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Abstract:  
AccordingatoaWHO,aAIDSacausedabyaHIVahasakilledaovera770,000apeopleaworldwideain
2018awithovera37.9amillionapeoplealivingawithaHIV.aWithaadvancementainascience,a 
theacurrentaregimenatermedasaHighlyaactiveaantiretroviralatherapya(HAART)ahasincreased 
thealifeaexpectancyaofapatients.aSinceaHAARTagenerallyaincludesaaacombinationaofathree
drugs,apatientacomplianceaasawellaasaside-effects due to high doses of the drugs are 
common drawbacks of the regimen. Nano systems have been known toapossess various 
advantagesasuchaasasustainedaandatargetedadeliveryaofadrugsawhichaoften causes 
improvement-in-bioavailabilityaandareductionainasideaeffects.Efavirenz,aaanon nucleoside 
reversetranscriptaseainhibitora(NNRTI)aisaaafirstalineadrugagivenainacombinationawithaoth
eradrugsaas partaofa the HAART. Due to its high dose and erratic absorptionapatterns,aEFVa 
hasabeenareportedatoashowapoorabioavailability.aMoreover,aabsorptionaofaEFVahasabeena
shownatoaincreaseainapresenceaofafood.Theaaimaofatheaworkapresentedainatheathesisawas
atoadesignaphospholipidaassistedananosuspension foradelivery ofa EFV, to characterize them 
by inavitro. 
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INTRODUCTIO
ThereaareatwoastrainsaofaHIVanamelyaH
IV1aandaHIV2,aofawhichaHIV1aisapatho
genicaan prevalent.aHIVatargetsathea 
CD4+aTacellsaandaspreadsatoathealympho
idaorgans.aTheavirusabecomedetectableai
natheabloodaafteraabouta10adays,theainfe
ctionaspreadsaexponentiallyaoveratime.aH
IVacausesaprogressiveareductionainaCD4
+aTacellacountawithacounta<200cellsaper
µlaandapresenceaofatheavirusabeingaterm
edaasaAIDS.4 

Antiretroviralatherapya(ART)ahasaaidedai
nacombatingaAIDSatoaaalargeaextentabya
reducingtheaviralaload,aimprovingathealif

eaexpectancyaofapatients,aandareducingat
heatransmission.aCurrentregimenaforaAID
SaisacalledaHAARTawhichaisaaacombina
tionaofathreeadrugsaWhichatarget 
differentaenzymesainatheaHIValifeacycle. 

DrawbacksaofaCurrentaRegimen 
EvenathoughaHAARTahasabeenausefulain
acontrollingaviralareplicationaandadecreas
ingamortality,athereaareacertainadisadvant
agesaassociatedawithatheatherapy.aSomea
ofathemainclude: 

• Antiretroviraladrugsaareaoftenapoorlya
solubleainanatureawhichaleadsatoadecr
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easeainatheiraoralabioavailability. 

• Shorteraresidenceatimesaofatheadrugs
ameanalesseraconcentrationainatheares
ervoirasiteslikea thelymphoida tissues,
centrala nervousa system,anda lungs.a
Hence,a prolonged duration with 
higheradosesaofadrugsaareaneededatoa
achieveaoptimalaconcentrationsaof 
theadrugainatheabodyawhichaalsoalea
dsatoaviralaresistance.7 

• Patientacomplianceahasaalsoabeenalo
wadueatoasideaeffectsaandatoxicityaof
atheadrugsaassociatewithatakingathem
aforaaalongeratime. 

• TheahighacostaofaHAARTaisaanother
aproblemawhichaincreasesatheaburden
aonatheadevelopingacountriesawhereat
heaprevalenceaofatheainfectionaisathe
ahighest.8 

Nanosystemsaareaversatileadrugadeliverya
systems,awithaanaabilityatoaovercomeaph
ysiologicabarriersaandatoaguideatheadrug
atoaspecificacellsaoraintracellularacompart
mentsadueatoatheirasmalla  
size,atypicallyainathea10 to 
1000anmarange.aNanosystemsaofferaseve
ralaadvantages,suchaasatheaprotectionaofa
drugsaagainstadegradation,atargetingaofad
rugsato specificasites,aandatailoringathea 
releaseakineticsatoaprovideaprolongedarel
easeaofatheadrugs.8aPolymericananopartic
les,asolidalipidnanoparticles,aliposomes,an
anosuspensionsaandananoemulsionsahave
abeenareportedatoaenhancetheaeffectivead
eliveryaofatheadrugs. 
Efavirenz,aaaBCSaClassaIIadrug,aisapract
icallyainsolubleainawaterawithasolubilitya
<10µg/mlaandalowaintrinsicadissolutionar
ateaofa0.037amg/cm2/min.12aDueatoaitsap
oorasolubilityaandaerraticaoral 
absorption,atheabioavailabilityaofaEFVais
areportedatoabea 
40%.13aEfavirenzahasashownatoahavea 
increasedaabsorptionainatheapresenceaofa
foodawitha28%aincreaseainameanaAUCa
andaaa79%aincreaseainameanaCmaxa ofa
EFVarelativeatoatheafastedacondition.14a

Hence,alipidaassistedadrugadeliveryasyste
msalikenanosuspensionsawithaphospholipi
daasastabilizerawasahypothesizedatoa 
improve asolubility andaaidalymphatica 
uptake15 ofatheapoorlyasolubleaEfavirenz. 
PreparationaandaCharacterizationaof 
EFVanano- Suspensions 
Phospholipidawasadissolvedainaacetonea
whileatheaotherastabilizersawereadissolve
dainawater.The organicaphaseawasa 
addedatoatheaaqueousaphaseaunderaconst
antavortexingauntilaaauniformadispersiona 
wasaformed.aTheadispersionawasastirreda
onaaamagneticastirringatillacompleteaevap
orationaofaacetone. 
Phospholipon®a90aGaandaTween®a80afo
rmedaaananosuspensionawhichadidanotash
owaanyainstability 
immediatelyaonapreparationaasawellaasafo
raaaweekaafterapreparation.aHence,aEFVa
nanosuspensionausingaaamixtureaofaphos
pholipidaandaTween®a80a(PLaTNS)awer
eapreparedausingatheaprocedurea 
mentionedaabove,awhereainaEFVawasadis
solvedawitha acetoneaalongawithathea 
phospholipid. 
OptimizationaofaEFVananosuspensiona(
PL-TaNS)ausingafactorialadesign 
Aa23afactorialadesignawasausedatoaoptim
izeatheaparticleasizeaandapolydispersityai
ndexaofaPLaTNS.a Theapreparationaofana
nosuspensionabyaantisolventaprecipitation
methodaisainfluencedabyavariousaparamet
ersaandaprocessavariablesaviz.astabilizera
concentration,aconcentrationaofadrug,aam
ountaofaorganicasolvent,aamountaofaantis
olvent. 
InaVitroaStudies 

InaVitroaLipolysisaStudies: 
Inavitroalipolysisastudyaconsidersathearol
eaofaexcipientsawhichacanaundergoahydr
olysisainatheapresenceaofatheaenzymealip
aseawhichaisapresentainatheagastrointesti
nalatractaforaassistingatheadissolutionaofa
theadrug. 
Materials: 
Sodiumachloride,acalciumachlorideadihyd
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rate,atrisamaleateawereapurchasedafromaS
DaFineachemicalsaltd.aBileasaltsaandapan
creaticalipaseawereapurchasedafromaHim
edia.aLipoid,aGmbHagiftedathea 
sampleaofaPhospholipon®a90aGaandaCol
orcon,aIndiaaprovidedatheagiftasampleaof

MethocelaK4M(hydroxypropylamethylace
llulose). 

PreparationaofaLipolysisaMedium 
Theamediumaforalipolysisastudiesawasapre
paredaaccordingatoatheaformulaamentione
dainaTable 1. 

 
Table.1-.aFormulaaforalipolysisamediumafora1aformulation. 

Ingredients Quantityatakena(g) 
Sodiumachloride 0.351 
Calciumachlorideadihydrate 0.0294 
Trisamaleate 0.0947 
Bileasalts 0.086 
Lecithina(Phospholipona90G) 0.038 
Water 36aml 

 
PreparationaofaEFVadispersion 
EFV,a50amg,awasatrituratedawitha25mga
ofaMethocelaK4Mabyaaddingasmallaquan
titiesaofMilliQawateratilladispersionabeca
meapourable.aTheavolumeaofatheadispers
ionawasamadeaupatoa10amlawith 
aMilliQawater.aConcentrationaofaEFVain
atheadispersionawasa5mg/ml. 

Procedureaforainavitroalipolysisastudy: 
36mlaofathealipolysisamediumawasataken
inabeakeratoawhicha2mlaofaformulationa
wasaadded.aTheapHaofatheamediumawast
henaadjustedatoa6.5awitha0.1aNaNaOH.4
0amgapancreaticalipaseaenzymedispersed
aina3amlawaterawasaaddedatoatheamediu
mawhichawasastirredfora1ahouraonamagn
eticastirreraandapHaofamediumawasmonit
oredaandaadjustedatoa6.5awheneverarequi
red.aAliquotsawereawithdrawnaatatheaend
aofa30aminutesaand1ahour.aAliquotsawer
eathenacentrifugedaata40,000arpmafor 
45aminutesausingaultracentrifugea(Beckm
anaCoulteraAllegraaTMa64aRaCentrifuge,
USA).a 
Supernatantsawereaseparatedaandaanalyze
dausingareverseaphaseaHPLCawithaUVad
etectorasetaata247nm. 
INaVITROaRELEASEaSTUDIES: 
Dissolutionatestingaisaaawidelyausedatool
toastudyatheareleaseaprofileaofaformulati

onsawhichainaturnahelpsainapredictingath
eabehavioraofatheaformulationsainavivo.aI
navitroareleaseastudiesaforatheanano-
suspensionsawereaperformedausingaUSPa
TypeaIIaandaUSPaTypeaIVaapparatus.aT
heareleaseaprofilesaofatheananosuspension
sawereacomparedatoathataofatheaEFVadis
persionaandaEFVasolutionausinga 
phosphateabufferapHa7.4awitha2%aTwee
na80aasatheareleaseamedium. 

Materials: 
Sodiumahydroxide,apotassiumadihydrogen
aphosphate,aTween®80a(SDafineachemica
lsaltd),Transcutol®HPa(GattefosseaIndiaa
Pvt.aLtd) and aDialysisamembrane 
(Himedia). 
PreparationaofaEFVadispersion- 
EFVadispersionausingaMethocelaK4Maw
asaprepared. 
PreparationaofaEFVasolution-
50mgaEFVawasaaccuratelyaweighedaan 
dissolvedaina10mlaofaTranscutol®aHPato
aformaaasolutionawitha5mg/mlaofaEFV. 
Preparationaofareleaseamedium-
0.780gasodiumahydroxideaanda3.40gapot
assiumadihydrogenphosphateaweredissolv
edainawateraandavolumeawasamadeatoa5
00ml.a2%aTweena80awasaaddedatoathisa
solutionaandashakenathoroughly 
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foracompleteadissolutionaofaTweena80ain
theabuffer. 
ProtocolaforareleaseastudyausingaUSPa
TypeaIIaApparatus: 
1. Apparatus:a ModifiedaUSPaDissoluti
onaapparatusaTypeaIIa(paddleatype)a(Elec
trolab,aMiniajaraapparatus)aandadialysisas
acaasabarriera(Molecularaweightacutaoffa
12,000to14,000Daltons,aporeasizea2.4nm) 
2. Formulationsaunderastudy 
EFVadispersion,aEFVasolution,aPL-
TaNS,aPL-GaNS,aPL-PaNS 
3. Volumeaofasampleaused:a 0.5aml 
4. Dialysisamedium:aPhosphateabuffer
apHa7.4a+a2%aTweena80 
5. Volumeaofareleaseamedium:a100am
L 
7. Speedaofarotation:a100arpm 
8. Aliquot:a1amLaataeachatimeapointsa

wereawithdrawnaandareplacedawitha1 
laofareleaseamedium 

9. TimeaPoints:a0.5,1,a2,a4,a6,a8,a10,a
12ahours 

10. AnalyticalaMethod:aReverseaphasea
HPLCausingaUVadetectorasetaata247n
m. 

ProcedureausingaUSPaTypeaIIaappara
tus: 
Dialysisabagsawereacutatoarequiredalengt
ha(arounda8acm)aandawereasoakedainap
Ha7.5aphosphatea 
bufferaforaaaperiodaofa12ahrsaprioratoath
eastudy.a0.5amLaformulationawasafilledai
natheadialysisabagsaandabagsawereasealed
afromabothaendsausingacottonathread.aDia
lysisabagsawereathenatiedatoapaddlea 
usingathreadaandapaddlesawerealoweredai
ntoareleaseamediaamaintainedaat
Aliquotsawereawithdrawnaatapredetermin
edatimeaintervalsaandamediaawasareplace
dawithasameavolumeaofabufferasolution.a
Aliquotsawereacentrifugeda(Minispin)aata
5,000arpmafora5minaandasuitablyadiluted
beforeaanalysisausingareverseaphaseaHPL
CawithaUVadetectorasetaata247nm.a 
Graphaofacumulativeareleaseaversusatime
wasaplottedatoarepresentathearesults. 

ProtocolaforareleaseastudyausingaUSPa
TypeaIVaApparatus: 
1. Apparatus:a USPaDissolutionaappara
tusaTypeaIVa(flowathrough)a(Electrolab,)
aandadialysisasacaasabarriera(Spectra/Por
®aDialysisamembrane,aMolecularaweight
acutaoff:a20aKDa) 
2. FormulationsaunderastudyEFVasolut
ion,aPL-TaNS,aPL-GaNS 
Volumeaofasampleaused:a0.5aml 

3. Dialysisamedium:aPhosphateabuffer
apHa7.4a+a2%aTweena80 

4. Volumeaofadialysisamedium:a100a
mL 

7. Flow:a8ml/min 
8. Aliquot:a1amLaataeachatimeapointsa

wereawithdrawnaandareplacedawitha1mla
ofareleaseamedium 

9. TimeaPoints:a0.5,1,a2,a4,a6,a8,a10,a
12ahours 

10. AnalyticalaMethod:aReverseaphasea
HPLCausingaUVadetectorasetaata247nm. 
ProcedureausingaUSPaTypeaIVaappar
atus: 
USPadissolutionaapparatusa4,aflowathrou
ghacella(Electrolab)awasausedaforatheastu
dy.aTheaflowa 
throughacellaunitsawereapreparedaforathe
experiment.aEachacellaunitaconsistedaofa
aaflowathroughacell,a22.6mmainadiameter
,aandaaafilteraassemblyawhichasnuglyafita
onatopaofaitaandaaarubyabeadaplacedaatth
eabottomawithaglassabeadsafilledaupatoth
ealoweramark.aTheafilteraassemblyacomp
risedaofathreeastainlessasteelameshaplace
daalternatingawithaTeflonaringasupportsa
andaGF/Dafilteraplacedaonatheatopmosta
mesh.aTheaformulationsa(0.5mL)awereafi
lledainadialysisasacs,asecuredatoadialysisa
adapters 
andaplacedaonatopaofaglassabeadsainaeac
hacell.aTheacellsawereathenaclosedawitha
filteraassembliesapreparedaasamentioneda
previously.aTheseacellaunitsawereathenap
lacedainaflowathroughacellaandaaclosedal
oopasystemawasaemployedaforareleaseate
stingaofaformulations.aTheapumpastokear
ateawasheldaconstantaata120ppmathrough
outatheaexperiment.aAliquotsaofa0.5mLa
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wereawithdrawnafromatheareservoiramedi
aaandafreshamediumareplacedaatapredeter
minedatimeapoints.aTheacontentaofaEFVa 
wasadeterminedausingareverseaphaseaHP
LC. 
ANTIHIVaTestingausingacellabasedaas
say: 
AntiHIVatestingawasacarriedaoutaNationa
laAidsaResearchaInstitute,aPune.aEfaviren
zaasatheapuredrugaandatheananosuspensio
nsaPL-TaNS,aPL 
GaNS,aPLPaNSawereastudiedaforatheirae
ffectaonaTZM-
blacellsainfectedawithatwoaviralastrains,a
namelyaHIV1aUG070a&aVB28.aTheastu
dyawasacarriedaoutinatheafollowingasteps
: 
1. Maintenanceaofacellalines:aTheaTZ
MblacellsawereamaintainedainaDMEMasu
pplementedawitha 
10%FCSaandaantibiotics;apenicillina(50U/
ml)aanda50ug/mlaStreptomycinaata37°Ca 
witha5%a CO2. 
2. PreparationaofaVirusastocks:aFre
shlyacollectedabloodafromahealthy,aHIVa
seronegativeaindividualawasaobtained.aTh
eaperipheralabloodamononuclearacellsa(P
BMCs)awereaseparatedaona Ficoll-
hypaqueaaanda a storeda a ata a -
196°Ca a inaa liquidaanitrogenaaanda a sti
mulatedaawithaaPHA(Phytohaemaggluti
ninA)aasaandawhenaneeded.aTwoaHIV1a
strainsanamelyaUG070(X4atropic)aandaV
B28a(R5atropic)astrainsawereaobtainedafr
omaNARIavirusarepository.aTheseastrains
awereathena 
allowedatoainfectatheatwoaseparateasetsa
ofaPHAaactivatedaPBMCs.aEachavirusac
ultureawasamaintainedainaRPMIa1640am
ediumasupplementedawitha10%aFCS,a10
UaIL2aandaantibiotics, 
aPenicillin+Streptomycina(50U/mla+a50u
g/ml)aata37°Cawitha5%aCO2.aCultureasu
pernatantawasa 
collectedaandatestedaforaP24aantigenaELI
SA.aCultureasupernatanta(Virusastock)aw
asastoredaata70°CaSubsequently,athea50
%atissueacultureainfectivityadosea(TCID5

0)aofaeachaisolateawasadeterminedainathe
aTZM-blacellaline. 
3. Seedingaofa96awellaplates:a TheaT
ZM-
blacellsawereatrypsinized,aenumeratedaan
dathenaaddedatoathea96awellaflatabottom
aplates.aTheaplatesa 
thenaincubatedaata37°Cawitha5%aCO2af
ora10atoa12ahrs.aTheacytotoxicityaandaa
ntiHIVaassaysawerea 
performedainatheseapre-seededaTZM-
blaplates. 
4. PreparationaofaTestacompound:a
Theatestacompoundawasadissolvedainasu
ggestedasolvent,a 
filtered,asterilized,aandausedaforatheaassa
ys.aEFVawasadissolvedainaDMSOaandat
heananosuspensionwereadissolvedainapho
sphateabufferasaline. 
5. CytotoxicityaAssay:aTheacytotoxici
tyaassayawasacarriedaoutabyapreparingado
ubleadilutionsaofa Test compoundin pre -
seededa TZM 
blaplate.aTheacellaviabilityawasadetermin
edausingaMTTaassayaandapercentaviabilit
yaandaCC50avaluea(theaconcentrationaof
aaacompoundaatawhicha50%acellsaareavi
able)awasacalculated  by comparing with 
the Cell Control (only cells without TEST 
compound), sub toxic concentration 
wereaselectedaforaanti-HIVaassays. 22 
5.aAntiHIVatesting:aThisactivityaisamea
suredaasaaafunctionaofareductionainaLuci
feraseareportera 
geneaexpressionaafteravirusainfectionainaT
ZMblacells.aThisatestingawasacarriedaouta
usingacellaassociatassaya(toatestathearepli
cationainhibitionaofaHIV1)aagainstatwoa
PrimaryaisolatesaofaHIV1a(UG070,aX4at
ropicaandaVB028,aR5atropic). 
CellaassociatedaAnti-
HIVaassay:aTheaTZM-
blacellsawereainfectedawithatheapre-
titratedaHIV-1aUG070a&aVB28a  

wereaoverlaidaonatoatheainfectedacellsaa
ndaincubatedaata370Cawitha5%aCO2afor
a48ahrs.aAftera48ahrs, 
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atheasupernatantawasatestedaforaLucifera
seaactivityausingaBriteliteaAssay.aThisaa
ssayawasato respective Drug control was 
tested in each assay to compare the IC50 
value of Test compound demonstrate the 
ability of Test compound to inhibit HIV1 
replication. TheaactivityaofaTest 
compound is compared with druga 
control.a The results were expressed in 
terms of Relative Luminescence Units 
(RLU) and then thea IC50a valuea was 
calculateda fora eacha virus.(Concentrati
onofacompoundaatawhicha50%avirusa isi
nhibited).Also,athea inhibitiona ofa virusag
rowtha wasa monitoreda anda compareda  
withvirusa growtha ina absencea ofa drug23. 

Result & Discussion 
Thealipolysisamodelausedaforatheastudya
ofaEFVananosuspensionsahasabeenadevel
opedabyaoura 
researchagroupaandahasabeenapreviouslya
studiedaforalipidananoparticlesaofaquercet
in15aandanelfinaviramesylate.16aaThealipol
ysisaprofileashowsamaximumaimproveme
ntainasolubilizationaofaEFVainaPLTaNSa

andaPLPaNSaasacomparedatoatheaEFVad
ispersionawhichashowedaonlya6%asolubil
izationaatatheaendaofaoneahour.aTheapres
enceaofaphospholipidsainatheananosuspen
sionsaenhanceatheasolubilizationaofaEFV. 
However,ananosuspensionawithaGelucirea
asaoneaofatheastabilizersafaredapoorlyain
athe a lipolysis. study.a Subramanian et al 
have reported inhibition of pancreatic 
lipase abyacertainalipid excipients.13. 
InhibitionaofalipaseabyaGelucireadidanota
allowadigestionaofathealipidsareducingath
esolubilizationaofaEFVacausingatheapoor
performanceaofaPLGaNS.aNonionicasurfa
ctantsaaregenerallyadigestibleabyalipasesa
whichapreventsaprecipitationaofatheadrug
saafteradigestionaofathea 
formulation.aHowever,ahigheraconcentrati
onsaofasurfactantsainacombinationawithal
oweraamountsofaglyceridesahaveabeenare
portedatoareduceasolubilizationaofadrug.13

aHence,aproportionaofalipidsatoasurfactan
tsainatheaformulationaisacriticalainaestima
tionaofasolubilizationacapacityabyatheaina
vitroa lipolysisastudy. 

 
Table.2 a%aEFVasolubilizationa(meana±aS.D.) 

Formulation %aEFVaSolubilization 
30amin 60amin 

EFVadispersion 3.7±0.14 5.58±0.39 
PL-TaNS 5.49±0.25 24.5±0.42 
PL-GaNS 3.58±0.14 1.83±0.07 
PL-PaNS 6.81±0.11 25±0.29 
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Figure 1 aInavitroalipolysisaprofileaofananosuspensions 

 

Inavitroareleaseaprofilingaofananosuspens
ionsawasaperformedabyatwoamethods.aBa
sedaonsolubilityaofaEFVaphosphateabuffe
rapHa7.4+a2%aTweena80awasachosenaasa
theareleaseamedium.10aFig.2 
showsatheareleaseaprofileageneratedabyau
singamodifiedaUSPaTypeaIIadissolutiona
apparatus.aEFVasolutionainaTranscutolaH
Pashowedacloseatoa100%areleaseaina12a
hours.aDialysisamembraneais thoughtato 
aactaasaaabarrieracausingatheacompletear
eleaseaofaEFVafroma theasolutionaonlya 
aftera12a hours.aTheauseaofaphospho 
lipidainavariousananosystemsatoa retarda 
theareleaseaofadrugsahasabeena widelya 
reported.a15aMoreathana90%aofaEFVa 
releaseaina2ahours,aattributedatoathealarg
easurfaceaareaaofatheananosuspensionsaco
ntainingasoyaalecithinaandapoloxamera40
7ahasabeenareportedabyaTanejaaetaal.13aR
educedaparticleasizeadueatoaformulationa
ofananosuspensionsaincreasedadissolution
arateaofaEFVawitha99%aofadrugadissolve
dainaoneahourawasareportedabyaPatelaetaa
l.12a EFVananosuspensionsawereprepareda
withaphospholipidaasaoneaofatheastabiliz
ersaandahaveashownasustainedareleaseaof

aEFVovera12ahours.aPLTaNSashowedam
aximumareleaseaasacomparedatoaEFVadi
spersionadueatoatheapresenceaofaTweena
80asinceaEFVaexhibitsasuperiorasolubilit
yainaTweena80.15 
Theareleaseaprofileageneratedabyausinga
USPaTypeaIVadissolutionatesteraisashow
nainaFig.3.The 
closedaloopasystemawasausedaforatheastu
dyawhereatheareleaseamediumaisacirculat
edawithinatheacellsawithoutacompletearep
lacementawithafreshamedium.aBasedaona
resultsafromatheaexperimenta  
performeda usinga USPa Typea IIa appara
tus,a PL-Ta NSa anda PL-
Ga NSa werea thenanosuspensionsachosen
aforafurtherareleaseatesting.a Fromatheagr
aph,aitaisaobservedathataabouta60%arelea
seawasaobservedafromaEFVasolutionaatat
heaendaofa12ahoursawithapoorareleaseaof
25%aobservedainacaseaofaPLTaNSaandaP
LGaNS.aAacomparisonaofathearesultsafro
mabothatheaapparatusa showa thataUSPa 
TypeaIIaapparatusagaveaaa betterareleasea 
profileaof aEFVaasacomparedatoaUSPa 
TypeaIV.
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Figure 2aInavitroareleaseaprofileaofananosuspensionsa(TypeaIIaapparatus) 

 

 
Figure3.aInavitroareleaseaprofileaofananosuspensionsa(TypeaIVaapparatus) 

 
Anti-HIVatestingausingacellabasedaassay 
Cytotoxicityaofadrugsaoraformulationsaisa
commonlyatestedausingaMTTa(3-[4,5-
dimethylthiazol-a2-yl]2,5 diphenyl 
tetrazoliumbromide)aassay.aTheaassayam
easuresaviableacellsainaahighathroughputa 
setting like a 96 well plate without 

elaborateacellacounting.aItaisabasedaonath
eaprincipleathatadecreaseainamitochondrial
activityaisatheaindicationainadecreaseainan
umberaofaviableacells.aMitochondriala 
activity is reflected by the conversion 
ofapale.yellowatetrazoliumasaltaMTTainto
redaformazana 



Parihar et al. Journal of Drug Discovery and Therapeutics (JDDT) 

 

pg. 58 
 

crystalsawhichacanabeameasuredabyathea
opticaladensity.aMTTaassayacanabeaperfo
rmedaonaprimarycellalinesaandatheaODav
aluesaofacellsaincubatedawithadrugsaisag
enerallyacomparedatoatheacellsawhichaar
eanot exposedatoadrugs.14 

Inatheapresentastudy,a,CC50avaluesawerea
measuredawhichaisatheaconcentrationaofat
headrugaatawhicha50%acellsaareaviable.a
Table.3ashowatheaCCanvaluesaforaEFV,a
nanosuspensions.aHariaetaalahave 
reportedathataefavirenzaloadedaeudragitan
anoparticlesawerealessatoxicaasacompared
atoatheapurea 
drugainaanaMTTaassayaperformedausinga
C8166acellalines.145aInatheapresentastudy,
atheaCC50a valueaofaEFVawasafoundatoa
bealowerathanathataofatheananosuspension
sawhichaattributesatoahigheratoxicityaofa 
theadrugaandaconfirmsatheaadvantageaofa
usingananosuspensionsaforadeliveryaofaE
FV. 

AntiHIVatestingahasabeenacarriedaoutaby
differentatypesaofaneutralizingaantibodyaa
ssaysausingavariousacellalines16.aTZMbla
cellalineaisaaaderivativeaofaHeLaacellaw
hichaexpressesaCD4aandaCCR5aanda 
isaengineeredatoacontainaTatresponsivear
eporterageneaforaLuciferasea(Luc).aThese
featuresaofaTZMblacellalineamakeaitahig
hlyasusceptibleatoaHIV1ainfectionainaneu
tralizingaantibodyaassays.17aInathea 
currentastudy,acytotoxicityastudyawasacar
riedaoutaonapureaEFVaasawellaasananosu
spensionsatoa determine toxic 
concentrations.Subatoxicaconcentrationsa
wereausedatoaperformacellassociated 
antiHIVaassayabyameasuringaLuciferasea
activityausingaBriteliteaplusasubstrate.aIn
caseaofaEFVaandatheananosuspensions,aI
C50avaluesawereabelowadetectionarangea
0.001aµg/mlawhichaisaindicativeaofathea
potencyaofatheadrugaandaformulationsain
ainhibitionaofavirala growth. 

Table.3 ResultsaforacytotoxicityameasurementausingaMTTaassayaandaanti-HIVaassay 

 
Conclusion 

Phospholipidaassistedananosuspensionsaof
aEFVawereapreparedabyaantisolventaprec
ipitationamethodawithaacetoneaasatheasolv
entaandawateraasatheaantisolvent.aPhosph
olipida(Phospholipon®a90aG)aalongawith
aTween®a80a(PLTaNS),aPoloxamera188a
(PLPaNS)aandaGelucire®a50/13a(PLGaN
S)a 
wereausedaasastabilizersatoaformatheanan
osuspensions.a23afactorialadesignawas 

usedaforaoptimizationaofaPLTaNSawithap
hospholipid,asurfactantaandadrugaloadaasa
theafactorsaand 
aparticleasize,apolydispersityaindexaasath
earesponses. 
Inavitroalipolysisawasaaatoolausedatoastu
dyatheasolubilizationaofaEFVainapresenc
eaofatheenzymealipaseaandaotheraconstitu
entsaofathealipolysisamediumasuchaasabil
easalts,alecithin,aandasalts.aAtathe 
endaofaonehouraPLTaNSaandaPLPaNSas

 
 
Product 

 
 
CC50a(µg/ml) 

Cellaassociatedaassay 

IC50a(µg/ml) 

HIV-1 
X4atropic 

HIV-1 
R5atropic 

EF V 12.02 <0.001 <0.001 

PL-TaNS 28.14 <0.001 <0.001 

PL-GaNS 17.65 <0.001 <0.001 

PL-PaNS 20.35 <0.001 <0.001 
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howeda24.5%aanda25%a 
increasearespectively,ainasolubilizationaof
aEFVaasacomparedatoaEFVadispersionaw
hichashoweda5%asolubilization.aInhibitio
naofapancreaticalipaseabyaGelucireaproba
blyacausedareducedasolubilizationaofaEF
VainaPLGaNS.aInavitroareleaseaprofileao
fatheananosuspensionsawasaconstructedau
singaphosphateabuffera7.4acontaininga2%
aTween®a80aasatheareleaseamediumausi
ngabothaUSPaTypeaIIaandaUSPaTypeaIV
adissolutionaapparatus.aThea  
nanosuspensionsashowedasustainedareleas
eaoveraaaperiodaofa12ahoursaasacompare

datoatheEFVsolutionawithaUSPaTypeaIIa
apparatusagivingaaabetteradiscriminatorya
profileasacomparedatoatheflowathroughad
issolutionaapparatus.aEFVaandananosuspe
nsionsawereatestedaforacytotoxicityausing
atheaMTTaassayaonatheaTZMblacellaline
sawhichashowedathatatheananosuspension
sawerealessatoxica 
thanatheapureadrug.aIC50avaluesawereab
elowadetectionalimitsaofaconcentrationsai
ndicatingaexcellentaantiviralaactivityaofa
EFVaand 
athataitaisaretainedainananosuspensions. 
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