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ABSTRACT

Clarithromycin is a broad-spectrum antibiotic andeasively absorbed orally. It is be used in the
eradication of H. Pylorinfection combined with an acid suppressing agéhé purpose of this study
was to develop controlled release clarithromycimafing micro sponges for gastro retentive drug
delivery. The micro sponge’s formulations were prepared lgsgemulsion solvent diffusion
method employing eudragit RS 100 as a polymer ahg\pnyl alcohol (PVA) as a surfactant.
The compatibility of the drug with formulation comments was established by Fourier
Transform Infra-Red (FTIR) spectroscopy. The preganicrosponge were evaluated for angle
of repose, Carr's Index ,particle size, floatimgeti production yield, drug loading efficiency of
micro sponges. Shape and surface morphology ahtbe sponges were been examined using
scanning electron microscopy. formulation F5 withglto polymer ratio 8:1,10 ml of internal
phase volume (ethanol: dichloromethane) and 0.2%%gslution was the best formula
showing the highest degree of sustained releaseishi#d.59% at the end of 12 hours with

floating time for 12 hr. Eudragit RS 100 could cohtrug release in stomach.
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1. INTRODUCTION

Microsponge are polymeric drug delivery systemmposed of porous microspheres.
They are tiny, sponge like spherical particles tbatsist of a myriad of interconnecting
voids within a non-collapsible structure with agmporous surface. Moreover, they enhance
stability, reduce side effects and modify drug ask [1]Clarithromycin (CLR) is a
macrolide antibiotic with broad spectrum of acivitt is be given in the treatment of
respiratory tract infections and in the skin anft 8ssue infections. CLR may been given to
eradicateH. pylori in treatment regimens for peptic ulcer diseasek @Lrapidly absorbed
from the gastrointestinal tract and undergoes fiests metabolism. The bioavailability of the
drug is about 55%. It is be given in the doses 5 Zng and 500 mg as tablets and
suspension. The terminal half-life of CLR is repdiy about 3-4 hours. Thus, CLR has all
the requisites of gastro retentive drug deliverstam.
Eudragit polymers have an ability to resist thelamvironment of stomach and retain there
for prolonged period. Hence, an attempt was be ntad#evelop floating micros pong of
CLR using Eudragit polymers with an aim to retdie tmicro sponges in the stomach for
prolonged period. [2]

2. MATERIALS AND METHODS

Materials:

Clarithromycin (gifted by Samarra Drug industri&(), Iraq), Evonik Degussa Ltd., India
provided Eudragit RS 100 and Eudragit RL 100 as ggfnples. All other chemicals used
were of analytical grade.

Methods:

Clarithromycin floating microsponges were prepaogdjuasi- emulsion solvent diffusion
method. The internal phase was eudragit RS-100oldes$ in 10 ml mixture of
Dichloromethane and Ethanol (1:1) at room tempeeaithis was, followed by addition of
drug with sonication for 15min. The internal phagss then poured into polyvinyl alcohol
(PVA) solution in water, the external phase witlhristg, and the micro sponges then washed
and filtered, then dried at 40°C for 12 hours. [3]

The composition of the prepared formulation is shawtable (1).

Tablel: Composition of all the formulations (Batch F1 - Batch F11)
Formulation  Drug: polymer =thanol:dichloro- PVA water (ml)
cod ratio methame volume  (Y%w/v)
F1 1:1 10 0.2t 20C
F2 2:1 10 0.2t 20C
F3 4:1 10 0.2t 20C
F4 6:1 10 0.2t 20C
F5 8:1 10 0.2t 20C
F6 10:1 10 0.2t 20C
F7 12:1 10 0.2t 20C
F8 2:1 10 0.t 20C
F9 2:1 10 0.7t 20C
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F10 2:1 5 0.2¢ 20C
F11 2:1 15 0.2¢ 20C

Note: Formulations 8to 11 is prepared for varialsiesly (effect of solvent and emulsifying
agent on production yield, particle size and endlpen efficiency. F5 is optimized
formulation, which was be used for variables study.

Microsponge Characterization:

Morphological examination : The morphology and surface characterization ofrthero
sponge formulation were evaluated by scanning releanhicroscope (SEM ) analysis using
JSM 840A SEM analyzer after the sample had beed gjmlittered coated with 25nm gold
film thickness .[4]

Particle Size Analysis.

The particle size and size distribution of thepared microsponges was determined by
using optical microscopy method .approximately 2800 microsponge were counted for
particle size using a calibrated optical microsc@@impus Pvt. Ltd., India) .[5]

Drug-excipients compatibility studies
Fourier transform infrared (FTIR) spectroscopic
Drug-excipient interaction is one of the most intpat compatibility studies, FTIR study
used for this purpose on samples of pure clarityodmand blend powder of selected
formula. Spectra obtained by using (Shimadzu 838@fan) according to KBr disk method.
About 2-3 mg sample were mixed with dried IR gradéassium bromide powder and the
spectra were in between the wave number rangeGff-400 crmt
Production yield and loading efficiency
Microsponge’s equivalent to 100 mg of CLR weresdige and made up to the mark in 100
volumetric flask with 0.1 N HCL. The absorbancaswmeasured spectrophotometriclly at
275 nm. Then Percentage yield can calculated ubkmépllowing equation:
Production yield (PY) = (Final obtained mass of megponge / initial mass of polymer and
drug) x 100. --------- eq. (1)
The drug loading efficiency of the microsponge camputed using the following equation:
Loading Efficiency (LE %) = (Actual drug contenTheoretical drug content) x 100 --- eq.

(2). [6]

Determination the Flow ability of powder
A. Bulk density and tapped density.

Both loose bulk density (LBD) and Tapped bulk dgn&ere determined. Powder was be
taken in a 10ml measuring cylinder and initial vokiwas noted and tapped at height of
2.5cm at 2-second intervals until no further chamgeolume was noted. LBD and TBD
calculated using the following formula.
LBD = Weight of the powder/volume of the packing
TBD= Weight of the powder/Tapped volume of the pagk7]

B. determination of Carr's Index:
The compressibility index of the powder determibgdhe Carr’'s Compressibility index
Carr’s index (%) = (TBD-LBD) x100/TBD. [8]

C. Determination of the Angle of Repose

Angle of repose was measured for the microspowogealer, to observe the flow properties
of powders. Funnel method was be used; the powdes allowed to pass through a funnel
and poured onto a horizontal plane, fixed base eiam(D), free of vibration petri dish to
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form a cone. The funnel height was maintained pt@pmately 2-4 cm from the tip of the
powder pile in order to minimize the impact of flaling powder on the tip of the cone.
The tan of angle of repos@) (was calculated after measuring the height (Hhefcone of
the powder utilizing equation:

Tano = h/r ... equation (3)
The accepted limit of good flow properties is @) [9]

Optimization of formulation parameters and processfactors: The effect of drug:
polymer ratio, concentration of emulsifying agentl aolume of solvent was determined and
show effect on particle size, production yield andg loading efficiency

In Vitro Buoyancy Study:

Buoyancy test was determined by using USP tympparatus at 50 rpm maintained at
37+£0.5°C. The capsules were be placed in 900 mtqataining 0.1N HCI as dissolution
medium. The time required the capsule to rise dhrface and float was determined as
floating lag time, while the time during which tleapsules remained buoyant was the
floating time. [10]

In Vitro Dissolution Studies:

The release rate of Clarithromycin from floatingcros pong capsules (n=3) was determined
using USP dissolution test apparatus Type Il (paddethod). The dissolution test was

carried out by using 900 ml of 0.1INHCI at 50 rpmheTtemperature of the medium

maintained at 37+£0.5°C and the study carried outlfd hrs. Samples of 5 ml were be

withdrawn at an interval of every hour; the withdrasamples were replaced with fresh

dissolution medium. The samples filtered throughaiitan filter paper, and then analyzed
spectrophotometrically at 275 nm. [11]

3. RESULT AND DISCUSSION:

Preparation of Microsponges:

The clarithromycin floating microsponge was prepapy quasi-emulsion solvent diffusion
[nei[hod. This method found to be very easy, repribtkicrapid and avoid solvent toxicity.
12

In quasi-emulsion solvent diffusion method, thenfation of microsponge described in the
following processes: the formation of quasi-emulsioplets, the diffusion of (ethanol and
dichloromethane) and the solidification of the dedp The rapid diffusion of ethanol and
dichloromethane (good solvent for the polymer anagylinto the aqueous medium might
reduce the solubility of the polymer in the dropletince the polymer was insoluble in the
water. The instant mixing of the (ethanol: dichlmethane) and water at the interface of the
droplets induced precipitation of the polymer, thoisning the shell enclosing the ethanol:
dichloromethane and the dissolved drug. Countéugidns of ethanol: dichloromethane and
water through the shell promoted further crystatian of the drug in the droplets from the
surface inwards. The dispersed droplets of polysoértion of drug solidified in the aqueous
phase via diffusion of solvent. [13, 14]

Shape & surface morphology:

SEM (Figure 1) showed the shape of microspongepaped by quasi-emulsion solvent
diffusion method. It was observed that the microrges were spherical, and uniform with
no drug crystals on surface. The surface morpholeggals that the microsponges were
porous due to the rapid escape of the volatileestbsduring formulation. Inward dents were
seen on the surface probably due to collapse ofviils of the micro sponges during the in
situ drying proces$15]
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Fig. 1: Scanning electron microscope photo of miceponge formulation (F5).

Particle size: The microsponges found to be uniform in siBarticle size of prepared
microsponges was in the range of 77 + 12.5 to 35.52.5 (Table 2 the sizes of
microsponges affect the encapsulation efficienaythe release rate of the drug. It observed
that as the ratio of drug to polymer was increasied,particle size decreased. This could
probably be due to the fact that in high drug tdyper ratio, the amount of polymer
available per microsponge was comparatively lessbably in high drug-polymer ratios,
less polymer amounts surround the drug were oltaimbich reduce the thickness of
polymer wall and microsponges with smaller size.

We have studied the effect of concentration of peiyyl alcohol (PVA) on size of
microsponges for optimized formulation. The seléct®ncentration of PVA was 0.25%
since 0.5 % of PVA (F8) the particle size increafedn 50 + 10.3um to 67+ 12.5um.
Further increasing the concentration to 0.75 %\0ARF9) the particle size increased to 75+
15 um. The dispersion of the solution of the drug antymer into droplets affected by the
concentration of polyvinyl alcohol in the exterrilase. When the concentration of PVA
increased, the size of microsponges increased whiap be explained to be due to the
increased viscosity wherein larger emulsion dr@pldormed resulting in larger
microsponges.[16]

In addition it was found that increasing the sotvesiume from 10 ml (F2) to 15 ml F(11),
particle size was decreased from 50 + 1rbto 38.23 + 10.4um due decrease in viscosity
of solvent system ,The reason investigated thapé#ngcle size was directly proportional to
the apparent viscosity of dispersed phase.[17]

Fourier transform infrared (FTIR)

Fourier transform infrared (FTIR) spectral studwaswvdone to find out the chemical
stability or interaction of the excipients. In FTHRudies, the prominent peaks in the FTIR
spectrum of pure drug CLR (figure2) at 1730.18@e€=0 stretching vibration in a lactone
ring, characteristic peaks of C=0 stretching vilarafrom ketone group in a lactone ring at
1691.03 cml, 3468.85 for Tertiary —N stretching, which ane same as the reported one.
Hence, it can be concluded that there was no ictierabetween drug and excipients, since
similar peaks of specific functional groups weredigtained as shown in figure (3). [18]
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Fig. 3: FTIR spectrum of clarithromycin microsponge

IR

Production yield: The production yield of the prepared microspongfedarithromycin was

in the range of (55.60 £ 1.60 % to 93 £ 1.4 %). Tbss of product may be due to the
formation of some agglomerates and polymer adheramthe container because of viscous
nature of slurry.

Drug loading efficiency: Drug content in different formulations estimate¢y bV
spectrophotometric method. Loading of the drug ddpeon the successful molecular
association of the drug with the polymers. The doagling efficiency of the micro sponges
found in the range of (58.38 = 0.95 to 92.5 + 1960 The best drug encapsulation efficiency
found for the formulation F5 and F6 with the druglymer ratio of 8:1 and 10:1
respectively. On further increasing drug polyméiorahe loading efficiency decreased. This
could be due to high concentration of drug mole@uleomparison to low concentration of
polymer molecules, which decreased the capabififyobymer to coat the drug molecule and
caused the reduction in encapsulation efficien®y.[1
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Table 2: production yield, particle size and drug dading efficiency of
Prepared micros pong.

Formulation code Production Yield Particle size um) Drug loading
(%) (mean £ S.D) efficiency (%)
(mean = S.D (mean = S.D
F1 55.60 + 1.6 77+ 12t 58+ 0.9¢

F2 70.00 £ 1.8 67 £10.! 66.2 +1.0!

F3 75.00 £ 1.5 60 £12.! 76.6 £0.8!

F4 7750+ 1.6 55. +11.! 80.4 +0.9;
F5 92.00+1.: 50 + 10.: 91 .98+1.2

F6 93.40+ 1. 43. + 11! 925+ 1.6l

F7 84.00 £ 1.8 35.5+12.! 82.4+£0.8

Determination of the Angle of Repose:

The results of angle of repose were shown in téBJethe angle of repose were ranged
between 24.34 +1.91 to 26.70 + 2.02, which indie@eod flow properties of powder. [20]

Determination of Carr's Index:

The result of the carr’'s index are show in tablg ({8 indicted that the carr’s index of
all the formulation were less than 20 from (12.2825 to 13.974+0.27 ) which indicate
good flow properties and good compressibility.[21]

In Vitro Buoyancy Study:

The in vitro floating test showed that the floatitag time observed in case of all
formulation was zero. After placing of the clarthmycin capsules in 0.1N HCI acid, the
capsules did not reach even in the bulk of thetifigamedium and they showed to remain
at the surface. The capsules also showed a totlrfty time greater than 12 houfbese
results exhibited satisfactory floatable abilitychase of their low density and internal
voids. [22]

Table 3: Balk density, tapped density, angle of regse and Carr’'s index % of
batches (f1 —7).

Formula  Balk density Tapped Angle of Carr'sindex  Flow
density repose character
no. %
F1 0.462+0.006  0.528+0.008 24.5+ 12.3 2+0.1¢ Gooc
F2 0.463+0.011 0.537+0.014 25.8+1.0¢ 12.531+0.2 Gooc
F3 0.502+0.007 0.581+0.010 24.344 13.13+0.13  Gooc
F4 0.450+£0.006  0.538+0.008 24.72+1.7. 13.684+0.2  Gooc
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F5 0.463+0.011 0.527+0.014 26.30+1.11 12.231+0.2  Gooc
F6 0.502+0.007 0.571+0.010 26.70+2.0. 13.732+0.1'  Gooc
F7 0.614+0.012 0.714+0.016 25.10+1.1! 13.974+0.2  Gooc

In-vitro drug release studies:

In-vitro drug release studies was carried out IiNOHCI for 12 hours. The release profiles
obtained for the formulation (F5 to F7) shown igute (4). It was be observed that the
drug release increases with increase in drug palyat®. This may be due to the fact the
polymer concentration was be kept constant for éaahulation while the concentration
of drug molecules was increasing which results dduced thickness of polymer coat
surrounding micro particles.

The in-vitro performance of Clarithromycin floatimgicrosponge (F5) showed prolonged
and controlled release of clarithromycin in prealde manner as the polymer
concentration increases the drug release fromldladirig microspong decreases. This may
be explained to be due the less water permeability of Eudragit RS106 eitrease in
polymer thickness will increase in diffusion andson pathways. [23]

100

%cummulative drug rleased
= N w Y Ul (o)) ~ o (Vo]
o o o o o o o o o

0 2 4 6 8 10 12 14
TIME (hr)

Fig. 4: In vitro drug release of (F5-F7)
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CONCLUSION:

Floating microsponges of clarithromycin succesgfpliepared by quasi-emulsion solvent
diffusion method using eudragite RS100. As the daugolymer ratio was increased, the
percentage yield of clarithromycin floating microsig was also increased. The average
particle size of clarithromycin floating microspondnave decreased with an increase in
its drug to polymer ratio. By SEM studies, microsms show porous spherical uniform
structure. Buoyancy time more than 12 hr. Microgpoontaining eudragite RS100 in the
ratio of 8:1 show high drug loading efficiency wiplarticle size 50 um. In-vitro release
studies showed that microsponges containing eudrg100 in formulation F5 showed
a good degree of sustained release. As the polycoacentration increases the amount
of drug-released decreases.

Acknowledgement
Authors are thankful to Samarra Drug industriesljSIbaq for providing drug sample of
Clarithromycin.

REFERENCES

[1] Mandava SS, Thava V. (2012) Novel approach:rasiponge drug delivery system.
Int J Pharm Sci and Res4: 967-80.

[2] N.Sriram and R. Hima Bindu,(2013) Formulationdaevaluation of glimepiride
microsphereslnternational Journal of pharmaceutical developmen and technology,
3(2),7-12.

[3] Sanjay S. Patel, Natvarlal M. Patel. (2009)Oepeent of Directly Compressible Co-
Processed Excipient for Dispersible Tablets Using Bull Factorial Design.
International Journal of Pharmacy and Pharmaceuticd Sciences 1(1): 125-148.

[4] Mohan kumar V, Veena N M, Manjula B P.(2013)rfralation and evaluation of
microsponges for topical drug delivery of mupirgcilmternational Journal of
PharmTech Research5(3):1434-1440.

[5] Jaya raja Kumar, Selvadurai Muralidharan andndgetha Ramasamy.
(2013)Microsponges Enriched Gel (MEGs): A Novelagtgy for Ophthalmic Drug
Delivery System Containing Ketotifed, Pharm Sci & Res,5(4): 97 — 102.

[6] Kilicarslan, M, Baykara,T.(2003)The effect ohet drug/polymer ratio on the
properties of Verapamil HCI loaded microsphetesJ Pharm ,252: 99-1009.

[7] Senthil, P Suresh Kumar, CH Narasimha Raju, &ideen,(2010) Formulation and
evaluation of gastric oral floating tablet of giifule, International Journal of Biological
&Pharmaceutical Research,1(2):108-113.

[8] Wells J ,(2004) Pharmaceuticals preformulatitme physicochemical properties of
drug substances in Aulton MThe science of dosage form design by Michael. 2 ed.
Churchill Livengstone , p.133-134.

[9] Kaerger S., Edge S., Price R.(2004) Influenteparticle size and shape on flow
ability and compatibility of binary mixtures of maretamol and microcrystalline
cellulose Eur J Pharm Sci ,22; 173-179

[10]

Suryadevara,Vidyadhara, Irukulapati,Nagendran, Realdm,Lankapall,CSasidhar, Vall
abhaneni Akhila Devi, Kadiyala Swap{2912),formulation and evaluation of controlled
release floating matrix tablets of stavudiAdPH ,6:259-265.

122



Kerbala journal of pharmaceutical sciences.No.(9) 2015 (99! A apall o slell ¢3S dlas

[11] M. Packiaraj, CS. Venkateswaran and K. Jamatan(2013) Formulation and
Evaluation of Extended-Release Matrix Tablets o&ritiromycin Using Fluid Bed
Granulation Processinternational Journal of Research in Pharmaceutial and
Biomedical Sciencegl (4):1319-1332.

[12] Perumal D (2001): Microencapsulation of ibuero and Eudragit RS 100 by the
emulsion solvent diffusion techniquet J Pharm , 218; 1-5.

[13] Aejaz A, Sadath A. (2013) Development and abtgrization of floating
microspheres of clarithromycin as gastroretentiveagie formlinternational Research
Journal of Pharmacy, 4(1); 165-168.

[14] TanselC, Baykara T.(2003): Preparation angiire evaluation of modified release
ketoprofen microspongel. Farmaco, 58; 101- 106.

[15] Upadhyay mihir.R(2011). Design and Evaluatimf Aceclofenac Loaded
Microsponge for Topical DeliveryJournal of Pharmaceutical Research & Clinical
Practice, 1(2); 90-101

[16] Nevine S. Abdelmalaki, SHahira F. (2012)new topical fluconazole microsponge
loaded hydrogel:preparation and characterizdtiternational Journal of Pharmacy
and Pharmaceutical Scienced(1);460-468.

[17] Chandramouli Y, Firoz1 S, Rajalakshmi R, VikréA, Yasmeen BR, Chakravarthi
RN (2012): Preparation and evaluation of microsjgologded controlled release topical
gel of acyclovir sodiumint J Biopharm, 3(2); 96-102.

[18] Y. S Gattani, P S Kawtikwar, D. M. Sakarkaf0®) Formulation and evaluation of
Gastroretentive Multiparticulate Drug delivery smt of Aceclofenac)nternational
Journal of ChemTech Research1(1),1-10.

[19] Aphale sanjivani, shinde swapnila,dhat shalk@agul uddhav (2011),development
and evaluation of hollow microspheres of clarithyoin as a gastro retentive drug
delivery system using eudrgite polymetsternational Journal of Pharma and Bio
Sciencegq3); 344-358.

[20] Sayed H. Auda, Mahmoud M Ahmed, S Abd El-Rasand K. I. Saleh, (2009),
Formulation and physicochemical characterizatioprokicam containing polymer films,
Bull Pharm Sci, 33(1); 33-42

[21]
Karthikeyan.J,S.Janardhan,N.Saravanakumar,S.SgpR&wasakthi,R.Mennakumari,(2
010), Formulation and in vitroevaluation of sustained release microspheres of
Metoprolol Tartrate Loaded Eudragit-RS1(cholars Research Library,2(3); 261-
275.

[22] Rao BP, Mathews R, Krishna KP, Baby B, Poomif2013),Spray-dried
gastroretentive floating microparticles: prepanmai@md in vitro evaluationPak J Pharm
Sci., 26(4);707-13.

[23] Sonali, Rahul Pratap Singh and Sunil Kumarjdprati,(2014), formulation and
evalution of prednisolone loaded microsponges faorc drug delivery: in vitro and
pharmacokinetic studyJPSR, 5(5); 1994-2005.

123



