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ABSTRACT

The objective of the study was to develop a storapehific drug delivery system for controlled
release of Clarithromycin for eradication of Hellwacter pylori (H. pylori). Floating
Microspheres of Clarithromycin (FMC) were prepareyg Solvent Evaporation Technique using
ethyl cellulose as a polymer. The prepared micresgh were subjected to evaluation for
particle size, incorporation efficiency, in vitrautwancy, in vitro drug release characteristics
and stability studies. These microspheres showed gaoyancy. The formulation variables like
polymer concentration and drug concentration infloed the in vitro drug release significantly
in simulated gastric fluid (pH. 2.0). It was alsoted that the required amount of Clarithromycin
for eradication of H. pylori was significantly les;y FMC than from corresponding
Clarithromycin suspension. About 82% of the predang@icrospheres floated in hydrochloric
acid buffer solution for 12h. 71% of the Clarithrpom contained in the microspheres were
released within 12 h in a sustained mannérese results suggest that FMC will be a promising
drug delivery system for the treatment of H. pyiofection.

Key Words: Floating Microspheres, Clarithromycin, Ethyl Gedlse, Gastroretentive Drug
Delivery.

INTRODUCTION

Floating systems are the low-density systems thae Isufficient buoyancy to float over gastric
contents and remain in the stomach for a prolonmetbd. While the system floats over gastric
contents, the drug release slowly at the desirée, mahich results in the increased gastro-
retention time and reduces fluctuation in the pksirug concentration [8A floating dosage
unit is useful for the drugs which act locally imetproximalgastrointestinal tract. The drugs
which are poorly soluble and unstable in intestihatls these systems are useful. The floating
properties of floating drug delivery systems helpataining these systems in stomach for a long
time [10]. Various attempts have beprade to develop a floating delivery system [7].sThi
system will float on the gastric contents é@sired time period [4After the release of drug, the
remnants of the system will be emptied fromgst@mach.

90
Scholar Research Library



Bathini Sree Tgaswi et al Der Pharmacia Lettre, 2011, 3 (6):90-101

When microspheres come in contact with gastridfltihe hydration of gel formers, polymers
and polysaccharides occurs to form a colloidal lggdrier which controls the rate of fluid
penetration and consequent drug release. As tlei@xsurface of dosage form dissolves, the
gel layer is maintained by the hydration of theaadnt hydrocolloid layer [15]. The air
entrapped by the swollen polymer lowers the dersity imparts buoyancy to the microspheres.
However a minimal gastric content is needed tonalpoper achievement of the buoyancy [14].
Hollow microspheres of eudragit, acrylic resinslypthylene oxide, and cellulose acetate;
polycarbonate floating balloons and gelucire flogtgranules; polystyrene floatable shells are
the recent developments.

H. pylorusis a Gram-negative, spiral, microaerophilic andjéléated bacterium, with unipolar-
sheathed flagella which provides motility [11]. Epiral shape and high motility allows it to
penetrate the mucus, resist gastric emptying andhirein host gastrointestinal (Gl) tract. It
causes a chronic inflammation of stomach lining aray cause development of the duodenal
and gastric ulcers and stomach cancer [13]. H.rPwleaken the protective mucous coating of
duodenum and stomach and allows acid to get thrthegkensitive lining beneath. Both the acid
and bacteria irritate the lining and causes anruldePylori are able to survive in the stomach
acid as it secretes enzymes which neutralize tioe[3lc

Clarithromycin is orally absorbed, macrolide, bregectrum antibiotic which is widely used in
the standard eradication treatmentofPylori infection combined with a second antibiotic and
an acid-suppressing agent. Clarithromycin has ighelst rate of eradication ¢i. pylori in
monotherapyn vivoand hence was selected as a model drug in thig gld

In order to improve the efficacy of anti. pylori clarithromycin, we propose a new concept
based on floating system with site-specific drutiveey of clarithromycin using ethyl cellulose
as polymer and calcium carbonate as gas formingtag&is stomach-specific delivery system
will increase the gastric residence time, decretisesdliffusional distance, and allow more of the
antibiotic to penetrate through the gastric mu@y®i and act locally at the infectious site and
also minimize the resistance problems associatddsystemic administration of antibiotics.

MATERIALSAND METHODS

2.1. Materials

Clarithromycin was a generous gift from Orchid Phar(Chennai), Ethyl Cellulose (Low
Viscosity) and Carbopol 934P was obtained from LGlemie (Mumbai), Calcium Carbonate
and Liquid Paraffin was obtained from Qualigens (Mbai), Hydrochloric Acid obtained from
Qualigens, Mumbai.

1.2.Preparation of Floating Microspheres of Clarndmycin

The technique of floating microspheres preparatisnbased on emulsification solvent
evaporation method in which the polymer ethylceldd was dissolved in 50ml of acetone at
different concentrations with stirring. Carbopold®3 calcium carbonate and clarithromycin of
different concentrations were added to the abougnper solution and the total mixture was
blended for 2h [9]. Then this suspension was sloadged to the 200ml light liquid paraffin
which containing 2.0% Span 80 and stirred at a @&te200 rpm using Remi mechanical stirrer
equipped with a three bladed propeller at room wyaipre for 1h [2]. After 1hr of
emulsification, acetone was evaporated gradualth wie help of a rotary flash evaporator at
40°C until the microspheres were formed. The formedrosipheres were washed with
petroleum ether (40 6(° C) and dried at room temperature. Fourteen forrimrathad been

91
Scholar Research Library



Bathini Sree Tgaswi et al Der Pharmacia Lettre, 2011, 3 (6):90-101

prepared by this method; the various formulationaldes considered for optimisation were
shown in the table no 1.

Table Nol: Formulation Optimisation of Floating Microspheres of Clarithromycin

Formulation Code Ethylcellulose (%) Calcium Carbden&) Carbopol (%) Clarithromycin (%)

F1 25 15 1 2.5
F2 25 2 1 25
F3 2.5 2.5 1 2.5
F4 25 3 1 25
F5 15 2 1 25
F6 2 2 1 2.5
F7 3 2 1 2.5
F8 2.5 2 0.5 2.5
F9 25 2 2 25
F10 2.5 2 3 2.5
F11 1 - - 1

F12 0.5 - - 1

F13 2 - - 1

F14 3 - - 1

1.3.Determination of Particle Size

The particle size of the prepared microspheresdetesrmined by the Phase contrast microscopy.
The samples were dispersed in the liquid paraffia the sizes of microspheres were observed
under microscope.

1.4.Determination of Entrapment Efficiency

Accurately 50 mg of dried microspheres were soakesD ml of distilled water and sonicated
using probe sonicator for 10 min. The solution wastrifuged for 1hour and the entrapment
efficiency of the drug was determined by measutirggconcentration of free drug present in the
supernatant [16] after centrifugation at 13,000 ripm1hr at 4C. The concentration of drug
present in the supernatant was determined throughspectrophotometer (Shimadzu 1650,
Japan) at 260nm. The following formula determirtnesgercentage drug entrapment:

Amount of drug added initially - Amount of drug present in the supernatant

%EP = X100
Amount of drug added initially

1.5.In Vitro Buoyancy Studies

The floating microspheres about 100 mg were spogad the surface of the dissolution medium
of 900ml simulated gastric fluid (SGF, pH 2.0), walhis placed in USP dissolution apparatus II.
The medium temperature was maintained at 37 °Oamsdagitated by paddle at 100 rpm. After
agitation the microspheres that floated over théasa of the medium and those that settled
down at bottom of the flask were recovered seplyrated dried [1]. The percentage of floating

microsphere was determined by the following equmatio

Weight of microspheres floated on medium
Buoyancy % = X100
Wt of microspheres floated on medium+ Wt of microspheres settled at bottom of flask
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1.6. Stability Studies

The physical and chemical stability of clarithronmydoaded floating microspheres were
evaluated by storing the formulations at humidigntrolled oven (4%C), room temperature
(28°C), and at refrigeration temperature (8 [6]. Samples were withdrawn at"L8ay, 3¢
day and 60 day and were checked for appearance, entrapmeicierfiy and buoyancy
percentage.

1.7.In vitro Drug Release Studies

The in-vitro dissolution studies were carried out by using UShadddle type dissolution
apparatus. Accurately 100mg of clarithromycin fiogtmicrospheres was introduced into 900
ml of 0.1 N Hcl (pH 2), used as a dissolution nu@adi maintained at a temperature of 37°C, and
a rotational speed of 100 rpm [18amples were withdrawn at predetermined time iaisrof
every one hour for twelve hours. The samples waetyaed UV spectrophotometrically at 260
nm to determine the percentage of drug release.

RESULTSAND DISCUSSION

3.1. Formulation of Floating Microspheres of Clarithrogig

Floating microspheres loaded with clarithromycirtheir outer polymer shells were prepared by
emulsification solvent evaporation method. The oeadehind the selection of floating
microspheres as a drug carrier is:

1. Enhancement of bioavailability despite first paffea because fluctuations in the plasma
drug concentration is avoided.

A desirable plasma drug concentration is maintalmedontinuous drug release.

Buoyancy increases gastric retention time.

Drug releases in a controlled manner for prolongeribd.

Avoidance of gastric irritation, because of sustdirelease effect.

Better therapeutic effect of short half-life drugs be achieved.

S

By emulsion solvent evaporation method, differetios of drug and polymer formulations were
prepared for formulation optimization. In order &xhieve better buoyancy, encapsulation
efficiency and mucoadhesive properties various tdation variables like different
concentrations of ethyl cellulose, calcium carbenaarbopol were optimized in the study by
trial and error method.

The floating microspheres were prepared with déiférconcentrations of ethyl cellulose (0.5, 1,
2, 2.5 and 3%) to investigate the influence of EGCeacapsulation efficiency.Calcium carbonate
of 1.5, 2 and 2.5% concentrations were used torméate its influence on floating
behaviour.Carbopol of 0.5, 1, 2 and 3% concentnatigssed to study its effect on mucoadhesive
nature.

The different ratios of formulation variables weselected for optimization of their buoyancy
property. The formulations in which ethyl cellulosalcium carbonate ratios of 2155, 2.52.0,
1:1 and 1.52.0 are giving the better results. In all the abdéwenulations the drug is kept
constant at 2.5%.

The formulations, shown in table no.2, are seleatethe best formulations depending upon their
buoyancy, encapsulation efficiency and mucoadhepreperties. From the results of all the
fourteen formulations, it is confirmed that the wha in concentrations of ethyl cellulose,
carbopol and calcium carbonate influences the ptiggeof the formulations. The formulation
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F4 with drug and polymer 1:1 ratio, without calciwarbonate and carbopol is giving the best
result of buoyancy property.

The microspheres, having lower densities (havifgpldlow core) exhibited buoyancy and are
expected to be retained in gastric environmentifore than 12 hrs. This may be attributed to a
decrease in density of microspheres with an inergapolymer concentration.

Table No. 2: Formulations Showing the Better Result

Formulation Calcium
Code Drug (%) - Polymer (%) Carbonate (%) Carbopol (%)
F1 25 25 15 1
F2 25 25 2.0 1
F3 25 25 25 1
F4 1.0 1.0 - -
F5 25 15 2.0 1

3.2Determination of Particle Size

The floating microspheres of clarithromycin, pregghin this study were wetbunded spheres
with the size ranging from 8m to 5um. The phase contrast microscopic images of prdpare
microspheres were shown in the figure 1.

3.2.Determination of Entrapment efficiency

The percentage entrapment efficiency of variougntdation parameters of the prepared
microspheres were shown in table no 3. The entrapeifdiciency varied from 48.35+£2.65 to

69.21+£3.95. The formulation F4 is having high erstdation efficiency of 69.21% and F5 is
having low encapsulation efficiency of 48.35%.

The low encapsulation is because of the less coratiem of ethyl cellulose than the drug
concentration where the quantity of ethyl cellulesensufficient to entrap the drug. The high
encapsulation efficiency is because of the highceotration of ethyl cellulose where the
increase in the ethyl cellulose concentration forarger microspheres encapsulating more
amount of drug.

Table No 3: Percentage Entrapment Efficiency

Formulation Code (%) Entrapment Efficiency

F1 58.11+1.72
F2 62.81+0.53
F3 54.78+1.56
F4 69.21+3.95
F5 48.35+2.65

Values represents £ SD, n=3

3.3.In Vitro Buoyancy Studies

The floating ability of the prepared formulation$ t F14 was evaluated in Simulated Gastric
Fluid SGF (pH 2.0). The percentage of the microsphéhat floated on the dissolution surface
medium was evaluated and was shown in table ndl4onulations floated for more than 12
hrs on the SGF USP. The results will help to imprtive bioavailability of the basic drugs like
clarithromycin. The release did not show any beftct or lag time, which is indicative of a
homogeneous drug distribution.
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Figure 1. Phase Contrast Microscopy | mages of Prepared Floating Microspheres

F1 F2

3.131um 2.909um

Figure 2. Buoyancy Study of Floating Microspheres
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Table No. 4: Percentage Buoyancy

Formulation Code  Buoyancy (%)

F1 66.2+1.75
F2 72.6x1.23
F3 69.6+2.01
F4 86.3+2.45
F5 65.88+3.45
F6 51.3+1.06
F7 53.6+0.79
F8 49.1+1.32
F9 43.4+1.54
F10 45.3+0.78
F11 50.6+2.03
F12 48.9+1.49
F13 40.8+1.04
F14 51.4+0.59

Values represents £ SD, n=3

The formulations which are showing floating pereg@ more than 65% were selected as the
better formulations for prolonging the gastric desice time. The formulations having less ethyl
cellulose concentration is having low buoyancy prtips because of the increase in the density
of microspheres with a decrease in the polymer eatnation.
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Table No 5: Sampling Time- After 15 Days

Storage Condition

Formulation Room Temp Humidity Controlled Refrigeration Temp
No. 28°C 40°C 4°C
Appearance (%)EP (%) Appearance (%)EP (%) Appearance (%)EP (%)
Buoyancy Buoyancy Buoyancy
F1 57.21% 64.23% 56.34% 65.1% 58.3% 66.1%
The colour of The colour of The colour of
the the microspheres the
F2 microspheres is 63.32% 73.16% is not changed 63.46% 72.3% microspheres is 64.8% 72.3%
F3 notchanged  54.93% 69.8% 53.45% 67.2%  hotchanged 52.11% 68.4%
F4 66.31% 86.50% 67.43% 85.4% 68.4% 86.5%
F5 49.1% 64.31% 47.2% 65.0% 48.03% 66.7%
Table No 6: Sampling Time- After 30 Days
Storage Condition
Formulation Room Temp Humidity Controlled Refrigeration Temp
No. 28°C 40°C 4c
Appearance (%)EP (%) Appearance (%)EP (%) Appearance (%)EP (%)
Buoyancy Buoyancy Buoyancy
F1 58.36% 65.4% 57.21% 65.2% 58.23% 64.9%
No change in the No change in the No change in the
F2 colour of the 61.3% 73.83% colour of the 61.8% 72.1% colour of the 63.1% 71.8%
microspheres microspheres microspheres
F3 55.82% 68.7% 53.4% 69.6% 55.01% 68.7%
F4 67.41% 87.5% 68.21% 85.3% 69.41% 85.9%
F5 47.4% 64.8% 47.67% 66.1% 48.5 % 65.12%
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Table No 7: Sampling Time - After 60 Days

Storage Condition

Formulation Room Temp Humidity Controlled Refrigeration Temp

No. 28°C a0°c 4c

Appearance (%)EP (%) Appearance (%)EP (%) Appearance (%)EP (%)

Buoyancy Buoyancy Buoyancy

F1 57.9 % 66.8% 56.36% 65.72% 58.23% 66.7%

No change in No change in No change in

the colour of the the colour of the colour of the

microspheres the microspheres
F2 61.1 % 71.6% microspheres 61.8 % 72.1% 60.9% 71.56%
F3 54.3 % 69.9% 53.8 % 68.5% 55.3% 68.6%
F4 68.2% 86.8% 67.2 % 86.7% 69.91% 85.9%
F5 48.9% 66.11% 47.13% 64.32% 48.5% 65.8%
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Calcium carbonate was added as a gas forming agenbhe variations in the concentrations of
calcium carbonate is not having a significant dffec buoyancy properties. The formulation
F11, F12, F13 and F14 prepared without calciumaraate are floating for more than 12hrs
because of the hollow core formed during the pepar.

3.4. Stability Studies

The stability studies were conducted for two mordhghree different temperatures of room
temperature (&), humidity controlled temperature (&) and refrigeration temperaturé@).
The sample were analysed for their appearance,tBapenent efficiency and %buoyancy. The
results obtained after £530" and 6¢' day were shown in the Table no. 5, 6 and 7. Thelte
revealed that there was no change in the appeardheee was a no significant change in the
percentage entrapment efficiency and percentaggabey after two months of the study when
stored at three different temperatures.

3.5.In vitro Drug Release Studies

Thein vitro drug release studies were conducted in 900 mNGHLI (pH 2.0) simulated gastric
fluid as a dissolution medium. The percentage delegpse study is done for 12hrs. Thevitro
drug release profile is shown in the figure 3. Bhadies revealed that all the formulations are
showing the sustained release of the drug. Withrtbeease in the polymer concentration there
will be a significant decrease in the rate and rexoé drug release.

The formulation F1, F2, F3 and F5 containing ettgllulose calcium carbonate ratios 2.5:1.5,
2.5:2.0, 1:1, 1.5:2.0 are having percentage releH#s&0.5%, 58.7%, 59.9% and 73.5%
respectively were shown in table no 8. The formatat-4 with drug:polymer of 1:1 ratio is
having 69.7% drug release. The formulation F5 igirtahighest release of 73.5% than the
others, this is because the increase in polymecerdration resulted in better incorporation
efficiency of the drug, could be the reason for tfyserved decrease in drug release since the
amount of surface associated drug decreases wititegase in incorporation efficiency.

Table No. 8: In vitro Drug Release Profile

Time in Hours Cumulative Percentage drug release

F1 F2 F3 F4 F5
0 0 0 0 0 0
1 20.1+0.6 25.3+0.3 15.9+0.5 18.2+0.9 19.1+1.2
2 27.8+0.9 28.9+0.5 21.240.9 22.1+0.2 19.9+0.5
3 35.310.4 33.1+0.2 23.3+0.6 24.3+0.5 20.4+0.8
4 41.1+1.1 39.3+0.3 29.8+1.3 31.5+0.1 26.310.2
5 48.4+0.6 43.7£0.4 39.6+0.5 42.7+0.6 33.8%1.5
6 51.3+0.5 45.610.6 46.7+0.2 47.410.4 39.2+0.7
7 53.2+0.3 46.1+1.5 48.2+0.3 52.5+0.1 44.910.4
8 58.1+0.2 48.5+0.7 51.2+0.9 57.9+0.8 49.3+1.1
9 61.4+1.9 49.9+0.2 53.2+0.7 60.5+0.2 54.7+0.3
10 65.1+0.5 50.1+0.1 54.9+0.6 63.1+0.6 58.6+0.7
11 69.3+0.2 53.4+0.8 56.4+0.2 67.7+0.4 65.8+0.5
12 70.5+0.7 58.7+0.2 59.9+0.4 69.7+1.3 73.7+0.1

Values represents £ SD, n=3

The variations in calcium carbonate does not haeiifgct on the drug release as it is used as a
gas forming agent to prolong the floating of migresres. An increase in carbopol concentration
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caused retardation in drug release from the mitregs because of an increase in the viscosity
of polymer solution and formation larger size mgpberes.

Figure 3. In vitro Drug Release Profile
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3.6. Invitro Drug Release Kinetics

Floating microspheres of clarithromycin were preplaby solvent evaporation method using
ethyl cellulose to retard release and achieve redqurelease profile. To study the release
kinetics, data obtained from vitro release studies were plotted in various kinetic @gdZero
order as cumulative amount of drug Vs time, firedles as log cumulative percentage of drug
released Vs time and Higuchi’'s model as cumulgtmeentage of drug released Vs square root
of time, Peppas model as log cumulative percerg teleased Vs log time

From the f value it is concluded that the release of drugf ifirst order. From the peppas model
it is indicated that the release is a Non- Ficldéfusion drug release.

CONCLUSION

The ultimate goal for sustained drug release madaimize therapeutic activity while minimizing
the negative side effects of the drug. In this régfloating microspheres have emerged as a
novel drug delivery system for eradicationHelicobacterpylori with Clarithromycin.

Clarithromycin was successfully incorporated intee tpolymer, ethyl cellulose by solvent
evaporation method. The obtained microspheres wgherical in shape and the size ranging
from 3um to 5um. The entrapment efficiency ressiitswed that the drug is encapsulated up to
69%. The buoyancy studies showed that all the ftanans were floating more than 12hia
vitro release profile showed that the drug was releaseal sustained manner up to 12hrs.
Stabilities studies showed that the formulation barstored at £, 28C and 4C temperatures
without affecting drug loading.
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From the studies it was concluded that floatingrospheres of clarithromycin can be used as
stomach specific drug delivery system for the eratihn of H. Pylori and may provide
therapeutic concentration at lower dose of clasithycin and also may reduce the adverse
effects.
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