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ABSTRACT

Thefloating drug delivery systems (FDDS) have been developed to obtain
prolonged and uniform release of drug in the stomach for the development
of once-daily formulation. The aobjective of the present study was to de-
velop once-daily sustained release FDDS of aceclofenac. The study in-
volves preparation and eval uation of floating microsphereswith model drug
aceclofenac and polymer ethyl cellulose for prolongation of gastric resi-
dence time by solvent evaporation method. The microspheres remained
buoyant in acidic medium containing surfactant for 8 hoursin vitro. It was
found that at higher polymer concentration, the mean particle sizeincreased
and the drug release rate decreased. The shape and surface morphology of
microspheres characterized by optical microscopy and scanning electron
micrographs, indicated that the microspheres were perfect spheres with
porous surface aiding/showing good floating characteristic. The in vitro
drug release study carried out in pH 1.2 (0.1N HCI) for 8 hours showed slow
release in buoyant condition and in small intestine medium - pH 6.8 buffer in
a controlled release manner upto 20 hours. In vitro drug release studies
showed that the drug release was faster in intestinal pH than as compared to
gastric pH and drug kinetic analysis suggests that the drug release is a
diffusion controlled release from floating microspheres. The in vivo anti-
inflammatory activity of optimized aceclofenac floating dosage form showed
retarded release in comparison to marketed formulation.
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INTRODUCTION

Gastric retention systemsare systems, which in-
creasethegadtricretentiontimeof thedrugshaving Site-
specific absorptionin thegastrointestind tract. Hoating
drug ddlivery systems have abulk density lower than
gadtricfluidsand thereforeremain floatingin the stom-
achwithout affectingthe gastric emptying ratefor apro-
longed period. Thedrugisreleased at adesired rate

from thefloating system and after the completerel ease,
theresdua systemisexpelled fromthestomach. The
controlled release of the drugsfrom these systemsat
preferred absorption sitesoptimizesddivery of drugs,
improvesitshbioavailability, maximizingitsthergpeutic
benefit, reduces drug waste and reduces side effects
by permitting alarge portion of thedrug to be absorbed
before passing through the lower Gl tract™.
Rheumatoid arthritis(RA) isconsidered achronic
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inflammatory autoimmunedisorder that causestheim-
munesystemto attack thejoints, low-gradefever, weight
loss, fatigue, and joint deformities?. RA affectsextra
articular tissuesthroughout the body including theskin,
blood vessals, heart, lungs, and muscles.It affects be-
tween theagesof 40 and 60 years. NSAIDslikeasprin,
indomethacin, corticosteroids, methotrexate, enbre (FDA
approved drug) are used for thetreatment of RA.

Aceclofenac® isthemost widdly used apotent anti-
inflammatory agent in comparisonto other NSAIDsin
thetreatment of RA. Theoral bioavailability of aceclo
fenacis65%, plasmahdf lifeis2-4 hr. Itspkavalueis
4.5. It has been determined that aceclofenac istypi-
cally absorbed from the stomach and proximal small
intestinei.e., it hasanarrow absorption window. Sus-
tained rel ease dosage forms are designed to rel ease
drugs over an extended period of time and usually
through out the gastrointestind tract. Thismay resultin
sub therapeutic blood level s of thedrugs, quick termi-
nation of thedrug action and consequently, ineffective
treatment of the patient’s condition.

In the present investigation, aceclofenac was se-
lected asamode drug for thedesign of gastro retentive
floating drug delivery systems. Theaim of thiswork is
toinvestigatethe poss bility of obtaining controlled, pro-
longed, relatively constant and effective plasmalevels
of acecl ofenac asfloating microgpheresformul ation us-
ingethyl cdlluloseascarrier. Ethyl cdlulosg¥isachemi-
caly modified natura polymer, which hasbeenusedin
the controlled delivery of drugs.

EXPERIMENTAL

Aceclofenac was gifted by M/s. IPCA |aborato-
ries, Mumbai. Ethyl cellulosewasobtained from S.D
FineChem. Ltd., Mumbai, and al other chemicalsused
wereof anaytical grade.

Hoating microspheresof ethyl cellul ose (46¢ps)
[C,H,.0,(CH,,0,) CH,0O,] loaded with aceclo
fenac (2-[ (2, 6-Dichlorophenylamino) phenyl acetoxy
aceticacid] wereprepared in varying proportion of drug
to polymer ratio, keeping sol vent ratio constant by sol -
vent evaporation method®™. The prepared floating
microsphereswereeva uated for their physi co-chemi-
ca characterigticslikefourier transforminfrared spec-
troscopy, drug loading, entrapment efficiency, particle
sizeanaysis, surface morphol ogy, buoyancy test, in
vitro drug release studies. Kinetic analysisand Invivo
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studiesweredonefor the optimized formula.

According to pharmacopia specification buffer so-
lution such ashydrochloric acid (pH 1.2), phosphate
buffer (pH 6.8) were prepared and used for experi-
ments®.

Preformulation study

Preformulationtestingisaninvestigation of physica
and chemical propertiesof adrugand polymer. FTIR
spectraof puredrug, polymer, physica mixtureof both
and optimized formul aion of microgphereswereobtained
inKBr pdletsat moderate scanning speed between 450
4500 cmtin Perkin-Elmer FTIR spectroscopy.

Prepar ation of floating micr ospheres(FM)

Threeformulationswereformulated by taking drug:
polymer ratio 1:1, 1:2 and 1:3. The microsphereswere
prepared by solvent evaporation method and were
named asECL-1,2,3. Ethyl cellulosewasdissolvedin
15 ml of acetone by using amagnetic stirrer and the
powdered acecl of enac was dispersed in the polymer
solution. Mixtureof 150 ml of liquid paraffinand 1% of
span 80 was preheated to 50°C and at 1000 rpm (Remi
motors) stirring condition. Theresulting dispersonwas
then added drop wisewith constant stirring for 1h until
acetone evaporated completely. The formed micro
sphereswerecollected by filtration under vacuum. The
filtered microsphereswere washed 4-5 timeswith co-
pious amount of n-hexaneto removetracesof liquid
paraffin completely and kept for drying at room tem-
peraturefor 24h.,

For optimization of theformulation variousdrug:
polymer ratio, Span-80 ratio, rotational speed were
attempted. Formulaefor different batches of floating
microspherearegiveninthe TABLE 1.

Characterisation of microspheres
1. Determination of practical yield

Microspheresweredried a room temperatureand
welghed. Theyield wascd culated usingtheformula:
Practical yield=Amount of micr ospher esobtained (g)/Theo-
retical amount (g)x100

2. Deter mination of drugloadingin microspher es”

Actua amount of aceclofenac present in different
sized microspheres were determined by following
method. A ccurately weighed amount of ECL floating
microspheres (100mg) was dissolved in 100 ml of
methanol and assayed spectrometricaly at 275 nm us-
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TABLE 1: Formulaefor different batchesof FM
ECL-1 ECL-2 ECL-3

S. no. Ingredients

n (L1) (12 (L3
1 Aceclofenac(mg) 200 200 200
2 Ethyl celulose (mg) 200 400 600
3 Light liquid paraffin (ml) 150 150 150
4 Acetone (ml) 15 15 15
5 n-Hexane (ml) 30 30 30
6 Span 80 (ml) 1.0 2.0 2.0
ing UV spstrophotometer.

% Drugloading = Assay valueof aceclofenac present/
micr ospher esweight of microspheres
taken for assay x 100
% Entrapment efficiency = Per centage of drugloaded inthe
microspher es/ Per centage of

drug added for loading x100
3. Sizeand shapeof microspheres

Determination of mean particle size of prepared
microsphereswas carried out by optical microscopy
(OlympusNWF 10x). Required quantity of dried micro
spheres was suspended in glycerin and the average
particlesizeof 100 microsphereswasdeterminedin
each batch and the mean particle sizewas calcul ated.

Theexterna morphology studiesof microparcticles
were examined using scanning el ectron microscope
(SEM Jedl JISM-6400, JAPAN) operating a 15kv. The
sampleswere mounted on ametal stub with double
adhesivetape and coated with platinum under vacuum
for surfacemorphology anayss.

4. nvitroevaluation of floating ability!™

Inwvitro floating study was carried out using Ssmu-
lated gastricfluid 0.1 N HCL inaUSP X X1V dissolu-
tion apparatus contai ning 1% Tween 80 asadispersing
medium .100 mg microsphereswere suspended in 900
ml of medium at 37+0.5°C. (Paddle, 100 rpm, 12hin
theagitated medium). Thefloating and settled portions
of microspheres were recovered separately. The

mi crospheresweredried and weighed.
% Buoyancy of microspheres= Weight of floating
microspheres/ I nitial weight of microspher esx100

6. In vitro release studied’”8

Theinvitro drug rel ease studies were conducted
in 0.1N HCI for 8 hoursand in pH 6.8 buffer for 12
hoursusing USP X XIII, type-11 dissolution apparatus
under sink conditions. Accurately weighed samples of
themicrosphereswere added in 900ml dissol ution me-
diumkept at 37+0.5°C under tirring condition. At pre-
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st timeinterva sdiquotswere withdrawn and samples
wereanalyzed spectrophotometrically at 275 nm. The
amount of drug present in thefiltrate was determined
from the calibration curve and cumul ative percentage
of drug releasewas calcul ated.

7.1n vivo evaluation(@

The optimized formulation of microsphereswas
subjected for in vivo studies. Carrageenaninduced paw
edemamethod was used to assessthe anti-inflamma:
tory activity.

Wigtar dbinoratsof either sex (180-200gms) were
taken for experiment. The studieswere approved by
the CPCSEA andlocd ethicscommittee. Animalswere
divided into two groupsof fiveratseach. Onegroup as
sandardi.e., carrageenaninduced and treated with pure
acecl ofenac (Dose equivalent to 2mg/ kg body wt. of
rat) and another group was carrageenan induced and
treated with optimized formulation (ECL-3) (micro
sphere quantity equivaent to 2mg/kg body wit. of rat).

8. Kinetic analysisof dissolution data®

Thereeaseprofileof acec ofenac for the optimized
formulation wasfitted to different kinetic modelssuch
aszero order, first order, Higuchi and Peppasfor Ki-
neticanayss.

RESULTSAND DISCUSION

Char acterization of floating micr ospheres

Three batches of microsphereformulationsof dif-
ferent ratiosof aceclofenac and ethyl cellulose (ECL -
1, ECL-2 and ECL-3) were prepared and effect of
process variableswere observed (TABLE 3) param-
eterslikepractical yield, percentage of drug loading,
percentage of entrapment efficiency of microspheres
wereeva uated and aretabulated. (TABLE 4)

The percentage of drug |oading of microspheres
rangesfrom 26.7-35.5%. It decreased asthe polymer
concentrationincreases. Similarly, theentrapment effi-
ciency decreased as the polymer concentration in-
Creases.

Mean particlesize

Particlesi zewasdetermined by optica microscopy.
Theresultsindicatethat themean particles zeincreased
withincreasein polymer concentration. Theseresults
showed that the viscosity of polymer isan important
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Figurel: SEM of ECL-2

factor, which determines the particle size of micro
spheres. Astheviscosity increasesparticlesizedsoin-
creases. Theaverage particlesizesfor al batches of
microspheresweregivenin TABLEDS.

Scanning electron microscopy (SEM)

The floating microspheres prepared by solvent
evaporation method showed good sphericity, with po-
rous surfaceand the particlesaredistributed uniformly
without any lumps. The characteristic porous surface
indicated the floating behavior of ethyl cellulose
mi crospheres. The scanning electron micrographsare
giveninfigurel.

Invitro evaluation of floating ability

Floating ability or % of buoyancy for all thethree
formulationswas determined TABLE 6. Theformula-
tion ECL-2 showed 87.6% buoyancy in comparison
to ECL-1(79.9%) and ECL -3 (73.5%). Thefloating
ability of ECL-2wasfound to be better incomparison
to ECL-1 and ECL-3, which could be dueto the po-
rousnature of ethyl celluloseasevident by SEM pho-

tographs.
Invitrorelease of ECL floating microspheres

From thein vitro results it was observed till 8"
hour in 0.1N HCl medium the drug release was only
10% and the restricted drug release could be due to
thefloating behavior and ethyl cellulose coating. The
formulations ECL-1, ECL-2 and ECL-3 batchesre-
leased 85.6%, 90.40% and 79.66% respectively at the
end of 12" hour in pH 6.8 buffer medium. In stomach
medium the microspheres showed good fl oating prop-
erty and slow releasein comparison to intestinal me-
dium. In all the batchesthe drug rel ease rate was de-
creased with increasein polymer concentration and re-
sultsaregraphically representedinfigures2 and 3.

Invivo animal studies
Theoptimized formulation ECL-2 wastakenforin

TABLE 2: Processvariablesinvolved in optimization of FM

S.no Process parameters Variablesinvolved
1 Drug: Polymer ratio 1:1,1:2,1:3
2 Span-80 0.5%, 1%, 2%

Stirring speed during solvent 800,1000 and 1200
evaporation process (rpm)
TABLE 3: Influence of processvariableson mor phology and
sizerangeof themicrospheres

Analyzed
S.no Variablesstudied Genoiri?/se%ects sizerange
(um)
Stirring speed (opted
during solvent
evaporation) (rpm)
a Largeirregular
) a. 500 particles, a. > 500
b. 1000 b.Discrete homogenous b. 100-200
spheres were recovered
¢. Smaller spheres along
c¢. 1500 with aggregated c.<50
particles.
Span-80 concentration (%)
a lrregular aggregated )
a 05 particles a
2. b. Discrete and
b. 1.0 homogenous spheres b.100-200
¢. Small aggregated
c.20 particles c.<50
Drug: Polymer ratio (%)
a1l alrregular particles a-
' were observed
3. b, 1:2 b.Intact,dl_screte spheres b. 100-200
were obtained
. c. Larger particles,
c. 13 oversized. c.>500

TABLE 4: Percentage of drug loading and entrapment effi-
ciency

Batches Drug: I?ractical %_ %
polymer vyield (mg) Loading Entrapment
ECL-1 11 138 30.5 70.3
ECL-2 1:2 160 355 81.4
ECL-3 1.3 132 26.7 68.3

TABLE 5: M ean particlesize of microspheres

S.no Formulations M ean particle size(pum)
1 ECL-1 555
2 ECL-2 146.6
3 ECL-3 196
TABLE 6: % Buoyancy of ECL microspheres
S.no For mulations % of buoyancy
1 ECL-1 79.9
2 ECL-2 87.6
3 ECL-3 735

vivo study. Carrageenan induced paw edemamethod
was used to study anti-inflammatory activity. Standard
acecl ofenac produced 54% inhibition of inflammation
incomparisonto ECL-2 formulation (82% inhibition of
inflammation) TABLE 7. Theanimal study confirmed
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TABLE 7: Invivo anti-inflammatory activity of ECL-2 and
sandard drug

% of inhibition at time (hours)
0O 1 3 6 9 12
059mg/kg 63 71 75 72 58 54
33mglkg 16 22 56 79 81 82

S.no Treatment Dose

1 Standard
2 ECL
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Figure?2: In vitrorelease profilesof ECL microspheres
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Figure 3: In vitro release of ECL microspheres (pH 6.8
buffer)

that ECL -2 produced good anti-inflammatory activity
in comparisonto standard acecl ofenac.

Kineticanalysisof dissolution data

Therelease profilesof aceclofenac from different
batchesof ECL floating microsphereswerefitted tothe
Higuchi equation. It followsthefirst order kinetic and
followed theHiguchi modd and diffusiondrug release.

CONCLUSION

Floating microspheresof aceclofenac were pre-
pared with ethyl cellulose by solvent evaporation tech-
nique. The microspheres obtained were porous and
buoyant. It could be concluded fromthe aboveinvesti-
gationthat theexperimental design supported product
devel opment and optimization of procedureyielded the
desired microgpheres. Tomaintainthedesired micel lar
Szerangethroughout the process, drug: polymer ratio,
span-80 ratio, homogeni zati on speed was optimized to
produce homogenousspheresof desired rangewithdrug
rel ease equiva ent to those of themarketed formul ation.

Invitro dataobtained for thefloating microspheres
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of acecl ofenac showed good floatability, buoyancy, and
prolonged drug rel ease aiding patient compliancein
comparison to the conventional dosageforms. Theop-
timized formulation in vivo showed better anti-inflam-
meatory activity in comparison to puredrug acecl ofenac.
Theshort biologicd hdf-lifeof aced ofenacrequires
prolonged gastric retention of the dosageform extend-
ing thetimefor absorption. Aceclofenac FDDS prom-
isesto beapotentia approach (oncedaily) for gastric
retention used in thetreatment of rheumatoid arthritis.
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