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Abstract:- 

ThisipaperifocusesionitheiusesiofiNanocarriersiforiDrugiTargetingitheisimplestia

pplication,,itheivariousitypesiofiNanocarriersiprogram,itheiriuse,iandifutureidire

ctioni.Depressesiforiproteinioripeptide,ibutitheieffectivenessiisigreatlyireducedid

ueitoienzymaticidigestioniandiindigestionigoodiforiintestinalidetectioniinitheism

alliintestine.iInicomplexiformulations,itheiinstallationiofinanocarriersiwilliprote

ctitheidrugimoreisensitiveiandithusicanigreatlyiimproveitheieffectivenessiofiorali

drugidelivery.iBeforeibeingireleased,iainanocarrierineedsitoibypassimanyibarrier

sitoitheihumanibody,iincludingitheiintestinaliandiepithelialilayeriandiendotheliali

cells.iTheiexactimechanismsibehinditranscellularitransmissionihaveisoifarinotibe

enifullyiunderstood.iWithimostinanocarriers,itheitranscellulariflowirateiisiinsuffi

cientitoidetectitheiriefficacyiinioralidelivery. 
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INTRODUCTION 
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 1 Introduction:- 

TheiNanocarriersicolloidalicarrierisystemicontainsisubmicroniparticlesi<500inm.1iNanocarriersi 

hasibeeniextensivelyiinvestigatediinitheilastifewidecadesiasitheyihaveishownigreaticonfidenceiini 

theidrugideliveryiindustry.iNanocarriers,idueitoitheirihighitoihighivolume,ihaveitheiabilityitoi 

modifyibasicipropertiesiandidrugiperformance.iImprovedipharmacokineticsiandidistributioniofi 

biodistribution,ireduceditoxicity,iimprovedistabilityiandidurability,icontrolledireleaseiandilocali 

deliveryiofitherapeuticipropertiesiareisomeiofitheithingsinanocarriersicaniincorporateiintoidrugi 

deliveryisystemsiinanimateiorihybrid,isizesi(smalliorilarge),ishapei(space,istickioricube)iandiotheri 

structuresi(costiofiland,iworkingigroups,iPEGylationioriothericover,iattacheditoitargetiorganizatios

).iTheioverallipurposeiofiusinginanocarriersiinidrugideliveryiisitoieffectivelyitreatitheidiseaseiwith 

itheifollowingisideieffects. 

 

 
Anticancerichemotherapeuticsiwhenicombinediwithiconventionalidrugideliveryiprogramsipresenti

manyidifferentiproblems,iincludingipooriprescriptionidrugs,isevereitoxicityiandidrugiresistance.i 

Theseibarriersireduceitheinumberiofianticanceridrugs.iNanocarrierbasediplatformsihaveienabledith

eieffectiveideliveryiofianticanceridrugsitoitheiintestineibyiexploitingitheipathophysiologyiofitumori

microenvelo,itherebyigreatlyiimprovingitheitherapeuticieffectsiofioncologicaliconditions.iIni 

additon,ireceptorsitargetingicellsibeyonditheinucleusiareialsoitargetedibyinanocarriersiplatformsi 

decoratediwithitargetingiligands.iManyinanocarrierbasediproductsihaveibeeniapprovediforithe 

itreatmentiofiaivarietyiofiplants,iandimanyimoreiareiinivariousiclinicalitrials.iInitheicurrentireview,i

weifirstidiscusseditheicharacteristicsiofidifferentitypesiofinanocarriersi(organic,iinorganiciand 

ihybrid)ianditheiriimportanceiinicanceritreatment.iWeihaveithenishowniwaysitoiidentifyiandiuseithe

ienvironmentiininanocarriersitoiimproveitheirivisibility. 

1.1  Hindranceiininanocarrierideliveryitoicancericells 

DeliveryiofidrugsibasedioniNanotechnologyiofteniencountersimanyiobstaclesiwhereitheyi 

ultimatelyigo.iSubcutaneousiskinicanceriisiaibarrieritoinanocarrieritreatmentideliveryidueitoithe 

ihardiandisubsequentiepidermalilayerifollowedibyiseveraliotherilayersithatiformitheiskinilayers.i 

Mostitherapiesiareitrappediinitheiskinilayer,itherefore,ipathogenicicellsiremainidrug-free. 

Alternativelyitumoribiologyiplaysianiimportantiroleiinitheisuccessfulideliveryiofitherapeuticiagents

itoitargeticells.iTheitranslationistructureiandibodyistructureiofitheiplantitissueitheisuccessfulideliver

yiofitheinanocarrieriisiaileadingipointiforitheidevelopmentiofiaihighlyieffectiveidrugicarrier.iDueitoi

theirapidigrowthiofitumoricells,itransplantationiofihealthyicellsialsoirequiresitheisupplyiofinutrients

,inutrientsiandioxygen.iCellsiforminewibloodivessels. 

Throughitheiprocessiofiangiogenesisioficontinuousigrowth.iUnderihypoxiciconditions,itheicanceri 

celliisideprivediofioxygeniagain. 

Someinutrientsiinitheifarthestipartiofitheibloodivessels.iForiintravenousiadministration,ithei 

nanocarrierihasianotherisetiofiproblemsiarisingifromitheimacrophagesiandispleeniandiclearsifrom 

itheiimmediateicirculationiofitheisystem.iTheiwholeiprocessiofinanocarrierideliveryiisifollowedibyi

intra-tumoraliinfiltration,iphysicalichangesiinitheinanocarrieriandithenitheilysosomeifollowed 
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byitheicytoplasmiandinucleusithereafter.iSuccessfulideliveryiofiainanocarrieridependsientirelyioni 

iphysicochemicaliparticleisize,ilandicharge,idensity,ienvironmentaliandiphysicaliconditioniofithei 

targetiarea.iTheihighlyiprocessedinanoparticlesi(NPs)ishowitheivariousiligandsiofitheiNPisurfacei 

bondingiwithitheilinkerishowniiniFigureii. 
 

 

 

 

 

 

 

figureii.iEngineerediNPidepictingivariousiligandsiforiconjugationitoiNPisurfaceithroughilinker. 
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Tablei1-iCharacteristiciofidifferentinanocarriers 
 

Nanocarrier Modeiofisynthesis Sizeiofinan

ocarriers 

(nm) 

Propertiesiofinanoc

arriers 

Applications 

Solidilipidina
nocarriersi(Ki

ngsleyietial.i2

006) 

Highishearihomogenizati
on,ihotihomogenization,i

coldihomogenization,iult

rasonication,isolventiem

ulsification,imicroemulsi
on,isprayidrying 

50–100 Colloidalicarrier,ibetteristability
,ieaseiofiupgradeability,ibiodegr

adable 
Lowidrugiloadingicapacity,ib
urstirelease 

Drugideliveryitoilivericellsi

bothiinivivoiandiinivitro,ige

neivectoricarrier,itopicaliuse

,itargetedidrugideliveryitois

oliditumors, 

antitubercularichemot
herapy 

Liposomei(Sunietia

l.i2014;iMishra 

etial.i2010) 

Mechanicalidispersion,iS
olventidispersion,ideterg

entiremovalimethod 

50–100 Phospholipidibilayerivesicle,iBi
ocompatible,ibiodegradable,iles

sitoxicity 

Trapihydrophiliciandihydro
phobicidrug,ioptimalidelive
ryiofibiologicallyiactiveiage
nt 

Dendrimeri(How

ietial.i2013) 

Cascadeireaction,ieither

iconvergentioridivergent
iapproach,iself-

iassembly 

1–10 Radiallyisymmetric,ihomogen

eous,iwellidefined,imonodispe
rseihyperbranchedimolecules 

Drugidelivery,iliveritargeting

,iphotodynamicitherapy,ineut
ronicaptureitherapy, 

imaging,igeneideliver
y 

Polymericinan

ocarriersi(Lop
ez-Davilaiand 

Loizidoui2012) 

Solventievaporation,iE

mulsification/solventidi
ffusion,inanoprecipitati

on,isaltingiout,isupercrit

icalifluiditechnology,idi
alysis,ipolymerization 

10–100 Effectiveicellimembraneiperme

ation,istabilityiinibloodistream,
ibiodegradable 

Highiconcentrationiofidrugi

delivery,iactiveiandipassive
idrugidelivery,imaintainsist

abilityiofivolatile 

pharmaceuticaliagent 

Micellei(Bhat

iai2016; 
Malamietial
.i2009) 

Supramoleculariself-

iassembly,isolvent/mech
anicalidispersion 

10–100 Biostability,idynamicisystem

,icolloidaliaggregateiofiamph
iphilicimolecule 

Encapsulateieitherihydropho

biciorihydrophilicidrug 

Carboninanotubesi(
Mulleri2000) 

Chemicalivaporidep
osition,ilaseriablatio

n,icarboniarcidischa

rge 

0.4–3 Hexagonalipattern,icrystalline,it
hirdiallotropicicarbonisheet,isin

gleiorimulti-

layer,idynamicistrength,iuniquei

electricaliand 
elasticiproperty 

Geneiandidrugidelivery,ipept
ideidelivery,iartificialiimplan

ts,itissueiengineering,icanceri

celliidentification 

Goldi(Üneriand
iYeneri2007) 

Twoiphaseisynthesis,ibip
hasicireduction 

1–100 Multi-
surfaceifunctionality,iversatile, 

Multi-
surfaceifunctionality, 

https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR70
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR70
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR138
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR99
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR58
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR87
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR21
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR92
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR103
https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR147
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   excellentibiocompatibi

lity,ilessitoxicity,isurfa

ceiplasmoniresonancei

property,iFluorescence

iresonanceienergyitran

sferiphenomenon 

versatile,iexcellenti

biocompatibility,ile

ssitoxicity,isurfacei

plasmoniresonancei

property,iFluoresce

nceiresonanceiener
gyitransfer 
phenomenon 

Magnetic Metalialkoxide 1–100 Superparamagnetism, Magnetic 
nanocarriers hydrolysis, chemicalistability,ihigh separation, 

(Hallaniet coprecipitationiin colloidalistability, Magnetic 

al.i2014) microemulsion magneticimoment Resonance 

hydroxide Imaging,itargeted 
coprecipitation, drugidelivery, 

glycothermalisynthesis, hyperthermia, 
citrateigeliprocess, magneticifluid, 

glassicrystallization biosensing, 

Thermoablation 

https://link.springer.com/article/10.1007/s10311-018-00841-1#ref-CR56
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SELECTEDiTUMORSiANDiTHEiUSEiOFiNANOCARRIERS 
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Now,iweidiscussediselecteditumorsianditheiuseiofinanocarriersiinitheiappropriateitumor. 
 

 2.1 Organicinanocarriers 
 

 2.1.1 Solidilipidinanoparticlesi(SLNs) 

SLNsiareipreparedibyidispersingisolubleilipidsi(s)idissolvediiniwater,iandiemulsifiersi(s)iareiusedit

oistabilizeidispersion.iTheitwoimosticommonlyiusedimethodsiforipreparingiSLNsiareihigh-

ipressureihomogenizationiandimicroiemulsification.iSLNsiprovideiaihighilipophilicilipidimatrixifo

ridrugsithatiwillidissolveioridissolve.8iAivarietyiofisolidilipidsiincludeimono-,idi-

ianditriglycerides;ifattyiacids;ifreeifattyialcohol;iwaxesiandisteroidsiuseditoiprepareiSLNs.iSLNsiar

eiexactlyitheisameiasinanoemulsionsiexceptithatidifferentitypesiofilipidsiareiusediinialliformulation

s.iSolidilipidsiatiroomitemperatureiareiusediiniSLNsiinsteadiofilipidsi(fats)iusediininanoemulsions. 

SLNsiasinanocarriersiofferimanyimoreibenefitsithanicolloidalicounterparts,iincludinginanoemulsio

ns,iliposomesiandipolymericinanoparticlesi(PNPs).iSomeiofitheiareasiwhereiSLNsigetibetteripoints

ithanitheiricounterpartsiincludeicontrolledidrugidelivery,ilackiofibiotoxicity,ihighidrugicharges,iim

provediavailabilityiofiwater-solubleidrugs,ibetteriandieasieristabilityiandigreateriproductivity 

 

 
 

iofi
DependingionitheiformulationiSLNsi(lipid,idrugiandisurfactant)iandiproductioniconditionsi(hot 

oricoldihomogenization),itheidrugicanibeidistributedievenlyiinitheilipidimatrixi(solidisolution/com

patibleimatriximodel)iofiSLNsi(Figurei1),iembeddediinitheisurroundingishellilipidispinei(drug-

enrichedishellimodel)ioriembeddediiniaiholeisurroundedibyilipidishelli(aibasicidrug-

ienhancingimodel). 
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 2.1.2  Liposomes 

Duringitheilastifewidecadesiinibiomedicine,iliposomesihaveiattractediailotiofiattention,iespeciallyia

siaidrugideliveryisystemiforiantitumoridrugs.iTheyidemonstratedimanyiadvantagesiovericonventio

nalisystems,isuchiasiextendedidrugidelivery,iactiveidrugiprotection.iDueitoienvironmentalifactors,i

featuresioficorrectiveioperationiofitheiproduct,ipreventioniofiearlyidegradationiofiancillaryidrugs,i

cost-

effectiveiformulationiofiexpensiveidrugsiandieffectiveitreatmentiwithireducedisystemicitoxicity..i

Liposomesiareisphericalivesiclesithatihaveianiaqueousicoreiboundibyilipidibilayers.iTheyihaveising

leiorimultipleibilayerimembraneiassembliesimadeiofinaturaliorisyntheticilipidsi(Figurei2).iIndividu

alsiwithiaibilayerimembraneiareireferreditoiasismalliunimalarizedivesiclesiorilargeiunimalarizedive

siclesidependingionitheirisize.iIfimoreithanioneibilayeriisipresent,itheniitiisiknowniasimultilaylarive

sicles.iLiposomesivaryiinitermsioficomposition,isize,isurfaceicharge,iandimethodiofipreparation.iL

iposomesiareicommonlyiusediasimodelicellsioricarriersiofivariousibioactiveiagents,iincludingidrug

s,ivaccines,icosmeticsiandinutraceuticals.. 
 

Theibiodegradableiandibiocompatibleicompositioniofiliposomesihasimadeithemiexcellentitherapeu

ticicarriers.iMoreover,itheirispecificiabilityitoicontainibothiwater-solubleiandilipid-

isolubleiagentsihasicorrespondinglyiincreaseditheiriuseiinibiomedicineiformulationsiinitheiriaqueo

usicentralipartiandiinilamellae.iMoreover,iitiincreasesitheiconcentrationiofitheidrugiinsideitheitumo

ributireducesitheiconcentrationiofitheidrugiininormalitissues.iLiposomesicanialsoibeiattacheditoianti

bodiesioriligandsitoienhanceitargetispecificity. 
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 2.1.3 Dendrimers 

Dendrimersiusuallyihaveimacromoleculeibranchesithatihaveidifferentiarmsifromitheicenter.Typica

lly,itheyiareiproducediusinginaturaliorisyntheticimaterials,iincludingisugars,inucleotidesiandiamino

iacids.iTheirislowericombinationsienableithemitoialignimoleculesiwithiaitypicalibranchipattern,iaidi

fferentimoleculariweightiandiaidifferentinumberioficlusters. 

Dendrimersiobtainediwithislowmovingitechniquesiareidifferenticompareditoithoseiproducedibyip

olymerizationiprocessesidueitoiwell-structurediandiunusualibranchipatterns,irespectively. 

Dendrimersiareitheimostilikelyidrugideliveryisystemsidueitoitheiriunparallelediproperties,iincludin

gidifferentialicelliweight,iincreasinginumberiofibranching,ibulkisize,icircularishapesiandimonodisp

ersedimacromoleculesi1.514.5inm.iNormalimoleculeiitihasilayersiwithilargeibranchesiconsistingiof

iduplicateiunits,imultipleifunctionaliendigroupsiandiaistartingispine.iTheiriarchitecturalidesignioffe

rsimoreicontrolioveritheishapeiofitheidendrimer,itheisize,itheiheightiofitheibranchianditheiperforma

nceiofitheiground.iDrugsiandiidentificationimarkersicanibeiattacheditoialteriearthifunctioniforispeci

ficipurposes,iwhichiofteniinvolveidirecticontactiwithicelliwallsiandilivingiareas.iPreoperativeidrugi

developmentifocusedionibuildingidrugicombinations.Recently,idendrimersihaveibeeniwidelyiusedi

initheifieldiofibiomedicine,iincludingigenetics,iimmunology,iresonanceiimaging,ivaccinesiandianti

viral,ideliveryiofiantimicrobialidrugsiandianticancer. 
 

Dendrimerdrugiconjugateiisiformediwhenitheidrugiisibounditogetheriinitheidendrimeriinitheicenteri

oriinitheiendigroupsiandimostiofteniinitheiinneriparts,ithatiis,iinitheibranches.iTheiactiveifilteriofithe

idrugiisienhancediexponentiallyiinitheitargetiarea,iwhenitheidrugiisiconnecteditoimultipleigroupsiini

theidendrimeriedges.iBasically,ithisiisibeneficialiforitheiuseiofiantiretroviralidrugs.iAsiaimonodisp

ersed,isystematicallyicontrolledimacromoleculeiwithipreciseisizeiandimoleculariweight,idendrimer

s-drugiconjugateiisitheipreferredicarrierithaniconventional
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polymericidrugideliveryicarriers.iTheidrugiandidendrimerilinkiareiespeciallyiimportantiifitheidrugiisiattache

ditoiexternalidendrimerigroups.iThisiisibecauseitheidrugineedsitoibeiextractediinianieffectiveiwayiwhenitheia

ctioniisiperformed.Dendrimersihaveibeeniusedisuccessfullyitoiincreaseitheieffectivenessiofidoxorubiciniasid

escribedibyiLaiietial.iTheyiusediphotochemicaliinternalizationi(PCI)itechnology,iwhichiisiknownitoibreakid

ownitheicytoplasmicimembraneiandienableitheiexpressioniofimacromoleculeitrappediinicytoplasmicivesicle

s,ileadingitoiincreasedicytotoxicityitoicancericells. 

 2.1.4 PNPs 
 

Overitheipastifewidecades,ipolymersihaveireceivediailotiofiattentioniinitheidrugideliveryiareaiasithe

yiofferiainumberiofiattractiveifeaturesiinidrugidelivery.iPNPsiareisolid,iananosisedi(10-

1,000inm)icolloidaliparticlesicomposediofidecayingipolymers.iDependingionitheiriconstructioniorg

anization,iPNPsicanibeidividediintoinanospheresi(matrixitype)iorinanocapsulesi(Aitypeiofiwaterist

orageirepository;ifigurei4).iTheiNanospheresitypeiofiPNPsidispersei/ibindsitheidrugitoitheipolymeri

matrix,iwhileiinitheicaseiofitheinanocapsuleiofitheiPNPs,itheidrugiisidissolved/dispersesiinianioil-

liquidienvironmentioriwaterimixediwithiaistrongipolymericimembrane.iInibothitypesiofiPNPs,itheir

eleaseiofiadsorptioniorifurtherichemicalisynthesisi(matrixioricapsule)iisipossible.iManyiapproaches

ihaveibeenidevelopeditoiprepareiPNPsidependingionitheidesigniandidesiredistructuresiofiPNPs.iThe

seimethodsicanibeiwellidividediintoitwoiphases,inamely,idispersingiofitheiremainingiembeddedipol

ymersiandidirecticolumniinsertioniofimonomers.iMethodsithatiincludeitheidispersioniofitheiremain

ingipolymersiincludediincludeisolventievaporation,isalt,inanoprecipitation,idialysisiandisupercritic

alifluiditechnology.
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ManyipolymersihaveibeeniusediinitheipreparationiofiPNPs.iAsitheyidecompose,itheseiparticlesiareireduced 

itoiindividualimonomersiwithinitheibodyiandiareithereforeiremovedifromitheibodyibyinormalibodyiprocesses

.iTheimosticommonlyiusedipolymersiincludeipolylacticiacidi(PLA),ipolyglycoliciacidi(PGA),iPLGA,iPEG,i

polycaprolactonei(PCL),iN(2hydroxypropyl)imethacrylamidei(HPMA)icopolymer,ipolyasparticiacidi(PAA)

iandipolyglutamiciacid.iHowever,itheimosticommonlyiusedinaturalipolymersiincludeialbumin,ialginate,I 

chitosan,icollagen,idextran,igelatiniandiheparin.iIniadditionitoitheikeyifeaturesisharedibyiallinanocarriersiini 

canceritreatment,iPNPsiofferibetteriendtoendiandiinivivoi(blood),ihigheridrugiloading,idistributioniofi 

compatibleiparticleisize,ibetteriandimoreimanageableinaturaliproperties,ihigheridrugidistributionitimesiandi

moreirelease.iCompareditoicolloidalicounterpartsisuchiasipolymericimicellesi(PMs)iandiliposomes.iAlliof 

itheseifactorsiareihighlyidesirableiinitheicaseioficanceritreatment. 

 2.1.5 PMs 

PMsihaveinanosisedicolloidaliparticles i(10-100inm)iformedibyiself Assemblyiofisynthetic 

iamphiphilicidioritriblockicopolymersiiniaiwetienvironment.iBeinginaturallyiamphiphilic,idiiori 

blockiblocksiandithereforeicontainihydrophobiciandihydrophilicicomponents.iTheseiblockicopoly

mersiwheniexposeditoiailiquidienvironment,iiniadditionitoiaispecificiconcentrationi(calledicriticali

micelleiconcentrationi[CMC]),iformimicelles.iTheihydrophobicipartiofitheiblockicopolymeriformsi

theicoreiofitheimicelle,iwhileitheihydrophilicipartiformsitheishelliofitheimicelles. 

iThus,iPMsihaveiaispinal/shellistructureiconsistingiofiaihydrophobiciandihydrophilicishelli(Figurei5

)i.iTheihydrophobicicoreiofitheiPMsiallowsitheiincorporationiofihydrophobicicompoundsiandi 

regulatesitheireleaseiareasiofitheiPMs. 

 

PMsiofferipromisinginanocarriersiforideliveryiofianticanceridrugs.iSinceimanyianticanceridrugsiar

eiusuallyiwater solublei(hydrophobic),I PMsiallowithoseihydrophobicianticanceridrugsito 

ibeitrappediinitheiricolumns,ithusiincreasingiwaterisolubility.iIniaddition,itheihydrophilicishelliofi 

PMsiCausesithemitoihaveiperiodsiofibloodicirculationibyipreventingitheidetectioniandisubsequenti

uptakeiofiPMibyiRES.iTherefore,itheismallisizei(10–100inm)ianditheidurationiofithe 
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vivoicycleicauseitheiPMsitoiaccumulateispeciallyiinitheiplantiareaiwithianiimprovediintensityiand 

iretentioni(EPR)ieffecti(randomiidentification).iAlliofitheseieffectsiimproveibioavailabilityiandi 

treatmentiwithihydrophobicianticanceridrugs.iIniadditionitoirandomiidentification,iactiveicanceri 

identificationiwithiPMsiisialsoipossibleibyiformingiintelligentiPMsi(environment/dynamiciPMs 

ithatiresponditoichangesiinipH,itemperature,ietc.)ioribyiglobalimutationiofitumor-inducediPMs. 

iToiidentifyitheiligand.iManyicancerichemotherapeuticiagents,iincludingimethotrexate,icisplatin,I 

paclitaxel,idocetaxeliandidoxorubicin,ihaveibeenisuccessfullyidevelopediforiPMs. 

 2.1.6 Virus-basedinanoparticlesi(VNPs) 

VNPsioriviral-likeiparticlesi(VLPs)iareinanosizedi(approximatelyi<i100inm),I independent 

iproteinicagesicontaininginanostructuresisimilaritoiwell-definedigeometryi(Figurei6)i.iRecently,,i-

iVNPsi(virusesisuchiasinanocontainers)ihaveibeeniextensivelyistudiediforinanotechnologicali 

purposes ,iincludingidrugidelivery,igeneticitherapy,ivaccination,ithinkingiandiidentification. 

VNPsioriproteinicagesi(i.e.,iviruses)ifromiaivarietyiofisourcesiincludingiplantivirusesi(viruses.i 

cowpeaichloroticimottlei[CCMV]icowpeaimosaici[CPMV]iredicloverinecroticimosaicivirus 

i[RCNMV],imosaicivirusi[TMV])iinsectivirusesi(herdivirus),ibacterialivirusesioribacteriophages 

i(MS2,iM13,iQβ)iandianimalivirusesi(adenovirus,ipolyomavirus)ihaveibeeniinvestigatedifori 

nanotechnologyiandidrugideliveryiapplications.iAsianiemerginginanocarrieriplatform,iVNPs 

iofferiaiwideirangeiofiattractionsiincludingimorphologicalisimilarity,ibiologicalicompatibility,I 

easeiofiuseiofispaceiandiavailabilityiofivariousisizesiandisizes. 

TheipotentialiforiflexibleichemicaliandigeneticimutationsionitheirisurfaceienablesiVNPsitoimeeti 

theineedsiofidruginanocarriersiincludingiincompatibility,ihydrophilicityiandiadvancedidrugi 

deliveryitraining.iAdditionally,iPEGylatingisurfaceiVNPsimayiimproveiitsibroadcastitimeiinithe 

 

 
host..Iniusingidrugidelivery,idrugsicanibeiphysicallyicapturediiniVNPsiorichemicallyiinjectediintoi 

theisurfaceiofiVNPs.iIniphysicalicapture,iaisimpleiandinaturaliprocessiofireconstitution/ 

reintegration 
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ofiproteinicapsidiisiuseditoiloadidrugiloadiintoiVNPs.iDuringichemicaliattachments,idrugiloadsiarei

loadediintoiVNPsibyitheicohesiveiattachmentiofidrugimoleculesitoispecificisitesi(naturallyipresenti

orienclosed)iinicapsidiproteins.iAsiaidrugithaticarriesinanocontainers,iVNPsicanibeitargetediforispe

cificicanceripurposesibyiexploitingitheinaturalicloseiproximityioficertainireceptorsithatiareihighlyic

oncentratediinivariousitissuesi(e.g.,itransferrinireceptori[TfR])ioribyialteringitheiouterisurfaceiofina

nocarriersiwithichemicaliorichemicaliprocesses. 

2.2 Inorganicinanocarriers 
 

 2.2.1 Carboninanotubesi(CNTs) 

CNTsiareicarbonioffsets,ifreeioficharge,isimilaritoitheitubeidiscoveredibyiIijima59iini1991.iCNTsi

belongitoitheifullerenesifamilyi(theithirditypeiofiallotropicicarbon)iandiareiformedibyiwrappingi 

grapheneisheetsiintoiaitube-iasiaistructure.60iCNTsicanibeidividediintoisingle-walledicarboni 

nanotubesi(SWCNTs)iformedibyifoldingiaisingleisheetioficarboninanotubes.igrapheneiorimulti-

walledicarboninanotubesi(MWCNTs)iareiformedibyifoldingiseveralisheetsiofigrapheneiintoiaitube-

likeistructurei(Figuresi7AiandiB).iCNTsihaveishort-rangeimeasurementsiini nanometersi andi 

lengthsithaticaniextendimoreithaniaithousanditimesitheiridiameter.iTypically,itheiouteridiametersiof

iSWCNTsiandiMWCNTsiareibetweeni0.4-2inmiandi2-100inm,irespectively. 

siOthe

ritechniqueiwidelyiusediinitheiproductioniofiCNTsiincludesiarciextraction,ilaseriablationiandith

ermalioriplasma-enhancedichemicalivaporideposition. 
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CNTsihaveicertainiuniqueienvironmentaliandiphysiologicalifeaturesithatimakeithemiaipromisingi 

carrieriofidrugidelivery.iSomeiofitheseifeaturesiincludeinanoneedleistructure,iblankimonolithici 

structure,ihighisizeiratioi(length:iwidth>i200:i1),iultrahighisurface,iultralightiweight,ihighi 

mechanicalistrength,ihighielectricaliconductivityianditemperatureianditheiristrengthiofilandireform 

Dueitoitheiricellipenetrationicapabilities,idistinctiphysicochemicalifeatures,ihighidrugiloading,iinte

rnalistability,istructuraliflexibilityiandiearthiefficiencyi(forivariousipurposes),iCNTsiareioneiofithei

mostisuitableinanocarriersiforicanceritreatment.iAnticanceridrugsicanibeiinsertediintoitheiinneri 

spineiofiCNTs66ioricanibeiattached,iinicombinationioriinconsistently,itoitheisurfaceiofiCNTs. 

 2.2.2 Mesoporousisilicainanoparticlesi(MSNs) 

Silicaimaterialsi(SiO2)ihaveireceivediexpandediapplicationsiinitheifieldiofibiomedicineidueitoitheir

isimpleimanufacturingiprocessesianditheiavailabilityiofimassiproduction.iAmongisilica-isynthetici 

materials,imesoporousisilicasiareiveryiimportantiinitheideliveryiofidrugsiasitheyiareiableitoihandleia

ilargeiamountiofidrugsidueitoitheiristructureisimilaritoibeesiwithihundredsiofiporesi(Fig.i8)i.77iMS

Nsilocaliandiporeivolume,ilargeiloadingicapacity,icontrollingiporeisizeirangingifromi2itoi50inmiwit

hismalliporeisizeidistribution,igoodithermaliandichemicalistabilityiandiflexibilityiofiloadingidrugsi

withihydrophiliciandilipophiliciproperties,iwhichimakeithemipromisingitheidruginanoscaleicarriers

.iIniaddition,itheieaseiofiuseioficontrolledianditargetedidrugiperformanceienablesiMSNsitoiimprovei

clinicaliperformanceiandireduceidrugitoxicity. 

 

 

 

TheiuniqueidesigniandiattractiveipropertiesiofiMSNsiplaceithisicategoryiofinanocarriersiinianiideali

environmentiforitheideliveryiofianti-canceridrugs. 

. 
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 2.2.3 Metalliciandimagneticinanoparticles 

Sinceitheidiscoveryiofiironinanoparticlesiini1971,ivariousinanoparticlesiderivedifromiironihavei 

foundiaiwayiintoiclinicalitrials.iMetalinanoparticlesihaveibeeniusediiniaivarietyiofienvironmentali 

applications,iincludingielectronimicroscopyiprobesitoivisualizeicellularicomponents,isuchiasi 

vehicleideliveryidrugs,iproteinsiandipeptides.iMetaliorisilverinanoparticlesisuchiasigoldiorisilver 

ihaveimaterialiandielectricalipropertiesibasedionitheirisizeiandishape.iGoldinanoparticlesiactiasiai 

chemicalisenoriwhenitheyicombineiwithicertainioligonucleotidesitoisenseitheicorrespondingiDNAi

strandsiasitheyiareidetectedibyicolorichange.iGoldinanoparticlesicanibeisynthesizedieasilyiwithi 

drugsiasiwelliasiprobeimoleculesisuchiasiantibodies,ienzymesiandinucleotides.iAtipresent,I 

magneticinanoparticlesiareiofigreatiinterestiasitheyihaveidistinctimagneticipropertiesithatihaveithei

potentialitoiworkiearth,imakingithemipromisingiasimagneticiresonanceiimagingi(MRI)iandiasi 

carriersiforidrugideliveryineeds. 
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Table2-Nanocarriersiusediforitumoritreatment 

 

Nanocarriers Drug Name Indication Status 

Polymeric Paclitaxel Genexol-PM Breast,lung II-III 

micelles   Pancreaticicancer  

   Recurrentibreasticancer IV 

 
Doxorubicin NK911 Various I-II 

Nanoparticles Albumin-

iPaclitaxel 
Doxorubicin
iPaclitaxel 

Abraxane 

 
Transdrug
iNanoxel 

Metastaticibrainicancer 

 
HepatocarcinomaiAdvan
cedibreasti cancer 

Approved 

 
Approved
iI 

Polymer-

drugiconjugat

es 

Paclitaxel Xyotax Breastiovarianicancer II 

 
Doxorubicin
iPaclitaxel 

(CT-

2103)iPK1 

Taxoprexin 

AdvanceilungicanceriBre

ast,lung,coloniVarious 

IIIiI

I 

II-II 

Liposomes Doxorubicin Doxil Ovarian,metastaticib

reasticancer,Kaposiis

arcoma 

Approved 

 

Daunorubicin
iDaunorubici

niVincristine 

 

MyocetiDau
noXomeiOn

co-TCS 
 

Marqibo 

 

BreasticanceriKapo
siisarcomaiNon-

HodgkiniLymphom

aivarious 

Leukemia,melanoma 

 

Approved
iApprove

diApprov

ediII 

II 
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3.iNanocarriersiforicancer-targetedidrugidelivery 

i3.1iIntroduction 

Canceriremainsitheileadingicauseiofideathiworldwide,iincludingicancer-relatedideathsiini2012.i 

AccordingitoifiguresifromitheiWorldiHealthiOrganizationi(WHO),itheiincidenceiofiannualicanceri

casesiisiexpecteditoiriseifromi14imillioniini2012itoi22imillionioveritheinextitwoidecades.iCanceriisi

aipathiphysiologicallyiheterogeneousidiseaseithatiprogressesirapidlyitoianiuncontrolledistageiafteri

onset.iAlthoughiaivarietyiofitherapies,iincludingiimmunosuppression,iphotoithermal,I 

photodynamic,igeneiandihormoneitherapyishowipromisingicancersiiniprenatalistudies,ihowever, 

isurgery,iradiation,iandichemotherapyicontinueitoibeiailineitherapy.iTheifirstiofimanyicancers. 

However,itheseifocuseditherapiesifailitoicontrolimetastaticitissueireachingidistantiorgans.iWithi 

conventionalichemotherapy,itheinextistageioficanceritreatmentiisilessispecificiinidirectingidrugsitoi

cancericellsithaticauseiundesirableisideieffectsiinihealthyitissues.iAlthoughigenericicytotoxicsiare 

iuseditoitreatiwhole-bodyicanceriinirecurrenticancer,ihowever,iconventionalianti-canceridrugs 

iexperienceimanyisideieffects,iincludingidehydration,icompleteibiodistribution,ihighilevelsiof 

itoxinsiininormalicells,iinsufficientidrugiconcentrationiinitumorsioricancericellsiandidevelopmenti 

ofidrugiresistance. 
 

 3.2 Limitationsioficonventionalichemotherapy 
 

Treatmentiofilocaliandimetastaticicanceriusingiantineoplasticidrugs,iespeciallyithoseigiveniwithiIV

idrugs,icalledichemotherapyiisitheifirstilineiofitreatment.iAlthoughiwidelyiusediinicanceritreatment

,ichemotherapeuticidrugsihaveilimitations. 

 Lackiofispecificityiofineoplasticitissueicausesisevereidamageitoinon-

cancerousicellsileadingitoiseriousiadverseieffectsisuchiasimucositis,isuppressioniofibonei

marrowi(immunoiandimyelosuppression),inausea,isecondaryineoplasmsiandi 

reproduction.iIniaddition,ihigh-volumeidistributioni ofichemotherapeuticsimakes 

itheideliveryiofitheidrugilessispecificitoitheitissuesileadingitoiabnormaliconcentrationiofia

ntibodiesiagainstihealthyilungitissue. 

 Lackiofiselectiveiactioniiniactioniactivitiesithatiareiprominentiiniconventionali 

chemotherapy.iMostichemotherapyidoesinotiworkioniintracellulariprocessesithatiareidiffer

entifromilethalicellsibutionicommonipathwaysisharedibyineoplasticiandinormalicells.iTher

efore,itheicytotoxiciandicytostaticimechanismsiinducedibyitheseidrugsialsoiattackihealthyi

non-cancerousitissues.iEpirubicini(EPI),I derivedifromiAnthracycline,iusediini 

Hepatocellulari carcinomai(HCC)icausesiDNAidamageibyidisruptingicleavage-

ireligationibalanceiandiincreasingitheiconcentrationioficovalentiDNAitopoisomeraseiIIistr

uctures.iAsiairesult,iapoptosisilinkeditoip53isensoriDNAidamageiandiactivatedicaspasei 

(activases)i.iHowever,ilong-termiclinicaliuseiofiEPIiisilimitedi dueitoiindirectitoxicityiini 

normalitissues,iespeciallyicardiacitoxicityiassociatediwithiintramyocardialiproductioniofi 

activeioxygenispeciesi(ROS).iTheirateiofirapidiremovalibyitheireticuloendothelialisystem 

i(RES)ireducesitheiproliferationiofiEPIiinitheitumoriareaiandithusireducesidrugiefficacy.i 

Therefore,ithereiisianiunmetineediforitheidevelopmentiofiainon-toxiciandimoreieffectivei 

treatmentiforihepatocellularicarcinomai(HCC). 

Chemotherapeuticiagentsiexerticytotoxicityidueitoitheihighidispersingivolumeiofipharmacokinetici

useiofilow-doseidrugs.iLow-moleculariweightichemicalsiareirapidlyireleased. 
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Forithisireason,ihighiconcentrationiisirequireditoiachieveiaitherapeuticieffectithatileadsitoitoxicity.i

Theilowitherapeuticiindexiofichemotherapyimeansithatitheiovercrowdingirequirediforieffectiveitre

atmentioftenileadsitoimoreisystemicisideieffects. 

 

3.3 Advantagesiofinanotechnologicalidrugideliveryisystems. 

 

Nanotechnologyiisianiemergingitreatmentiplatformithatiusesinanoparticlesi(NPs)iforitheidiagnosisi

anditreatmentioficancer.iNPsiareiusediinicanceritreatmentibecauseiofitheiriuniqueisize,ithatiis,I 

usuallyi1-1000inm,ioriperhapsiwithiniaisuitableirangeiofi5-200inm.iofidrugs.i Nanorangedisize, 

ilargeisurface-to-volumeiratiosiandifunctionalisurfaceicapacityiplayiaiveryiimportanti roleiin 

iitsibiodistributioniinivivo.iTheimosticommoniexamplesiofinanocarriersiinitheideliveryiofi 

chemotherapeuticsiincludeiliposomes,ipolymericinanoparticles,idendrimers,inano-shells,I 

inorganic,inucleiciacidibasediandimagneticinanoparticlesi(Figurei10).iNanoparticularidrugi 

deliveryiprogramsiofferidifferenticanceritreatmentibenefitsiinifreeidrugimanagementifromiNPs: 

• improveitheitreatmentiindexiofiloadedichemotherapeuticiagentsicompareditoidrugsia

dministerediinistandardidoses. 

• increaseidrugiuseibyiachievingilong-termigovernmentitreatmentistandards. 

• Reduceidrugitoxicityidueitoicontrolledidrugiwithdrawaliandiimproveidrugi 

pharmacokineticsibyiincreasingidrugisolubilityiandistability. 
 

3.4 EPRieffectiandiitsilimitations 

TheiresultiofiEPRiisitheiintermediateideliveryiofinanocarriersiisiconsidereditoibeiaimajoriimprove

mentileadingitoitargetedianticanceritreatment. 
 

Figurei10.iCommonlyiutilizedinanomaterialsiforibiomedicaliapplications. 

(A) Liposomes, 

(B) PolymeriConjugate, 

(C) Micelles, 

(D) Dendrimers, 

(E) Carboninanoparticles 

(F) Inorganici(metal)inanoparticles 
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TheiEPRioutcomeiwasifirstireportedibyiMatsumuraiandiMaedaiandiwasishowniinitheifollowing 

iarticlesibyiMaedai.iTheigroupihasishownithatimostiharditissues ihaveidamagediarteriesi andishowi 

strongibloodivesselsitoiensureiadequateisupplyiofinutrientsiandioxygenitoiplantitissuesiforirapidi 

growth.iTheiEPRieffectienablesianiincreaseiinimacromoleculeigreaterithani40ikDaifromitheitumori

vesselitoitheiinnerispaceileadingitoitheiaccumulationiofimacromolecules. 

However,istrongibindingitoinormaliendothelialicellsidoesinotiallowisuchiaitransition.iTherefore,I 

theieffectiofiEPRiprovidesitumor-targetedidrugidelivery,iwhichiisiconsiderediaiparadigm 

ipromisingi  theidevelopmentiofianticanceridrugs.iOneiofitheidoxorubicin-targetediliposomal 

iformulationiformulations,iDoxil_iisiclinicallyitherapeuticiforiKaposi'sisarcomaiandimanyiotheri 

nanomedicinesithatirelyisolelyionitheieffectiofiEPRioniitsiidentificationiofitheitumoriiniclinicali 

trialsiandipre-clinicalistudies. 

 

AlthoughitheiintroductioniofiEPRicanceridrugsihasishownisomeieffectionitargetedinanocarrieri 

deliveryiofichemotherapeuticiagents,ihowever,ithisistrategyifacesiseveralichallengesiofidrugi 

deliveryitoitumor.iFirst,itheiinternalipressureiofitheiairisetsianiimportantibarrierithatipreventsi 

nanocarriersifromienteringitheitissue.iFluidipressureiincreasesiwithiplantigrowthiasiplasmaifluids 

iandiproteinsileakiintoitheicapillaries.iTheihighiproteinicontentiinitheispatialispaceicausesicolloidali

pressureitoiblockitheientryiofianyimacromoleculesifromitheibloodstream.iSecond,irapidlyigrowingi

tumoricellsicompressitheilymphaticiarteriesicausingiaireductioniiniinterstitialidrainageiwithitheifulli

benefitiofifluidipressure.iThird,itheifactoriarisesifromitheiheterogeneityiofibodyitissue.iTheicentrali

partiofitheitumoriwithitumoristemicellsishowsiaismalliaccumulationiofinanocarriersicompareditoi 

otheripartsiofitheitumor.iTheiinclusioniofitheidrugiinithisinecrotic,imiddleipartiofitheitumoriis 

inegativelyiaffectedibyitheiEPRieffectiasitheicentralipartiisihypo-ivascularizediwithithe effecti 

ofismallivascularileakage. 

Tablei3-iFDAiapprovedinanomedicinesiforianti-canceritherapy 

 

TradeiName Compound Nanocarriers 

Abraxane Paclitaxel Albuminiboundipaclitaxel 

DaunoXome Daunorubicin Pegylatediliposome 

Doxil Doxorubicin Pegylatediliposome 

Bexxar anti-

CD20iconjugateditoiidod

ine131 

Radioimmunoconjugate 

Zevalin anti-
CD20iconjugateditoiyittr
ium-19 

Radioimmunoconjugate 

Zeladex Gosereliniacetate Polymerirod 

Myoset Doxorubicin Non-pegylatediliposome 

Oncasper PEG-L-asparaginase Polymer-proteiniconjugate 

Ontak IL-2ifuseditoidiphtheriaitoxin Immunoitoxinifusioniprotein 

SMANCS Zinostatin Polymer-proteiniconjugate 
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Targetingimechanismsiandisurfaceifunctionalizationioninanocarriers 

Drugideliveryiincludesirandomiidentification,iactiveitargeting,ipHispecification,iand 

itemperatureispecification. 

4.1 Passiveitargeting 
 
 

Unexplaineditargetingirefersitoitheinanocarrier'siabilityitoidescendithroughitheivascularisystem,itra

pped,iandiaccumulatediinitheitumor.iThisiaccumulationiisicausedibyitheidurabilityiandi 

performance-enhancingipropertiesiofitheipoly i(ethyleneioxide)i(PEO)icoatingiotheri 

thanimostinanocarriers.iPEOiallowsinanocarriersitoitravelithroughitheileakyitissueiofitheiplant,I 

fromiwhichitheyicannotiescape.iTheileakyitissueiofiaitumoriisiainetworkiofibloodivesselsithatiformi

aitumor,iconsistingiofimanyismalliholes.iTheseiporesiallowinanocarriersiinibetween,ibutialsoicontai

niimoreibendsithatiallowinanocarriersitoigetitrapped.iWhenimoreinanocarriersiareicaught,itheitreeim

eetsiinitheiplantiarea.iPEOicanihaveiadverseieffectsionicell-nanocarrieriinteractions,I weakening 

theieffectsiofitheidrug,iasimanyinanocarriersimustibeiinjectediintoicellsibeforeitheidrugsiarei 

released. 

4.2 Activeitargeting 
 
 

Activeiidentificationiinvolvesitheiinstallationiofitargetimodulesisuchiasiligandsioriantibodiesion 

itheisurfaceiofinanocarriersispecificitoispecificitypesioficellsiarounditheibody.iNanocarriersihavei 

suchiaihighisurfaceiareaitoivolumeithatiallowsimultipleiligandsitoibeiplacediinitheiriplacesithesei 

targetimodulesiallowinanocarriersitoibeiinsertedidirectlyiinsideitheicells,ibutialsoihaveicertaini 

drawbacks.iMillionsicanicauseinanocarriersitoibecomeilessitoxicidueitoiunspecifiedibindingiandi 

goodicostitoiligandsicanireduceidrugideliveryionceiinsideicells.iActiveiidentificationihasibeeni 

shownitoihelpiovercomeimanyidrugiresistancesiinitumoricells. 

 

 

 
4.3 pHispecificity 

 
 

CertaininanocarriersiwillionlyireleaseitheidrugsicontainediinicertainipHiranges.iPHispecification 

ialsoiallowsinanocarriersitoideliveridrugsidirectlyitoitheitumorisite.iAbscessesiareiusuallyimorei 

acidicithaninormalihumanicells,iwithiaipHiofiaroundi6.8.iNormalitissuesihaveiaipHiofiaround 

7.4.iNanocarriersionlyireleaseidrugsiaticertainipHilevelsiandicanithereforeibeiuseditoiextractitheidr

ugionlyiwithiniacidicienvironments.iHighiacidicienvironmentsicauseitheidrugitoibeireleasedidueitoi

itsiacidicienvironmentiwhichireducesitheiformationiofinanocarrier.iTheseinanocarriersiwillinot 

ireleaseitheidrugiinineutralioribasicienvironments,idirectlyiiniacidiciareasiofitheiplantiwhileileaving

inormaliimmuneicellsiuntouched.iThisipHisensitivityicanialsoibeiincorporatediinto 
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micelleisystemsibyiaddingicopolymerichainsitoitheimicellesidetermineditoiactioniindividualipH.i 

Theseimicelle-polymericomplexesialsoihelpipreventicanceri cellsifromidevelopingiresistancei to 

imultipleidrugs.iTheilowipHienvironmentiresultsiinitheirapidireleaseiofimicelleipolymers,iwhichica

usesimostiofitheidrugitoibeireleasedisimultaneously,iratherithanigraduallyiresemblingiotheri 

therapies. 

 

 

 

 
4.4 Temperatureispecificity 

 
 

Otherinanocarriersihaveialsoibeenishownitoideliveridrugsieffectivelyiaticertainitemperatures.iSincei

tumoritemperaturesiareigenerallyihigherithanibodyitemperature,iapproximatelyi40i°iC,ithisi 

temperatureigradientihelpsitoiactiasiaisite-specificidelivery. 
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5.1iTypes:- 

Theinanocarriersifounditoidateiincludeipolymericonjugates,ipolymericinanoparticles,ilipid-

ibasedicarriers,isolidilipidicarrier,idendrimers,imagneticiconductor,ivirusicarrier,icarboni

nanotubes,iandi-nanoparticlesiofigold. 

Lipid-carryingicarriersiincludeiliposomesiandimicelles.i Theivariousitypesiofinanomaterials 

iusediininanocarriersiallowihydrophobiciandihydrophilicidrugsitoibeiintroducedithroughoutithei 

body.iSinceitheihumanibodyicontainsiailotiofiwater,itheiabilityitoideliverihydrophobicidrugsi 

successfullyitoihumansiisiaimajoritherapeuticibenefitiforinanocarriers.iMicellesicanicontain 

ihydrophiliciorihydrophobicidrugsidependingionitheishapeiofitheiphospholipidsimolecules.i 

Someinanocarriersicontaininanotubeicompoundsithatiallowithemitoicontainibothihydrophobiciandi 

hydrophilicidrugs. 

Anotheripotentialiproblemiwithinanocarriersiisiunwanteditoxinsifromitheitypeiofinanomateriali 

used.iInanimateinanomaterialsicanialsoibeitoxicitoitheihumanibodyiwhenitheyicomeiinicontactiwith

icertainicellistructures.iNewiresearchiisibeingidoneitoidevelopimoreieffective,isaferinanocarriers.i 

Protein-basedinanocarriersishowipromiseiofitherapeuticiuse ibecauseitheyioccurinaturally iand 

iofteni showilessicytotoxicityithanisyntheticimolecules. 
 

DifferentiTypesiofiNanocarriers 
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Tablei4-iAdvantagesiandiDisadvantagesiofidifferentitypesiofinanocarriers. 

 

TypesiofiCarriers Advantages Disadvantages 

Liposomes Biocompatibe 
Longeridurationioficirculationi

Amphiphilic 

Mayitriggeriimmuneiresponse 

Carboninanoparticles MultipleifunctionsiEffici

entiloading 

Waterisolubleiandibiocompatible 
Chemicalimodification 

Toxicity 

Polymericimicelles PotentialitargetingiBiodegrada
ble,iselfiassemblingiandibioco

mpatible 

Efficienticarrierisystemifor 

hydrophilicidrugiFuncti
onalimodification 

OccasionaliCytotoxicity 
Neediofisurfaceimodifications 

Dendrimiers Uniformityiinisize,ishapeiandi

branchilength 

Tunedipharmacokineticsiandibiodi

stribution. 
Targetingiisiachieved 

Complexisyntheticiroute 

MetallicinanoparticlesiGol

dinanoshells 

Uniformityiinisize,ishapeiandi

branchilength 

Tunedipharmacokineticsiandibiodi

stribution 
Increasedisurfaceiarea,iincreasedi

loading 
Targetingiisiachieved 

Toxicity 
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FutureiPerspective 
 

 

Oneiofitheimajorichallengesiofitheilatestidevelopmentsiininanotechnologyitoibeiusediforithe

itreatmentiofivariousitumors/canceriisitheiexpansioniofinew-generationidrugs. 

iThisiexpansioniwilliensureistrongitumorsiregulationithroughicontactiwithitheiligandiattach

editoitheifaceiandireceptorsiiniselectedicellsianditissues.iHowever,iitirequiresiotheriobstacle

toiovercomeisuchiasilackiofiadequateitechnology,idifficultyicrossingitheicellimembrane,I 

smallidrugiwindow,icontrolibarriersiandicostieffectiveness. 

Unfortunately,itheitypicalirecurrenceiofistructuraliextensionsididinotireceiveitheiexpectedi 

patienticompliance;ihowever,inanocarriersihaveitheipotentialitoiachieveispecificitargetedia

nti-canceridrugs,ibothiinitheieventithatitheyibecomeistandardiandisubsequentiagents. 

Variousitargetedinanocarriersihaveidevelopedianiimproveditherapeuticieffectioniaivarietyiof

itumorianimals.iSpecifically,i1201i120iongoingiclinicalitrialsiwithimultipleiantibodiesi 

containinginanocarrieriformationiareiunderiinvestigation.iSimilarly,itodayiscientistsiarei 

ableitoicompareitheitypeiandilocationiofiaiplant,iwhichileadsitoitheiidentificationiofi 

appropriateitherapies.iIniaddition,iifitumoricellsihaveiaicirculatoryisystemiasiisitheicaseiwith

ilymphomaiandileukemia,itheicarrierihasiailongerilifespaniaroundihalfitheilifeiandihigheri 

potentialiforitargetingimoreiantigens.iItiisialsoiexpectedithatiinitheinearifutureiscientistsiwilli

beiableitoimakeitargetedicellicombinationsithaticanileaditoiimproveditherapeuticiresultsiatiai

reducedicost. 

Althoughiresearchersihaveiresearchediandidevelopedimanyinewidrugideliveryisystemsitoi 

achieveibetteridrugiuseiinipatients,ionlyiaihandfuliofitheseipowerfulidrugideliveryisystemsi

haveireacheditheimarket.iThisimayibeidueitoisignificantigapsiinitheiconversioniofidrug-

ladeninanocarriers.iTherefore,iitiisiimportantitoiswitchitoiotheritraditionalimodelsitoi 

preventitheseiproblems.iInithisiregard,imoreiseriousieffortsiareineededitoiaddressiotheri 

issuesiasiaimatteriofiurgencyitoiachieveitheiinnocentiuseiofinewlyidevelopedinanocarriersiin

iclinicalistudies.iThisiincludesitheidevelopmentiofistandardiinivitroicertifiedi 

nanoformulationsiandiinivivoiassayiforieffectiveiperformance,isafetyiandipotentialitoxicity. 
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Conclusion 
 

Nanotechnologyiwasirecentlyidevelopediasioneiofitheilatestidrugideliveryisystems.iThesei 

nanocarriersihaveibroughtiaboutiaichangeiinitheideliveryioficanceridrugsibyiclearlyi 

identifyingitheitumoriwithiasimuchifirmnessiandieffectiofiretentioniasineeded.iThisiexciting

idevelopmentiinicanceritreatmentianditheispecialidevelopmentiofimanyinovelidrugideliveryi

systemsihasiboosteditheiconfidenceiofithoseiwhoiareistrugglingiwithitissue.iItiisibelievedi 

thatiinitheifuture,idirectidoseiadministrationiofidrugsiwithihighilevelsiofinanocarriersiandi 

toxicisideieffectsiwillinotionlyiemphasizeitheiuseiofinanocarrieriprogramsiinianti-drug 

ideliveryibutiwillialsoiimproveipatienticompliance. 
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