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ABSTRACT

The objective of this investigation was to develogntra gastric floating drug delivery system dfthromycin in
order to localize the antibiotic at the site ofanfion to achieve bactericidal concentration agaikielicobacter
pylori. In the present investigation oil entrapp#dating beads of azithromycin was formulated arfiiéad of
polymer and oil concentration on physico chemicdlan-vitro drug release properties are evaluatecheT
formulation was developed by emulsion gelation negle using two polymers: Sodium alginate and Hygro
propyl methyl cellulose (HPMC) and Soybean oil. Tibeeloped beads were evaluated in term of diamsteface
morphology, floating lag time, encapsulation effiy, and in-vitro drug release. It was found thamulation
variables such as amount of polymer (% w/v), amadirgoybean oil (% v/v), the ratio of drug to pogmgw/w),
affected the bead size, floating and encapsulagéiitiency of the beads. The scanning electron asmvpe
photograph indicated that prepared beads were spakin shape. All batches of beads floated fohadirs with a
very short lag time of 175-210 seconds. The drigase profile was best fitted with Higuchi andtfiosder kinetic
model and the release exponent (n) values were t0.11813 indicating anomalous transport mechanisfilR
study confirms that drug was compatible with thé/mers. The results provides evidence that fornedldieads
may be preferred to localize the antibiotic in teestric region to allow more of the antibiotic teretrate through
the gastric mucus layer to act on H. pylori andréby improve the therapeutic efficacy.

Keywords: Floating beads, Azithromycil]. pylori, Soybean oil.

INTRODUCTION

Oral controlled release dosage forms have beeneloped over the pasitree decades due to their
considerable therapeutic advantages. Howeverafiiach is bedilled with several physiologicafidifities such

as inability to restrain and locate the coig drug delivery system within the desiredigagof the
gastrointestinal tradiGIT) due to variable gastric emptying and ifitgt Therefore, control of placement of a
drug delivery system in a specific region of thd @ffersadvantages for a variety of important drugsracterized

by a narrow absorption window in the GIT or drugtwa local action in the stomach. Floating drufwiey systems
are among the several approaches that have beetoges in order to increase the gastric resideinoe of dosage
forms[1]. These systems, are more advantageouldairugs that act locally in proximal gastro itites tract such

as antibiotics[2], Hblockers[3] etc. In that case the delivery systeould serve dual purpose; the released drug
would act locally in the lumen as well as systentycafter absorption of drug through the basoldterambrane.
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H. pylori is a small, spiral, gram negative organism whiclomiae on gastric mucosa of human stomach and
produces a serious gastro duodenal disease- inglupgeptic ulcers, gastric lymphoma and acute chroni
gastritis[4].It can penetrate epithelial cells awdvive intracellularly for at least 40 h which migaccount for
persistent or recurrent infection[5]. The organisam be killed intracellularly only at high concexions of
antibiotic known to exert intracellular activity[6]

To overcome this problem id. pylori treatment, a novel drug delivery system that laealithe antibiotic at the site
of infection to achieve bactericidal concentratiotighly desirable. The longer residence time afatje forms can
maintain a higher antibiotic concentration in tlaestgic region; will allow more of the antibiotic fenetrate through
the gastric mucus layer to act &h pylori and thereby improve the therapeutic efficacy. ldeorto enhance the
efficacy, we have made an attempt to develop dilapped floating multiple unit beads for stomade sipecific
delivery of azithromycin for effective treatmentlaf pylori infection.

Azithromycin, a new generation macrolide antibiati@ble to reduce the number of intracelliapylori[5]. The

drug has been reported to accumulate in gastsodisvith concentrations five- to ten-fold greateart those found
in gastric mucus where the concentrations exceedMiC(minimum inhibitory concentration)[7].The poher used
sodium alginate is an inexpensive, nontoxic prodexdtacted from kelp. Literature reports widespreesa of

sodium alginate for achieving sustained releasedrofys[8], targeting gastric mucosa[9] and incregsthe

bioavailability of drugs[10]. Additionally it alsceduces interfacial tension between an oil and mglhese and is
efficient for preparation of emulsion. Hydroxyprépyiethylcellulose (HPMC) has been reported to enbahe

sustained-release properties of alginate by progidi denser inner matrix[11].

MATERIALSAND METHODS

Materials:

Sodium alginate (low viscosity grade; 250 cp of &8tution at 25°C) was purchased from Loba Chemie Rd.,
Mumbai. Azithromycin (drug) was donated by MartB@ Genics Private Limited, Kolkata. Soybean oi¢ridity
0.916-0.922 g/crhat 28C) was purchased from Agro Tech Food Ltd., Secibattalndia. Hydroxy propyl methyl
cellulose, Calcium chloride dihydrate (CCD) and koghloric acid (35% GR)were purchased from E. Mdraka
Ltd., Mumbai, India. All materials were used with further purification. Deionized water was usedbtighout the
study.

Preparation of floating alginate beads:

Calcium alginate gel beads were prepared by emulgaation method. At first the aqueous slurry oflism
alginate, HPMC and azithromycin in deionized wates prepared. Soybean oil was added drop wiseetagheous
slurry with stirring at 2500 rprby a PMDC stirrer (RQ-121/D, Remi, India) 45 minutes to get a stable o/w type
emulsion. Finally this emulsion was dropped throdghGneedle in to 10% w/v calcium chloride dihydr@CD)
solution to get spherical beads. These beads wepe ik contact with CCD solution for 15 minutes ahén
removed from CCD solution by filtering, washed edkin hot air oven and stored in desicator forhfartstudy. The
formulation variables are given in table 1.

Tablel: Formulation variables of thefloating azithromycin beads

Batch % w/v of polymer (Na Drug/polymer ratio Soybean oil (% v/v of Calcium chloride dihydrate (% w/v of
No. alginate: HPMC=9:1) (w/w) demineralised water) demineralised water)
FB, 4 2:06 20% 10%
FB;, 4 2:06 10% 10%
FB; 4 1:06 20% 10%
FB4 4 1:06 10% 10%
FBs 3 4:09 20% 10%
FBs 3 4:09 10% 10%
FB; 3 2:09 20% 10%
FBsg 3 2:09 10% 10%

Incompatibility study between drug and polymersby fourier transform infra-red spectroscopy (FTIR):
The pure drug (Azithromycin) and polymers were satgd to IR studies alone and in combination. Alootg of
pure drug/pure polymer/combination of drug-polymare grinded with 97 mg of potassium bromide inresth
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mortar to affect through mixing. The mixtures wéren placed in the sample holder of the instrum@iiese were
analyzed by FTIRspectroscopy (JASCO-FTIR, Model&30

Physicochemical evaluation of alginate beads:

Appearance

Appearance of the prepared alginate beads arelseplacing them under triangular microscope (Magmisdel
MLX) .

Bead size
The diameter of the dried beads and wetted bedtts @hr. wetting in 0.1 N HCI) were measured higlzalipers
[AEROSCAPE (150 X 0.2mm)].

Weight uniformity study
The weights of 100 beads of each were taken iretreups. Each group of 100 beads was taken ragdoml

Estimation of drug entrapment efficiency of prepared beads

A 100 mg portion of dried beads were placed int6 & of 0.1 N HCI. It was shaken over night by megical
shaker. On the next day the resulting dispersiog filtared through Whatman Filter Paper (Qu4§. The polymeric
debris was washed twice with fresh buffer to extteaty adhered drug. The filtrate was diluted wdtiml Folin-
Ciocalteuis phenol reagent (diluted to 1:2 withodeed water) and 2 mL of 20% sodium carbonatetispliand 0.1
N HCl up to 10 mL and assayed spectrophotometyicall =760 nm in a double beam UV-visible
spectrophotometer (Shimadzu UV 1700) against raagemk. Entrapment efficiency was calculated Isng
equation:

Entrapment Efficiency = (Actual drug content / Thetacal drug content) x 100 %

Surface mor phology studies

Morphological examination of the surface and ins&krstructure of the beads was performed by usirgriog
electron microscope (JSM 6100 JEOL, Tokyo, Japaryaied at an acceleration voltage of 15 kV. Fan@ration
of the internal structure of the beads, they wetdrchalf with a steel blade.

In-vitro floating study:

The in vitro buoyancy study for the beads was tesig visual observation in 0.1 N HCI using a USBsdiution
apparatus Il, Veego. Twenty beads of each batcle wixced into 900 ml 0.1 N HCI maintained at 37%C.%and
100 rpm. The time between the introduction of thads into the medium and its buoyancy to the upperthird of
the dissolution vessel (buoyancy lag time) andtithhe for which the formulation constantly floated the surface
of the medium (duration of buoyancy) were meassiediltaneously as a part of dissolution studies[12]

In-vitrodrug r elease study:

The in-vitro study of the floating beads was dam&JSP dissolution apparatus Il (Veego, Mumbai)Ga dpm and
37 £ 0.5 °C. The particular amount of beads (Whichtained 100 mg of the drug) was placed in 90@f@.1 N

HCI. A 2 ml of the aliquot was withdrawn at predeténed intervals and replaced with fresh dissolutivedium.
Samples were suitably diluted with 2 ml Folin-Citbeais phenol reagent (diluted to 1:2 with deiodisater) and 2
mL of 20% sodium carbonate solution and 0.1 N HEta 10 mL and assayed spectrophotometricalh=@60 nm
in a double beam UV-visible spectrophotometer (Stipu UV 1700) against reagent blank. The resulia @ftro

drug release are fitted with zero-order, first-ordd¢iguchi and Korsmeyer & Peppas semi-empiricableidor the
analysis of the release kinetics. The criteriadelecting the most appropriate model were chosetherbasis of
goodness of fit test.

RESULTSAND DISCUSSION
Fourier transform infra-red spectroscopy (FTIR) study:

As per the describe method FTIR was carried ouptoe azithromycin, pure HPMC, pure Na-alginate phgsical
mixture of azithromycin : HPMC : Na Alginate in 11lratio. The spectrums are shown in fig. 1.
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Fig. 1. FTIR spectrums of physical mixture of azithromycin, HPM C and sodium alginatein 1:1:1 ratio(A), pure sodium alginate(B), pure
azithromycin(C) and pure HPM C(D)

From the figure it has been seen that there waappearance or disappearance of any peak in thpd&ra. There
were no major shifts in the absorption bands ofahiéhromycin in presence of polymers. Hence we aarclude
that the drug polymers interactions were not preaed azithromycin is fully compatible with the pilers.

Formation of gel beads:

The gel beads were easily manufactured without sophisticated equipment. When emulsion of Na-atgiréa
HPMC with soybean oil was dropped into calcium dile solutions, spherical gel beads were then fdrme
instantaneously due to intermolecular cross-linkiegween the divalent calcium ioasd the negatively charged
carboxyl group of alginic acid.

Appear ance:
The beads containing soybean oil were almost sgilesrellowish white spherical in shape and handellowish
white coloration was owing to original color of $@an oil. Upon drying the beads become small anddfeg. 2
and Fig. 3).

Fig. 2. Photogr aph of freshly prepared beads Fig. 3. Photograph of dried beads
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Size:

The average size of the dried spherical beads dafngm 1.84mm to 2.08mm considering the spheribaps of the
beads. Size of the beads increases with the ireiaabe concentration of drug, polymer asw/bean oilat 10%
wi/v fixed concentration of calcium chloride. Thisutd be attributed due to the increase in the @isgaf polymer
solution that in turn increases the droplet sizeindu addition of the polymer solution to the crdisding

solution.The mean diameter of oil-entrapped geldbezontaining different types and amounts of oisli@wn in

table 2.
Table 2: Physicochemical properties of different batches of floating azithromycin beads(n=3)
Batch No. D'an&tg;gf ibgégls (mm We'g?&zfaﬁof gﬁ;ds (mg % Entrapment efficiency Lag time (seconds) Floafiirge (Hrs.)
FB, 2.05 + 0.0400 591.7 +4.72 98.8589658 188.3+ 8.62 >24
FB; 1.98 + 0.0600 512.3 +4.163 96.13533761 201.78&%.5 >24
FB; 2.04 + 0.05000 558.7 + 4.726 98.53244729 176.3677. >24
FB,4 1.86 + 0.0600 432.3+4.933 94.20969231 210+ 7 >24
FBs 2.08 + 0.06000 504.0 + 6.557 97.72503419 175.3067. >24
FBs 1.95+ 0.0755 404.7 +5.50 93.6984465 196+ 7.21. >24
FB; 2.02 + 0.0556 396.0 +5.56 92.8921481 182.7+5.85 >24
FBs 1.84 + 0.04000 372.0 +4.583 90.14065385 195.8838. >24

Weight variation:
Weight variation data(table2) shows that beadsuarf®rm in weight. Slight variation of weight is éduo the bead
size variation and different composition of batches

Surface M orphology:
SEM photograph shows that the drug loaded oil pptd beads were almost spherical in shape and¢sence of
minor projections on the surface may be attribtitetthe presence of insoluble drug particles inttbad matrix (fig.
4). The section showed sponge-like structure winclicates that oil was entrapped (fig.5). The siz¢hese olil
filled pores visible on the section surface randimgn 25 to 15Qum. The uneven size of the pores could be due to
the coalescence of the oil droplets during thergelbrocess[13].

Fig. 5. SEM photograph of cross section of beadshowing sponge like structure
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Entrapment efficiency:

Drug entrapment efficiency ranged from 90.14 % 889% depending on the composition of the eighthes of
polymeric beads of azithromycin (table 2). It wéiserved that an increase in the amount of polynmeases drug
entrapment efficiency because of the formatioraofér beads with denser internalstructure whichahte to retain
azithromycin more effectively. Also, there was arretation observed between proportion of oil andigdr
entrapment efficiency of the beads. A higher % ibfirothe formulation of beads increased the dragrament
efficiency in different batches, some amount ofgddiffused in surrounding oil pockets during gétiiftion of
beads.

I n-vitro floating:

It is evident from the result that all formulatiofisated within 210 seconds (table 2) after beitgced into the
acidic medium (0.1 N HCI) and remained buoyanthi@ nedium throughout the study irrespective of payand
oil concentration. It was found that beads swelyvess in 0.1 N HCI. This is because in acidic alginate is
protonated into insoluble form of alginic acid drale less swelling raf@4].

So swelling is not responsible for floating of theads. The factors contributing to the floatingesgppd to be the
porous structure(multiple tiny pockets) of the kmddw relative densities of soybean oil (0.91622.9 mL™) as
compared to that of gastric media (1.004 g mL—1) facilitation of air entrapment by the oils. It svalso observed
that increase of the amount of oil in the matrixcrdase the lag time and increase the floating tiBw.the
formulations containing oil 20% v/v e.g. BF1, BEEE5 & BF7 float comparatively faster than thoseniatations
containing oil 10% v/v e.g. BF2, BF4, BF6 & BF8g#) irrespective of the amount of polymer includedhe
various batches.

250+
2004
1504

100+

Hoating lag time(sec.)
4]
e}
1

0-
& &L QQ;\ &
Batch code

Fig. 6.Comparison of lag time of different batches

In-vitro drug release:

The gelbeads exhibited a biphasic release profile as dialinapid drug release phase (burst effect) was
followed by a slower, gradually declining drug rede phase after one hourtending up to 7 hours
release up to about 92.53% drug (fig. The initial burst release may be due to the reledsadhering drug
particle to the outer surface of the bedgisam the release profiles of different of differdrgttches it has been
observed that release rate is inversely propottiasth the polymer concentration. Comparison of cilstive %
release vs. time profile between batch FB1 and FB%, and FB6, FB3 and FB7, FB4 and FB8 showed seleate
is faster at 3 % w/v than that of 4% w/v polymefFarm the oil encapsulation it had been seen thatas
concentration of oil increases (batch FB1, FB3, B8 FB7) drug release decreases to certain extantplies
that the addition of oil in the formulation createl additional barrier and permit efficient contoblthe release of
the drug.

It has been found from the correlation coefficiesftslifferent kinetics models that the kineticsaaithromycin from
the system follows the Higuchi model kinetics (gtcthe batches FB4 and FB6) proving that the reléashy
diffusion mechanism. From the results of releagmegnt data of different batches using the Korsemdleppas
model (table 3), it was observed that the drugasserom the polymer matrix system was non ficKemomalous
transport) type (1<n<0.5). Anomalous diffusion onrfickian diffusion refers to combination of batffusion and
erosion controlled rate release.
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Fig. 7. A plot of cumulative per centager elease of azithromycin vs. timesin hour

Table 3: Correlation coefficients of the drug release, model of best fit, release exponent and release mechanismd data of the azithromycin
loaded floating beads(n=3)

Batch Correlation Coefficients (R? value Model of Release Rl e
No. Zero order First order Higuchi Ko'ssgsgger_ Best Fit exponent(n) elease mechanism
FB1 0.772+0.012 0.9+ 0.032 | 0.92+0.013 0.246+ 0.017 Higuchi 0.71+ 0.06Y Anomalous transport
FB2 0.844+0.014 | 0.9670+ 0.01p 0.968+ 0.020|  0.289+ 0.09( Higuchi 0.807+ 0.051 Anomalous transport
FB3 0.839+0.021 0.956+ 0.045 0.964+0.037| 0.282+0.031 Higuchi 0.782+ 0.095 Anomalous transport
FB4 0.815+0.11 0.955+ 0.041 0.945+ 0.020| 0.262+ 0.014 Firstorder  0.774+ 0.069 Anomalous transport
FB5 0.786+0.023 0.914+ 0.017 0.926+ 0.043| 0.249+ 0.024 Higuchi 0.723+ 0.039 Anomalous transport
FB6 0.85+ 0.018 0.977+0.033 0.974+0.073| 0.292+ 0.041 Firstorder  0.819+ 0.084 Anomalous transport
FB7 0.838+ 0.04 0.955+ 0.02 0.96+ 0.02: 0.275+ 0.04 Higuchi 0.782+ 0.03 Anomalous transpc
FB8 0.806+ 0.020| 0.9520+ 0.02# 0.954+ 0.036] 0.261+ 0.02( Higuchi 0.783+ 0.028 Anomalous transport

CONCLUSION

Oil entrappedazithromycin floating beads were prepared by theilsion gelation methc showed satisfactory
results for various physical parameters like sizeight variation, drug entrapmerin vitro floating and m-vitro
drug releaseResulted suitable floating prerty of the beads may be able to localize the entiibat the site oH.
pylori infection to achieve higher bactericidal conceirand therebmayimprove the therapeutic effica
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