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Abstract

Keywords
Background: Adapting controlled release technologies to the delivery of DNA has the great y
potential to overcome extracellular barriers that limit gene delivery. This study investigates PLA-PEG-PLA
the effect of different mass ratio of PLA: PEG in the various tri block poly (lactic acid)-poly
(ethylene glycol) - Poly (lactic acid) copolymer (PLA-PEG-PLA) on the properties of the copolymer,

resulting nanoparticles.

Methods: The various tri block PLA-PEG-PLA copolymers were prepared via ring-opening
polymerization by poly (ethylene glycol) (PEG), lactic acid and stannous octoate as raw siRNA-FAM,
material and catalyst, respectively. DNA or siRNA-FAM was incorporated into the tree

block PLA-PEG-PLA copolymer using double emulsion solvent evaporation technique. MCE-7 cell
Properties of these nanoparticles, such as morphology and particles size of nanoparticles,
DNA release kinetics, in vitro cytotoxicity and siRNA-FAM transfer efficiency were
evaluated.

Results: Scanning electron microscope (SEM) showed that PLA-PEG-PLA/DNA
nanoparticles have spherical morphology with smooth surface. Dynamic light scattering
results showed the particle size of PLA-PEG-PLA copolymers increased with an increase in
the mass ratio of PLA in PLA-PEG-PLA copolymers. The release profile of the PLA-PEG-
PLA/DNA nanoparticles measured using nanodrop and the results showed that, decrease in
mass ratio of PLA, increased the release profile of DNA from PLA-PEG-PLA/DNA
nanoparticles. Moreover the percentage of siRNA-FAM transfer to MCF-7 cells by various
PLA-PEG-PLA copolymers, measuring using flow cytometry and fluorescence microscopy. Received: 08/12/2018
Conclusion: These results showed that there is same relation between the mass ratio of PLA

and percentage of siRNA-FAM delivery into the MCF-7 cells. Accepted: 06/04/2019

Drug release profile,

Conflicts of interest: None
Funding: None

Cite this article as:
Nahidi F, Yaghoubi H. Effect of different mass ratio of PLA: PEG segments in PLA-PEG-PLA copolymers on
the physicochemical characterization and DNA release profile. Razi J Med Sci. 2019;26(3):1-12.

This work is published under CC BY-NC-SA 1.0 licence.


https://orcid.org/0000-0003-3449-3037

http://tfjms.iums.ac.ir

VA sls 5 O o)lei YF 0,55 5l bEl.i'.lH ogle alan

Atz b ) Sk s s G5 b
b 1 .08) cils aalys oy o |, 4
sobieds plaie g dlwg Slola, CublBl ola J8U4L
5 35 3l o Yo 5o Jed 5l (o2)lse 5l 6 S ol
Las,bom 4555 cnl 5o o Sl 3 ool ol
OVF) dwy oo 505 0 (65900

alo>;l PEG § PLA &l gol> sl oids oS
oele) ogdle 48 aibl oo (slaskad (slo yords oS
SN P § 6Ol Sl 0 4 pasie
ABdS 0 Jdo fued i 065 1 oewlie
DNA 5lwdly STl jgtatods (goosie Slaiss
Or=zed 9 Lo pedlysS cnl 1 ol slafue (590
Sl 4 Saloul o5 Ll jo b Juo ol 2Ulss
sl o s o PEG aY 0525 .(VA AY)
a ol odz )0 s 2 opdle yorlysS cnl 5l Jol>
oSl 59l Sals; a0 S8 5 S0 5l 0990
3l ele Geize 9 6,5k Sy SRl o ol
b s plSim355 Bd> 9 s (goal s S5 25
Y laseas PLA 8L 5 (Y V8 0 F) 005 o
5 i Ay 0y See Slge S9-85 5l @le e (IS
e 3 gl 0 S (glig o 43 o]
(V+) 05,5 o« DNA

L olgien ladad 9,0 bl o asiol 4y azg
Fbe (39 Gizmen g 0,2ni) Job )0 i
Iy 9,00 siwlso, PLA gPCL J .3l ol o,
Uy Banly 3o ol W LOF) 3ga5 J 58
ool o, Ol —ogas , S PLA ¢
e 5 ($sds8 e o DNA ¥ STl
MCF-7 laJslo oy SIRNA-FAM il os3l
PLA-PEG- jolisS aw jslate pay 28,5 sl
2w PEG s PLA j Jslite slacu i LPLA
-G53 Slogas DNA L ()38 )L 51 g 20
MTT cs Olyogls lawg gy ay Sal
DLS ol 5 0,50 (o9 2SIl oSy S
)""L’ o ssbiiedy eiored ST 18 o) 12050
Juisl eojls , PLAPEG &gl aie slaca_us

WA sl 5= O o bl Y 0,53 15il) |_..5.|.'I'IH ogle alan

iy dle | *=_I>

sbadsbe 9,8 @ pllo slagy; JEI L Gloyoiss
wogre 9 48l e sy Oleys g emal 9 o
03925 s Lo 5l 6ok (loyd S 95 Sloyzy
3929 ybls a4 la |30 ¢l 5l oolaiul 639l .l
o i ol JI M5 L5 ) b
S s (Job (9,0 (ols Selasl Ly 28l
(O elie ala) Geizred 9 dege Sl e 0 BS
2l 9,5, Hla (o)lse a8 2 egdle
=S (Y-)) cwl ooyl 0g2g a b s ey
5o oolaiwl 8,50 sl J3U gU 5l ¢ Sl oolaiul ailge
oo yas-any La J3b ol (6 B coons 103 JUi
95 = G5 0 L(F) s G935 sla JBU 5L
cmlie S5l Censs 5l Pl b slo oy
il olil gz 1, (glonisS lgosal b iy oo
Al asly o 50 Sl ,e b 8L 4t
5 Smgool Slakad (ool (slankd iz gloordy
Sl loure S5 o ladae o 5 SO
shadadlowe g Jll o oYL ollgs 51 as wes oo )
iy RNA DNA o 1 cosds algunSol slag o
21097 2 (Soym 2P Jolse plp )3 0pe g (S0
Sl e cilio (5 5lonly B,k 51 (V-0) s
Gl lashd slaolisS 5l Jol> ool JSis
(035 (5055 s 33 S0l 5 Cewga ol Skl
Colis Sloygls sapima ;o oyl 5l oolainl 4
sle adisS oLl (A A) cul oa—isy slos—sg
Slabd oS5 Gk o)l Glale, JruS 5o asks
o=l 3l S e IS 039 et e 5 glite
i sla b o sadplol clios Ko 5l wolalad
= gl Gl J,—=uS (V) O e) cwloog
P r Oy (o 9550 Sl )L (n St
5 a5 005y A4Sl (695 aSJ (g lowy e 5l as Lo
S50 4>U )0 laade iulsSis ;68 5l g lnb e
S5 5l Hokied slem cnl )3 (OF) Cun lejs
G0y ool 3 )50 by |y Sealinnn (2)l55 ]

)" OF YY) QJ_":«:—" [g[_,,.,_ﬂ e b d g

http://rjms.iums.ac.ir



3 59>50 PLA/PEG &glite o ys 15U cw)
+ (NBP 3-5)PLA-PEG-PLA L a ,o.lsS
3l Jrole D3 o3lail izen 5 (539098 50 Dloogas
(s3sedl DNA L PLA-PEG-DNA _iSes
LEO Ja) SEM) 0,15 58 Ko o 5 &
(ZEN 3600 Jo—s)DLS o&—wo 4 (1430VP
20,5 oolatul

Lo yorki o5 5l e DNA (0l (s 2
sosadl DNA _la, o0 PLA-PEG-PLA
aolio oLl , PLA-PEG-PLA (slo,erlssS |
L PLA-PEG-PLA La o5 5l catol;] DNA
s Lo porlysS ol 51 Sy 48 ous (5,038, DNA
V0 4 TE 3L i e S5 jshate (nay el cows
54, PLA-PEG-PLA (sLa oilysS o, 5 Lo
S ) Jols slaygumilawgw 050 ,8 adlsl ailSlos
YV oo az,o b Sl 5bsSSl g5, 2 a8 V0
PLA- &l,3 b .30l (5,l0655 FO 1pm (90 g 4> 0
Y+ Gaeas VY- - rpm 50 L PEG-PLA/DNA
Jiloms 0555 5§ oy 5 0005 33 il i
(Tris/EDTA buffer) 5L ;d Lo G losms o9,
=l plo e 08 8Ll o los 5l S0 0 TE
oLl 5 b Pe 5 ¥ slagle; sl S350
3,5

PLA-PEG-PLA sl yorlysS oo (o)
PLA- sl olssS Coas (o, :(NBP 3-5)
0 5 el MTT cus bl » PEG-PLA
o515 L MCF-7 (sl Jsbo 51 ol oo /¥ 5l
slacel slacaly 5 S o 4 e 2 Vx) -0
BCOL L am o ¥V slos yo 5 Jiiie lails 47
A elw Y Crndd 5l e 0,8 6l as o
Do e e oo 4 LacSaly 5 S

FENER PP SIS TSP SPRPS
NBP 3-) PLA-PEG-PLA (o yoilysS 5l ol 0

CidS 5l e e (F=,,50) a0 5 a8l (5

Mo 5 saual aabld

oKiws g miloygls LSy e ;| SIRNA-FAM
A L oo yloolael Lo ayo )8 ool (g iegislugisls
ol 3l el e (JsShe (55 e ataly 0yl S
ool o g o ST 358 slo,eS p Slakad
5 et Jule) e g ojlail b olo e

Dge ddgi Dglite Jlojo (slas ;)51 Slais g0

SLETY

PLA-PEG-PLA (NBP 3-5) ,als S ji .
Srglitte a0 L PLA-PEG-PLA L aulsS
Ogal 3 youds Sloolatwl b o(V Jguz) PEG g PLA
Sl olyiea PEG 5 wliSY- L jga> ;5 il 4il>
A g 95U (lsaear SN(OCH2 (pizran
(YY)

PLA-PEG-PLA/PDNA _SL_oS gjlo ool
NBP 3-) PLA-PEG-PLA isla,ardysS s jlooole]
Water- oSS olul 5 soueds DNA (gol> (5

30,5 sll in-oil solvent diffusion technique
Lo rocksS 51 oy IS, woys (o) jslaiens
PLA-PEG- &3 6 (5,5l oz NBP 3-5
s5bas Lajles 51 6 2 05, Jslwe PLA/DNA
Y& 0 Lagl > 338 e S9! oz &lSlos
DNA iz oae g s lyogl awg ogil
dwolio o5l eSSl a3 0 colaiul o )50 adl
DNA tsls s sonlie cgz (V=,1,55) wo 5
Sl,S gl 5l plasya 5l S (e Ve, 85,0 e 5o
Gae 4y g ol J>TE 80 0d 4, Ve e o ol
Glod o Lol (610 a4 0 YV o el VY
A28V Saeds VO TpM jeo a0 F
s ol 1 i) 5 S ¥ iy S g il
Y Soe do sy /A BT 5 lawgs g cadaiils
20,5 5,985 xSIAV o el
Jol> Db ojlail 5 (Sjglsd e Sliogas (ow)
y9bieay, -DNA L PLA-PEG-PLA  iiSea

sosk s 3 39550 PEG/PLA 10,5 g PLA-PEG-PLA (clsyerliss b ) Jgu

PLA-PEG-PLA oS > PEG/PLA 10,

PLA-PEG-PLA ,olsS pb

45%PLA-10%PEG2000-45%PLA
40%PLA-20%PEG2000-40%PLA
35%PLA-30%PEG2000-35%PLA

NBP 3
NBP 4
NBP 5

http://rjms.iums.ac.ir

WWAA 3ls 5 F o)l Y9 0555 5jl) 1pSaisja glealan



~DNA ioley (650l g (liondsS b Sluogad ()2

‘5)1;\3)1.3 pDNA )|)_§3 s 0> u...f.nL..o dw lae
S L o acolie fpioman g gl Yo j0 ouuis

olias (g5l AgraSSl a1 3 5o soliwl 5 ,5spDNA
NBP- olisS 0 gilo gl ool o yian 0lo
39 OgaY 5SSl L0 snal e (0o )0 04/YY) 4
s YAIYY 55 au NBP-5 g NBP-3 sl» olssS
() JS5) o PAIRY

)‘ J_.ol.‘>- J)o o)‘..\._s‘ ) )| J_~al.‘> @L’b
o) GeiSen 3 J—ol> 13 osla il e
L ol las DLS oKws lawgs DNA L s jouds oS
PLA-PEG- slo,0dsS ;0 PEG a_0o)s yiolydl
3 Jeols Sy g o Sl oslasl oy maS 45 ggmuia
VOY) o ssal_io NBP-5 oo 5 iiSon
3w gasSSlolo (Lts s nl rizmed (2egl
o3l PLA-PEG-PLA sl» oS Lhwgs DNA
Aol Ol)d Pl s awslie ol J—ol> o)
JSi) v oo w38 PLA-PEG-PLA iiSen
Y

$U 5 SEM) 0)l55 (59 2SIl 098y Sn gl
PLA-PEG- sl»,elssS (iiSan,n 5l Jol> l)d
ol yo Jol> @lyd ol ols Las pDNA L PLA
et A5 sersd Wil e (55,5 S Tl b jlecs
20l oS oyl O PEG g PLA Gglain sy o
S8y sl Jol> @3 6l IS 5 5t

NBP (sl oshiss 5 DNA (ala; 658 (oo 2

(%) 55Y gl

L Lo Jokew sl czelo A 5 Y V8 slayloj o
(YY) e85 & omws o0 MTT cas 3l oolaiul

3 PLAPEG oglite slacas 1530w,y
4 SIRNA Jaol os3b » PLA-PEG-PLA oS
S el sdee ¥ lal jslase (uoe MCF-7 (6l Jsloo
4 a0 V- FBS 55> RPMI 1640 cuis e
e O 8Ll Ul £ ol sl Sl 5l S e
s 33,5 4l Sals o 4 Jsko YV 20 lade
20,3 BCOs a0 YV leo jo el Y o a
PLA-PEG- sl o ags jolaiads .abas (5,00
Sl plas e 5l 6,8 Je Vo PLA/PEI/SIRNA-FAM
e e NV L allas jsbay NBP 3-5 sl pouly oS
2l 6,05, LPEL 5,5 Lo +/V 4 SIRNA-FAM
e 9y Se B0 e ailBlaz jsbay Salz o 4y e
5l plaS,2 5 PLA-PEG-PLA/PEI/siRNA-FAM
VY o as Lacedy 5 8LSINBP 3-5 b oy oS
0,0 0 COy g 0l,5 ol a0 YV sles jo cels
sbiedny Guilisjsld eSS 5l a5l
PLA-PEG-PLA/PEI/siRNA-FAM 35
Oz 00,5 eolaiwl MCF-7 sl Jol o 4
o352 » PLA/PEG (slaces 16 (o, jolinee
oo ;i MCF-7 sla Jobw 4 sSIRNA JLas!
20,5 solawl (6 yeginlugld

bazily
S5t oy 5 (Saisdsi e oo sl

50 -
40 -
30 -
20 A
10 4
0 - . . .

NBP-5

NBP-4 NBP-3

oalawl )40 6\.&,;._.1.;‘,5

(NBP 3-5) PLA-PEG-PLA (¢loyorlisS 5 tyeusd DNA ()i 1o 3 csSilis dunglio —) 505

WA 313 5 O oyl YF 0,55 15jl) 1xSibijs ogle alan

o

http://rjms.iums.ac.ir




)Ko.h 9 d.—\._a,hb abld

A) SizeDistibation by Itensity B) ize Distibution by Iensity
© 3
0 P
2 © o
: |
23 2w
i i
) £
10 10
0 . . 0
01 1 10 10 1000 10000 01 1 10 10 1000 el
Size (dom) e (dom)
C) 450 -
400

(nm)s 1l

350 -
300 -
250 -
200 -
150 -
100 -
50 -
0 - T T T T T

eslazul Soae <lys
s o3l i 1B 5 A DNA L iS55 3 5 3yite Spgords PLA-PEG-PLA (sl oS iiSonnys 5 ool 3 ool gjos —F U5l
15 55 iin &y NBP 325 cla jarlysS tiSany j| Jools @l 0l (5o auglio (C NBP-5 3 NBP-3 (glo jaslysS iiSanys jl Jols

ry
prs

' <
4

DNA L .Sy

)‘ J_.ol> ul).) yl_: A W)J L ‘PLA PEG PLA )4..1:5; U..Sn.m); )I J.ob ul).) 9)‘4 )](SEM) b)li: @5).$" ugs.wg)gu.a )J}Lm ‘ﬂ J&Aﬁ

oliglols s oglate slayboyouns o odale
| Lag] Coams 5l Lajarly ol Ll glojons
il G ols las guls ol rioran ams oo Lial3dl
sse PLA-PEG-PLA (slo ya.lisS o PLA b0
35 Laparly ol 51 oslinul ol oo Lsial33l 5 Camons
5o ee o p 59K 000 5l S slacdale
(A= JS8) Diogy 10555 5 (famly Soros
PLA- ,olisS ;s PLA:PEG coes 36 o)y
Lo sl 4 SIRNA JLisil oo »» PEG-PLA

http://rjms.iums.ac.ir

=y 3l Jeole slrosls Sl anslio mls :3-5
ol NBP 3-5 le elisS 5l DNA isle ) (56X
Eo dw ;2 50 Jol ad3o VD ;o DNA jle, ols
Sl o j0 cpl oldl Glas] g loxasl & jgody joudysS
JS2) w8 3 plosl il & jpoar ale o3l ey
«(f
PLA-PEG- sl o055 oo oy
S om MTT cus 3l Jol> s :NBP 3-5)PLA
4, NBP 3-5 slo oy S L MCF-7 sl Jolos jlos

WA 313 5 ¥ oy Y7 055 1gjl) iRiidjs mglealan



SDNA Loolay 69801 g olandsSo b luogad (ow)y2

80 -
70 -
60 -
50 -
40 -
30 -
20 A
10 A
0_

DNA s, 1oy

15

u NBP-3

u NBP-4

An 60

(4-5-;53) )Lo-g-‘f C}Lﬂj

NBP 3-5lajoilyss 5IDNA e (658 (550be angli -F JSu0

120 +
100 -
80 -
60 -

e 0di (%)

40 -
20 -

0 m
control 500

1000

ENBP-3 mNBP-4 =NBP-5

1500 2000 2500

9 (S e o a Ko u8%m) paliiad 3 9a paily jlka
el 15 b lojite 5 Sglize edal 5 MCF-7 (gla Jsbo sloods; 1 cilises yadssS i1 uSilio duamlio 0 JSi5

120 4 ENBP-3 mNBP-4 mNBP-5

100 -
80 -
60 -
40 -
20 -
O_

JL“ aJd)' (/)

control 500 1000

1500 2000 2500

Cad e 2 55,5000 oolisdl 555 ey 1t

ol V¥ balojote 53 @slie bedale ;s MCF-7 (gla Jsho oot s cilin yolysS i1 il dunglio —F JSU5

aly s (6 yeginlwgld oo g Lo Jolw
PLA- &l U lawg JLasl aojb ol s
old gl 5,0 PEG-PLA/PEI/siRNA-FAM
s ) eiored (a0 YY) 0l cunlie NBP-3
Slyd ¢l yo Jlasl eojls ol o eSSl lis
Sl ol sl 45 (30,0 OF) o ssmlie NBP-5
Jsl oa3b aalidl o PLA ashad cos iul5dl 50

() JS5) Cown SIRNA-FAM

WAA 315 5 o 05l 5 o555 15l iibja ogle alan

ol NBP 3-5 5 il L gy MCF-7
St MCF-7 (s Jsb 51 (ool 55y S
PLA-PEG-PLA/PEI/siRNA- &1,3 6 L oo
4 Cowd PLA sCo 0 olpdl b by les FAM
sl Gl Jobo & b Jucs nl 39,5 0l5ee PEG
L MCF-7 slaJsbows Lo j0 4S04 28l
29 ol yols S5 (i NBP-3 la s
NBP-5 (sLs | woce L MCF-7 (sLa Jolu Lo
(A Sty 0t osalica Luiliasls S5, a8
ol (elae amlie 5l ol mlis (rizren

http://rjms.iums.ac.ir




120 ~ ENBP-3 m=mNBP-4 NBP-5
100 -

5%“[[‘{::

control 500 1000 1500 2000 2500
G Ghen S5 eslinal 5550 oy Sl

Sbeoi; (1)

el A b jlojnse p> cglie acdale ;3 MCF-7 (cla Joho Slooss; s ciliseo yodssS 51 uSilo dulio =Y JSUS

PNBP-4 olis S ) sl oo 2 £559,500 100+ 5000 Slocale bond Jlo 5 1A sald slaJsbo J| (5San (6395 58y Sem gl A JSW0
C 4B el FA flojose

100
B Gate: R1 C- 100 S D 1% 15aRT

NBP-3 ; NBP-4 NBP-5 L o5 o ctlo_Jsbo §] ybyglé cogSs Seo

Bad 0,8 5 cwlio (658058 0 4 olws o LB Slashd olo oligS 0 34 pamie & jgod dxg b
2 PLA aabis soyo 50Uy padllas ool 51 (68500 cans; o3 5l PEG g PLA Glakss g4l>

http://rjms.iums.ac.ir VWAA 505 5 O oyl Y5 0,55 5jlg iy Suisjs ogle alan



~DNA ioley (650l g (liondsS b Sluogad ()2

100

80 -

Gene delivery (%)

Control

60
40 -
20

0

Nanoparticles

s> NBP-5 s NBP-4 NBP-3 @l)5 55 L o jlag csla ol b ylas j| 6 tagisluogls 6850 j1 Jols gl uSils dunglio ) ¢ JS0a5

JSs) el pals 1 Jols sl s o3l0sl PEG
(Y

G=yb 3l aglane JSil oloy! o o fue SUlgs
oSyl S 5 90 oo 448 iS5 3
e Ly 55 o pni 58 o oS onins oSt
Seslaiwl oLl 550 5l o, g Lo,y ), 05
aalgs gluygyls ;o slogdll 0,5 a5 cuvn o Juus
SoSwg S | Jol> pglar (YA-YF) cils
S ) ol o 5 53,50
ol olzs «(NBP 3-5) PLA-PEG-PLA oglas
NBP-3 sl jolssS £ a2, Jool> sl fuo
IS8y ail so (59,5 S (l,lo NBP-5 4 NBP-4
PLA olabd cas jo s ols las polas ol (¥
Jol> slae JSb 1 oz U PEG
RO PV RY

» PEG g PLA sk g5l> slo poudssS oUlgs
Sl an goasie oladgss o )b Luls, |8
Oloyd 5o Gladise Sy ol (Ve Vo) Canl oo,
Sle il al vy 4 JLs aS Lo low 5l (& 0
el S iiSan 5 ool (sla e 5l sl

&wg 9 PLA L5l &Y 4llsSPLA-PEG-PLA
L PEG swgoo! caols 4 4545 b «wowwn PEG
S PLA an cod oy cnl Josbe 55 (38!
slze ;9 PLA-PEG (lofuce 55l 25,50
S s Gl s £9050 (nl &5 sl RalS ]
> NBP-5 Lo s 05,5 .« DNA la, o

WA 313 5 O oyl YF 0,55 15jl) 1xSibijs ogle alan

PEI/siRNA-FAM

Ol ogas ,  PLA-PEG-PLA Ly
S0 eizred 5 Gl oIl euen (059058 0
s5biean goasie slaSiSS 09 DNA (6,135,
PLA-PEG sla s ;5,9 DNA 5,5 dJgunS!
SeaSS 5l Gz ol 50 (VY VY) el onis )15
4, Water-in-oil solvent diffusion technique
GYL as )0 (IS8 ojlasl L olyd adgy Lo
ool DNA lio Lisla, 5 5oVl
Sl slo e les il 53 350 Jelse 51 s 5
S5 4 ol PEG 5 PLA 651> sl joclysS 5|
o)Ll yorkoS jo Slalad slass (izmen 5 s 4
double S5 sl oais_yi |55 a5 g, sboay 5,8
Emulsion- S5 L 4 wslas ,o emulsion
il 8¢ >g 4 |, 655, slo s diffusion
5l J—ol> sla Juos o3l pomen (V) 841
L aslio ;o glaalad Jloz slojbimw sl pocdysS
laskd 5,5 5 65 Gl yeeysS I Jol> sl Jucs
lia 55 5 SrsS o3l b (sl e S 5SrsS
e VL sl 5l 5SS, sl b
o=l 50 (YO YF) aib o ylo,95 5 EPR g
Soie a s PLA ashd co s i3 8l L asllas
aS 5, 9bdy 28l 00933l Jol> IS olasl 4> g5 B
ol a S NBP-3 Ls S 50 olyd ojladil oy iy
Sgr Jl 50wl o oanlie 0y PLA as o oy yiiis
o), PEG alabsd co i 5 )3 05lasl pas 45
S Gl L a8 (Ggomiay CBld S92y (cwoSire

http://rjms.iums.ac.ir




B cwl Azl azlae Covgaze L) b pos oyl
Lo yorls 5l ooliiul b S9lS W yary gy o5
sealS jslaieas PLA 4 PEG 3 51 )55l cas
s DNA iola, J558 (e 5 b)) Cons
"ok d g)ls Q32 Oliee o Job slae b a8 ]
A oo Gl ply s e w1 ol lalins e
ool 5,0 0 poai I ol zlas (YA YO)
et 5 il S S Lausgs MCF-T
L ool lis s pmginlwgisht olliws 5l Jol> mls
PLA-PEG-PLA ,ols5 o PLA cas 3l
el aalys il 3l SIRNA-FAM il o0l
JJPLA-PEG Jlasl aSol w azg b .(V e 99 JSS)
PLA- (slo Juso 5 Jsbo sl ¢ (35 sl b
3 A e 85 4 1A (YD) 0,5 o plxl PEG
PEG so,0 b sla el jo Jlsl oo pals LYo
5 ok slad b a8l 5o lag] a8 bles s
23b FITC (6,138 )L ooy S L
LPLA-PEG-PLA o lisS g4 s Guios (ol jo
St e 9235 e Gl ddl> gali yeddy
Water-in-0il oSS lawgs DNA g5l a5 STl
aoh 48,5 LS 4 solvent diffusion technique
omzzar g MTT s DLS olKiws 5l Jol> gzl
o3lasl Lmolidl s wlo lias il old Gy ,Se
g DNA (55l algnSSl 51 ol sl fe
o il b MCE-T (sl ok 4 o e 0
3,10 0429 (soniiwe atal) o oisS ol o PLA
PLA- yaslis S 5 PLA o 21381 L oS 5958,
3 ol e el sl & s o ol 35
Lo olisS W PLA s sy ol 8l aS 0g J>
V0 0 DNA sl o, ce, . PLA-PEG-PLA
as>y L.cosl els PBS 5L L PLA/DNA
ol 3l ol mls 1A Slajg,le jo b 3L ol ols,
o5lasl cp adal ) oy ygl s an L Qilgs o iz

http://rjms.iums.ac.ir

\)

Mo 5 saual aabld

PBSL jles Jgl 4280 V0 )0 b Jue pl b as i

s a1 L(F USn) ol s 1) g iias Gla,
yorksS 59 DNA il o s (ial38l e o o
Rl L anlie o o] 2ty g o, LLNBP-5
ASL PEG cas alidl Lo & o pory oS

VO ;0 w0l g oamn ¥ STl o a5 (g 9kl
PLA-PEG- 5L Jome JLs 51 oy sl 4
DNA ;I kel i3 PBS s, L, PLA/DNA
NBP 3-5 oo S g95 a0 ;0 o0l alg Sl
e SSlalp b asulaaxglb.od gilole,
PLA-PEG-PLA sla,0dssS lawgs DNA 53l
w0 (aw Cod 3 plgi o0 DNA
siale, ade vy o a4 13 008 g SOl o
s oud Jate DNA s abogy o adsl ol 5o ok
S 5o ol il PLA e slacwdd s PEG
Solay agdo Fe g aado Ve slayley Dow jo aS 0y
iz o penly S G ey S e 50 (g
JSs) 000,55 ssalie NBP-5 ¢ NBP-4 NBP-3
S owm DNA ala ) e il S Yo I (F
0y Jla o lemn s 4880 V0l jue
2,5 o,lsl DNA sla, ,0 PEG

Sy Jd5 4w PLA (rozen s PEG (la iy
Glod i joboas YU (g pdy P 5 (6,55
S8 eslaiwl oy (Slwyg)ls o Bl wiige o
3ol el aunlin Hloged (YY-TY) 0,5
L oads ,las MCF-7 sla Jsbow Slecos cas
sleglojioe g bedale s NBP 3-5 slaoilysS
NBP 3-5 sl oudssS 5l plaSma wls olis oglass
Pl e Se B0 oolitul 550 cdale U
Oy 9O Cpmized diblad glatasMe B oo
Oy g0l glas NBP 3-5 slw oy oS
Gl L s e 515 4 ol 025 samlive Coons
Coomws o5 i PEG L auslae o PLA 50
O 0 A (D SIS 90,5 0 099380 byl oS
sbedob am 05 JLil cner (5 sba 3t
PEI |3 5| Ss5lS slo J8U ol o)l lasliy
8,95 YL HiSandl 5 eosl 5l e e g PAMAM
as La pady ol (YL Coons Ll (YO YF) wiil oo
Il eola ol (VY YP) Jobw clic 4 el JJo

WWAA 3ls 5 F o)l Y9 0555 5jl) 1pSaisja glealan



~DNA le) (530 5 (olordsSosd Sluogad o)y

mPEG-PLA polymers: Investigation of conjugate
linker and polymer composition on stability,
metabolism, antioxidant activity and
pharmacokinetic profile. PloS One; 2015.10(3):
e0118824.

10. Abebe Daniel G, Kandil R, Kraus T, Elsayed
M, Merkel OM, Fujiwara T. Three-Layered
Biodegradable Micelles Prepared by Two-Step Self-
Assembly of PLA-PEI-PLA and PLA-PEG-PLA
Triblock Copolymers as Efficient Gene Delivery
System. Macromol biosci; 2015.15(5):698-711.

11. Perez C, Sanchez A, Putnam D, Ting D,
Langer R, Alonso MJ. Poly (lactic acid)-poly
(ethylene glycol) nanoparticles as new carriers for
the delivery of plasmid DNA. J Control Release;
2001.75(1):211-224.

12. Jonas JB, Kreissig I, Degenring R. Repeated
intravitreal injections of triamcinolone acetonide as
treatment of progressive exudative age-related
macular degeneration. Graef Arch Clin Exp; 2002.
240(10):872-873.

13. Tamura H, Miyamoto K, Kiryu J, Miyahara S,
Katsuta H, Hirose F, et al. Intravitreal injection of
corticosteroid attenuates leukostasis and vascular
leakage in experimental diabetic retina. Invest
Ophthalmol Vis Sci; 2005.46(4):1440-1444.

14. Young S, Larkin G, Branley M, Lightman S.
Safety and efficacy of intravitreal triamcinolone for
cystoid macular oedema in uveitis. Clin Exp
Ophthalmol; 2001.29(1):2-6.

15. van Kooij Rothova BA, de Vries P. The pros
and cons of intravitreal triamcinolone injections for
uveitis and inflammatory cystoid macular edema.
Ocul Immunol Inflamm; 2006.14(2):73-85.

16. Tamboli V, Mishra GP, Mitra AK. Novel
pentablock  copolymer (PLA-PCL-PEG-PCL-
PLA)-based nanoparticles for controlled drug
delivery: effect of copolymer compositions on the
crystallinity of copolymers and in vitro drug release
profile from nanoparticles. Colloid Polymer Sci;
2013.291(5):1235-1245.

17. Vila A, Sanchez A, Pérez C, José Alonso M.
PLA-PEG nanospheres: new  carriers for
transmucosal delivery of proteins and plasmid
DNA. Polymer Adv Technol; 2002.13(10-12):851-
858.

18. Zou W, Liu Ch, Chen Zh. Preparation and
characterization of cationic PLA-PEG nanoparticles
for delivery of plasmid DNA. Nanoscale Res Lett;
2009.4(9):982.

19. Hu Y, Jiang X, Ding Y, Zhang L, Yang C,
Zhang J, et al. Preparation and drug release
behaviors of nimodipine-loaded poly
(caprolactone)—poly (ethylene oxide)—polylactide
amphiphilic copolymer nanoparticles. Biomaterials;
2003.24(13):2395-2404.

20. Hu Y, Xie J, Tong YW, Wang CH. Effect of
PEG conformation and particle size on the cellular

WWAA 5l 5 F o jlas Y8 o555 15jl) g Db js mgle alan

AR

5| #loS ,a g PLA-PEG-PLA saims LS olass

5 050l b slo o b 50 ¢S Wl 553 Slosguas
ib ogllae Hlais g ule) Cag pu uizmen

JLUSWEPRgYRN-H

7S m 5 g, pione Siglan | algimany
a>ly ol ale oKzils ol slo Jsku lidion

Lg)l_:d_._apu)_,.e‘.:u)_:bdb}‘)a bLodSJ.:.g.))

References

1. Bishop CJ, Majewski RL, Guiriba TR, Wilson
DR, Bhise NS, Quiflones-Hinojosa A, et al.
Quantification of cellular and nuclear uptake rates
of polymeric gene delivery nanoparticles and DNA
plasmids via flow cytometry. Acta Biomater; 2016.
37:120-130.

2. Chen J, Guo Zh, Tian H, Chen X. Production
and clinical development of nanoparticles for gene
delivery. Mol Ther Methods Clin Deyv;
2016.3:16023.

3. Pathak RK, Kolishetti N, Dhar S. Targeted
nanoparticles in mitochondrial medicine. Wiley
Interdisciplinary Reviews. Nanomed
Nanobiotechnol; 2015.7(3):315-329.

4. Kafil V, Omidi Y. Cytotoxic impacts of linear
and branched polyethylenimine nanostructures in
A431 cells. Biolmpacts; 2011.1(1):23-30.

5.Liu G, Ma §, Li S, Cheng R, Meng F, Liu H, et
al. The highly efficient delivery of exogenous
proteins into cells mediated by biodegradable
chimaeric polymersomes. Biomaterials;
2010.31(29):7575-7585.

6. Lomas H, Canton I, MacNeil S, Du J, Armes
SP, Ryan AJ, et al. Battaglia. Biomimetic pH
sensitive  polymersomes for efficient DNA
encapsulation and delivery. Adv Mat; 2007.19(23):
4238-4.

7. Lomas H, Du J, Canton I, Jeppe Madsen P,
Warren NJ, et al. Efficient Encapsulation of Plasmid
DNA in pH-Sensitive PMPC—PDPA Polymersomes:
Study of the Effect of PDPA Block Length on
Copolymer—-DNA  Binding Affinity. Macromol
Biosci; 2010.10(5):513-530.

8. Locatelli E, Franchini MC. Biodegradable
PLGA-b-PEG polymeric nanoparticles: synthesis,
properties, and nanomedical applications as drug
delivery system. J Nanopart Res; 2012.14(12):1-17.

9. Siddalingappa B, Benson HA, Brown DH,
Batty KT, Chen Y. Stabilization of resveratrol in
blood circulation by conjugation to mPEG and

http://rjms.iums.ac.ir




uptake efficiency of nanoparticles with the HepG2
cells J Control Release; 2007.118(1):7-17.

21. Asadi H, Hamidi M. Preparation of
biodegradable nanoparticles of tri-block PLA-PEG—
PLA copolymer and determination of factors
controlling the particle size using artificial neural
network. J Microencapsul; 2011.28(5):406-416.

22. Hashemi M, Karami-Tehrani F, Ghavami S.
Cytotoxicity effect of Cladribine on the MCEF-7
human breast cancer cell line. Iran Biomed J; 2004.

8(1):7-12.
23. He G, Venkatraman SS. ABA and BAB type
triblock copolymers of PEG and PLA: a

comparative study of drug release properties and
“stealth” particle characteristics. Int J Pharm; 2007.
334(1):48-55.

24. Jie P, Venkatraman SS, Min F, Freddy BY,
Huat GL. Micelle-like nanoparticles of star-
branched PEO-PLA copolymers as
chemotherapeutic carrier. J Control Release; 2005.
110(1):20-33.

25. Ma P, Mumper RJ. Paclitaxel nano-delivery
systems: a comprehensive review. J Nanomed
Nanotechnol; 2013.4(2):100

26. Cai S, Vijayan K, Cheng D, Lima EM, Discher
DE. Micelles of different morphologies—
advantages of worm-like filomicelles of PEO-PCL
in paclitaxel delivery. Pharm Res; 2007.
24(11):2099-2109.

27. Discher BM, Won YY, Ege DS, Lee JC, Bates
FS, Discher DE, et al. Polymersomes: tough
vesicles made from diblock copolymers. Science;
1999.284(5417):1143-1146.

28. Rajagopal K, Mahmud A, Christian DA,
Pajerowski JD, Brown AEX. Curvature-coupled
hydration of semicrystalline polymer amphiphiles
yields flexible worm micelles but favors rigid
vesicles: polycaprolactone-based block copolymers.
Macromolecules; 2010.43(23):9736-9746.

29. Wu X, Li S, Coumes F, Darcos V, Lai J,
Himb K. Modeling and self-assembly behavior of
PEG-PLA-PEG triblock copolymers in aqueous
solution. Nanoscale; 2013.5(19):9010-9017.

30. Danafar H, Rostamizadeh K. Drug-conjugated
PLA-PEG-PLA copolymers: a novel approach for
controlled delivery of hydrophilic drugs by micelle
formation. Pharm Dev Technol; 2015:1-11.

31. Chen H, He S. PLA-PEG coated
multifunctional imaging probe for targeted drug
delivery. Mol Pharm; 2015.12(6):1885-1892.

32. Frounchi M, Shamshiri S. Magnetic
nanoparticles-loaded PLA/PEG microspheres as
drug carriers. J Biomed Mater Res A; 2015.103(5):
1893-1898.

33. Scaffaro SR. reparation of three-layered
porous PLA/PEG scaffold: relationship between
morphology, mechanical behavior and cell
permeability. J Mech Behav Biomed Mater, 2016.

WA sl 5= O o bl Y 0,53 15il) |_..5.|.'I'IH ogle alan

VY

San 5 cpnl aabls

54:8-20.

34. Lungwitz U, Breunig M, Blunk T, Gopferich
A. Polyethylenimine-based non-viral gene delivery
systems. Eur J Pharm Biopharm; 2005.60(2):247-
266.

35. Urbiola K, Blanco-Fernandez L, Navarro G,
Rodl W, Wagner E, Ogris M, et al. Evaluation of
improved PAMAM-GS5 conjugates for gene delivery
targeted to the transferrin receptor. Eur J Pharm
Biopharm; 2015.94:116-122.

36. Hong S, Bielinska AU, Mecke A, Keszler B,
Beals JL, Shi X, et al. Interaction of poly
(amidoamine) dendrimers with supported lipid
bilayers and cells: hole formation and the relation to
transport. Bioconjug Chem; 2004.15(4):774-782.

37. Seungpyo H, Leroueil PR, Janus EK, Peters
JL, Kober MM, Islam MT, et al. Interaction of
polycationic polymers with supported lipid bilayers
and cells: nanoscale hole formation and enhanced
membrane permeability. Bioconjug Chem; 2006.
17(3):728-734.

38. Bivas-Benita M, Romeijn S, Junginger HE,
Borchard G. PLGA-PEI nanoparticles for gene
delivery to pulmonary epithelium. Eur J Pharm
Biopharm; 2004.58(1):1-6.

39. Lim WT, Tan EH, Toh CK, Hee SW, Leong
SS, Ang PC, et al. Phase I pharmacokinetic study of
a weekly liposomal paclitaxel formulation
(Genexol®-PM) in patients with solid tumors. Ann
Oncol; 2009:315.

http://rjms.iums.ac.ir



	ID

