
Bull Chisng Mri A$oc M.d Scl

unn?1ilil?n1rflli

Yror rn:e6*

rlqrrnfnl a,rurfi ldinurl:orurrilfilfa qilu

r]o o rild6 a ru a.l-r r 16 u.rl a,l o r fi fi si a oiu r lra r,or o ii
rJn6dul luirlnruza,:ri:-hs d.rluur.:n:',rHn,u-r.:16 i,,1
&A
riufi lrnourilusrr$qn1rfl .ru uiorfl uarrrlcrier-a.l

uGnr::hvlriauiocrfi uzunnr:inurd;5n 6lrijqilrr
r:aluurnrrl6ofi,ir rYr l:r arr:r:ni oril.tfiio zu6er ur

fi sr ru r:n r6urr r'lil fi.r fiourdo ils rir'[si'l o u er:r
I I . ! ,a - ! , .i
!qu Lrj?il nn5u't rirrriru6u 1 laldrlnrur.irfro:ri rhi
lqii6nr:inr*rfi irJ:gRrGnrfl !r nduuo: rilud'uor:r r
rio un,r

lurir,: hi fi 
-:J fi d r u r. di ti., o r,,,ic -,, do fi rl u n

n::usnlrrn"rlrrir'lur.l nr:in urarenirilua rir,u.rn
6adlir "r.nluryrnlulo6" rilirurlufi :rner"nrirrorn
nrr*rnin u oirrfirlun:ud.ru 1t lu ron; rdo,:orn

riluryrnlul o ifiir aYr unr:rir,:rrrlrorloxairrlo I
lu::o"rfi ria o nir t 1 In:rrr or: rso dlio 16 oo fi rlur o
rilaireurin orl ::r:1 2-s hlo:lrJer: u'u6 o o o ud
rfl dra".:r,rqfi .r::o"uIo:rsir.:fi r6nnirrtad.irn'uir
liu oNn firiurqnrllnir.: :: rru 2 urlurlor:
ua;rirrhlalo:roua;or avir uru 1 o a,o a sJ,t:?r.r n-u

6o:1eirfl ufu r o q ndilurq ::rJr.r .t urluur r : o-r r+tu

rhirurlruyrolulo 66gilunr:no 6l rr nIuIo dfi rfi t.:riar
n"r nr:fonr:ln:.r strl dugru,l a.r aar:oirl .1 

16 a

Ia:,rsirrdrfi nfi aor alorr:1o 1 du-.:n,:uaor
n n'n* :tq t:9r"1 rla,tn?.rr.J liJuar:rfu1 rril
In:.: rhofi r fi nfi so:r o { r n 6 o trnr fi u-.J rlso,: fi .: n ru r fl u

u rlu rn nlulod ffu nt : Ynu r uo s n 1 : sr : I oi fi o q-ul: n il v r 5.:

Vol. 39, No.2 May 2006

rnia*nlar.i 6olrranora,: ttacll ldanr:rirlrld
:J::I u tf '[ iracrijuluoirulalmrsnr:unrri
insJraraeri n:fio nSoooarrn::ru dlludr ut a,rn lr a.r
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fi rfl uyd ur-rnfi rfl ourornnrrrfirmrirro,rurluqreoi

llo?u

urlurnnlurn nlulodn'r nr :inu rl: nlyrf .r

kifi nr:dn urdrururr nluri.:.ltrifi iJfi s.i.rur:r

fi uso,rhirriufi .: n.ru ril utrj'lsilunr:fi iro?L ntunr:
n::or s cr-': r a r ar fitd:h ur:L: ri.:lrdo dlurayrr:lu
lSrr rufi rfl urur r5.: rzirrtulo s arfiu nr:rir,:rul a.l

"nanopartictes', lunr:rir d,: lruir drrn d'rd arJ::T,Jtli
lunr:aoruarir,rris{1oi ur fi aro fiqia a.l-urcria rqa d'

rln6dutririasfi so ri oudo:nelu:run:16rooia'hl
o:r ono6{ n'n u c ronr:fi iirdqz alrdardalrr5.r
;n-
vr'lo-n ndrrrlu"lunr:o a nu:.rr.r urr"n srr: ri.ld,: fi6 o
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:srr! rdur6 aofifi a qjlurio u rdo l: ri,: rio urir,r
fi o;hiriju:rrfi ulur,ruHu o-oriulun-aurdalL;ri,:

o:fi r".rei":ufi fi rdaor r (necrosis) rfi o,:ornnr:lro16 oo

unrsirufi inr:n'.:z alr6 oo rn rfi rrl lurlrlrirfi o 16 ao

o a n (hemonha ge) lroile urt?1 tt o'r n-a qrdo ru : ri.r o ; fi
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-! -16rlcrarirl':'rorir o-,ttiuo-nB :olr fiorJn 6l ar

::!! rdrlr6 aerlurdo ti or.::15.: rfi orrlSar-rrfi lr ri':r

rdordarJn6r,ioogflr:l1cr"oird6a rtadrduriooairulu{

(endothelial cells) iJan!3t?r fi tilurj:t5.: o:urjl

ar-r o drr:rorir riur6ooianuru:ortdur rlarfi bu.u-
i- , - :vd

ment membrane Ylhg!nquan01n u u't n'l:Rtl'1tr]f

fitilrir urfil permeability l o'r rfiur6 aolrr'lr ndu

sr:lt iirusukiruri vascular endothelial groMh factor

(VEGF), bradykinin, nitric oxide [[d; matrix

metalloproteinase 2 o fi6 a l:rirln'i ar:6rIl t n n a

oirr I drutl'r a a n l#ur6 aqlri rndu IorLrda'jr

rturoro.r:r.irqttir-aontolar:turflorda :15iatiri'r

cutoff luri'rl 380-780 nm1'? uan trfioorninuru:

r#urfi aolurdo rfi ar: riro:qir.:orn rdo lfl orln6 rro'r

nrird'rutl'::nauo'ldanili5!u'j1{r{0{ (interstitial
;" _ )

compartment) n;ufi n1*IU;111i'l!?l'ltn0eJLttnnu?lan

uano'rnd{n"*or.:':;r:lrirur6otfiLi tti.: u:.: oi'l l (')

or n fn Bor:10.1ldo,,d ar:, tElr''tln:.rrfi n eirrbl rrtr

rirriunr':rir16l'reirlrlo 1 l:Jfirdarfioer:t5.:otnn
- 't,lanrun d'rsr:loduotr{ "l 
ql.Joa luuFra nnu{lM'l'l.l fl:t:

lo rir.r rtiuu:l oiu1 tra:nranrn ldru tnal1n:':air'l

ua; *o':rl; 1oi interstitial tissue ltnsnrudnl'rl{:

rolor lturolo:.lairn :lT:o Ltnto'l'ltld'llr:n1un"':

a;nrulir) qYradrrrriunrr:fi lfl un:oluldarfl o

sri.:ocfi rlt{rqndl:rildosi a o'rfi fi fnun* tfl ueir'l

ldalorn ur lleirdortteno"'rtuanr:; o-rn eirrrirlr'(r'iru

membrane rfrbjlurrndhilei'

nr:1# nanoparti"l". tnaocluGi'rurhlffirdorfi o

v[5{lfl1flu1u

rilir rio n rr l.ir a 9la.:ririr nanoparticles do:

rl, rnldlunr':riuiilor6orfi olt6rlaf fi dauaar uloifi fi

rurotduairetutinarlrinn'jr t pm dsfi nr:airrad

z ;:Jul:-r6a nanospheres !!as nanocapsules

nanospheres a: riluft^r 6 ru a{o: fi oir lr n:: or I o tjvl-r

vt:liq usilultru:fi nanocapsules a; liJuriofifier-r lr

flfi rs or;"ufi z rqunrnr 2s4g

,A A
sutes 6lrirudrfr tnfr autilu tryrn.liiruu't (reservior)"

bin-lir l nr u rd o dr l-o lq n d : t5{ dr rir fi nr : a a n uu
orir.lturr:aurdo'ir nanoparticles tlcirdo:sur:n

eirrrteiodr'rfi rl::Rr?nrn un:fl o'triunr:sn1uql"'l

r;a.rurriaufi uincl 6lr-:rrnrdrijuurir 0.:1:Jn'j'rfu
2 - c : ; . a-

LUa n 01n a n Dru!1a.l LiuLa a o Lulll0l u 0lJ; l:.t11:J

{n u nr: u a rlulrr: oir,: yi rurrir o a ntoYr r ndu ltea t<y1

ua:fi'nur*:14.t interstitial tissues ifi tt:.:oiuur n

' :L e
nsrilLld nanoparticles !1.4 n'lun{fi1.1[[ds R3fl8J 0 u a:n

rirrrufi rfluuu5': arjrlt:fiorr:nl'jr nanoparticles
tq

fi nnnizuurfi ulunr:fr nurri': I u:n I tiiurir'*lrn

a;nnni!nulqu macrophage nrgran-larnnr:iottil

nr.r rduri ao6':rirlrd fi nr:rir{o particles tr rirdorn

n*usr6ooo dr.r:rot5':o

Long-circulating nanoParticles

lurrarqi orrl<i6nr:a anrrllanuru:ln6tlai

io:'hjn n Er:roa'ulel t macrophage ttn:\oifinr:finnr
:-.,t ,t o ,.,..

ttso.l'Lrirtiui't nanoparticles l1,[L1l un:xl hall-lrle
! A-

lun::ust6aourrurufiu 6l o-'n s rx; fr dr dr-l l a 'r

nanoparticles dulnrifi rirlri macrophage u olkjrfi ud

6o iturordup.irauti na1{ <1oo nm Lln:fifi'loiruuon

fi uru'turi",tuY (hydrophilic) d'lsirlarn nanoparticle

iuurn 1 ifi rciruuanartrjorarlrir (hydrophobic)

r4 r lrifi n r:1:l n:; qishir fi o rJ fi fr3l r opsonization

Iatnndld'ooanlou macrophage ei'lnairl5

nr:6nrsrlq tlfnio'uniilrdl lcirir nr:l::o ur

:-nuru;l5lfiida'jr Taxol n.tl nanosphere (taxol-

loaded nanosphere) fi rirornsn:fi fi 6a'jr polyvinytpyr-

rolidone 11.[lqrdurir gutinnrl tllfl{ 50-60 nm

ornrtudob.-n-lru fi'[<i?l nr::l nnrir u rryn dl: riltfio

melanoma arur(uf, B16rt o rrjrrrlffrqril zua:J:rnX

iruufitcjil taxot]oaded nanosphere fi nlTdoa':1on

nr*.to r,rirr*rdrr.nrra:fi iorr nr::aoiiorfi aln'irlu

fitqiil taxot atjrltdm (free taxol) odr':firiusnnqu

uannlndu-.1fi n1:6nurlua'nuu;ndrulniuusitilunlt

conjugate urinrcr ;rilfifidoir doxorubicin n"u

dextran LLd?u:To a.l1u nanosphere firirlrorn
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chitosan 1ulorf,usiraurin arl ::lr!I| 1OO nm

runJ:rnn'h lriHnnr:insrfi iil::Rrinl,rn.jr free

doxorubicin athlfi riurhrirg'

nrlfi urJ:y 3n?Rl?tltolsl;RUllJvrS.rlunq'ru

antisense oligonucteotides fog nanoparticles

iinr:in r*r r:15,:6 ni6u fi.r fi10ifi nr:r,rier ur
lruruudrfi6a antisense otigonucleotides (ODNs)

6raiuru,irg.1 fi6an, :tf otigonucteotide ffiufuJ
fifi dro"lusfieirlfi":.1 mnruA :rardulo I otlrtrriu
oncogene Tio6ufi rlr$frfi silrnirnr:ro3qnn orl
z o,: rr a {l: r5,r ojr.r 1 rfi a tiu ri.:nr:uaola anr ar6u
riu I Io u rflunr:rir fiirit*" ot* transtarion y,{!.j.r

:Jqlrrdnl alnr:ints.rurdfi 6u olrgonucteotides

tuairdo:nnriro-ootir,::lorirlotvrt:e*onucteaseBfl :
endonuclease fiia d a riri rn rsluir,:nr srirlri
tJ::-sn?nryrnr::"n Drhi s*rir d o r:1ei6 n.t:ri1 o D N S

rueirdlrl::oo zjlu nanoparticte lrl.jrarlr:n rfi :.r

rj::-minrnnr: r.rlulo,r oDNs lci6no 1n-lnr:
lfnr:lf tree ottos uaildorult-ldudooolr al6.l ss
!7i1""

nI : 6''!rR I ?y nrroSorJ rIo{!ryadusr5rloa
nanoparticles

r}-rnrr.rdr6lnllo-rlasua:rirhirJ:rRyrinrn

nrrin vrl:o lr rilhj1sir6rufi 6.r uriir tr o: n-rhJ a glu
lqn {udr fiqr r.r 6anr:fre-rrn.oi :ri,rrfionr:
r:.Ji uuu:Jnrdn-ugn:: udr ri alrirfi enr: dooj o ur
(multidrug resistance; tuony dlrdllunnlnrfirfi 6anr:.'-"
llrUn'lruf,o{aanta,r0u1undr.: pgtycoprotein (pgp)

6lrilllj:dudfi nrr arr:.l:nlunr:rirlrnaanuanrqn{

adr,rl:fiorlyruir nr:do sr rfiolqior n n nr u rloo'u

(multifactoriats) dlaroo:rfi srrdo.:nilnr:rir,:ruza,r
t s ulssifr rd a:1"a r rir nr:rh o-o ar:o o nor n rro {
adrn!?iu glutothione S-transferase u':anr:rillndau
ur li'tilodluni cytoptasmin acidic vesicte rdano
nr:dldsla,rsrriu DNA yr;o target enzyme
dlarilufirrn6sn,o adrll:fisrrtlrifi nl urr ?.rl
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ngturlfr o:rorrur nl:ft,:rulo.t pgp-mediated

MDR hi'jT o! rilunr:bitr:hsrlrrilirIrilsr:
AAn n0lfl Usttiju Pgp reversing agents (ttiu verapamil,

amiodarone $n: cyclosporin) lSanr:u::1tr'lflu
colloidal carrier (liposomes 13a nanoparticles)

d.r rnoHnd rda'irrirtr: uurorra:iodoylciHa fl

Ldo,roin'jl pgp nrfi r.:rulqunr:t-:Jaroonornrqnd"[6i

fisjardoo"rorfq odlueiruz ar ptasma memebrane

uqi'lrjarr:r:nfi o:l-r:srdorjluihuror cytoptasm u6a

tysosome dlosrfl u6irufi nnror rrirrrndlorn::uru
n1: endocytosis ldlo:rfiodurdoinr:ld co oidal

carner)

loii nr:6n ur rioufirird,ir ururur nfin rr sr r
^!roao!rurFrrr 6o fiucirJ:r n g irhltoiHoorrIoro

AY
oafl,t free drug $o; nanoparticle loaded drug

fi fnsnr:nr:n::or u o-r:l alur a dlurqo ii'[u:]3lr ru

fr rro j rYuoun:rrirlo"i:rl.rrurdlfi fr n.ri,rrfinu.r

doxorubicin n,:1u nanoparticles fi noruer-rto- lbiooe_
gradable nanosphere; dlrirlrarn poly (isohexylcya-

noacrytate; etHCey Iirrirnr:moaaulu p388/ADR

cell lines ra'lyrl,jt'1 (1) cellular uptaKe ranut doxo_
.. a

ruorctn nut:00U[u nanosphere o3fr,rnir free doxo-

rubicin (2) cefiutar uptake'hjuJdauu:.J0,: 6.:ufi.r
o;inr:lriir n"u cyclosporin (pgp reversing agent)

fiorr 1ay rdo6nnr filfl-nuu:nrfl-raon nuirarnsri
a{lugrjzal nanopartictes rl3o free form fifo:rnr:
nnl"uoanrufi ouniu uo:rfiafir nr:6nur6n oll:llu
:run:16to6,lnuir nanopartictes !u6j1dlil1qirt,rt:l1u

rqa a'uair nr: er-: o d fi !?lr rufi r rq o d rtqi?iurirdlunr:
rialgr.laioulf urr:iriirradrialfi onr:snrro-rtalo-r
particbs Iounr:uninj.tu cel membrane nir}Jturro{
uonor nds-lnlirinr:rfi o ion-pair du::rir,:
:roa::la.l cyanoacrylic acio (d,rriju degradation

product 1a.iqt"? nanoparticles) n-L:..J::11r nl a,: or-r lr
doxorubicin rirtfo'r srhifi :i::o uaseur:or.irurrir
'lrJlursniilai o'rriu leiua: fi fi on-rr:roio,:n1:ro1au;

nr:da urr a.rrrodrJ:r5.: rda.:or nnr:rirrrur a.oI:J:6u

egp lou nr:1f nanoparticles ot-2tat nanooarticte
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sia.ria"nt :er'ld6o (1) da{fl r:nfi adhere atjfi

fi lmdlci'rdaiia:ki'rilr+rreirniou .iaaurhita"lt:lrqnii'

1z; rfionr:rJii a u alriartt n"!nr: sarust-rlalqir

nanoparticles (3) finr: form ion pair n'11!t:o!?nlto.t

u r rfi ahisrr i a-n Br*lhi i rfr qil f'udn :+nr:I at

nanoparticles fi trj tilutJqrrldoro rilurrqH o'hrir'h
A ' -lar,l-Lunl;f,nBlauq nouuuluo't lll tozua

0rhlndtiuuilo5nt:ronarleu!::aur doxo-

rubicin LLa! MDR reversing agent (cyclosporin)

irrn-ulu nanoparticles 16trriuul'jr gur:ntfi n

rr Rriarnr a.o rr1ai6 dldutrlS n" tdoiornsr-r

nanoparticles fi o;riruluf:alaa'lnr:dturrrirlllu

rsn{ 1ul ;fi cyclosporin filsri':ulur4ollal

nlrdu ri'rni:Yh i1ul ai Pgp

nltoonrluu nanoparticles rfi ol'aulunr:

ri r cisu r'lil u'.uq a dil v 15'i ii ii 1 ril ls fru mo lecuta r

targets

ldinr:fi n ulir uruurnfi n rr ltrwf ii6nr:

fl1n molecular targeting lunr:da:dlur }lu-trqa{

rirrlruarirl'ir turt triiro:Iounr:arslnrm"lriu

adr':,irtnrc:;r'irl ligand-receptor uto antibody-

antigen Ail nilfirlulr,:n:tinr:lf molecular tar-

gets rrdrdu'': vlrtfirfi onr:rlr urrdrrqadruufitilld

uritonrInr:ryti lreceptor-mediated cell internaliza-

tion) !o0no?u

ot-r a dr l triulo u nr: ar d'a n rr ifr'irtsnd ;l5l

o;fi nr:tfi lnr:uronaonrt o{ folate receptor fi fi 1td0{

6llqifi nr:tiorur folate-conjugated nanoparticle

rd afi o;ldii': trbj u-l tqn d el: til a dr.:'ir trr r " d riH a

fi rirarulorurn6onlirnanoparticlettrtciru{liuriltotute

binding protein 6ix u affinity fiR{n'jl free folate fri 1o

rvir uanorndti'rr rl'il lolateconjugated nanoparticles

du'lqniu rdrlJ ronr: rqo d'fi i receptor ci o folate

(KB+1 cells) $oitilt1i1bllu t"u,i'dltifi folate recep-

tor (MCF-7 cetls) 
13 ttaolfr 'lor'lrL'irtglr:lolnr:rir'tru

uon tnfioornnr:ol fiu molecular targets

fidr rur:lunr:d't urt rilrqa {u;ri'!r!{r6n struudl

flii sr oriui z nqrnflr 2s4e

fi inr:dnsrriaufrrrrn6o nr:ldaunrnuritrin

:roirullu (magnetic nanoparticles) fr rilu6ni6nr:

nfl rfi loiqn{r lrldlunr:rjueil arlo u ounrnlriu in

o:6oGqn-!ur ornrfutdu:l uritu 6nornnr uuon

lun r: o'u o r l-r oiu urld1il rir dr ufi Lilul : ti': tr fi au

rir nr:6 r rvr fi nlrdrnd o u trlluvi alo stduri rr fi n

u'.r rir o ti oir uuo nr o'r vi a " uo n or n dri,: fi n1:o a n u :l

hilo:':#rrlndrroirilooanranrcldonnn:seiurY?u

roulsffi zu6qtdlo urdo rd o l:rir rvilfu fi o:rirhinr:

rir ci.:ortilul adr.rdr tnr: "

urlurnqlrunnluloEffinr:3fi odsl:nlv15l

airtiunr:ntaoiouondrsnrs (rz vtro)

Nanoparticles toiq nrh lrldo:ra aalvl'l6r uru

*n;in uru:otrr:utl:11 ot tqn {tJ;r5.1 Iq unr:?ir u1u

nral nil oloi'r marter ildsr:rof ifuornnr:r1t or u

un::rr:rrhiad rtr rir urril fr titul: til qiradr{rdu

inr:td fluorescence polystrylene nanospheres

dr6oatjriu streptavidin thrilnr:ot:rournr:fi aftl

aanlrorntrad'l:t5.: (A431 cell line) fi6a'h epider-

mal groMh factor (EGFR)IogtYlnfin single color flow

cytometry tto;r,{!'jrfl'l r:n lfi r:qfl tJh (sensitivity)

1eifir zs rvirrfiar ialrfiuln"lnr:ld fluorescein

6oril streptavidinl6 tfodaao duouaotnn'lfllrlo fl uo-

rescein lflu nanospheres o:finrrtnr;nrilrYrgal

*r:6 a r rrrs.: rirbifi nr : 6 o I un l fi lr n n'ir rfi a cr:

Golualllranar6 rr,1 fi ldfi't*ur riour'rrird

drnYsnr:o:roio'luixnrtl (rn vivo)

nr:r-r::orr:filddouir'b.lluir':nrI (contrast

agent) tfi a o:lio:10n1:on a1 1ail:n u:r5l1u

nanooarticles a;rirulunr:drt6ulsr:rriirdl:lu"'s

ar-ue:tihnlrulailrndu"f urdolu'rorna"nBr*l

lalrdardarrlriroi'rdniitr'l:J'rirrsiu ar''tfu6rtdinr:ld

colloidal particle fi6oqnrnlur?l radiodiagnostic

agents luanstdrrniufitdfinr:ld (rir':fi o{lur:r'Jr'l

nlTnoflou) non-labeled colloidal particles tfianTl

ifiodulrorutril Iosorsutrnfio computed tomog-
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raphy $dv NMR imaging

CT scan rilui6nr:fii sensitivity ttds speci-

ficity fli rn aurtnrirtlunr:landl ::u:totl:n
Io u er rr:nldo nr:ur i n:: or sr o,: r: ril'hj til
,y

ei a rurir 116 a.l n*o n ua ;qi! nanopartictes loin n rir lr
rirrrfir:l:rirGnr ,!a.: cT scan laiinr:finsrlu
fo'ilonal rfi oo nr:uyrdn:;or u1a{ rl: ri,tl u".:

oi aririr rl6 allo an'tido iodinated nanooarticles

rdrnr.ln::on auyd.lrr:.l'irarlr:nst:tnfl a:JI:IJIJ

rir rr 6 a.rl a,: s-qr i'leia rir.l fi rJ :: ?r inr n rfi a I o r n oir

partictes o;nndufi uloa macrophage 6,:r1rtr{ par-

tictes rriirdlt s:sruadcrrrqjalir ru6o,J (targer tis-

sues)rirlrirur:no:rao'liryqrrulcir'orou,e,n

ryrfioto'rurlurnnlaEi: Safety issue

o : rfi ulo",l r a r n H a n l l roirp n"r.: u rir nr.r eiru

isoaraslf:lqi!urluriJufi rurrla.:yl'qurnrryrr.ro-1u

nr:ulinrloirl l lrnrru d,rdnairrl vrttfi& eliu
tijurfi sl urio"r a drlrr I siruryirriu adr,r'[:fiorr
tfi ur n-"u na nolech notogy drd a.r o r n l-r rilurr nTuln d
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