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ABSTRACT

Theprimeobjectiveofthepresentstudywastoformulatesustainedreleasemicrospheresofstavudinewhichwillretarddru
greleasefromdosageform,reducesthefrequencyofdrugadministration,minimizingtheadverseeffectstherebyincreasi
ngthepatientcompliance.Sustainedreleasemicrospheresofstavudine(STV),theFDA-
approveddrugforthetreatmentofHIVinfections,areadministeredeitheraloneorincombinationwithotherantiretroviral
agents.STVistypicallyadministeredorallyasacapsuleandanoralsolution. Thesideeffectsof STVaredosedependentan
dareductionofthetotaladministereddosereducestheseverityofthetoxicity.Microencapsulationimprovesthedrugabso
rptionandminimizessideeffectsduetothelocalizedbuildupofdrugsagainstthegastrointestinalmucosa. Sustainedreleas
emicrosphereswerepreparedbyionotropicgelationmethodusingD-
Galacturonicacidsodium(sodiumalginate)andnaturalpolymerssuchasguargum,locustgumandxanthangum.Thesem
icrosphereswereevaluatedforyield,entrapmentefficiency,andinvitroreleasekineticsand invivopharmacokineticstud
ies.FT-IR and DSC results proved that there was no interaction found between drug and polymer. Scanning
electron microscopy results of optimized microspheres showed discrete, spherical microspheres.
Theresultsshowedthatyield,entrapmentefficiencywasinfluencedbypolymerconcentrationandstirringspeed.Results
oftheinvitrostudyshowedthatthedesiredreleaseratewasachievedbyMF4formulationreleasingdrugupto12h.

Keywords:Stavudine,Gastro-retentivemicrospheres,lonotropicgelationmethod,D-
galacturonicacidsodium,Sodiumalginate, Guargum, Locust bean gum, Xanthan gum.

INTRODUCTION

Gastro-retentivefloatingmicrospheresarelow-
densitysystemsthathavesufficientbuoyancytofloatovergastriccontentsandremaininstomachforprolongedperiod.As
thesystemfloatsovergastriccontents,thedrugisreleasedslowlyatdesiredrateresultinginincreasedgastricretentionwith
reducedfluctuationsinplasmadrugconcentration.*f Awiderangeofmicroencapsulationtechniquehasbeendevelopedto
date. Theselectionofthetechniquedependsupononthenatureofthepolymer,drug,andtheintendeduse. Thephysicoche
micalparameterstobeconsideredduringthepreparationofmicrospheresincludeparticlesizedistribution,ratioofdrugto
polymer,entrapment/encapsulationefficiency.[?

Floatingdrugdeliverysystems(FDDS)orhydrodynamicallybalancedsystemshaveabulkdensitylowerthangastricflui
dsandthereforeremainfloatinginthestomachwithoutaffectingthegastric-
emptyingrateforaprolongedperiod. Thedrugisslowlyreleasedatadesiredratefromthefloatingsystemandafterthecomp
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leterelease;theresidualsystemisexpelledfromthestomach. ThisleadstoanincreaseintheGRTandbettercontroloverflu
ctuationsinplasmadrugconcentration.

Microencapsulationistheprotectivetechnologyofencapsulatingsolid,liquidorgasmaterialsintomicroparticleswithad
iameterofl-

1000um,andhasbeenwidelyusedinfieldsofmedicine,cosmetics,food,textileandadvancedmaterials. 3Theuniqueadva
ntageofmicroencapsulationliesinthatthecorematerialiscompletelycoatedandisolatedfromexternalenvironment.Mo
reimportantly,microencapsulationwouldnotaffectthepropertiesofcorematerials,providedthatpropershellmaterialan
dpreparingmethodarechosen.*Microspheresofferanumberofadvantagesintherapeutics.Microspheresareofthedrugd
eliverysystemwhichprovideprogrammedandcontrolledreleasedrugafterproperdurationofactionatparticularsite.’D-
Galacturonicacidsodium(sodiumalginate, SA)isnaturalpolymersarethattheyarebiocompatible,biodegradableandpr
oducenosystemictoxicityonadministration.Numeroushydrophilicpolymers,andinparticularpolysaccharides,aswell
astheirderivatives,havebeenproposedfortheformulationofmodified-
releasedosageforms.Alginates,naturalhydrophilicpolysaccharidederivedfromseaweed,consistof1 —4,linkedD-
mannuronicacidandL-
glucuronicacidresiduesarrangedasblocksofeithertypeofunitorasarandomdistributionofeachtype. Alginatesdonotgel
sincetheyhavepoly(L-
gluronicacids)whicharerigid.Alginatesareeasilygelledinpresenceofadivalentcationascalciumion. Thegelationorcro
sslinkingisduetothestackingoftheglucuronicacidblocksofalginatechains.

Stavudine(STV)isaFDA-approveddrugusedforthetreatmentofHIVinfections,AIDSandAIDS-
relatedconditionsadministeredeitheraloneorincombinationwithotherantiretro-
viralagent.STVisanucleosidereversetranscriptaseinhibitoranalogofthymidine.STVhasbeenrecommendedtounderg
ophase-outmanagementduetoitslong-term,irreversibleside-effects.STVtriphosphateinhibitstheactivityofHIV-
Lreversetranscriptase(RT)bycompetingwiththenaturalsubstratethymidinetriphsophateandbycausingDNAchainter
minationfollowingitsincorporationintoviraDNA.STVtriphosphateinhibitscellularDNApolymerasespandymarked
lyreducesthesynthesisofmitochondrial DNA.STVmicrosphereshavebeenformulatedearlier.®
8Srikrishnaetal.,employedemulsiongelationtechniquetopreparemultiparticulatefloatingformulationsofSTV.5STV
beadswereformulatedusingcombinationofD-
Galacturonicacidsodium,HPMCandethylcellulose.*®HoweverpastresearchshowsnoworkonSTVmicrospheresmad
eusingsodiumalginate(SA)incombinationwithguargum(GG),locustbeangum(LG)andxanthangum(XG).

Themainobjectiveofthefloatingmicrospheresof STVwerepreparedbyusingionicgelationmethodwithanaimofincrea
singthegastricresidencetimeandforcontrolledreleaseandincreasethebioavailabilityoftheformulation.Sodiumalginat
e,polymericmixtureofsodiumalginateincombinationwithguargum,locustbeanandxanthangumswereusedaspolyme
ricblendstopreparethemicrospheres.Sodiumbicarbonatewasusedasthegas-formingagent.

MATERIALSANDMETHODS

StavudinepurchasedfromSuryanarayanaPharmaceuticalsuppliers,Hyderabad, India.Guargum (GG), locust bean
gum (LG) and xanthan gum (XG) were obtainedfromSignetChemicalCorporation,Mumbai,India.D-
Galacturonicacidsodium (sodium
alginate)fromMerckSpecialitiesPvtLtd,Mumbai,India. Allotherreagentswereofanalyticalgrade.

PreparationofSTVmicrospheres

Batchesofmicrosphereswerepreparedbyionotropicgelationprocedurethatconcernedresponsebetween SAandpolyca
tionicparticleslikemetalliccomponenttosupplyagelsystemofmetalliccomponentalginate.*!SAandfurthermorethem
ucoadhesivesubstancecompoundwereconveyedinsublimatewater(10ml)tomakeahomogenizedconcoctioncompou
ndblend. TheAPI,STV(100mg)wereintercalarytothesubstancecompoundintermixtureandblendedabsolutelywithast
irrertomakeagooeyscattering. Thefollowingscatteringwasthenintercalarythrougha22Gneedleintosalt(4%w/v).The
expansionwasdonepersistentblendingat200rpm.Theintercalarybeadswerekeptupinsidethesaltresponseforhalf-
hourtocompletethehardeningresponseandtosupplyunbendingroundmicrospheres.*?
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Tablel.FormulationtableofSTVmicrospheres

Formulation code | Drug : Polymer ratio | Polymer blend ratio
MF1 1:2.5 SA : GG (1.5:0.5)
MF2 1:3 SA: GG (2:1)
MF3 1:3.5 SA: GG (2.5:1)
MF4 1:4 SA : GG (3:1)
MF5 1:2.5 SA: LG (1.5:0.5)
MF6 1:3 SA: LG (2:1)
MF7 1:3.5 SA: LG (25:1)
MF8 1:4 SA: LG (3:1)
MF9 1:2.5 SA: XG (1.5:0.5)
MF10 1:3 SA : XG (2:1)
MF11 1:3.5 SA ' XG (2.5:1)
MF12 1:4 SA: XG (3:1)

Characterizationofpreparedmicrospheres
Fouriertransform-infraredspectroscopy(FT-IR)

Fouriertransforminfrared(FT-
IR)Spectroscopywasusedtostudythephysicalandchemicalinteractionbetweenthedrugandexcipientsused. FT-
IRspectraofpuredrugandoptimizedraftformingfloatingmatrixtabletwererecordedusingK BrmixingmethodonFT-
IRSpectrophotometer(FT-IR-1700,Shimadzu, Tokyo,Japan)*3,

Differentialscanningcalorimetry(DSC)

DSCwasusedtostudyphysicalandchemicalinteractionbetweenthedrugandexcipientsused.DSCspectraofpuredrugan
ddrugcompositemixturewererecordedondifferentialscanningcalorimeter (DSC-60,Shimadzu, Tokyo,Japan)*4.

Particlesizedistribution
Theparticlesizedistributionofmicrosphereswasdeterminedusingsievingmethodasdescribedby Y ticeandCanefe. SW
eighedmicrospheresofeachformulationwereputinasetofsievesfixedontheuniversaldriveunit(Erweka,AR402,Germ
any).

Percentageyieldofmicrospheres

Theproductionyieldofmicrospheresofeachbatchwascalculatedbyusingtheweightofthefinalproductafterdryingwithr
especttotheinitialtotalweightofthedrugandpolymersusedforpreparationofmicrospheres,andthepercentageproducti
onyieldwascalculatedusing.6

Total weight of microspher es
Total weight of drug and polymer

Yield% = x100

Drugentrapmentefficiency

Drugentrapmentefficiency(DE)wasdeterminedusingthemethoddescribedbyGargandGupta.Accordingly,accuratel
yweighedmicrospheresequivalentto40mgofdrugwasstirredwith100mLofpH1.2(0.1NHCI.)for2h. Thesolutionwa
sfilteredandaftersuitabledilutiondrugcontentwasdeterminedspectrophotometrically. Theamountofdrugentrappedin
themicrosphereswascalculatedbythefollowingformula:
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DEY = Mass of drug in microspher es

= - - - x100
Mass of drug in formulatio n formulatio n

Scanningelectronmicroscope(SEM)study

Scanningelectronmicroscopy(JEOL5400,Tokyo,Japan)wasutilizedtodecideshape,surfacegeographyandcompositi
onandlookatthemorphologyofbrokeorseparatedsurface.Samplespreadsonthelittlesquareplateandcoveredwithagold
particlefor5-6min.*®Thereadiedtestwaskeptinsidethechamberandpicturescaughtwithvariousamplifications.

Invitrobuoyancy

Microspherescontaining300mgofSTVwerespreadoverthesurfaceofUSPTypell(paddle)dissolutionapparatus(Diss
02000, India)filledwith900mlof0.INHCIfor 2 h  followed by pH 6.8  phsophate  buffer
at37°C+0.5°Candagitatedwithapaddlerotatingat100rpm.Attheendofthisperiod,thelayerofbuoyantparticlesonthesu
rfaceofthemediumwascollectedandthesinkingparticulateswereseparatedbyfiltration.°Bothparticletypesweredried
overnightinanovendrier(RiddiPharma,India)at40°C.Driedweightsweremeasured,andbuoyancywasdeterminedbyt
heweightratioofthefloatingparticlestothesumoffloatingandsinkingparticles.

Dry weight of floated microspher es
Total weight of floated and settled microspher es

% Buoyancy = x100

Invitrodrugreleasestudy

AUSPtypell(paddle)dissolutionapparatus(Disso 2000,
India)wasusedtostudyinvitrodrugreleasefrommicrospheresasdescribedelsewhere. Accordingly,anamountofthemic
rospheresequivalentto40mgofSTVfilledinahardgelatincapsule(sizeO)wasplacedinthedissolutionmediumcontainin
g900mlof0.1 N HCI for 2 h  followed by pH 6.8 phsophate  buffer at
37+0.5°Cwithpaddlerotatingat100rpm.2°Samplesofsmlwerewithdrawnat0.5,1,2,4,6,8,10and12handfiltered. An
equalvolumeofthedissolutionmediumwasreplaced every
timeinthevesselaftereachwithdrawaltomaintainsinkcondition.Eachofthesamplesolutionswereanalyzedspectrophot
ometricallyforthedrugcontentat274nm.?*Fromthis,thepercentageofdrugreleasewascalculatedandplottedasafunctio
noftimetostudythepatternofdrugrelease.

Kineticmodellingofdrugrelease

Toanalyzethemechanismofdrugreleasefromthemicrospherestheinvitrodissolutiondatawasfittedtozeroorder,firstor
der,Higuchi’sreleasemodelandKorsmeyer-Peppasmodel 2?3

Stabilitystudy

Todeterminethestabilitystudyofthegastro-
retentivemicrospheresofSTVwerepackedin4A0mIHDPEbottleandstoredat40+2°Cand75%+5%RHforaperiodofsix
monthsasperthelCHguidelines.*Themicrosphereswerewithdrawnataperiodof1,3andémonthsandevaluatedforcont
entuniformityanddissolutionstudy.

Invivostudies

A prior approval of institutional animal ethical committee was obtained from Sanzyme Pvt Ltd., Hyderabad,
India (Regn. No. 1688/PO/E/2013/CPCSEA, Dated 16-Aug-2018) for carrying out this experiment.
MaleNewZealandwhiterabbitsweighingbetween1.5t02.0kgwereusedforinvivostudiesoforallyadministeredSTV.A
nimalswerehousedat25+1°Cinairconditionedroomatarelativehumidityof60+5%andwereprovidedwithwaterandsta
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ndardrabbitfeedobtainedfromSanzymePvtL td.,Hyderabad.Animalswerefastedfor24hpriortotheadministrationofth
epelletformulation,buthadfreeaccesstowater. ThemicrosphereformulationMF4loadedcapsuleswereadministeredor
allywithasoftplastictubetodifferentgroupsofrabbitsseparately.Drugsolutionwasalsoadministeredoral lywithasoftpl
astictube(STV5mg/rabbit)toanothergroupofanimals.About2mlofbloodwascollectedat0,0.5,1.0,2.0,3.0,4.0and6.0h
afteroralsolutionadministrationand0,1,2,4,6,8haftertabletformulationadministrationfrommarginalearveinintohepa
rinizedtubesandplasmawasseparatedimmediatelybycentrifugationandfrozenat—
20°C.TheplasmasampleswereanalyzedforSTVbyHPLCmethod.?

RESULTS AND DISCUSSION
Drug-excipientcompatibilitystudy

DrugpolymercompatibilitystudieswerecarriedoutusingFourierTransforminfraredspectroscopytoestablishanypossi
bleinteractionofDrugwiththepolymersusedintheformulation. Theinteractionstudybetweenthedrugandpolymerwase
valuatedusingFT-IRspectrophotometer. TheFT-IRspectraoftheformulationswerecomparedwiththe FT-
IRspectraofthepuredrug(Figurel). TherewasnosignificantdifferenceinthelRspectraofpureanddrugloadedmicrocap
sules.FourbandscharacteristicofO—Hstretching,N—Hstretchingofsecondaryamine,C—HstretchingandC=0Ostretchin
gofpuredrugwasunchangedinthepreparedformulations.
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Figurel:FT-IRspectraof(A)puredrugand(B)optimizedformulationMF4

TheDSCthermogramofSTVshowedsharpendothermicpeakat172.1°C,whilethatofformulationMF4showedbroaden
dothermicpeakat169.36°C (Figure 2).TheDSCthermogramsofadmixtureof STVwithSA-
GGinformulationsshowedsharpendothermicpeaksforSTVatthetemperaturessimilartothatofthepeakofSTValone. T

hisindicatedthattherewasnodrugexcipientinteractionintheformulations.
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Figure2:DSCthermogramsof(A)STVand(B)optimizedformulation(MF4)
Characterization of prepared microspheres

Scanning electron microscopy and particle size analysis showed that microspheres containing SA and GG as
polymer blend had a size range of 512 to 826 p, microspheres containing SA and LG as polymer blend exhibited
a size range between 517 to 834 p and microspheres containing SA and XG as polymer blend had a size range
of 664 to 903 u (Figure 3). The particle size as well as drug entrapment efficiency of the microspheres increased
with increase in the polymer concentration.
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Figure 3: Surface morphology of optimised formulation MF4

The percent yield, drug content, drug entrapment, buoyancy, lag time and floating time of the prepared
microspheres are summarized in Table 2.
Itwasobservedthatasthepolymerratiointheformulationincreased,theproductyieldand drug entrapment efficiency
were alsoincreased. The buoyancy was increased as the polymer concentrations were increased. The lag time and
floating times were decreased as the polymer concentrations were increased.

Tablell:The vyield, drug content, drug entrapment, buoyancy, lag time and floating time
ofthepreparedmicrospheres
S.N | Formulation | Yield Drugcontent | Drugentrapmenteff | Buoya | Lagtime( | Floatingtim
0. code (%) (mg) iciency (%) ncy min) e(h)
(%)
1 MF1 80+0.02 | 12.4+0.08 82.66+0.06 63+0.0 | 12 8
5
2 MF2 83.33+1 | 12.66+1.32 84.4+0.04 67+1.3 | 10 8
.05 0
3 MF3 85+2.07 | 12.70+0.24 84.66+0.01 75+2.0 |7 8
6
4 MF4 88+0.01 | 13.2940.06 88.66+0.03 79+0.0 | 6 10
7
5 MF5 62.22+0 | 8.07+2.07 53.2+0.09 89+1.0 | 3 >12
4 2
6 MF6 80+1.04 | 8.25+0.38 55+0.04 85+0.8 | 3 >12
2
7 MF7 80+1.50 | 10.33+1.02 68.86+0.07 70+1.0 |7 10
3
8 MF8 87+0.02 | 11.5+0.05 76.66+0.02 76+0.0 | 8 10
5
9 MF9 80+0.05 | 10.01+1.06 66.73+2.03 84109 | 4 >12
2
10 | MF10 86+0.04 | 10.5+0.18 70+1.04 78+1.0 |7 11
9
11 | MF11 86.66+0 | 11.25+1.26 75+0.45 74+2.0 | 8 11
.07 6
12 | MF12 87.5+0. | 11.88+0.09 79.2+0.02 81+0.0 | 6 >12
03 5
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Itwas
observedthatwithanincreaseinpolymerconcentration,thepercentageofswellingalsoincreased. Thuswecansaythatam
ountofpolymerdirectlyaffectstheswellingratio.Asthepolymertodrugratioincreased,thepercentageofswellingincreas
edfrom27to87%formicrospherescontainingSAandGGaspolymer
blend,23to67%formicrospherescontainingSAandLGaspolymer
blendand28to79%formicrospherescontainingSAandXGaspolymer blend.

In vitro drug release studies and kinetics

FormulationMF4showed94.66%releaseofthedrugforaperiodofl2hwithrelativelyrapidreleasewhencomparedtooth
erformulationspreparedbyusingotherpolymers(Figures4-
6).ThedrugreleaseprofilesarefittedtoreleasekineticstheslopeforPeppaswasintherangeof0.39t00.987indicatingboth
diffusionanderosionofbothpolymers.
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Figure4:ComparisonofinvitrodrugreleaseprofileofSTVmicrospherescontainingSAandGGaspolymer blend
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Tablelll:Releasekineticsstudiesofthepreparedformulations

Formulation | Releasemodel

Zeroorder Firstorder Higuchimatrix | Koresmeyer-Peppas

K R? K R? K R? n K R?
MF1 19.286 | 0.769 | 1.704 | 0.689 | -0.56 0.891 | 0.534 | 1.251 | 0.883
MF2 14.076 | 0.88 | 1.772 | 0.859 | -4.192 | 0.949 | 0.573 | 1.189 | 0.941
MF3 8.136 | 0.948 | 1.843 | 0.914 | -9.213 | 0.954 | 0.651 | 1.096 | 0.949
MF4 5.12 0.962 | 1.899 | 0.883 | -12.497 | 0.941 | 0.721 | 1.034 | 0.954
MF5 22.026 | 0.74 | 1.678 | 0.658 | 2.377 0.882 | 0.476 | 1.305 | 0.872
MF6 14876 | 0.876 | 1.771 | 0.854 | -3.58 0.95 | 0.557 | 1.209 | 0.939
MF7 12.216 | 0.908 | 1.799 | 0.954 | -6.486 | 0.962 | 0.633 | 1.141 | 0.948
MF8 10.746 | 092 | 1813|096 |-7.834 | 0.963 | 0.668 | 1.104 | 0.949
MF9 20.886 | 0.755 | 1.69 | 0.673 | 1.089 0.888 | 0.504 | 1.281 | 0.883
MF10 14416 | 0.878 | 1.773 | 0.854 | -4.018 | 0.949 | 0.569 | 1.197 | 0.94
MF11 10.186 | 0.929 | 1.817 | 0.943 | -7.887 | 0.961 | 0.645 | 1.116 | 0.951
MF12 9.626 | 0.931 ] 1.842 | 0.951 | -9.233 | 0.96 | 0.69 | 1.089 | 0.953

Stabilitystudies for the optimised formulation

Stability studies showed that there was no significant reduction in the drug content (<10%0.7%) and hence the
optimized formulation was found to be stable.
Byobservingthestabilitystudiesitisconcludedthattheoptimisedformulationisstablethroughtheentireperiodof3month
sandthedrugreleaseprofileisalsointactthroughoutthetimebeing.

In vivo studies on optimized formulation

The results of in vivo studies are shown in Figure 8. The in vivo studies showed that the optimized microspheres
of STV showed a prolonged drug release pattern as compared to oral solution of the STV. The formulation
showed Crmax 0f 89 ng/mL, Tmax 0f 8 h, ty, 0f 3.68 h, K¢ of 0.89/h, AUC(0-t) of 2127 ng-h/mL, MRT of 10.57 h
and AUMC (0-t) 23765 ng-h*h/mL. The kinetic pattern was shown in Figure 7.

—

%% Drug absorbed

2 4 6 g 10

Time {I;)

Figure7:Plasmaconcentration(ng/ml)ofSTVoraldrugsolutionandgastro-
retentivemicrospheresformulationMF4
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TheobjectiveofthestudyistoformulateandevaluateSTVfloatingmicrospheresbyionotropicgelationmethod. Theprep
arationcontained12formulationsusingdifferentpolymers,i.e. XG,GGandL Gindifferentratios. Thepreparedbatchesof
STVfloatingmicrosphereswereevaluatedlikeinvitrobuoyancy,swellingindex,drugentrapmentefficiencyandinvitror
eleasestudiesandinvivostudies. Invitroreleasestudiesweredoneinordertoinvestigatethereleaseofdrugfromfloatingal
ginatemicrospheres.STVwasreleasedrapidlyfromalginate-
cellulosemicrospheresinthegastricfluid.IntheformulationswithLGandXGascopolymersmaximumdrugreleaseoccu
rred92and90%respectively.Intheabsenceofgasformingthereleaseratewasslow. Thiscanbeexplainedasthehighlyden
seinternalstructureofthealginatemicrospheres.InvivoresultsofSTVmicrospheresshowedthe Tmax0f8h,Cmax0f89ng/m
L,and AUCy0f2127ng-h/mL.

CONCLUSION

Gastro-
retentivefloatingmicrospheresofSTVusingSAandGG,LG,XGaspolymerblendwereformulatedtodeliverstavudinev
iaoralroute. Thepreparedformulationsweresubjectedtovariousevaluationparametersandtheoptimisedformulationse
lectedbasedonthedrugreleaseandMF4isselectedasthebestformulationforconsistentdrugreleaseinthegiventime. Micr
osphereresultedinsignificantimprovementinphysicalpropertiesofthedrugsespeciallywithrespecttoflowproperties.|
nvivoresultsshowedincreasedbioavailabilityoftheoptimizedformulationwhichwillbereducingthedoseandsideeffect
sofstavudine. Therefore the Formulation MF4 could be successfully used as floating drug delivery system for
stavudine.
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