552 Wl = T o R No. 2
2014 4£ 2 H ACTA POLYMERICA SINICA Feb., 2014

PSI-g-PEG-DDA i i & (4 B I # S KM AR FHEE
Ko 3t IR i ik 1S = IR RO BT 5T

FiEA® BRH'T 2R

=

(R BB
R P31 VS DY T

A2

RKERAT IR K '
K#H  130021)
130012)

H E ORKREMR(ASP) H B3 R F= Y R EE AW W e (PSD) il it 5 R AR & R ik (oM B -0- 41
- ) FT R (DDA ) #1738 820 45 FE 3R R, 4 T RGE PR IR T 3R A 4 3R 5% 30 Bk W e B B R 2
W25+ W (PSI-g-PEG-DDA) . B % Bl 28 B K 4 BE DDA BYIEAL FO ), 38 i e R AR Y AR AL T B Ay 3%
B H A5 A% ik SE PR 3 (' H-NMR) B BERR 5 15 (38 (GPC) XM R AW IR MEAT 7 R AF S AR, BAEY
X S Vs P R U M S A R A R ORE T R AT A B, A TR T 1 K e R NG M 4 Ak 2k 4 DK OBL T ( PSL-g-PEG-
DDA@ TONPs) . 256 5T ( DLS) A3 5t H0 85 (TEM ) %38 AU A9 7K 35k AL B kb T ROR A2 SISt 47 T
RAE. PRHM T2 Rk 5 AR (MR in vitro) B 72 T il £ 19 S fL AR QKR T 19 R2 7 3 75 . I 9 /D BROBE TR 17y
AR DY AZ 1 385 5% BUAR (MR in vivo ) 25 5 3¢ B 0 8 S84 4k 290 KR —F 0 ik 9 38 00 5 B 8 1) T2 A2 6 3 5% 1 SR 80N
AR KA AR IR IR T, DA b S0 25 SR R 5B 20 A K IR 48 >k S AR ok T BT AR S — Tl A B T

e G N0 P A T R R

KR PORMEBRIRTE RS Y, BOR, BRI EAER, BRLE R

SRAEY P &5 NS -2 3 KA B A e 4
PEIR W IG5 T T 248 A
2 T ALY K LT R IR 1 AR Ak R g K R T
( SPIONPs) T AT LA T 4% i i mi AR b 1 i 52
FTT ) 32 WF 5 0. R A o AR T 491 38K
SPIONPs EA B & 09 4L 51, 42 45 % i 9 X 3l iy 3
fRAE S S W T H R AR AR Y — B
S AT ¥ 1 PRy SR A Rk 9 KOk T 3 R I
T A R A R K g8 K kL T R T G i
REAL 23 T R T LA S A K s e A R R s
N E=RIRT P S A S X 750 iy N MERE I AN =X
BRANKORL A By A A PSR 1 1 45 1) b AR 25 4 58
SR T IR R AT R R A B S
T X AR 9 3 4% B4 S T AN KOk T 2 TG A, DA
A BE A YR G KL T 1) 2% T 25 4, i o A 2 T B
Bebe 5 ot B R AR R L AR
PICRPER G W R AE 20 2 12 W 1850 5 T 6
R MR R G YR B A B AF R R e 1k Xl

# 2013-05-31 Yt Hi ,2013-08-06 &7

s 0 THIK R N, E-mail : shubo0918@ 163. com ; chenliang_jlu@ 126. com

doi:10.3724/SP. J. 1105. 2014. 13186

194

PEGKRL T AT B, B 23 X0 48 KokE ¥ 3% i
ARSI TR I 3R A 0 I TR A A K B 2 T R R T
AL A O A

AR T X P i B AL SR, 2 P R 2 3R
AV T EA R A A PR S LL )Tz T
C R S 5 4 T RS Y i B L R
WA TE TR A5 W 5 AT S K D B R K D BE | G o 45 4
5y i B WA By B R R AR TR e R (AR —
PRI, BRI A WK h T A TR B K BE B, 7T
LA 3k 9 A 290 KR 2 THT 9 51 7K IS AR B AR
AT REE AN ORORL T, A TR SR A Bk AR B Y
FR 7R MR 9 RORL - 0] AAE AR W) (IR 28 SR A
JIZ R R TR B A b PST AR
W R AT AR 4 A A A W R E L A
GG )2 W 15 2 78 B 398 K OhL 1~
A HE

RSO FATT G A W AR A R B XOGE AR PSI
R Y B AL Bk 9 KT 5 U S &l 1 B



2 1 TG 0 %5 PSI-g-PEG-DDA Xif i1 5 1 8 I 2k 420 Ak 2k 400 KR 7 119 6 B8 R o) i 98 4 i i %2 S 1% R A0 5 195

7N, RA&FTR (ASP) H B #4552 77 1) 5 3% 30 Tk 0
Jiie (PSI) 38 3 15 2 3 Ak 3 2 1 o W ik (o 3 -
w-F R W) M+ e (DDA) 17 i &2
PIALTF IR U, L) il 2% T W SR M B R G
RBE I W WG A R 2 S+ % (PSI-g-
PEG-DDA) , 18 T DDA HERR X i o ki 42 Y
S B T e B A 30% (DDA BT
5 PSI 5T R A L) TP REYM A
B 7K Bl B ot BB | T LA 55 T G KR T 2 T 1

TR TC A 7 AE R % 58 1 43 F TR F O, 0 40 Ak
0 KR R b 2 S . R AR RS 3k
I S B 7K B 18] S5 A 19 585 A0 X ek S e T
AL 0K KL T (SPIONPs ) #E4T 1 336 | I % 1l
Tl 37 8 (%) 7K %5 1 SPIONPs (1) kL 4%, JE 57, 1 4b 41
JRLEEPEFEAT T RAE. BEAb, B B 8 K I 1 R I
PE4E AL B 98 K BT ( water-SPIONPs ) X 4T T 1K
P ARSI R 3 5 U

CH
(?<%H3 Yﬁ 3
m3\g
\z\n
”NHZ NH NH
oc” o oc” o
O n—x-3y

Fig. 1 Synthesis route of PSI-g-PEG-DDA
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Fig. 7 TEM image of (a) oleic acid@ IO and (b)
PSI-g-0. 3PEG-0. 3DDA@ 10
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Fig. 8 TGA curve of PSI-g-0. 3PEG-0. 3DDA@ IONPs
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Fig. 9 VSM analysis of (a) oleic acid@ 10 and (b) PSI-
0.3PEG-0. 3DDA@ 10
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Fig. 10 Cytotoxic activity assay results on HepG2 with

different  PSI-g-0. 3PEG-0. 3DDA  and PSI-g-0. 3PEG-
0.3DDA@ 10 concentrations
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Fig. 11 T2-weighted phantom images of PSI-g-0.3PEG-

0.3DDA@ 10 at elevated iron concentrations and 1/T2 versus Fe

concentration curve of PSI-g-0. 3PEG-0. 3DDA@ 10
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Fig. 12 T2-weighted fast spin echo images of ICR mice with liver cancer tumor: (a) blank (injected with PBS buffer) and after

injection of 0.2 mL PSI-g-0. 3PEG-0. 3DDA@ IONPs with a concentration of 2. 0 mg/mL for (b) 1 h (¢) 24 h and (d) 48 h

(The arrow denotes allograft tumors. )
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Organic Soluble Superparamagnetic Iron Oxide Nanoparticles Coated with
PSI-g-PEG-DDA and MRI Imaging for Cancer Diagnosis

Hai-long Huang®, Shu-bo Zhai'", Cai-jin Li’, Ying-mu Zhang’, Jing-yuan Wang’, Liang Chen'"
(' The First hospital of Jilin University, Changchun 130021 )
(*Alan G, MacDiarmid Institute, College of Chemistry, Jilin University, Changchun 130012)

Abstract This research aimed to develop a novel polymeric micelle system to deliver iron oxide nanoparticles
to tumor regions. To achieve the purpose above, the amphiphilic rentipede-like polymer poly ( succinimide ) -
grafted-poly ( ethylene glycol ) -dodecylamine ( PSI-g-PEG-DDA ) was successfully synthesized. A study on
structure and properties was conducted then through gel permeation chromatography ( GPC) and nuclear
magnetic resonance (' H-NMR). Through the phase transfer process, the amphiphilic polymer was used to
encapsulate the superparamagnetic iron oxides ( SPIOs) for preparing the stable water-soluble SPIOs. The
product was found to form spherical micelles in aqueous media due to its amphiphilic nature with an average
particle size of 50 nm measured by dynamic light scattering ( DLS) and TEM imaging. Magnetization curve
showed the water-soluble IONPs kept the superparamagnetic property of organic IONPs. An MTT assay showed
no significant cytotoxicity of IONPs to HepG2 cells. Remarkably, MRI showed that IONPs displayed a clear
concentration-dependent T, signal reduction effect, with an R, value of 187.3 (mmol/L) ~'s~'. The result of
mice magnetic response imaging ( MRI) in wvivo showed that this new type of SPIOs caused a great
enhancement effect on T, magnetic resonance and long half-life in the circulation, which confirmed that it
could be used as a potential contrast agent.

Keywords Amphiphilic centipede-polymer, Micelle, Superparamagnetic iron oxides, Magnetic response

imaging
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