND DISCUSSION

One of the important factors related to microspbere reported by Lest al.,[18] is the viscosity of the polymer
solution. Polymer concentrations of 2%, 4%, 6% &6 w/v were selected for studies to determine ogptim
concentration of matrix polymer. Flake formatioasmobserved when Eudragit RS 100 concentratiorusead at a
level 2%, 4%w/v, whereas maximum sphericity waseobsd at the 6%w/v level. Non-spherical microspbevere
found when polymer concentration was used at the/8%evel. Therefore, 6% w/v of Eudragit RS 100aicetone
was found to be the optimum concentration for thigrmer solution.

The halflife (ty,) of clarithromycin was determined from the psefidst order degradation rate constant.
Degradation rate constant used to correct the delepse data obtained in acidic media. The degoadaate
constant and the degradation half-life of the thagimycin in pH 1.2 were found to be 4.052 hnd 0.171h
respectively.

Figure 1: SEM photograph of formulation FC6

The morphology of the microspheres was examineddayning electron microscopy (Figure The view of the
microspheres showed a spherical shape with a snsooface morphology. The mean particle size in@eagith
increasing polymer concentration. The higher theceatration of the polymer in the internal phase more
polymers would be present in each droplet. Theeeftarge emulsion droplets were formed which woundd

997
Scholar Research Library



Venkateswaramurthy Net al Der Pharmacia Lettre, 2012, 4 (3):993-1004

undergo size reduction at the shear force energpl®d to the system and eventually get precipitéading to an
increase in the mean patrticle size [19]. The meéameter clarithromycin loaded microspheres was dotmbe in
the range of 118.5+6.5im to 493.23+11.23m.

The incorporation efficiency of the prepared miptosres is shown in Table 2. The incorporation ifficy of the
prepared microspheres varied from 52.62+0.72% t®7@0.83%. The encapsulation efficiency increased
progressively with increasing the Eudragit RS 1 8PMC K4M and carbopol 974P concentratioRs<(0.05). The
contribution of a high polymer concentration to #rcapsulation efficiency can be interpreted in Wways. First,
the highly concentrated polymer precipitates fastethe surface of the dispersed phase and presgergdiffusion
across the phase boundary [20]. Secondly, the ¢ogleentration increases viscosity of the solutiod delays the
drug diffusion within the polymer droplets [21]. &lproduction yield was very high for all the formtibns ranging
from 37.5311.43% to 89.75+1.43%. The productionldjiavas increased with increased in the polymer
concentrationsK < 0.05).

Table 2. Physico-chemical characteristics of the nweadhesive microspheres of clarithromycin

Encapsulation efficiency

. Percentage yield Particle size inum Percentage of Mucoadhesiveness
Formulation code (Mean + SD) (Mea(:1/0):r sD) (Mean + SD) (Mean % SE)

FC1 37.53+1.43 52.62+0.72 118.21+6.51 58.67+0.67
FC2 65.08+1.54 59.80+2.07 187.08+11.51 60.00+0.58
FC3 83.97+0.88 69.89+2.13 257.78+07.35 61.67+0.88
FC4 85.77+1.48 87.97+0.83 493.23+11.23 65.67+0.67
FC5 81.54+1.67 64.77+0.66 192.54+8.46 50.33+0.88
FCE€ 86.76+1.4' 71.66£1.72 310.47+10.6 72.67+0.8¢
FC7 89.33+1.46 74.87+1.52 370.92+12.73 84.33+0.33
FC8 83.44+1.13 67.71+1.44 197.65+12.69 56.33+0.67
FC¢ 86.77+1.2. 75.741.71 322.74+10.2 65.67+0.3¢

FC10 89.75+1.43 73.53+1.19 379.35+05.98 70.00+1.16

Figure 2 demonstrate the FTIR spectra of claritywim characteristic peaks at 1729.22cthactone carbonyl),
1690.50 crit (Ketone carbonyl), 3450.15 ¢h{Hydrogen bonding between OH Groups), and 1376t@5 (CH,).
Characteristic peaks of clarithromycin were alsespnt in FTIR spectrum of clarithromycin loaded noépheres
with slight broadening and reduction in intensifeaks at 1733.29 ¢hLactone carbonyl), 1699.43 chiKetone
carbonyl), 3457.58 cth(Hydrogen bonding between OH Groups), and 137882 (CH,), indicating the absence
of chemical interaction between clarithromycin gulymers. In blank microspheres Eudragit charastierpeaks
observed at 1728.58 ¢idue to the C=0 stretching vibration. In additifPMC K4M showed a characteristic
band at 3455.67 chrdue to O—H stretching vibration. Carbopol showetharacteristic band at 1728.58 tuiue to
C=0 stretching.

a)

Al —

4 cl

ETH ! T - T | — T
20{H) 3004 2000 s{) 1000 Sini

Figure 2: FTIR spectrum of pure clarithromycin (a), blank microsphere (b), and clarithromycin -loadel microsphere (c)

998
Scholar Research Library



Venkateswaramurthy Net al Der Pharmacia Lettre, 2012, 4 (3):993-1004

Figure 3 demonstrate the DSC thermogrames of plamthromycin, blank microspheres, and clarithyom
loaded microspheres. The endothermic peak of lstaritycin observed at about 221°C9 However in blank
microspheres the excipients Eudragit RS 100, HPMi®™MKand carbopol 974P did not show any endotherraakp
because of their amorphous nature [23-25]. The B@@nogram of clarithromycin raw material corresg®io the
thermogram of the polymorph “Form II” that can justified by the presence of an endothermic pegd5t99C
attributed to the melting process [26]. No endatiierpeak corresponding to the clarithromycin websayved in
clarithromycin loaded microspheres. The absencdetéctable crystalline domains in the microsphetearly
indicates that drug was molecularly dispersed énrtiicrospheres.

@ (e}
=
= | |
o
c (b} L
“a u\/—/_-
o -]
I (a)
?\‘ .\T,ff
\\ rl[
N
225.99°C
Exo T T T T T T T T T T T — T ; T
Up Temperature (DC) Universal V4. 2E TA Instruments

Figure 3: DSC thermogram of pure clarithromycin (g, blank microsphere (b), and clarithromycin loadedmicrosphere (c)

In order to investigate the physical nature of émeapsulated drug, the powder X-ray diffractiorhteque was
used. Diffraction patterns clarithromycin, physicailxture and drug loaded microsphere formulatiomeastudied
(Figure 3). The powder XRD patterns of pure cladthycin 2 values appeared at 8°669.60 / 10.92 / 11.59 /
13.89 / 15.28 / 17.42 / 18.3C / 19.17 / 20.58 [22]. The powder XRD patterns of the clarithromydiraded
microspheres were completely different from thodepore drugs and showed no characteristic peakss Th
demonstrates that the drugs were in an amorphatesistthe solid dispersions (Figure 4).

_;"w.fb'l'.ww‘x..H,,ﬁ.b_.,w,,,.h-mm_..MW DA e
E wic =] l][ J I’l ‘1 \J
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2-Thata - Sca'e
Figure 4: XRD pattern of pure clarithromycin (a), physical mixture (b), and clarithromycin loaded microsphere (c).

The study ofin vitro mucoadhesion revealed that all the batches ofapeepmicrospheres had good bioadhesive
property ranging from 58.67+0.67 to 84.33+0.33%. she®wn in Table 2 the remaining percentage wadtyfig
increased with increasing the Eudragit RS 100duis mucoadhesive nature of Eudragit RS 100 polyfer 0.05)
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[27]. By increasing the Concentration carbopoltie tnicrospheres, the better retention effect waemed (P <
0.05). Similarly increasing the HPMC concentrati@tention effect was increased (P < 0.05). The gban
retention effect was less than carbopol with resfmeconcentration. It may be due to strong muceailte nature of
carbopol than HPMC K4 M. The maximum retention efffwas observed in the formulation FC 7. Theseistud
suggest that the spherical matrix of microspheagsiteract with mucosubstrate on the surface&tbmach, and
adhere to mucosa more strongly and could stayomath for prolong period for more effectide pylori clearance.
Figure 5-7 shows the drug release profiles fromowar formulations of microspheres. An initial buestect was
observed in all the batches of microsphere formarat To provide an effective local action for ecation ofH.
pylori ideally it would be required to release drug répid the initial stages to obtain the desired @ntcation
following by slow release of the drug in order éplace drug lost, for example by gastric emptying.

100 - e
v 80 1 —
g
o
14
2 60 -
a
®
240 - ——FC1
é + FC2
=
—~FC3
© 20 1
—— FC4
U T T T T T T T 1
0 1 2 3 4 i} f 7

Time (Hours)

Figure 5 : Effect of Eudragit RS 100 on thein vitro drug release characteristics of mucoadhesive micspheres of clarithromycin in pH
1.2. Bars represent meantSD ( n = 3)
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Figure 6 : Effect of carbopol 974P on then vitro drug release characteristics of mucoadhesive micspheres of clarithromycin in pH 1.2.
Bars represent meanSD ( n = 3)
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Decrease in the rate and extent of drug release abagsrved with the increase in polymer concentnatio
microspheres and is attributed to increase in gmsitly of the polymer matrix and also an increasthé diffusional
path length which the drug molecules have to tiseethe release of drug from these gels was clesized by an
initial phase of high release (burst effect). Hoargvas gelation proceeds, the remaining drug wigased at a
slower rate followed by a second phase of modeeltase. This bi-phasic pattern of release is aactexistic
feature of matrix diffusion kinetics [28]. The iiait burst effect was considerably reduced with éase in polymer
concentration.

100 4
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Figure 7: Effect of HPMC K4M on thein vitro drug release characteristics of mucoadhesive micspheres of clarithromycin in pH 1.2.
Bars represent meanSD ( n = 3)

The effect of concentration of carbopolionvitro drug release from mucoadhesive microspheres isrshoFigure
6. Increasing the proportion of carbopol 974P sneth the drug releaseé? (< 0.05). Similarly the effect of
concentration of HPMC K4M oim vitro drug release from mucoadhesive microspheres isrsimo Figure 7. Drug
release retards while increasing the Increasing ptoportion of HPMC K4M (P < 0.05). HPMC K4M s
significantly influenced the drug release propetties carbopol 974P (P < 0.05). Carbopol 974P peaMliag is
reported at pH 7-7.5 [29]. So, pH 1.2 is not a niagbrable condition for the swelling of carbopolform a gel. It
has been reported that under pH1.2, the extenartopol 974P swelling is less than that of HPMGritro [30].
Carbopol 974 unable to hydrate in 0.1 N HCL becanfsiés pKa (6) and un-ionized nature [29]. Drudeese
retardation effect of HPMC may be due to noniorature of the polymer. Because of its nonionic regtawelling
is not affected by pH variation. In pH 1.2 HPMCynfarm viscous gel around the microspherespkee the
active drug inside and limiting the releas®€MC K4M predominantly controlled release since opdd has a
low solubility at pH 1.2. Increasing the proportiohHPMC, sustained the drug release effect ine®aSimilar
results were obtained by Pruastal.,[31].

When the data were plotted according to the firstep equation [32], the formulations showed a yagbod
linearity, with a R value of 0.7478-0.9856 whereas the same data, wheted according to the zero order
equation [32], improved the?Rralue 0.9852-0.9983 (Table 3). In our experimém,in vitro release profiles of
clarithromycin from all the formulations could bedb expressed by Higuchi's equation [33], as tlmspthowed
good linearity with R value (0.99-0.9995). The slope of the regressimnftom the Higuchi plot, which reveals the
rate of drug release, thus confirmed that the nafdelease was diffusion. For further confirmatwfrthe diffusion
mechanism, the data were fit into Korsmeyar al., [17] equation. Which showed high linearity with a
comparatively high slope (n) value (0.5804-0.59T2ble 3).
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Table 3:Invitro drug release kinetic of mucoadhesive microspheres clarithromycin

F Zero order plot First order plot H'gllgt:h' Korsemeyer peppa’s plot

code K R? K R R n R

FC] — — — — P P P
FC2 16.2790 0.9859 -0.6227 0.8662 0.9991 - FK - FK
FC3  14.6220 0.9909 -0.4467 0.8182 0.9979 -k --FF
FC4 10.985 0.990¢ -0.207:¢ 0.90: 0.997¢ 0.580¢ 0.999¢
FC5 15.6280 0.9963 -0.6398 0.8025 0.9979 - FK - FK
FC6 12.6088 0.9983 -0.3402 0.7478 0.9900 0.5180 998.9
FC7 11.678¢ 0.997( -0.014¢ 0.985¢ 0.992: 0.597: 0.993°
FC8 17.2840 0.9882 -0.5807 0.8662 0.9969 KK - FK

FC9 10.3389 0.9852 -0.2033 0.9169 0.9995 0.5352 990.9
FC10 9.3489 0.9938 -0.1115 0.9761 0.9943 0.5378  9970.

* Insufficient data points to apply kinetics duerépid release profiles
* *|Insufficient data points to apply apply KorsmeyReppas equation up to 70% .

The good linearity observed with the zero orderagign. The slope of the regression line from thiguidhi plot
indicates the rate of drug release and thus coafirthat the mode of release was diffusion, whilfitther confirm
the diffusion mechanism, the data were fit into Karsmeyeret al., equation which showed high linearity with a
comparatively high slope (n) value (0.5804-0.597R)is n-value, however, appears to indicate a ¢ogpbf
diffusion and erosion mechanism, called anomaloiffusibn. This indicates that drug release from the
microspheres follows a non-Fickian trend as repbelier [34, 35].

100
80 -
q
o 60
o
o
g
$ 40 -
o —e&— Percentage of drug released from
P microspheres (corrected)
20
—8— Percentage release calculated from amount
remaining in microspheres
0

0 1 2 3 4 5 6
Time (hours)

Figure 8: Stability of clarithromycin in mucoadhesive microspheres in pH 1.2 Bars represent meant+SD = 3)

There are several reports regarding clarithromgeability in acidic solution’. Clarithromycin degrades in acidic
media into 5-O-desosaminyl-6-O-methyl-erythronolflewith loss of the cladinose sugar [37]. In tlesent study,
no drug degradation product peaks were detectaléJPLC, from samples taken from inside the michesps
until the 6 h of the release studies. And also dative amount of clarithromycin released from mipheres was
determined from the concentration in the releasalinme and from the amount of drug remaining in the
microspheres as a function of time. These two nusthiesulted in nearly same release profiles Figuihis study
confirms that the drug remaining inside the mictwspes were stable.

The optimized formulation (FC6) were stored in abgity chamber (Remi CHM- 10 S®, India) at 40 #22and
humidity of 75 £ 5% RH for 6 months and observed tlte drug content, mucoadhesiveness ianditro drug

1002
Scholar Research Library



Venkateswaramurthy Net al Der Pharmacia Lettre, 2012, 4 (3):993-1004

release 0, 30, 90, and 180 days. The zero timepleanwere used as controls. No remarkable changee w
observed in drug content, mucoadhesivenessravittro drug release in stability studies.

CONCLUSION

Mucoadhesive microspheres of clarithromycin werppred to increase the local concentration of tiibiatic in
the stomach to eradicaté pylori infection. The main goal of this study was to optie mucoadhesiveness and
controlled release property. The results showmhénstudy clearly demonstrate that clarithromycin i@main stable
in the acidic environment of the stomach. Mucoailleemicrospheres can be effectively controls tHease of
clarithromycin and also provide longer residenaeetin the fasted stomach. It is concluded thatgiesl targeted
delivery system could possibly treat the colonmafH. pylori in an effective manner.
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