Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

S9. Alia

o0 SO gy Jwes (Slwygals yo O1H3456 & g5

cnslio a3 1538 Loyl 9 3,8 Candlas 5 3] el 1l o sy (slsslows
U un L apalye (s 5Vsb baoyls 1y 5l gShas 5 (o lse Jolus a8 cul (gl
Sleslawl dla ills plyyade oy ooloiing Jooly din 09 yidiy Llgi o0 g0
Jelse Jolo st 35 Sl oslital g 550851 s josg 2SI e liond (slmosimadg
Linpgsil ooy 55 dpgond alas b (sloylisil 5 silisks glil ) odlital sl g5
Lol on slacudgi s jl oSy b el aly o Jlyue lydgls 5l gyl g
bl Laoly plo & Cond Camgy o Sl (g0 (Slojyls 298 (Jgone (sl y9p¥ 9058
Sacimgmw 9055 oS «owgy (69500 9)> (eYL clale jl oslitwl 1Sl dlax 3l (o0
otalS g e 1 > Sae Ysb jpan Sl (il (5 e Sl o] Sl g )l
L baye Y gmamme | (gl )5 0558 pasdari L (alog)ld (sl 05294 B pae b
Cge oy g Oglite (6l (Sl SIS L 38T 5 S gl sl dlox | gy
A9 g0 5l3l )3 gy & yide Soi

Sbaghyy g (Gime sladel sl lgl ( Slojg)ls iz cladSug) (Syme 4 dllis ol
oelyt dile (ilise Jolge g oAl aibly gy 53 (gl Jalge 3985 ol
S 290 1y (3] g 33 (5S> ST izt 5 Sl o g (aliesdgSjid
Lol 48,5 )3

g 298 GlBoAmIguy gy ¢ Sne S Jolo gl gy (Sl jg)l> HejlgadlS

WASAVYD wllie (Bypdy VYRS /YO cllie il
VYo YFA A(F) A (goy93 MRS linnoj £ olij 5 Cawss

b LY
¥ .. .
(s o g

A s
\
oo L S

>

oSy (S35 (53eleisTgil 09,5 .

pole oSl ( Kb (pos slacsyyld
ol (It el Sz

‘4_:1) (:9—‘9 dowlb ‘W °9)j Y

Sy oy o ly oMl Sl olRiisls
olnl o)

] giamo (GO g3
Soxtee g 5D

ez 5 oot glool 550 dbli )

L;a.xS_.mb ‘ul)_:l US_.»)J lh}.l.c oKl
553 5yl

mehravi.bo@iums.ac.ir

ool o5 pMlel @il (o la5

2 g )ls il hns iz 5 (el S @ g
Dygmod OloSsed Log s ml 58 )lgS olKws
Sl g s bt 5,5 ooliul STye 5
(transdermal drug delivery system .
Slwygyld 4 Lo i (23500 Olseas [TDDS])
429 09 Sloj il pydgmla ol 5l 80,5 9 Slhe>
(PatCh) (giwgy ooy Gedgl a5 02857 18
13 olojls gabewgar glors (255 Sly OeeYg95l
)58 9l 5,50 1AVA Lo o (FDA) IS o] (55,05 5
Shss Slawsg)ls g b avslic o VMB;
Silwdlil Eel swgy (Slaw gl «Senis s
sl ) g e Jlas 4o Cawg ol 5l g,ls eal ]S
2l 5 530S sl e plie 55 alyi e

CdlB 4 olagls 5l sogae slawi (¢, e

¥ pdnlded Sy Jdoa |) Cang 3l joue
Ygame GSlez L 5l sl Cngy (SLS
YoY0 Jlo U Vo s,Lbe YY B Ye oy iy
Sl e S ol s N agBige i
g dwg slodinge fall g ollen i Bnd
3l Vel Gl 0Bl (g Slas3sl eSS (e
@yl b 55 wszge GlapgeYse,d 5l oadadss
ol Sloys sojs A ol a5 Wigh oo b e il
2y ohles saen 51700 Lo ,is 5ST 5 wiien
&l oaee (il SO s b Jold (LSS
slaJsSgo ol 5l el 5 ogilly ool

L el Gloygyls Vb JoSdge (459 b Judg joun

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YYY  oblKea g )Ldsa

Wt (6758 ($5598,50 5 e R (sleyd
S Sboyg)ls sl gt waz Glajlnl gamwss cplply
slod s 5l SO Gowe D3 bl gy ol
Leslog )il (gain )3 & e Oy,

5 sl gl lne s 55y adlio oyl Gan
5 =250 Syl Sl (Foame D350 (b
# S @lagl aads jsbar g conl Jloys i 5
adox 3l o asiloas eolaiwl gwgy (Slw gl (saiw;
3l g o Sl g Sl 39k Mo Sl &l 3436
5 odlea S o bt [y = (FE304) oyplagns|
S g S 3936095 4 &S (Gawe )35l
aibe lioing Slvgas olwly ales oo wijls
Clablons sl 535 S 1 g S 0 Shas
San sl 3 Glags sln Yo bl g )55 )
S 1B eolanal 950 Cngy whaw (S92 (290
pomlons Dl )3eils w0, Ol dgils ol ol 343l oy
Sldgil 5 g o uSTgg, Dldgil 5w ST
N> jebay dlie ol jo a5 aiies Slo,S pedS
etz adlio ol ;5T sy 5o igd e Ol
9 o Sldgls L adaly o gy Slgls
23,5 alys B o 5 )50 )] rdge slas S
(xe O393L (A1b (slaylo ()

wjlasl asle Galisee Oldgl (G508 sla el il
Sy 3 Lol 355 allsi 2 «s59)58 590 5 S
5985 e b L3l o L3 lallas ol 55T
2,5 gl 3l 5l eola s gy
o3l s o v 3 S ol Lt S hegs
Sildate Slp ol Gl yell (59158590 5 053
Logyl 0,8 ks o e 5 (gino Slydsls o1k
S il el plojen jsbar uizpes § aitus
gdse O] Sy

Sre O )3gil guwgs gti o Ulgs (Y
oot 5l Gl cwg sl Slu,g,ls gaallS

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy

gl ol G ybol g eols (rals | Seetcn (>
e ol loys pllm 4y (53 50 g)ls 590 uls
I P U ARV I
Sy YL Blis o, Shos | gy (Slo o)l
OB ) S 45 p95,55 posl il (anY )0 055
TS Jelss adem Sl gy g 035 aVaY
3 oS sl s P8 s Sgamme wiS o clailons
O ygmodmy Cawgy oy 5l ailed o 45 aitis laglo
Sl 03 0 s chald ay g il lasl L8
Lag,ls o yﬁ—"-’-ﬂ i Lol ey
FeS) Al (05" (J9Slge (j9 9 Wad Cungd o
(osdls 5o

Sote Sl ke LA 23S gams g0 (b
SLaSsSS sabmwgan pllw gy 5l g)lo So-i3
s ssdgisa gl aile ol g (a3
5 sodie  Sida iy Sn pge g 2SI
) iy 9 o 35 pate g S g5y S
45 Wigdh (g S0 o Sl (e Lo g
s alS ) slew (Bpds Wl oo el 0o

o055 8 Sliogad 4y 4z gil o)y,
s gaws o S cnl o356 0 84 pazie
Jologib plprear 5 (o) JSosesn Jolse
2 Obyd 5 A iS () pg—al 33 9l Sl —
loal (8yme o Lo 5 (Sbyy bl 5l gk
985 ailel o D353« Fmgy (L)l 990y
li8l pog5,95” posl il 5l JSdgeg SLe (slag)lo
el (nigigeal O blgi oo iz ol
.\YM gt |y sy p2ly8 g im
Wg o o3l (g (Slujgls sl a5 S350
bads o el 2396 agg o
RERERRCHFIC U PSONIE
5 Sl b aiile (o308 2,34 ( JT )36k L
Sl 5 plord 5)lnl ol wST il

Lgo)LX_J LS‘)“) 9 ~.\.§)L> 6)_,_@‘_, P W) U.JL‘_Q P -

RIS US]

dslie o ol


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

sy Slwygils 53 JT e Sly3gl  YYY

o ol Loy T S5t 0 5 958 l3sk aons
Slapgigd 45 ais S (3155 il LSes 9 YOO
Sre g 9k (g sandls Sl Jddoay G55
Tl G931 5 5 lapgsned 4 e

aS xhow gle )b 5L ] Ken 4 Monteiro
S92 | 99-b e Sloml (oog S blas (galiwge
oo ilsS bLas 0505 dalllae 5lo sy (slodipes
(=55) Jo5I5 Ghsl o salwgan o5 e
ol 5 (G5l el = JsSlS sl
o 003l ((Sge ) Sl SlewS 40,5 = oSS
dnlie ;o (S5 )L L pauilsS LG ols olis mls
saY @ s &) sy Geail ol blie gabaii b
sl an celw A Bas )5 (o) o p,5 )
TS e 3935 (a0 SlaaY) Cengy I (5 hes
CwagSle Dl)3g 4 S uss,S 5,155 Baroli oy,
shls WSy 00 py gl Jiel 25 L sadcands
9 PH=FY S xislg l (gataid) (i sLa )l
P985 poilril Sy sloay ;o (gl #3442
L a5 ligls jl latws a5 Iy bl sazs
2 & g S Ao D959 4y (3390 S0 Cude
s Rancan AARVRNES Cmgy S —tas sl i o
3l Jolas cilsy as azil o il San
Jled cie sla)b L as Skow (S5 0) )90l
Lyl by dws slaslo glsl galawgay wiloads
L 5l Kenaras o5 8 Tosl ool oy 2500
Slydgls g gy G S ez 0 1) M D390k
S35l gk e a5 wizdly o byl 0is,S s
S el = Js Sl ksl (o L eaSonilas,
sadonilig) site b L aS oy olanl 5l (pl Y-%)
00 odeligy (Sl SelnS 2,5 - S B LI L
ol Cools b Lo 5 Gy 4Dl jsboay . wings
S o0 Jote 1) (9951 5L b 39l Sk
wga! (Y-¥

usLD) Sl 0)_944)»4.7&.9 wy Sy90 4O 47‘-’"

Ot Sy o) 51 3985 Ul alegay o)lgen o
245 Sl gilme (gl B (Stwgy B9k g 990 o
Sewgy ol 5l Gljgls sl Slidel 2Ly Sk
ST NEEEIE Y

(b 5HLd Jold (olierdisSo sl Sloogas
gy Sei o S g o3l (g5 Sl [ gtwga ]
5 oly aw 5oy oo @lydeil i A8, 50 @l 345
oot JLwyl allie ,8) (V JSL5) oty g i Canssy
(0,008 092y (IS
dolw 002 b s e 9o slaJoSdsd ol 5l )
L s (Lo saaY) ond oSeple ol 51 Y

(po5)95 pgil il
M Fye sad ddlie o, 5 Y

5 Sy Y (S 45 psi)sS el
el o gy ) 00588 5 Canngoigyz o (s
Jmora oboans sl i3 ol o 4yl o
YU (s (g oy ke L b Gitne D353l
O ygmod Jilgs oo Ve MM 1 2eS slo)d (gojlail 4
Lo a4 g oS 3585 pexi)68 posl il o Jld e

> )b (V-3
2l Seliin sl )b aily o basre &l,34L
(55 Ly e i) WS Jam 355 e
i S5 e 5)asl 5 o Kan
s b a5 S Sl ! (galadi 4 ] ey
Gaz8lo 0gd Jdod Dldglo o o las 04>y
5 e 455 Iz po 31 |y Loy a5 (Sl gy S
e S35 b L iy e 5T
I E ORI SR JUNERYSLOV SIRRT A N
2 il Fie (o Sei5 Ul cnlple o)l
el b o b S5 sl a1 b abal,
PH Ll, b o 1) die sla)b aS ol Cwy
S SU olislyy Wlgh g 325 03S (oo o (S35
el amtye 5 S @b ) e L L Dldgl Sl

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YYY  oblea g )lisa

0355 g4y (> g psEsS el Sl 5 hes
okl Yo nm )85 ol Sl 'W“—Wﬁ £y
SlaY & 5 S o0 3585 Sy 4 5o Sl J5S)o3
iy o (00, Y5 K986 aiile) Cawgy 5 Aes
5 48l e 5o o JsSdsd jo Dly35 sl 21
J5-Sesh 3dlie g oo Sl (7 wdsi b yie
JeSas 1y ol oo gy S whaws 5170 )) o5 5
Gl (g S985 (i B (pl b a e o
2 9 39bee 485 Sl 5l el 9o slaJoSs
39k ot a5l ogdleay ol S5y s )T e
i s oala Lol 0o 0525 bl o3l
daSTgs posilig 3ol oS wilesls oylis laazil,
9 LY 3l (gl o (aolidlas 13 59250)
OS5k (g g ile e (Bl potiyeS posl
e 95l i (xSl Sy 9 S ol
ol o pizen [ aS S5k 5 ee slaasY
Sgis Wiled oo Cwgy yoloslnle 5 Bllaxsl a5 el
T sas al3al ], Sawe @l,3gt
&loyd JSUS (Y-F

5 JSi 50 seams i iy Sldlas
w9 Lap] (g S95 Uy 2 3530 (55589
L poleS bl 3445 olly o, Kan 5 Monteiro
EropS & Il aigy - ais (55,5 IS
Sygmods (59,5 Dyl .ais,S anslie s IS
S oo wiiS e B9 00 slaaY 4 Jhes
gh o eSSl A (550 50 (Eopsd Sly36il
5® Sglds an ol Gl 5 ab oo @ead oyl Y
SL Glyls @lhdgils g0y ol g e o] IS
TSy Seoliysg e sojul 5 G5lS b
A S 05,5 oaal i LS 5 kanaras 1,5
Camnnd (6 iy (ool b Gy ;0 Mo glaaliegil
Ol el (ml S Wig oo 2L (59,5 34l &
L:aoT 5 590 8 lee plad) Dl 3gl0 STl o 0
#lagl QUlE o g pfaiz jsba (ol (LS

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy

ol il o] alizes glaaY o sy Swgoo]

S8 S T s e Sy
slaay ) 5o S0l cwgaol sl JsSse
algs Canb b alaJsSge aiS 0 3900 5 has
P E90 s07 5 mpdl Gt (JOLD) (g
SFs= sba Wiy oo (Js¥ge Sy alidee bl
aS ool lii calizes gloaidl oS S8 Cawgy o
o550 4 s CanngdtilEgs annals b 343k
Cgy 3l 65 oe slaaY 4 5 KT L cunga]
398 ol LSen g lannuccelli 51 5 oS oo 3o
5 (000iigy yuf) ool s Camgas] &l,3450
psil el 1o 9 U oo oniliivgy koo 351k
g 950,S aslllas (50090 Lalpd p3 ) Ll pgts o8
) b oaoniligs 30 S0l Kulas &3 45" azzily o
ool glgil ay Cod (g iy (Swgs S5a5 oliled
LLE 4S 00md (5,15 emimed -l Casgas]
L cgdo JsSalS bl s b oaoniligs aslsS
WS 39 0,0 gAY @ aily o T M g0l
L oass oailisgy paiilsS blis sy 3oii a5 >y
3aled a3 YV MM o3l L Jo SIS Ll b
o s ol TS e ge plle oy,
= Gy 53l DS gojlail o s aS aies o
)30 )0 ehgds 3,10 (gl 4y Conad gy Dok
S S )3 S Pt G o3l ((Same 39l

D)l cwgoo! 4 s

&loyd gl (Y-Y

ol 00 gy Soi Bas 1 (gloyd ol Ll
o3l g gy S9i ey BLI | )0 jaie w0
S O3 a S Ll ol acwl Esu 34k
G (a3 ‘-‘—‘-;‘93@—" Ve nm 5l 5SS

el wisS j5e JsSgh ddlie g pssiS poil i
a4 cul (Saw by T 5l (S sl oo ol


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

sy Slwygils yo JT,ue Slydgl YYF

Y o
8,8 Al (B9,
g ol lp 29, S dyere (VlgsS Nsm
5 o= ale) e psedls 09,5 shls sl JsSdge
- 8 laasl a S o9 s e colaiul (lo g5 DNA
L Leictg olwld gojlal g ool JoSi5 )9algu
~COOH Lo (gl,) calizea Jab laog, 5 L
Sy 5598 Loy (galiwgan ((OH o -NH2
s (LoagSy i g oo 5alS g3 oSl dLagsoly ]
Jlasl Galises glos )15 gl s yWlosS (gl j2iSTs
b ol Gl YlgeST ATy (il ol
5 JreS52,5 sl ;5 (et (ge—miligel (1S5
d—ale09—2,5 (g nigioe] — Joss — 1)
ol Spai S g (S g0 — N5 0,155,000
b @l el il LSen 5 Lucarini Jis l,—
sloml jealsw - Mo Wik & 5bjl 1) Jou b eniip el
Sl Oliee Glapioms plysa ol 5l g wo S
@335 Mirkin s s 5 solial alise
ol a0 algs (Sisgels ol SIRNA)
RNA calslos b cogy o |, lasys ole b ws,S
é - . A
S aiSle U o0, Sopidls ol popdle . MoisS e
Tl etd 6lp a5 Sl (6500 S ST M
I ale JeaS'g 00 (el l,3655 o WlgsS
Olmigy dloul L oo Jlad ol 3656 3w il S
Se=g0 )l lo s (galiwgts (M (xhas
gl il Sen g Lee .o so,5 51551,
s 5ol = VL oadonilingy gupazr olas]
o5y sl mneas @lp ) O (wSsie 65

S J58 o il gy 3ok
T i sl 3! (¥

Sl el )l il ools usgs YU o aS jabylen
ol g (gl ¢ b b wiile oliendsSy 53
o ebts @lp O35l mhaw qwange jo 350
] ol s iy S S9d Cae
SIS b Slogas g9, (rhw ol ogdleay
Sl 2 5 WS e 5 gl silaslil g 5
& 55e l,343

Ly i plSim 4 0,356 o 3ol 055 !
SO il gl aanl plesl BB oS i 5l o
3l Jgmeme joboamy (2,35l ol o geiliwgs
ool jiw Jlye b il glaoasS
s L L 35l o Jle (gl 055 oo
sladytoe )3 )lul (FaSTn b wgd se osilisg
i Db glacsa olod sLalol) 5l as Gﬂ
L upconversion <l 3l .anly Cewody cigd oo
Sl Sl ) sty bl b Ygans 50,8 2sha
OSL alioe cmsany glos - Pl g, &
el maw Aol gl s sl sl
iy Mgy S JLatl (S i Lol

YYvF

w‘

SlaptiSma s bl (So5d Uy,

Ui ol ool L e wgoos upconversion
gh = OlsS L Cwgaailiss JoSlS oLsl
Szl (Sopd i by, am 5o S0l @l
gl il Kan 530N Jlie olszeas 1 0igd e

— Cgal Gl aly gl i Sy (i) 4y
Ll s 0 by o pgas 505 sl 2, 50]

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YYO  oblKea g )Lisa

Foosles o glinliFs aias 4y PSS e )L
L ool o cudl> Galidl Jds ol 5 il g4 ,0
s ol ol s an sy s Gl
S Ly ogSas jgboay padisli] cs p iz
Mog bl ;> PDAC-PSS (claay¥ sluss
el Wl ol gy L el 9,5 Jled 8
Dgdgm D35l lerdisSisd Sluogas s
3ol Wiz sl o5 cal cpl W Jobs bl
ol ol glssl an s 39l 4 (g i oS
g e |y shg, LWl Sen g HUang .wues lis
Sl rocdy Ghls JenS5 )5 sloog 5 51 ook olass
Jobs ol 1 poloST )35 las 4y 4555358
Sldgls ol ass,S 1S sl Selsl b WIS
L G 4535395 sLp yorhy Lo ouBousl iy
5 Sl—wals slsop)5 l— Sl S o
gy yocly 5 n 0390 Jshoo )0 5
oS sladsl ploord slaog S abog yeuly £975 @
gh i U Wig oo Jog 39l s @
g go S Wiyl Sg2gar 039l yo (gloas S
S JBsesl) sl yocds Gbsy Gl ol 50
&l 0058 jgban 5 il byl o pates o
9 Bk 239l o, ots 4 Sl
oHLSen g Messersmith .og, o 54y &lldan s
S3gil a1y o5l ST e e oy (6 youly godinss,
JESasly Hgali ok (g5 L Sl posilns
T2055; g (SIFATRP) baus 5l ons sl al JUi
oaionilisg; (59 ydmST (clody paad 5ias ) Ko g L
SIFATRP ooS15595 (g, b 1, ali s sla ey L
5 990 Olyeds (el detog IS - L o p ) b
65 g ieasy CU(DBI syl o3~ Ve o)
Sz gy oS 5 e Twis S 158
sboyagige (0 San b Sldgil gl o (sl
Seshlss () rsl) mads Sk Cesgo] alsdlges
Olisn—V — Jeite — ¥V — el STV 5w

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy

P (09,0 9 H o9 Ll b 50 (canbline
o STy les elolys 3536 eas oMol s S
Lin Slalas 05,5 ol ond 3,55 5 o YlgsS
SS90 b oals Jled o las (slkes 3530
&l 1y ol Lo JLsool, L gl pody g yams
TS S iy g S L L Ll
) sl wpameslS Couies) &l 34l Binder
sabawlgas «Click» ol o9, 4 b slanslEd

bl Ay S colaa 6l (1) s
188 Jlad YsShgel
aVa sa Y Ojewa Ol dgl s
oolly D1,365L Aol sl (Layer by Layer)
Cote b b pleaisS o s Slinly 2SI Gl
Sate )BT L gosla! ol plaS Wil so B0 g
o Verkataman .aes o 1, &l,350 0 gl ol
s 5 ool (B a9 S e
Slasy pas 0 1 SIRNA of e a i v
&ls O yg0a a5 (HA) wl.f\ S gy &l,3436
- Lo B L aVaaV (B, b g odgr st 5o
S ygmoiny |y 05y oadpdlol g nS 350505 )]
4 S) 955150 JoS
(30— oo——wb HA/ARG/DXS/ARG/SPARC
36U oyl galiassdsy Wilgs o SPARC-SIRNA

Sy Lacedlig b )3 0F Fi 05 Sheel>
G L S 4 Pikso .”ag_.:a oD g
powisel Jresodadlion - () b1y wale g5kalis
(PDAC-PSS) (cligilyos oyl = oy = (oIS
Slog)ls Hohieds VY Ojgod dlug (lyea
=S Sl Jds an wailig des 4 caumaFuly
L ol g5l i3s @l 365l wol o g5l S
S gdwgas Yo v EY o oM Lo igie (g0l
ol Jlsoan wsael cewsan allgo - Pl s
L 033l ooty S Ji 9 S 2,55
s PDAC czo )L b assl yoss sloasy olien o


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

Swes Lol 5 JT e D3l YYE

35S 55 el s i S Yo M 1 S
S =i ) L L o3 g a5 lb Yo nm
Choy s s a8 ize o b glgi 5l 5 nten
S9) d—ST Sloe Y o 1, & el Gl
o @latews johieds (g yee STy Sl eslial b
Gy L oabaslioee (g5, aSTo & el
35391 JosT 55 e gty Sl (5lSekens
eSOl (59— oo 0ueb VitaDIid-C 45) SISl
sobay a5 & yeliyg polie a5 ols lis zuls .ais )5
S0 bl 50 S e 3985 Cewgy o JelS
& FosSle e Se S VA 5V F AT Gl S
sl vitabrid-c witabrid-C o4 ol S 54
<l 50 ) Gzr—dsol 5 95 1 2l Hgadsal
Ol Godamsgrdgs Wlgh oo ol (pl 45 350 & (b
slaasss 5l YL Gis vitabrid-c a5 wsb dles
a5 1) (Wl o 5 oy laasul aile) ol
w83 (oo (LA I8 S92y (Fuwgy Sl 59§50 5
5 oadiz clbaiss e Jobs STy o] cdleie
I & omelng (olwslyl el S & el
Al ol oSl iy wles ol oms il
5o ailgs o Vitabrid-c glau ;o gl 45 cul
09,5 ol ahe gy 4 & el il
ks oSl S aisls Hlts ol e ulS
Ol 0l e Loy ged goly oo a (G035l
Gyl oadlas gledaiged arl) gl g & pualisg
Sk aslEge 15U L gl ol aas iyl
SBekw 3,5 LS () 1095 o0 0315 rdgs Gu55lS
et Gl Sl baygendsaly S 4 saslS
V¥e) 09-b o g golg oo o (raoling oMl
Sl =l VY 5 S0l 6l mels sl il
59 32 (il ol (Cngo] & iy
2 a5l Kk (V ob oo ol 580 (el
a5 9ol AT 555,58 pilid (YL slaay
Ales ;S 3945 p ol o a5 slacpelng ol lade

SEATRP 5LET cacly 45 wis,5 @l (dmnsl Seigilgun
Moo o )35 pelas 4o
Ao wg Sl yg,ld Gl & Guare W13l (F
N9y 8

S y8d yasin Oloogas Jdods guase &340
St 3 (rrg jobdn (§)95 5 (i (plend
sladsbw Lo )5z U asile baais 5l g0
039l T aig s e LS A L logil 5 (s 55
2 eliiise jobany o3l Sae D3gl
o=l o aS gihie (b il (G (Gl )l

Wy )0 ) e oo 0310 Tyl i
Sl 11,3456 (V-F

S Olysan gy jsbar GonslS Sk
i S Ble SNy ams 3 (Sais ) 503
GHDAE )0 09y e HLS A Sl S jslaiea
5 s S )39l 90 lazras
o S Lag oy Loy sla dal>gil lgicas
o3l 5l oy go0ga e sl G &l 3430
29l 99 Syl (]S BB il oo sl
s jetaieds Glol 8 Jodlew (sloog 5 slls 9 VL
2 &y sk g s )b ile LS 5 whaw
Sloo S sla oS . Wgis s oolatul gluyg)ls
o Lol (s 3585 Ul g Corans B 0l
Sleola ! Ly LS g Rancan .o lo cwo
O3l as asels lias STl (5o paiges
g Sy 50 ojlal an Al ly & g0y KL
o (o algi oo Ll Gy 9 0l (s
IS5 3 365 5l (Frmgy S (S5 O o)l
ARty SSel> YO nm

ol)dgls as ols oLas lannuccelli 69,5 slaazil
Srohes sloaY & aiily oo Congs o2 Sl
Maus 3985 o] Cango] g5 b avnlie o Sy
ozl b &ldgls as audl o il e 9 SON

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YYY  oblKea g )Lisa

Sl Syl o me Ly O p sad sy 4092005
A ad OIS Sy 3985 ged D36 (g
sl aezo,; Ly sadogd &lydeils wogdlcas
b anslie )5 6yt 300 Culld 5 e Sleddlas
Pasls ples Uy glaaiges
Mo <i,345L (F-Y

Cbld o pas olond ooyl 4 azgi L
s (V=10 M) g gasols jo v plo oo
Mo 515 3k el gedly 23045 Slooyas
Q535 gleans b .MMI:\.’;_é)f S8 ok axgr 5,90
olyean $55l5iSSgla (gane; o Mlo D34l
oHSes g Makino . Jlasay b glaobl
Sl L saBoandigy (b Dl 36 ciwgy g4
oo gy 0 [, VAA Y- Y VO M go3la )
Lol s,8 sanlie alEisles] Ll s o glo
VO MM gojlasl L M &l )34l a s ass S el
g Cewgy o 1, VATV gone JB> i
A2 e plid Celw VY sl o ol
Galols o a5 AR "0 B> oy iy a5 o
P YAMN Y S8 it g cela ¥ ol
plwgVeynm o L celun ® Slay galold
o ol ol samlice ol 4y Mo 3456 YAA NM
3 bt polia 3 5SS 3l o 55 et
09,5 waslie jsboay Tl o 585 (5t Sy b
gy sl s Kanaras o5, 5 4 Filon
L 508 buld 50 b &350 gansl il 8l

i 5 sl bl o Jlssa
lassS 5L g Wb slealiegil aloasjl b ol 340
s S il LSen 9 Niddome .o slxl M
9 adeagil sl o a5 (85, ;0 sl (gouST

[y gy (s alimgdsy oo lodlg (slo Sl gl
L

9 9 U9 Sly sl 1 09— bS5
230,5 obwl Cangy B ybojl (Glws ey

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy

P ases oo sl

= Saii (godims yimli8l g0 ol ISen 4 Scalia
G 5elS SBeke 5 OYY NM) o) 595
Ol Cawgy Ay (yuis 555 &l gl 1y (FAZ NM)
ol yo Lagliaie S dglie 1) (5090 dalypd o
) o 555 e s i35 o Sadlal a5
ol s peSemiar e an (g sleany o
GoslS Gl 0, Sl a5 oo s o
S ps,85 peilil 3 1) 55l al (398 polde
sl JS 05,5 U acslie 3 WYFY & 1A
ol polie 4 Conl \Sew gl (pl a2s so Liul3él
a4 (Sg—=5e SIS TOAA) GaSslS Sl
Fog 5 08l S S (o 358 55,55 e 5
Sl &l 3 @l sl a o Lses o Yoshikava
L slmojlo sl Ly (JS—i ) By5—l
Seusl caibeys gwwg Olls o (Ye-Ve v - nM)
L plys Sl oS5 050 J310 sl 5 (salowses
Sl Sl (35D gty i sloadsTlgile
ol byl aisy o (Sogl cuibe,s Olyls ol
Voo nm 5l 5SS G SIS 5,5 a5 wols
Calbd etz Gl el sl cosleys
(o35S T olall sla ol iy 723 5 (5oS
Sl Sl Caileys a4y Cad Lo jog Sl § o35
a3l Sl ks goazmo i ol pl 4 56 o
48 S ol b Wlgh e g WSk oo Siugl cleys
i) 5 VA~ (S s il 35
gz Slulo )3 1) (TSLP) Lugad Jlog il
Iy Seois Th2 ] sl a2 o 0l
RARCPSRN T

5,5l w055 gl o) 5en ¢ Al-Remawi
3yl Cawgool hie b b J3dsee Shew lyd 5o
A g0, 4 S o sl o (FAYEV) Y M) uss S
Sg 5 e S B Cwgy 4o Ko o134l o cadng
Franz diffusion cocScdl,o 8, b o 905
aS Jlo 0 w0ad oo ololis el Y0 5l awy cells


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

sy Slwgils 5o JT,ue Slydgl YYA

058, Wyl T U3 o el ol pusis ole
3588 (58 Gialidl sloaie 5 (50 558555
Oy (g ol el oo = Y gy
coiilosl b oaog) sV Y (Mb &l 36l abge
9510 ol (sgy 39i5 T Jlisas g S oo Juges |
b oo Gl Jlad e 0 S L aslie o ol £V
V¥ iy oadiiiw b gl (e
e VA e coislal b sads IS )L
0 095 Sy 5 p9y95 peil il a1 gl iy
Slr Gt 2l 5wl oo ol (55,00 b anlie
-”M%s" oL Sy oo o) e
oo It g 43930 (F-Y

3l gz 09,5 e dnilgus (g3lran D35l
093le $95 p Wlg oo &S s Jloigid Sl 34k
o9y S—= phlSer g LU oS Qi ) e )8
5 il Jlo,igid Ghgjan |y Swg (Slowyg)ls
(HCUSNPS) JLs5 (s duilgw &l 300l ol 15T
SN [ B IE X o SRV T gt B
Olaes @ae ,o Leas nanosecond-pulsed near IR

Oygmodn Jowo po 2V ool (2l ) 2UsS
Sl j5d 0508 0lais b pgs 68 posl il o (ee
O @losaliie JB (8L oy 55 et S (o0
Dg—is oo 030 HCUSNP J5 4 5 J Lo lsyo
= L ole,e g HCUSNP j4 > 0 a5 Loy
e il YL a8 0ed e cdalie S8L Ol s
oly ) ;5 sos sy 4 3585 5 olos (Samle «
) Ca AN
Sl dmar (iela s ) ol 0B (p90

o2l O ,393b (F-F
oz by grwg jebar peluiasT ol dsil

Wil |)ls as (60,84 pastin awdlisne 2ogul

S5 Ly oaboa, gy (b slaalegil

Jadeogil oSLmeS 5 Jo—s = (J55el5 Ol )
Cog—llsl bl (855 55 el s [enged Tl
G B S B0 M Goe U ppanl )b
Jadogil Jloyoany 2335 3945 50,8 (yg0le (sand]
3ol andl gy g 40 Walz s [ el
il Ly 895 55 ol s [ (pogellsl 5 503
& el saY (B 0 kS 38 Gesle
IR caxil Lils 5l oolial Uy ool posdle auzdly
5 Y0 <54 Rod/OVA/SO Lawgs (sob T (o,
5 IR az_il -ys0 ROA/OVA/SO 3| i a0 O
oS wms e bt b ol o IR sansl L OvalSo
g il ol e Ml glsaLiogil
L1y Logetig y aile cwgaol (gloJsSs0g S Lo
ol 6 pSeiz 5 bany ja 8 (ygole (b SWS
S ol Jdoan ilgi e el l a5 s
2 oL 5l (2l le)F salmgts poiyS poil il
SLen 5 Mirkin 7 asl baloogil calawlgay oo

slas; g9 SIRNA L 1) &l e slls (oMb @l 3456
(SNA-NCs) ds5 - (EGFR) Jlo josl aisy 49351 4
05 0SSl sl AUSS sg slaml bl
9 ra)J._u‘ 9 f’?‘ﬁ");fy‘)"‘“‘ I SNA-NCs JJJJLMJ&J
EGFR-MRNA Lo o Jials 1£0 sdge O jpas
g 98B g Cevgy 00 gl )3 ok oeliidsn
s Venuganti a5 L ge 55,0 Ll 5 o
— ol L eaim Mol (Db @l )3l ol Ko
(PSH) Sl Sligigm ¢y il b b 1, (PEI) (yaes]
OO Jogidsr sl VY g SeslS PEL
S5 a8 1y e ciilos] SCiliuls i8Il 500

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YvYa  oblea g )Lisa

VL . L
O L - TS WO VRS EVRVPY SO

GSinn Jemsils 0, &lydgil ol b ol olol
P8 0 ) 025 oS St ez 9 o) el
S)90 (rmdge SBpan ;0 Wb oyl lySel g,k o
0,85 Oly3gil ctwgy d9a5 ollgs i ypS )8 lowin
Ml ol o Gowe Olpls Sl 3 5 S Lo
Sl3T slaygm 5l (g piin oo s 45 JLs o
gs‘—“’ﬁ’ 99_94 u‘)l_i.o.b 9 Larese l.x_l-AS(;A g
O9%do e gk b oadonilig o)d &l ,39iL
) Hosm llo 5o La pSojlal ey
0,8 &ly3g5l 39 jlade aS ols Hlas gl cpl s ,S
< F9) lols BB adl g o5 jlews Wl cangy po
003 el Sy )3 5 09 (e a2 0,55k
= eSSl VYY) 0gm a sl jioli8l ds a5 Jlade
L TEM GgSsg e S8l (a0 e 5o
A Jled e & ygody iy o 0,85 O3l aS slo
A C . ol - o

FAS 39k pg25 95 posl il Slaa¥ (5 res
9 9 Sei > )L S 4 GeOrge
Iy =509, bl iy Wl Cangy 0 0,85 @l )34
4 0,85 Ol,3gil g aS ol lis gl ais,S JUT
9 OHLFA Sgdoe L)L"“"‘ WJL’“ ws.» L) )319133) £yo
WL:.LC).»)...»L 9 (Va’ nm) o).o.> 60&93 u.s).u....u
sdalio oyl o5 50 o> gloyz o8 slon
Ol)3gl g9 ¥ Caons MONLEITO 0gdlea, .”a,;;@
(U")j L o..).&o..\.':u% 9 Al ol Alunly) 0y
J—lie 30 9 (59,8 Laul—B )3 Sngy 3o
35S GSel Iy (B Ll 8 WeegislS
oddaiund 0,85 Dl 3gil 5l eolaiwl ols lias uls oyl
S oge Slep)ls sl 05 L endenilisy
A lgl e ouiaiacd 0,85 Oly3gil Coens g el

Lol by e autalle b wisle oaile Bl (sla S5l

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy

o=z el oz e ';\CJ‘_;ISQSA 18 eolaul 0,50
3 ool ST Sl dgils 0 )L 8550 0 b)l5 S
s Lu 1)_._>| D8 09>y Jloo,o i, Slowyg,le
gyl el wiis Jsle Joe S o) LSen
ol a1 S35 4 (VIs S &0 1, (EPI)
ool b L {EPI-SPION) Jlad SotiSal)b o goo
o3laial b Camgy (sloyg095 loyd slp PH 4 ol
obis mls (pl . ais ) faie wiedan Sloyo cands
olis 995 s 6,55k (EPI-SPION) a5 sl
Oygodn 1) ess Ggelrids py Wl oo 9 waS 0
Ao S Sl e A5 les 90 4 dis
ol 5l (e oty Sl 4 Cawgy sl Wil oo
Ly e )0 aslgs e EPlg a8 3485 connlogzgan

£0-%A) pH 4y ol EPI-SPION ) (ol

'%39-5‘ ol Cewgy Gl loys jelatess (PH:

rdn o yan sly2 st 13558 (0
dgd5 oUilgs a5 Same Ol)3g3l w)lge oam yo
Sras jshied Cuvgy mhaw G9) 0 WIS (05 Sy
=290 ol GhalS o2 spe wile (rdge
Cemgy a5 T Jelge 0959 51 g eSslr 5 Congy
Shigls ade joba (25 (ul )5 gy 00 S
1, aslacss, LS4y xdse Ol (gl Cenibgo b a5

Sgdin Hlyie
055 51,3430 (O-)

Sl blean ool ez o8 S35l
eblise il (St Bl Edlad (ol
osde T iilon 1S il 355 4y Wb ble, 5 xlas
ST glaalisS 0l oLt LE i l5S ol
U5 0,85 &l )39l a0 45 (ROS) Jsb
ol ySao 5 00l ol ol Layly i j0 25,5 o
claslo Uy ol aibi slo sl o5 o sl el
sboa Sy o8 Slidgil a4 sl (al g Wigd (29,50


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

sy Slwgils 5o JT,ue Syl YF.

Sy 5o ailed god et ploands glaosims jiulsél
T s dgas
g dSlgg, O34 Cds ), Sen 4 ROSENZ
il sloggse b (sl snSlopsuilis
23,5 § S0l (SSogn il ) Se> Ceng o
)3 as 5 59, 5 polind slags & a5 wdl e
30 "\—‘-"5-’ 3 PUVEIVA ‘65)— So—S ‘Lg‘)f’?"”L—"""
3 daSlgg, @ldgill iy a5 aszdl o o) Ken
- Sk Rl S 5 ol 45 G Yge B
Wil oo (Bb poti oS pgilyinl mhaw o w09 S 6
L comg slaay ooyl 5l oS jlade a5 Jl> o
slaas an g ol o 5o Je Sl Glaass,
SS L a0 .me'o)i; o 368 Cawgy 5 shes
U ouSTgy, oldgils Jeibl o anwl Sl gl gl
cAMSLSA 09_04 wyc]aw)o ' 9YA A pm G
Ol sl oS e 398 Ve UM LS (g9 0]
A4S 09O o 00ld pbgi ay el ol L 39 8
WJLA_MJ u,u.»‘)_@‘ M.CL) 409.0.’ @Lw.w 6&0“00%
5 5o o) gl el b sk J515 s
) 5 sabwgdy oaslill faiienss il il Kan
Jloyo iy OlaS 3 50 auS Tl gopesbos ol d4L 5o
59= ol e as ol las bl Lais S asie
polns Selnog ud (gojlas! aads o> ly
5 b e pEelS YT M a4y YA nM 5l aeSTigo
posls Yoo MOKY oisyo b joi 9>
YO MYKY L awolie o0 Gy j0 auuSlgs
ol ol as ol olulid eal J S (SOU Lyl
l_g 9 Sl ‘5._...:5; .)9_0; = )5_: ).ul.) L;°M‘>QL""‘"
3l 90 oolaiul Coodl b alaly 1o b SIS 2ol38l
Laoldlos [0 04290 duuSleopaslns l,3450

pae 5 5 (arpSanid ol Sbliay 685 S35
e 5 Sgete Hyliieds She (xdge Sras Gl Coen
L o LlSan g WONG aig—is e oolaiul o3
oolaiwl b 035 e 3 Slow Jow o 1) 0,85 <l )34
asdllas J S asses (g (niboldgu sl
lRgl b as glaes 5 as ol lis bl cpl .as,S
L ol gy Sl ay i Wloads oo o,
2 Jbes Loy some sladeSids 5 536 a0
slaps; aS Il s auils cals 5, YO oye
L S by ol cnsboldsm ok b oddione 5
el oml g WS e gy (e g et oyl
Lo & s sl 0,8 @lydgil a5 8,5 ascive
ol ol el S g (o9 S b Ologas
T T T R
Iy (Fenm) o, a5 I300 50 il Ken 9 Hazra
353,55 WS adlllas Jos dm 035 e 50
RIECHNES SNV JNOWCIN & Y S P
Slmogas 0,85 Oldgll aS il ;S ipd o0
A (i 08 b alile )5 (i (29,Seed
ol JLsoan 5 (9,See slalid b 1iS om0 s,
Ot 0y & Cooa (aB3ga0ms 9 Sbile ol S
sl 0,5 Ol y3gil aSiyl svalive oo 4y il o
syl b S5 digds oo e 4o il pol sl
oSelS sl 5 Cl Sos ol ul 45 65,5

Ol 4 pre D90y 9 WIS Sgaze | 0,85 &l gk
Mosh 4z
(595 ST 9 dsS1(65 panilicd OI,395L (B-Y

5 Se—Slss, = (ST O35l
bl oty oo aS ol ot arnSlgopsilis
BRY SRGNTVIFORUESL Sy WL | SRR S SR SUP SV Y
gt S aliblone 4 in sLmandl cpl il
ne Jelse sl p oldlas Jalse plsied g
aS adlesls s g0l bl g e oolail
S i eSTisy) 5 denSligopslid o )39L

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YY) oblKea g )Lisa

»Laghes 5 (Hogm lulb o LaS s> Cwy
aS ol s mls &los,S swypm S50e,0 Ll
ol Shgya |y NiZH (slayss wiilgs o 13556 !
ST S 53 i Ul 5 4l S (eslS
aiile o ubasl oo ime s Jslge Ly alin 4o
SUCCEPEIRET RN - A VOV IS WU oW [ I JUON FPX N O |
g dsnle e (Bb Sy mhaw o o a3l
3 sloaslesdl ges o Sl b gdgcand b (o
ooli_ul gl o Sl gl b S gonizSoss]
15 e Sl S peadS g Slind S Lglies
L Sy 038,518 (o e 0 s pfein j3-boay
L sleiciay (g wms (a8 ) IS o
Sl ol Jeily D39l as 0 o
Mazea s US54 5151 x5l
(QDs) pgiilys blis (0-F

i L (g0 e D355 pgilyS LA
s slaiig b oS siie aslS golades
lgi o oogiilsS bl sl lonts ablsl ki
Ol o5 sl )8 oluly (Fslite (alard olgo b
0l e (o glagidg (ol ogh sailig
LaclopssilsS ol a8l by, ] Caoms 5 i
Lo p)lS asls 4 (ol (6,95 cdled Jodoa
5 lwbid Jolse plgsean slosally (Sojcan;
52U 8585 5 oo iz NN (gl s
¢ Zhang N 03,5 sgame |y L )5 Loyl
Cwgy s | 0glsS blas 1>U 3945 4 Monteiro
= el Gl SloAsS @ aly 8 g0 o5 Gl
csoslsS L 35-a5 Slovgas S sl s
el layl b plaids (wlol ol lalllas
3905 ), LSen 5 GOPEE " el 00 alowil el
L ool gy ¢ IS5 oI sogilyS LU
— L o YV M) i L Je Sl oLl
LU b 1 (poneols” agiles - apilgun pyandls sdinssy

Sekidg ounso b oddodilig 5 JSos9,S (sogilsS

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy

gl daslidlas jo e podle Sl ol jon
Slogdlly sLed )5 (55,9051 5 SenSlgop5elis
5 LM aiea Lls o , K5 adge Bjlas gl
Loy slam 1) 89n8S 6o sk ol
Sg s g ) SeSlsopales o35l
Go,lo S plgea gyl oo 50,5 4 sllae
9 95 o I8 eoliiuls g Sl Jloyo i )5
Sl gle sy eel ol o o1 s )labil
gl as ol (lis bl (pl sl jo8 4 wles
OP9r9S 9 437 5l aslgi o denSTiso pgilis
9= Sil gla sy cnlple 5 08 6555l
dea5 HUiles Alenius og,5 AT salS ) S
plw g (Yo nm) ¢ plw b awSlgy, oI350
Joe g sauscaml Cavgy o 1, (Vee M) S5 lyd
a5 il ;0 g WS ow)yp Syl Susleys b hge
=250 Sl wlly oo 9Ll b (55,0051 S
slagobyomil adg el g aiS ©oS o | S
=Ulss )L Sen 5 Vanoirbeek " ws 5 E g4
dwgy o gl 1) anSTles poulons @l )dgl
S35 litalas daulsany g aliceuls
Lol oS aslllas 1) (59,055 o0 (s
Sy adly o aSTlgo pauslig &l 345l as aszidly jo
ol Oy 59 e G (mlicels
=] pdais gae) yo (ool sblgs glile g wisls

YAsVA |
. u\.sb}g

Ol guls’ 9 Ol S S 13950 (B-F
Sz ol 3l 5l 6 s 4 cel ools lis b
g diiwd ol S L ea sl ol csle o
Seis palS gl eolny Jomily JLsd &l 3L
cblis ool il L cany 3l 3l slaye
Sz slasi Il 5l ol o cplply wijls cwg
eUly iz Sligle;l @isdS o aS (5,5 5l>
slh—1, Slaud oS 5 Slo S S N PR


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

sy Slwygils 53 JT e Slydgl  YEY

D39l glgl 5l (B S o0 3585 90 Sl JsSIs
Cwgy ) (Fowds (poliTomsSlss o (59,9051
Gy 5 b (U8, 5585)0 (gan 5 0iS (e S5k
D35l koo gerd Cowgy gl ;0 b (xlaw
Elsl dm S (6 e Sl (S S S2sS
Al ©ldgls culpla e lis s 5l (35S 5

5o b0yl 550 8 0 a5 60, G b aillas
Ll gome Dl3gk aisd b g Sl shie
SL0s 9 Shogls p ladelogl Glpieds alise
=l Jo STlas cladlons dlasjl cngs 4
g Do S8l ;e il (e Bl g4
S 9 JUl b Jsber o (30,5 Sl
i Llo ol Cllee sl (5)lge
sloop)l5 sl s3lay (o Sly39L w09
) S9ake 0 et Wle Jloyd i g (ordge
5 Lalidlas sl b &) ol 5,55l
Aol aB bl giesl i gouuS baws Julge
3y30 b S35l gl Dyl Jeily Jloso o
L bls)l o gadjag, G55 005 )8 o))l
SlaS 5 50 48 (e Sl 5l )k Coons
5 dxwgi 0,0 099 g e colaiwl DI 34
G 4 Al 4 S Saxe Olydgls oIk
g sk aals oLy (JoSIgeg Sl (Slojg)ls
5 Sz S9-S0 S gy LUl el
il Toasy] Jloys iy gl ol «aponsgil
omlmegde ol 5l Al 5 29 Al
gy S5k bl b ala, )3 peiias go0s Snlyd
Flao (gdad 0925 b .l aseinal jain O340
P 4S Gy IS de 5 b g sloansT YL
OM=0 Sl J e el bl sy (G955 Bl

45 5o W8 g Cangy 3 (Snilyw (59, - poresls
S5 5T 30,8 dslie D4 e ool > ] )0
L Lol pgulsS as ol las e jebay cils
(Ol o g—azd 0S o 4 S (5590 31 AY) s
L (solsS blas 4y Cons (550 (65908 Dlogas
590 31 oo eV 5l S s s i L
g Sy s il () slro S s sadeslil
Sl —dge O ygmody 45 cogileS bl Jlasl
S 0o oolaiwl canazas sleo 5 (g 5lwaigs
a5 as,S )5S LS g Pedata .ol oo
(=i gla gl Jols alize o gla g
as ol ylas oyl slaassl .asols 1,3 e 9 Cude
bl 4y Cond |y Coono (008 05 (0gilyS blas
Ol yo i Lo cude ¢ i 5L L egilsS
51 i s Jb b egileS bl ‘Lak‘)" S
ol T aisg LIS Yeesil Yo slacdale s 1, Corons
o Odgl ol Lele g cdled 050 o lazly
LgL:zao).g)lf Lg|)_3 A_A])lf sloaols r=9_’;.3|95 u.._el_,
3 )
O ygmodm 4 Sdme Olydgls a e ol o
230 9 Smgy 5l 9yl Gl gl el oibse
1391 L amlon S Lo aoMS jeboay |y wilazs, (IS
WSglate bt lizl Goluly Solae 3505 HUlgs
5 SxgS so3lal b 3l asms i ((Smwga!
Sl on e sl )b g YU g oy Ve M
g3 a5 o (gae) I Sl O jsoa
5 Gy 0o ol 5l ;35 5 &l 3l a5 Jb> o s

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YEY  olLlea g )lissa

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Sindhu RK, Chitkara M, Kaur G, et al. Skin penetration enhancer's in transdermal drug
delivery systems. Research J Pharma Tech 2017;10(6): 1809-15.

Donnelly RF, SinghT, Morrow DI, et al. Transdermal delivery applications. microneedle-
mediated transdermal and intradermal drug delivery 2010;17(4):187-207.

Prausnitz MR, Langer R. Transdermal drug delivery. Nature biotechnology 2008; 26(11):
1261-68.

Patel D, Chaudhary SA, Parmar B, Bhura N. Transdermal drug delivery system: a review. The
Pharma Innovation 2012;1 (4): 66-75.

Proksch E, Brandner JM, Jensen JM. The skin: an indispensable barrier. ExpDermatol. 2008;
17(12): 1063-72.

Cézares-Delgadillo J, Naik A, Ganem-Rondero A, et al. Transdermal delivery of cytochrome
C-A 12.4 kDa protein-across intact skin by constant-current iontophoresis. Pharma Res 2007;
24(7): 1360-68.

Alvarez-Romén R, Merino G, Kalia YN, et al. Skin permeability enhancement by low
frequency sonophoresis: lipid extraction and transport pathways. J Pharm Sci 2003; 92(6):
1138-46.

Lombry C, Dujardin N, Préat V. Transdermal delivery of macromolecules using skin
electroporation. Pharm Res. 2000. 17(1): 32-7.

Prausnitz MR. Microneedles for transdermal drug delivery. Adv Drug Deliv Rev 2004; 56(5):
581-87.

Murthy SN, Sammeta SM, Bowers C. Magnetophoresis for enhancing transdermal drug
delivery: mechanistic studies and patch design. J Cont Release. 2010; 148(2): 197-203.

Kotiyan PN, Vavia PR, Bhardwaj YK, et al. Electron beam irradiation: a novel technology for
the development of transdermal system of isosorbide dinitrate. Int J Pharm 2004; 270(1):
47-54.

Dianzani C, Zara GP, Maina G, et al. Drug delivery nanoparticles in skin cancers. BioMed
Res Int 2014; (2014):1-13.

Palac Z, Engesland A, Flaten GE, et al. Liposomes for (trans) dermal drug delivery: the skin-
PVPA as a novel in vitro stratum corneum model in formulation development. J Liposome
Res 2014. 24(4): 313-22.

Kwon SS, Kim SY, Kong BJ, et al. Cell penetrating peptide conjugated liposomes as
transdermal delivery system of Polygonumaviculare L. extract. Int J Pharm 2015; 483(1): 26-
37.

Han SB, Kwon SS, Jeong YM, et al. Physical characterization and in vitro skin permeation of
solid lipid nanoparticles for transdermal delivery of quercetin. Int J Cosmet Sci 2014; 36 (6):
588-97.

Lapteva M, Mondon K, Moller M, et al. Polymeric micelle nanocarriers for the cutaneous
delivery of tacrolimus: a targeted approach for the treatment of psoriasis. Mol Pharma 2014;
11(9): 2989-3001.

Vemula PK, Anderson RR, Karp JM. Nanoparticles reduce nickel allergy by capturing metal
ions. Nat Nanotechnol 2011. 6(5): p. 291-5.

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

sy Slwygils yo JT,ue Syl Y

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Zheng D, Giljohann DA, Chen DL, et al. Topical delivery of siRNA-based spherical nucleic
acid nanoparticle conjugates for gene regulation. Proc Natl Acad Sci 2012; 109 (30): 11975-
80.

Uchechi O, Ogbonna JD, Attama AA. Nanoparticles for dermal and transdermal drug
delivery, in application of nanotechnology in drug delivery. Available from:https:/Amww.
intechopen.com.

Schmid-Wendtner MH, Korting HC. The pH of the skin surface and its impact on the barrier
function. Skin Pharmacol Physiol 2006; 19(6): 296-302.

Prow TW, Grice J E, Lin LL, et al. Nanoparticles and microparticles for skin drug delivery.
Adv Drug Deliv Rev 2011; 63(6): 470-91.

Baroli B, Ennas MG, Loffredo F, et al. Penetration of metallic nanoparticles in human
full-thickness skin. J Invest Dermatol 2007; 127 (7): 1701-12.

Shanmugam S, Song CK, Nagayya-Sriraman S, et al. Physicochemical characterization and
skin permeation of liposome formulations containing clindamycin phosphate. Arch Pharma
Research 2009; 32(7): 1067-75.

Ryman-Rasmussen JP, Riviere JE, Monteiro-Riviere NA. Penetration of intact skin by
quantum dots with diverse physicochemical properties. Toxicol Sci 2006; 91(1): 159-65.

Rancan F, Gao Q, Graf C, et al. Skin penetration and cellular uptake of amorphous silica
nanoparticles with variable size, surface functionalization, and colloidal stability. ASC Nano
2012; 6 (8): 6829-42.

Fernandes R, Smyth NR, Muskens OL, et al. Interactions of skin with gold nanoparticles of
different surface charge, shape and functionality. Small 2015; 11(6): 713-21.

lannuccelli V, Bertelli D, Romagnoli M, et al. In vivo penetration of bare and lipid-coated
silica nanoparticles across the human stratum corneum. Colloids Surf B Biointerfaces 2014.
122: p. 653-61.

Gopee NV, Roberts DW, Webb P, et al. Quantitative determination of skin penetration of
PEG-coated CdSe quantum dots in dermabraded but not intact SKH-1 hairless mouse skin.
ToxicolSci 2009; 111(1): 37-48.

Desai P, PatlollaRR, Singh M. Interaction of nanoparticles and cell-penetrating peptides with
skin for transdermal drug delivery. Mol MembrBiol 2010; 27 (7): 247-59.

Gamer A, Leibold EV, Van Ravenzwaay B. The in vitro absorption of microfine zinc oxide
and titanium dioxide through porcine skin. Toxicolln Vitro 2006; 20(3): 301-7.

Rouse JG, Yang J, Ryman-Rasmussen JP, et al. Effects of mechanical flexion on the
penetration of fullerene amino acid-derivatized peptide nanoparticles through skin. Nano
Letters, 2007. 7(1): 155-60.

Wiechers JW. Musee, Engineered inorganic nanoparticles and cosmetics: facts, issues,
knowledge gaps and challenges. J Biomed Nanotechnol 2010. 6(5): 408-31.

Kango S, Kalia S, Celli A, et al. Surface modification of inorganic nanoparticles for
development of organic-inorganic nanocomposites-a review. Progress in Polymer Science
2013; 38(8): 1232-61.

Sedlmeier A, Gorris HH. Surface modification and characterization of photon-upconverting
nanoparticles for bioanalytical applications. Chemical Society Reviews 2015; 44 (6): 1526-60.

Li X, Wu Y, Liu Y, et al. Cyclometallated ruthenium complex-modified upconversion
nanophosphors for selective detection of Hg 2+ ions in water. Nanoscale 2014; 6 (2):1020-8.

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YO obLlKea 9 )Lisa

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5l.

Cui S, Chen H, Zhu H, et al. Amphiphilic chitosan modified upconversion nanoparticles for in
vivo photodynamic therapy induced by near-infrared light. Journal of Materials Chemistry
2012; 22(11): 4861-73.

Park J, Yu MK, Jeong YY, et al. Antibiofouling amphiphilic polymer-coated
superparamagnetic iron oxide nanoparticles: synthesis, characterization, and use in cancer
imaging in vivo. Journal of Materials Chemistry 2009; 19(35): 6412-7.

Boccalon M, Bidoggia S, Romano F, et al. Gold nanoparticles as drug carriers: a contribution
to the quest for basic principles for monolayer design. Journal of Materials Chemistry 2015;
3(3): 432-9.

Jana NR, Earhart C, Ying JY.Synthesis of water-soluble and functionalized nanoparticles by
silica coating. ChemMate 2007;19(21): 5074-82.

Lin Z, Sun L, Liu W, et al. Synthesis of boronic acid-functionalized molecularly imprinted
silica nanoparticles for glycoprotein recognition and enrichment. Journal of Materials
Chemistry 2014; 2(6): 637-43.

Binder WH, Sachsenhofer R, Straif CJ, et al. Surface-modified nanoparticles via thermal and
Cu (I)-mediated “click” chemistry: generation of luminescent CdSe nanoparticles with polar
ligands guiding supramolecular recognition. Journal of materials chemistry 2007; 17(20):
2125-32.

Tan YF, Mundargi RC,Chen MHA, et al. Layer-by-Layer Nanoparticles as an Efficient
siRNA Delivery Vehicle for, SPARC Silencing. Small 2014; 10(9): 1790-8.

Zhou J, MV, Pishko Lutkenhaus JL. Thermoresponsive layer-by-layer assemblies for
nanoparticle-based drug delivery. Langmuir 2014; 30(20): 5903-10.

Lu X, Jiang R, Yang M, et al. Monodispersed grafted conjugated polyelectrolyte-stabilized
magnetic nanoparticles as multifunctional platform for cellular imaging and drug delivery.
Journal of materials Chemistry B 2014;2(4): 376-86.

Fan XL, Lin Messersmith PB. Surface-initiated polymerization from TiO, nanoparticle
surfaces through a biomimetic initiator: a new route toward polymer-matrix nanocomposites.
Composites Science and Technology 2006; 66(9): 1198-04.

Liu P, Wang T. Surface-graft hyperbranched polymer via self-condensing atom transfer
radical polymerization from zinc oxide nanoparticles. Polymer Engineering & Science, 2007.
47(9): 1296-01.

Shahabadi R, Abdollahi M, Sharif A. Preparation, characterization and properties of polymer
electrolyte nanocomposite membranes containing silica nanoparticles modified via surface-
initiated atom transfer radical polymerization. International Journal of Hydrogen Energy
2015; 40(9): 3749-61.

Chen G, Zhao Y, Fu G, et al. Interfacial effects in iron-nickel hydroxide-platinum
nanoparticles enhance catalytic oxidation. Science. 2014; 344 (6183): 495-9.

Radhakrishnan S, Krishnamoorthy K, Sekar C, et al. A highly sensitive electrochemical
sensor for nitrite detection based on Fe,O; nanoparticles decorated reduced graphene oxide
nanosheets. Applied Catalysis B: Environmental 2014; 148: 22-8.

Dar M, Chandiran AK, Gratzel M, et al. Controlled synthesis of TiO, nanoparticles and
nanospheres using a microwave assisted approach for their application in dye-sensitized solar
cells. Journal of Materials Chemistry A 2014;2(6): p. 1662-67.

Montalti M, Prodi L, RampazzoE, et al. Dye-doped silica nanoparticles as luminescent
organized systems for nanomedicine. Chem Soci Rev 2014; 43(12): 4243-68.

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

Gy Shgils 5o JT,e O3l YEF

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Nakamura T, Sugihara F, Matsushita H, et al. Mesoporous silica nanoparticles for 19 F
magnetic resonance imaging, fluorescence imaging, and drug delivery. Chemical Science
2015;6(3): 1986-90.

Park YH, Bae HC, Jang Y, et al. Effect of the size and surface charge of silica nanoparticles
on cutaneous toxicity. Mol Cell Toxicol 2013; 9(1): 67-74.

Yang JH, Lee SY, Han YS, et al. Efficient transdermal penetration and improved stability of
L-ascorbic acid encapsulated in an inorganic nanocapsule. Bull Korean Chem Soc 2003,
24(4): p. 499-503.

Rozman B, Gosenca M, Gasperlin M, et al. Dual influence of colloidal silica on skin
deposition of vitamins C and E simultaneously incorporated in topical microemulsions. Drug
Dev Ind Pharm 2010; 36(7): 852-60.

Scalia S, Franceschinis E, Bertelli D, et al. Comparative evaluation of the effect of permeation
enhancers, lipid nanoparticles and colloidal silica on in vivo human skin penetration of
quercetin. Skin Pharmacol Physiol 2013; 26(2): 57-67.

Hirai T, Yoshikawa T, Nabeshi H, et al. Amorphous silica nanoparticles size-dependently
aggravate atopic dermatitis-like skin lesions following an intradermal injection. Part and fibre
toxicol 2012; 9(1): 3-13.

Hamam F, Al-Remawi M .Novel delivery system of curcumin through transdermal route
using sub-micronized particles composed of mesoporous silica and oleic acid. J Funct Foods
2014; 8: 87-99.

Ghosh P, Han G, De M, et al. Gold nanoparticles in delivery applications. Adv Drug deliv rev
2008; 60(11): 1307-15.

Sonavane G, Tomoda K, Sano A, et al. In vitro permeation of gold nanoparticles through rat
skin and rat intestine: effect of particle size. Colloids Surf B Biointerfaces 2008; 65(1): 1-10.

Pissuwan D, Nose K, Kurihara R, et al. A solid-in-oil dispersion of gold nanorods can
enhance transdermal protein delivery and skin vaccination. Small 2011; 7(2): 215-20.

Labala S, Mandapalli PK, Kurumaddali A, et al. Layer-by-layer polymer coated gold
nanoparticles for topical delivery of imatinib mesylate to treat melanoma. Mol Pharm 2015;
12(3): 878-88.

Ramadan S, Guo L, Li Y, et al. Hollow copper sulfide nanoparticle-mediated transdermal
drug delivery. Small 2012; 8(20): p. 3143-50.

Kievit FM, Wang FY, Fang C, et al. Doxorubicin loaded iron oxide nanoparticles overcome
multidrug resistance in cancer in vitro. J Control Release 2011; 152(1): 76-83.

Rao YF, Chen W, Liang XG, et al. Epirubicin-loaded superparamagnetic iron-oxide
nanoparticles for transdermal delivery: cancer therapy by circumventing the skin barrier.
Small 2015; 11(2): 239-47.

Tran QH, Le AT. Silver nanoparticles: synthesis, properties, toxicology, applications and
perspectives. Adv. Nat Sci: Nanosci Nanotechnol 2013; 4(3): 033001.

Levard C, Hotze E, Lowry M, et al. Environmental transformations of silver nanoparticles:
impact on stability and toxicity. Environ. Sci. Technol 2012; 46(13): 6900-14.

Larese FF, D’Agostin F, Crosera M, et al. Human skin penetration of silver nanoparticles
through intact and damaged skin. Toxicology 2009; 255(1): 33-7.

George R, Merten S, Wang TT, et al. In vivo analysis of dermal and systemic absorption of
silver nanoparticles through healthy human skin. Australas J Dermatol 2014; 55(3): 185-90.

P sosled A (5095 AV Glinse) gl g Cangy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

YEY  obLlKea 9 )Ldsa

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Samberg ME, Oldenburg SJ, Monteiro-Riviere NA. Evaluation of silver nanoparticle toxicity
in skin in vivo and keratinocytes in vitro. Environ Health Perspect 2010; 118(3): 407.

Tian J, Wong K, Ho CM, et al. Topical delivery of silver nanoparticles promotes wound
healing. Chem Med Chem 2007; 2(1): 129-36.

Chowdhury S, De M, Guha R, et al. Influence of silver nanoparticles on post-surgical wound
healing following topical application. Eur J Nanomed 2014; 6 (4): 237-47.

Kuo TR, Wu CL, Hsu CT, et al. Chemical enhancer induced changes in the mechanisms of
transdermal delivery of zinc oxide nanoparticles. Biomaterials 2009; 30 (16): 3002-8.

Zvyagin AV, Zhao X, Gierden A, et al. Imaging of zinc oxide nanoparticle penetration in
human skin in vitro and in vivo. J Biomed Optics 2008; 13(6): 064031-9.

BennettSW, Zhou D, Mielke R, et al. Photoinduced disaggregation of TiO, nanoparticles
enables transdermal penetration. PLoS One2012; 7(11): e487109.

Choi YG, Lee JH, Bae IH, et al. Titanium dioxide inclusion in backing reduce the
photoallergenicity of ketoprofen transdermal patch. Arch Toxicol 2011; 85(3): 219-26.

llves M, Paloméki J, Vippola M, et al. Topically applied ZnO nanoparticles suppress allergen
induced skin inflammation but induce vigorous IgE production in the atopic dermatitis mouse
model. Part Fibre Toxicol 2014; 11(1): 38.

Hussain S, Smulders S, DeVooght V, et al. Nano-titanium dioxide modulates the dermal
sensitization potency of DNCB. Part Fibre Toxicol 2012; 9(1): 15.

SmuldersS, Golanski L, Smolders E, et al. Nano-TiO, modulates the dermal sensitization
potency of dinitrochlorobenzene after topical exposure. B J Dermatol 2015; 172 (2): 392-9.

Mortensen LJ, Glazowski CE, Zavislan JM, et al. Near-IR fluorescence and reflectance
confocal microscopy for imaging of quantum dots in mammalian skin. Biomed Opt Express
2011; 2(6): 1610-25.

Rancan F. Biodegradable, biocompatible and bioconjugate materials as delivery agents in
dermatology. In: Hamblin M, Avci Pad Prowt, editors. Nanoscience in Dermatology Scinece
Direct 2016: p. 73-87.

Zhang LN, Monteiro-Riviere NA. Assessment of quantum dot penetration into intact,
tape-stripped, abraded and flexed rat skin. Skin Pharmacol Physiol2008; 21(3): 166-80.

Pedata P, Boccellino M, LaPorta R, et al. Interaction between combustion-generated organic
nanoparticles and biological systems: In vitro study of cell toxicity and apoptosis in human
keratinocytes. Nanotoxicology 2012; 6(4): 338-52.

Fsoslod A (5095 A VRS Glins) ptatlij g Costgy


http://jdc.tums.ac.ir/article-1-5285-fa.html

Downloaded from jdc.tums.ac.ir at 2:53 IRST on Sunday October 21st 2018

sy Slwgils 5o JT,ue Slydgl YEA

Application of inorganic nanoparticles in transdermal drug

Salar Hooshyar, MSc!
Shohreh Nafisi, PhD?
Khadijeh Ashtari, PhD'
Bita Mehravi, PhD'

1. Department of Nanotechnology, School
of Novel Medical Technology, Iran
University of medical Scineces, Tehran,
Iran

2. Department of Chemistry, Basic Science
School, Azad University, Tehran, Iran

Corresponding Author:
Bita Mehravi, PhD

Department of Nanotechnology, School of
Novel Medical Technology, Hemmat
Highway, Iran University of medical
Scineces, Tehran, Iran

Email: mehravi.o@iums.ac.ir

Conflict of interest: None to declare

Diseases of the skin can cause harm and emotional distress in
patients. The desirable drug is one with least complications
and most effectiveness. By prolongation of target exposure,
drug effectiveness could be improved. There are several
suggested solutions, including the use of chemical enhancers,
electroporation, iontophoresis, and the use of nanoparticles as
carriers of pharmaceutical agents. The use of wvarious
nanostructures, including liposomes, dendrimers, autosomes,
and many mineral nanoparticles, have been proposed to
prevent the limitations with conventional formulations.
Topical drug delivery has many benefits, including using
high concentrations of the drug and reducing systemic
passage of medicament. Many skin products, such as
Estrasorb, Diractin and Aczone are available in the market
with new and different manufacturing techniques for more
skin penetration.

This paper introduces new approaches to drug delivery, types
of hanocomposites and methods for increasing the penetration
of pharmaceutical agents in the skin. Various factors such as
physicochemical properties and the size of nanoparticles, as
well as the effects of manipulation on the surface of these
particles, have been discussed.
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