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Abstract 
Nanosystemsaareaversatileadrugadeliveryasystems,awithaanaabilityatoaovercomeaphysiologi
cabarriersaandatoaguideatheadrugatoaspecificacellsaoraintracellularacompartmentsadueatoath
eirasmallasize,atypicallyainathea10 to 1000 anmarange. Nanosystems offer severala 
advantages, suchaasatheaprotectionaofadrugsaagainstadegradation,atargetingaofadrugsatoa 
specificasites,aandatailorin theareleaseakineticsatoaprovideaprolongedareleaseaofatheadru 
gs.8 Polymericananoparticles, solidalipidnanoparticles, aliposomes,a nanosuspensionsaanda 
nanoemulsionsahaveabeenareportedatoaenhancetheaeffectiveadeliveryaofatheadrugs.Pharmac
okineticastudiesainvolveatheastudyaofaabsorption, distribution,ametabolism,aanda excretion 
ofathea drugsafromatheabody. Theacurrentastudyainvolvedaoral dispersion andathea 
nanosuspensionsatoamaleaWistararats.Efavirenzaisawidelyadistributedaandaproteinabound,a
primarilyatoaalbumin.98aOrganadistributionastudyawasaperformedainaratsatoadetermineathe
EFValevelainadifferentaorgansaoveraaaspecifiedaperiodaofatime 
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Introduction 
 
The advent of anti-retroviral therapy has 
been one of the greatest research 
achievements in modern medicine. The 
therapy has helped improve longevity of 
patients, reduce viral load, sexual 
transmission of the virus and AIDS can be 
prevented.4 By 1995-96, combination of 
anti- retroviral drugs was introduced and the 
regimen was called Highly Active Anti-
retroviral therapy (HAART).22 HAART 
generally includes a combination of three or 
more drugs which belong to different 
classes. The aim of the therapy is to reduce 
or prevent HIV replication by using drugs 

which target different stages of the lifecycle. 
5 
Non-nucleosideaReversea Transcriptasea 
Inhibitorsa(NNRTIs) 
NNRTIsaareaspecificatoatheaHIV1aandahen
ceaareabeingawidelyaexploredaasaaapotentia
latarget.aTheyaactabyainductionaandaforma
tionaofaaahydrophobicapocketanearatheaact
iveabindingasiteawhichacausesaconformatio
nalachangeaofatheaenzymeaandathusainhibi
tsareverseatranscriptase.aEtravirine,adelavir
dine,aefavirenz,aandanevirapineaareatheaF
DAaapprovedaNNRTIs. 3 
Efavirenz,aaaBCSaClassaIIadrug,aisapractic
allyainsolubleainawaterawithasolubilitya<1
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0µg/mlaandalowaintrinsicadissolutionaratea
ofa0.037amg/cm2/min.2aDueatoaitsapooraso
lubilityaandaerraticaoral absorption, 
TheabioavailabilityaofaEFVaisareportedato
abea40%.13aHence,lipidaassistedadrugadeli
veryasystemsalikeananosuspensionsawithap
hospholipidaasastabilizerawasahypothesized
atoaimproveasolubilityaandaaidalymphatica 
uptake15aofatheapoorlyasolubleaEfavirenz. 
PreparationaandaCharacterizationaofaE
FVaNano- Suspensions 
Phospholipidawasadissolvedainaacetoneawh
ileatheaotherastabilizersawereadissolvedai 
water. 
Theorganicaphaseawasaaddedatoatheaaqueo
usaphaseaunderaconstantavortexingauntilaa
uniformadispersionawasaformed.aTheadispe
rsionawasastirredaonaaamagneticastirringati
llacompleteaevaporationaofaacetone. 
Phospholipon®a90aGaandaTween®a80afor
medaaananosuspensionawhichadidanotasho
waanyainstability 
immediatelyaonapreparationaasawellaasafor
aaweekaafterapreparation.1a Hence,a EFV 
ananosuspensionausingaaamixtureaofaphosp
holipidaandaTween®a80a(PLa TNS)a 

wereapreparedausingatheaprocedurea 
mentionedaabove,awhereainaEFVawasadisso
lvedawithaacetoneaalongawithatheaphospho
lipid. 
In Vivo Pharmacokinetic Study 
Materials: 
Ethyleneadiaminea tetraaceticaacida (EDTA
)awasapurchaseda froma LobaachemieaPvt.
aLtd.TheaanimalsawereaprocuredafromaNa
tionalaInstituteaofaBiosciences,aPune. 

Methods: 
Theapharmacokineticastudyawasaperformed
aonahealthy,amaleaWistararatsa(180gto250
g).aTheaexperimentalaprotocolawasaapprov
edabyatheaInstitutionalaAnimalaEthicsaCo
mmitteeaofBombayaCollegeaofaPharmacy,a
Mumbaia(protocolano.aCPCSEA/BCP/2017
.01/06).aAfteraprocurement,atheaanimalsaw
ereahousedainatheawell..ventilatedaanimala
houseawithaaccessatoafoodaandawateraabal
ibitum. aTheaanimalsawereadividedaintoa 
fiveatreatmentagroupsaasa 
shownainaTable.1.

 
Table.1.aGroupingaofaanimalsaforapharmacokineticastudy 

 

Theaformulationsawereaadministeredaorally
usingatheaoralagavageasyringe.aBloodawas
collectedabyapuncturingathearetroaorbitalap
lexusaatapredeterminedatimeaintervalsaofa1
,2,4,6,a8,a12aanda24haintoa tubesa containi
nga EDTA.aTheablooda wasa centrifugeda a
ta 7000a rpma fora 5mina toa separate 
plasma.a 

Theaplasmaawasacollectedaandastoredaata 
20°Catillafurtheraanalysis. Thea plasma 
samplesawereaanalyzedaforaEFVaconcentra
tio usingaHPLCabioanalyticala method. 6 

InaVivoaOrganaDistributionaStudy: 
 

No. Treatment DoseaandaRoute Numberaof 
animals 

Treatment 
duration 

1 EFVadispersion Orala(62amg/kg) 8 Singleadose 
2 PL-TaNS Orala(62amg/kg) 8 Singleadose 
3 PL-GaNS Orala(62amg/kg) 8 Singleadose 
4 PL-TaNS+aRTVaNS Orala(62amg/kg)a

+ Orala(21mg/kg) 
8 Singleadose 

5 PL-GaNS+aRTVaNS Orala(62amg/kg)a
+ Orala(21mg/kg) 

8 Singleadose 

 Total  40  
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Theaorganadistributionastudyawasaperform
edaonahealthyamaleaWistararatsawhichawe
reausedaforatheapharmacokineticastudyaaft
eraaawashoutaperiodaofaoneaweek.aTheaex
perimentalaprotocolawasaapprovedabyathea

InstitutionalaAnimalaEthicsaCommitteeaofa
BombayaCollegeaofaPharmacy,aMumbai(p
rotocolano.aCPCSEA/BCP/2017/01/06).aTh
eaanimalsawereagroupedaasashownainaTabl
e2

 
Table.2.aGroupingaofaanimalsaforaorganadistributionastudy 

No. Treatment DoseaandaRoute Numberaofaanimals 
1 EFVadispersion Orala(62amg/kg) 12 
3 PL-TaNS Orala(62amg/kg) 12 
4 PL-TaNS+aRTVaNS Orala(62amg/kg)a+ 

Orala(21mg/kg) 
12 

 

Eachagroupawasasubdividedaintoa4asubgro
upsacorrespondingatoatheatimeapointsa2,4,
6,24ahrawithathreeaanimalsaeachacorrespon
dingatoatimeapoints.aAtapredeterminedatim
eapoint,abloodawasacollectedabyapuncturin
gathearetroaorbitalaplexusaandatheaanimal 
wasaanaesthetized.aTheathoracicacavityawa
saopenedaandainasituawholeabodyaperfusio
nawasaperformedabyainsertingatheaperfusio
naneedleaintoathealeftaventricleaandacutting
theainferioravenaacava.aTyrodeasolutionaw
asausedaasatheaperfusionafluid.aPerfusiona
wasacarriedaoutafora30amin,awhereinathea
coloraofatheaorgansaturnedapaleaandalungs
awereawhiteaindicatingaclearanceaofablood
afromatheaorgan.aLiver,aspleen,akidneys,al
ymphnodesaandaheartawereaisolated.aTheao
rgansawereacutawithasharpascissorsaandami
ncedausingahighaspeedahomogenizer.aThe 
homogenizationaprocessawasaadjustedatoae
achatissue.aTheaorgansawereaweighedaand
homogenizedainaphosphateabufferapHa7.4.
0.1mlaofatheainternalastandard,aTenofovira
disoproxilafumaratea(TDF)awasaaddedatoa
0.5mlaofahomogenateawitha0.4mlaAcetonit
rileawhichawasausedaforaextractionaofaEF
Vafromatheatissueahomogenate.aTheasamp
lesawereathenaanalyzedabya HPLC. 
Result & Discussion 

Inavivoapharmacokineticastudy: 
Pharmacokineticastudiesainvolveatheastudy
aofaabsorption,adistribution,ametabolism,aa
ndaexcretionaofatheadrugsafromatheabody.
aPKastudyaplaysaanaimportantaroleainathe
aoptimizingatheadrugadelivery 

asystemaalongawithatheasafetyaandaefficac
yaassessments.aPrimarily,aaaPKastudyainv
olvesastudyingatheaconcentrationaofatheadr
ugainatheabloodaatavariousatimeapointsaaft
eraadministrationauntilaelimination.aItaalsa
helpsainatheadecisionaofaaadosearegiment
withamaintenanceaofadesiredabloodaconcen
trationaofadrugawithaminimalasideaeffects.1
8aAafewastudiesaonatheapharmacokineticsa
ofaEFVainavariousadrugadeliveryasystemsa
haveabeenareportedainathealiteratureawhich
haveashownameritsaofananosystemsainaim
provingabioavailabilityaofaEFV.aPateletaala
demonstratedathatalyophilizedanano-
suspensionsashowedaaa1.90foldaanda5.73fo
ldaincreaseainaplasmaapeakaconcentrationa
ofaEFVainrabbitsa(Cmax,ang/ml)athanamar
ketedaformulationaandastandardaEFVaresp
ectively.12aSolidalipid 
nanoparticlesaloadedawithaEFVawereasho
wnatoabeasuperiora toa EFVa suspensiona w
itha 5.32a folda increasea ina maxa anda 10.
98-folda increasea inaAUC0-24 
afterasingleaoralaadministrationatoaalbinoar
ats.19aOraladeliveryaofaEFVainaself.nanoae
mulsifyingadrugadeliveryasystemsa(SNEDD
s)atoamaleaWistararatsashowedaaaCmaxaofa
62.5µg/mlaandaanaAUC 
(0atoat)aofa717.2aµg/mlawhichawasathreea
foldahigherathanaEFVadispersedainawater.1
5 
Theacurrentastudyainvolvedaoralaadministr
ationaofaEFVadispersionaandatheananosusp
ensionsato 
maleaWistararats.aSingleaoraladoseaofaEF
Vaandabloodawithdrawalaoveraaaperiodaof
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a12ahoursawasa 
usedatoadetermineavariousapharmacokineti
caparametersausinganonacompartmentamod
elaafter extravascularadose.aTable.3.ashows 
atheavariousapharmacokineticaparametersa
ofatheaformulations.aCmaxaisatheamaximu
maconcentrationaattainedaoveratheaspecifie
datimeaafteraaasingle.dose.a 
Tmaxa isatheatimeatakenatoaachieveatheam
aximumaconcentration.a(Cmax).aCmaxaofa
EFVainathe formulationsaisahigherathana 
theaEFVadispersionawhichacanabeaattribut
edatoatheananosizeaofatheaformulations.a A
reaaunderatheaCurvea(AUC)aisaaameasure
aofatheavariationaofatheadrugaconcentratio
nainatheaplasmaaasaaafunctionaofatime.aA
UCaofaPLTaNSaandaPLGaNSawereafound
atoabea15.997aµg/ml*hraanda16.398aµg/m
l*hrawhichawasa1.61aanda1.65foldahighera
thanaEFVadispersion.aAUCaisaaameasurea
ofaquantifyingatheabioavailabilityaofathead
rugawhichaisathearateaandaextentaofadruga
absorption.aThe increaseainabioavailability 
aofaEFVainatheananosuspensionsacanabeaa
ttributedatoatheaformulation 
afactorsavizapresenceaofaphospholipidsaan

dananosizeawhichaaidainasolubilizationaofa
EFV. 
Ritonavir,aaaproteaseainhibitoraisausedaasa
aa pharmacokineticaenhanceratoaimproveap
lasmaaconcentrationsaofaotheraantiretroviral
drugsawhenagivenainacombination.19aRitona
viraactsamainlyabyainhibitingaCYP3A4awh
ichaisatheamajoraenzymearesponsibleafor 
metabolismaofaproteaseainhibitorsaandahen
ceareducingafirstapassametabolismaandaim
provingahalflifeaofatheadrugs.a22aEFVaisa
mainlyametabolizedabyaCYP2B6aandabya
CYP3A4.aHowever,aitahasabeenareportedat
hataCYP3A4ainhibitionaofaNNRTIsalikeaE
FVamediatedabyaritonaviraisaoffsetabyathea
inductiveaeffectsaofaCYP2B6.17 

Hence,anoadosageaadjustmentaisarequireda
whileacoadministeringaRTVaandaEFVawhi
chameansathat thereaisanoaobserveda 
increaseainaplasmaaconcentrationaofaEFVa
inapresenceaofaRTV.aThisawasaevidentaby
observingatheaCmaxaandaAUCareadingsao
fatheatwoagroupsaofaratsawhichawerea 
administeredaritonavirananosuspensiona(RT
VaNS)aalongawithaPLTaNSaandaPLGaNS.

 
Table.3. Pharmacokineticaparameters 

Formulation    tmaxa (hr) Cmaxa (µg/ml) AUC(0-t) 
(µg/ml*hr) 

EFVadispersion 2 2.048±0.236 9.887±0.305 
PL-TaNS 4 3.453±0.473 15.997±1.118 
PL-GaNS 2 3.470±0.182 16.398±1.537 
PL-TaNS+aRTVaNS 1 3.369±0.199 11.118±0.444 
PL-GaNS+aRTVaNS 1.6 2.339±0.374 10.083±0.504 
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Figure 1.a Inavivoapharmacokineticaprofileaofananosuspensions 
aFig.1.ashows atheapharmacokineticaprofileaofatheananosuspensions. 

 
Inavivoaorganadistributionastudy 
Efavirenzaisawidelyadistributedaandaprotei
nabound,aprimarilyatoaalbumin.18aOrganadi
stributionastudyawasaperformedainaratsatoa
determineatheaEFValevelainadifferentaorga
nsaoveraaaspecifiedaperiodaofatime.aFig.2.
showsatheadistributionaofaEFVafromatheaf
ormulationsaasaaafunctionaofatime.aItacana
beaobservedathataPLTaNSashowedahighera
amountaofaEFVainaorgansalikealymphanod
esaandaliveraatatheaendaofa24ahouraascom
paredatoaEFVadispersionaandacombination
aofaRTVaNSaandaPLTaNS.a AmountaofaE
FVainakidneysaisamaximumainacaseaofath
eacombinationananosuspensionawhichacana
beaexplainedabyaitsaloweraMRTaasacompa
redatoatheaothers,awhichaindicatesahighera
renalaclearance.aItacanaalsoabeaobservedat
hatahigheralevelsaofaEFVaareafoundainvari
ousaorgansaata24ahourainacaseaof 
EFVadispersionawhichacanabeaattributedat
oaitsamicronasizeawhichatookalongeraforas
olubilizationaasacomparedatoatheananosusp
ensions.aTheahighestaconcentrationaofaEF
Vaisafoundainalymphanodeaata4 
hoursawhichaisatheatmaxaofaEFVainaPL-
TaNS. 

Fig.3.ashowsatheadistributionaofaEFVaasaa
tissueabasedaplot.aHigheraaccumulationaof
EFVainalymphanodesawasadesiredaasaitaha
sabeenareportedathataHIVareservoirsaareaf
oundainvariousalymphoidatissues.23.aPhosp
holipidsahaveabeenareportedatoaimprovealy
mphaticaabsorptionaofalipophilicadrugs.a21.
a 
Presenceaofaphospholipidainatheananosusp
ensionsacanabeaattributedatoahigheraamoun
tsaof EFVain athealymphanode. 
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Fig.2.aSummaryaofatissueadistributionastudy,aaakineticaplot.aTissuesarepresentedab 

color:ablueaaLymphanodes,agreen-aliver,areda akidney,apurple spleen,apink is 
heart.VerticalastripesadenoteaEFVadispersion,asolidacolumnadenoteaPLTaNSaandaho

rizontalacolumns adenoteacombinationaofaRTVaNS+aPL-TaNS 
 

 
Fig.4.27.aSummaryaofatissueadistributionastudy,aaatissuebasedaplot.aTimeapointsarep
resentedabyacolor:abluea a2ahour,ayellowa a4ahour,ared-a6ahour,apurple-a24ahour 
VerticalastripesadenoteaEFVadispersion,asolidacolumnadenoteaPLTaNSaandahorizont

alacolumnsadenoteacombinationaofaRTVaNS+aPL-TaNS 
 
Conclusion 
Pharmacokineticaandaorganadistributionas
tudiesawereacarriedaoutainamaleaWistarar
atsawithaoralaadministrationaofatheananos
uspension.aToastudyatheaeffectaofaaaphar
maco-

kineticaenhanceraRitonavira(RTV)aonathe
kineticsaofaEFV,aRTVananosuspensionsw
ereaadministeredainacombinationawithaE
FVananosuspension.aPLTaNSaandaPLGa
NSashoweda1.66foldaanda1.63foldaincrea
seainaAUCaasacomparedatoatheaEFVadis
persion.aCombinationaofaRTVaandaEFVa
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nanosuspensionadidanotaenhanceaabsorpti
onaofaEFVabutaimprovedaAUCaasacompa
redatoatheaEFVadispersion.aHigheraamou
ntaofaEFVawasaaccumulatedainathelymp
hanodesawhenaPLTaNSawasaadministere
datoathearatsaasacomparedatoatheaEFVa 
dispersion,awhichawasadesirableadueatoat
heapresenceaofaHIVareservoirsainathealy
mphoida tissues. 
Reference 
1. WHO,aD.aH.ahttps://www.who.

int/hiv/data/en/.a(accesseda18aMaya20
20). 

2. Deeks,aS.aG.;aOverbaugh,aJ.;aP
hillips,aA.;aBuchbinder,aS.,aHIVainfec
tion.aNatureareviewsaDiseaseaprimers
a2015,a1a(1),a1-22. 

3. Phanuphak,aN.;aGulick,aR.aM.
,aHIVatreatmentaandapreventiona201
9:acurrentastandardsaofacare. 

4. CurrentaOpinionainaHIVaandaAIDSa
2020,a15a(1),a4-12. 

5. Adults,aP.ao.aA.aG.af.;aAdoles
cents,aGuidelinesaforatheauseaofaantir
etroviralaagentsainaadultsaandaadolesc
entsalivingawithaHIV.aDepartmentaof
aHealthaandaHumanaServicesa 
Washington,aDC:a2018. 

6. Kumar,aL.;aVerma,aS.;aPrasad,
aD.aN.;aBhardwaj,aA.;aVaidya,aB.;aJ
ain,aA.aK.,aNanotechnology:aaamagic
abulletaforaHIVaAIDSatreatment.aArti
ficialacells,ananomedicine,aandabiote
chnologya2015,a43a(2),a71-86. 

7. Mallipeddi,aR.;aRohan,aL.aC.,
aProgressainaantiretroviraladrugadeli
veryausingananotechnology. 

8. Internationalajournalaofananomedicin
ea2010,a5,a533. 

9. FDAahttps://www.fda.gov/drug
s/hiv-treatment/hiv-treatment-
information adults.a(accesseda19 
Maya2020). 

10. Shao,aJ.;aKraft,aJ.aC.;aLi,aB.;a
Yu,aJ.;aFreeling,aJ.;aKoehn,aJ.;aHo,a
R.aJ.,aNanodrugaformulationsatoaenha
nceaHIVadrugaexposureainalymphoida
tissuesaandacells:aclinicalasignificance
aandapotentialaimpactaonatreatmentaa

ndaeradicationaofaHIV/AIDS.aNanom
edicinea2016,a11a(5),a545-564. 

11. Belubbi,aT.;aShevade,aS.;aDha
wan,aV.;aSridhar,aV.;aMajumdar,aA.;
aNunes,aR.;aAraújo,aF.;aSarmento,aB.
;aNagarsenker,aK.;aSteiniger,aF.,aLipi
daarchitectonicsaforasuperioraoralabio
availabilityaofanelfinaviramesylate:aC
omparativeainavitroaandainavivoaasse
ssment.aAAPSaPharmSciTecha2018,a
19a(8),a3584-3598. 

12. Patel,aG.aV.;aPatel,aV.aB.;aPat
hak,aA.;aRajput,aS.aJ.,aNanosuspensi
onaofaefavirenzaforaimprovedaoralabi
oavailability:aformulationaoptimizatio
n,ainavitro,ainasituaandainavivoaevalua
tion.aDrugadevelopmentaandaindustri
alapharmacya2014,a40a(1),a80-91. 

13. Taneja,aS.;aShilpi,aS.;aKhatri,a
K.,aFormulationaandaoptimizationaofa
efavirenzananosuspensionsausingathea
precipitation 
ofultrasonicationatechniqueaforasolubi
lity 
enhancement.aArtificialacells,ananom
edicine,aandabiotechnologya2016,a44
a(3),a978-984. 

14. Canada,aB.M.aS.,aSustiva®(efa
virenz)aproductamonograph.a2009. 

15. Fricker,aG.;aKromp,aT.;aWend
el,aA.;aBlume,aA.;aZirkel,aJ.;aRebma
nn,aH.;aSetzer,aC.;aQuinkert,aR.-
O.;aMartin,aF.;aMüller-
Goymann,aC.,aPhospholipidsaandalipi
d-
basedaformulationsainaoraladrugadeliv
ery.aPharmaceuticalaresearcha2010,a
27a(8),a1469-1486. 

16. Watkins,aM.aE.;aWring,aS.;aRa
ndolph,aR.;aPark,aS.;aPowell,aK.;aLut
z,aL.;aNowakowski,aM.;aRamabhadra
n,aR.;aDomanico,aP.aL.,aDevelopmen
taofaaanovelaformulationathataimprov
esapreclinicalabioavailabilityaofatenof
oviradisoproxilafumarate.aJournalaofa
pharmaceuticalasciencesa2017,a106a(
3),a906-919. 

17. Neurath,aA.aR.;aStrick,aN.;aLi,
aY.Y.;aDebnath,aA.aK.,aCelluloseaac
etateaphthalate,aaacommonapharmace

http://www.who.int/hiv/data/en/
http://www.who.int/hiv/data/en/


Bagwan et al.                                                     International Journal of Pharmaceutical and Biological Science Archive 

126 | P a g e  
 

uticalaexcipient,ainactivatesaHIV1aand
ablocksatheacoreceptorabindingasiteao
natheavirusaenvelopeaglycoproteinagp
120.aBMCainfectiousadiseasesa2001,a
1a(1),a17. 

18. Maartens,aG.;aCelum,aC.;aLew
in,aS.aR.,aHIVainfection:aepidemiolo
gy,apathogenesis,atreatment,aandaprev
ention.aTheaLanceta2014,a384a(9939
),a258-271. 

19. AIDSinfoa a https://aidsinfo.nih.
gov/understanding-hiv-aids/fact-
sheets/19/73/the-hiv-life-
cycle.(accesseda21aMaya2020). 

20. Kirchhoff,aF.,aHIValifeacycle:a

overview.aEncyclopediaaofaAIDSa201
3,a1-9. 

21. Piacenti,aF.aJ.,aAnaupdateaand
areviewaofaantiretroviralatherapy.aPh
armacotherapy:atheaJournalaofaHum
anaPharmacologyaandaDrugaTherap
ya2006,a26a(8),a1111-1133. 

22. Palmisano,aL.;aVella,aS.,aAabri
efahistoryaofaantiretroviralatherapyaof
aHIVainfection:asuccessaandachalleng
es.aAnnaliadell'Istitutoasuperioreadias
anitÃa2011,a47,a44-48. 

23. Eggleton,a J.a S.;aNagalli,a S.,a Highly
aActiveaAntiretrovirala Therapya (HA
ART).a Ina  StatPea. 

 


