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Influence of superparamagnetic iron oxide loaded polymermicrospheres
on enhanced MRI for liver cancer of rabbits
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[Abstract] Objective To investigate the influence of self-made superparamagnetic iron oxide (SPIO) loaded polymer mi-
crospheres (s-PLGA) on MR imaging for liver tumor in rabbits. Methods Double emulsion method was utilized to prepare
the s-PLGA. Twenty-one days after implantation of VX2 tumor in liver, 12 rabbits were randomly and equally divided into
three groups with the injection of s-PLGA (s-PLGA group), saline (saline group), and PLGA 1 ml/kg (PLGA group) via
ear vein respectively. MR imaging was performed before and after injection of the above three agents, the signal intensity
(SD of liver parenchyma and liver tumor were measured, then the signal ratio of liver tumor to liver parenchyma was calcu-
lated before and after enhancement. After MR scanning, the rabbits were sacrificed, and Prussian blue and HE staining of
the livers were done. Results The s-PLLGA microcapsules were observed with regular spherical morphology, and the aver-
age size of s-PLGA was about 800 nm. After injection of s-PLGA, SI of liver parenchyma reduced markedly. while no sig-
nificant changes of SI were found in liver tumors, and the signal ratio of liver tumor to liver parenchyma increased signifi-
cantly compared with the other two groups ( P<C0. 05). Accumulation of blue particles within liver parenchyma was ob-
served in s-PLGA group. Conclusion The self-made s-PLGA microspheres can effectively enhance SI contrast between the
tumor and normal liver tissue in rabbits, which may having potential application value in the detection of liver cancer.

[Key words] Superparamagnetic iron oxide; Polymer; Magnetic resonance imaging; Contrast agent; Liver neoplasms

£ IR AL 55 9 F OOk 0o 5 BT A8
MR B 1§35 5 9 5 i

IRV, R AT RS, R &R
(. BRERKABA AR AT LB 40001052, B R ERK MRS —
B R R 3. B EE K 400010)

(H ZE] BR WA B H08 R E AL (SPIO) w4 F Mk (- PLGA) X S JIF 9 MR BURRCR I, FiE I
ek il 45380 SPIO BB 4 F ek . 8 7% VX2 IF@ARE R 12 1, F i fh s 21 ZOB ML 3 41, 435 2 B 4 # ik i
A sPLGA(s-PLGA #1) A= #h K (E Rk 40) P 2 PLGA 1 ml/kg B (PLGA 40) . HHHET. 51T MR 4 K 1 08
FA L 43 500 D0 S P S5 TR R 15 S SR BE L T M /I SE AR S R B L . HIRE A S AL SE B W, BURE AR A 4T HE
LR, TRMETWE. ER  H40 s-PLGA 2MNERY , HAZZ) 800 nm., MR & /R, H 4 s-PLGA J& , JIF 52
JE A T 5R E ET W MR (R 5 TE I B AR Ak, e/ ST A 5 5 R X v B R R A B R K K PLGA 41 (P<<0. 05),
HEa YO BN, s PLGA AR SN A B2 Y WOR 31 . 8518 F il s PLGA B AT 2503 5 A R b g 5 1F % 41

[(EE&HE] FRKARPIEA T HIHE (81130025)  FEFR Ch i & /ESH (81161120548) ,  4FBH4#: JL 4 10 H (30900371)

CEZ R ] PMH (1985, 2 Gl 5 » 1L RIS AL 7R L T+ . RSSO0 1) . 2 D Rk 75 3 5 00 19 1 46 S . E-mail: sy19850905@126. com
CEFEE] EEN, & RER KB ER =I5, 400010 1 RERN K2 HHE 55 — BE R AR 400010, E-mail: wzg62942443@163. com
[e#s HHT] 2012-03-26 [f&E BH#I] 2012-05-01



o 1446 - o E B 2R R B R 2012 AR5 28 #2585 8 ] Chin ] Med Imaging Technol,2012, Vol 28, No 8

ZUA] Y15 538 B2 L, X2 W7 R Tk BAT — 5 I R A (L

[RERIA | R E A B 5 5 20 1 B ORE s MG AR 1050 5 08 EL5H0 5 T fif 78

(RMESEES] R445.2; R-332 [X#kRiZAE] A

R R 480 Ak 4k (superparamagnetic iron oxide,
SPIO) J& — Fi 8T & 19 | 2 2U%¢ 5 ¥ MRI B 7 XF Lo
R, SPIO RLAR /N BEHEAR , 2w 1K, 5w iR
W RG RS W (4120 T2 B8 45 5, 5|k A
DI {5 5 A L A7 B T4 i IR 5 I R A 2L MRT
X R B R A R AR S RARDIR P
RGNHAYE Y MRI X HCF L SPIO 78 I i g s A% 7
AT A R AP R AT S . ARSI A il SPIO &4
Tk (s PLGA) X iHi MR BUSRCR B 52
1 #E57H*®
L1 SEmshi Spr SCR sl . iR vE 22 KR
12 H(HERERN K 3h P 5256 oo 3240 (R i 2.0
~2.5 kg, VX2 faf i 1 H (PR BE R} R 2F 8 7 BR 2%
I AT 4L . FLER /23 R IR W) (PLGA,50:50,
FE N ) L SPIO(10 nms 31 mg/ml, Ocean) 44 K i
ki B OHEE(PVA, Sigma) 3% B HZ 80 BT K
S B R 3 A (SONICS) | 17 8 43 H 34 J5 HL (FJ300-
SH) . 53 .0 8L, Malvern 06T 424X . 254 4
1 £ 45 (PPMS Model 6000) ,

1.2 sPLGA il #& M RAE0 T ¥ 1 ¢ PLGA 5
2 ml SPIO Al A 20 ml =G H bt i, 78 50 3 1 2 5%
SRR RGN 2 ml BRI, PR IRAIR S 30 s, ks
A (W/O ) . BUE i 5% PVA B IREIAZL
AR, LA e 3 43 B B AL B 5 min (W/O/W 1%
B, B TFMERE 2 b =" PSR, B
L WA KPR B0 I, B - PLGA fsk.
L PPMS I 5 H Ak M BT, B8 s-PLGA 1Y 1 i 7]
1.3 # vt VX2 JFBMEEEA RAET 12 h (2140 %
R AR A B TR 55 i 38 Ao e S o P B B, B g
NSRBI R Z VTR 1 mm® /N 9 B
. Lh 3% IR B Z A (1 ml/kg 7K T &) JBE BE AL AT
PR LB e M AN EM R E TR FAG L.
IS TE , O A T I SU 5 T I8 I 40% J2 53 I 1 BE Bz
Jok LA R, 2 i G FE AT Tt L 1 kR e
Ut JOR A R Lk i %S, % 2 B A R LA
i RE Rk BILOR T 7

1.4 Jf# MR B Mg EF S 21 X, R M Philips
Achieva 3. 0T TX MR Y X sL 86 e o474 . ¥ 12

[(XEHS]

1003-3289(2012)08-1445-04

Rt VX2 BB 3 2, 2 4 2, K& il
PL 306 % UL L Z SRR I 3 9 A0 RS2 DR 2 T MR 43 4
b, SRATIEER MR S SR 5 X 45 1 e 48 B 2 ik
S HITEA s PLGA(s-PLGA 41) | A= B £5 7K (2 31 h 7k
41) & PLGA 1 ml/kg & it (PLGA 41) ., TiHESE
30 .5 min 17 MR 5 494, R & T2WI, If X} s-PL-
GA H TS5 10,30,60 min R4 T2WI, Hfi=
. TSE J¥%1, TR 2500 ms, TE 80 ms, 8% 1 90°,
FOV 160 mm,Z/E 4 mm,

L5 K& B4 RE, T T2WI LF Tkt
ROT, ] et 3 5 5 34 58 J5 52 57 B b e 1) 15 5 i 32
(signal intensity, SDfH ., ## ROI iR & 78 M [7] 2
T I3k N I IR AR A I A5 4 TR A7 ROT
DAL 3 W, B 35 (8 . AR 4l 1 5 AL B 58 5 (30 s,
5 min)3 4L F S ST K AT Rise ST, 1153 4% sf 18] 450 /) b
S /2 ST L

1.6 A FHEEE A5 7 R A B8 S0 50 G, BCHE AF
AR AL, 10 %0 W b [ 2, W R
WAL Y] R, 04T HE e fo RS E L g0, T
UL IIE PN B S - 1 43 A

1.7 Siitspory: R SPSS 19. 0 Geit#c k0, it i+
PORBILL aE s FRoR . SRR R 7 2240 Mk B B 7
SIAT 5 B A B REAT R, P<<0. 05 i 2 5 A Siit
2 #R

2.1 sPLGA MFRIE #4019 s PLGA JPULEFR 1R
B, BETFTRERIE, ESAN, 2 8EL, AR Y
800 nm, BEHF MIZE /R, iR T s-PLGA TREA A,
SRR PE A R RE AL SR EE R 1.0 emu/g (B 1),

2.2 BRGSO 12 HSCE0 G 38 ag o S TR A AL,
e JE 21 KR ] UL b AR T L, AR 7S L 2
T emX1 em>X 1 em, FEAEH E) fof 980 f 4 KORAS R AT
2.3 RIFILE KM MRI A5 54540 A4 BEER K4 M
PLGA 21 %y 5 1 J5 I 52 5t K s ST ¥ 76 B & AR
b IR /FSE B ST b 22 R Gt m L (P ¥y >
0.05), S s-PLGA k5, JIF g ST 2 Jc B i A8
A, o A8 i gga L VF 52 B ST W 35 A%, i sd / FF 52 3t ST
e R T W 2H (P<<0. 05, 2.3), TESS s-PL
GAJF30s, JFE {5 5 2/ N R FREJLF 2 R 6



[ BE A AR AR 2012 4E58 28 %5 8 ] Chin ] Med Imaging Technol,2012, Vol 28,No 8 o 1447 -

1.0 |

03F

0k

—0.5 F

HEAL SR (emu/g)

—1.0
20 000

10 000 0 10 000 20 000

H 37 38 FE (Oe)

1 sPLGA ¥ A2

(| 20 ; B i ) #E %% (5.10.30.60 min) , JiF 52 i
(ERERZS PId=
2.4 JRERZERL HE Y4 F o 96 40 i 4 FURH G 1
KR e HES L, 5 IE % A AR AT . &
T . s PLGA 21 G iF 55 1 N A 58 2 1k e Uk
G T bR 20 21 rh oA DL Y ORE s A B ER K ZH RN PL-
GA &+l ay P (E O,
3 itig

MRIT H AR & 9 40 215 HF 07 Jo i B 4 o, vl 2
SR 22 07 0 AR s R — Tl e A% TC A A HE R A A
PR R S MIRT X HE ) . RE 9% 3K 45 25 18]
G398 D7 e W2 R RN 2 e S, AR TR 0 R0 B
R B2 W, Xt — 2 S0 M b 2 ARy A 2
i) =94

SPIO HA B & 049 A= W Al 25 1 vl B A o L JC K
BEME M2 K, ) Bl N 00 A0 A s R R, —
ol 45 B AEL P9 R U 4 S5 MIRT B MR FE ), SPIO F2 3
A o 5 ) H ] PR & T 1 Ok e RN B = MR K

@
= 6L
2 4T = *I
= L
NIl CEE ‘ ;
At T30 s T4 IS 5 min @

3 ASLH A ST LR AT S R /T SE BT ST L YR

Gt L BE L X T2 B (0] % 50 o8 W s m ™, &
ST AN B PLGA 1E 2 804k, 532 M & L 2B W) A 45
PRI A P9 I VG B R R T A B AR R Bk 2 4 7 IR
PN 3% A B fir R R EL LA B0 1 7 A R L 8 ) 5
FRERT AR AR ST AE A T AR SR L R
WAL £ 2R SPIO 1985 73 18k (s- PLGA) . & H-
SHh K 5 2 e VX2 AR Y A b S LR
MR A% B CAS  PF A s-PLGA XF JFJIE g8 MR A A%
SR BRI, A Y R B, 4 G B K AT 1 s-PL-
GA Ja , RS ST 2 T B, Mg {5 55 o B 0 i 1
AR AR AR /BTS2 5 ST LA 52 AR X &5 05 5, 3% T b
Jo 25 DE 20 205 5 00 0 BE X L AT ) T s
SRR S I AE T AE AP MR BAR . s PLGA &
BEHH Kupffer 4 7E 1E % JF 202U i 4 20 2 (8] 1)
A3 A 25 S5 10 S B I R %) A G B R L IE R I 4 4

Kupffer 40 g &= 1T GE 1IE % . Kim & W s PLGA
BR SN IMBE VR T 05 S 28 TR Y R IR B ik

H AT HATE30s 5 min

10 min 30 min

60 min @

B2 e VX2 JFmBR T2WIL, #inist A A=3¥R4hk2H; B.PLGA 4; C.s-PLGA 4



o 1448 -

o] R 258 B R 2012 4E48 28 %45 8 1 Chin J Med Imaging Technol,2012, Vol 28,No 8

B 4 e o 2R K (X 400)
PLGA J& i T 52 R

7 38 10 5% W UK J& Bl 7K 43 v 0003 14 ot 74 e 1), B
45 T2 B[R], A4S ) 0 T H 20 T2WT AR i, R
o B 398 5 2 IR 5 T b R 4H 2 R 5 B > i Kupffer
YA, 50 s-PLGA XF g 2l 252 g L 6, 5 8+ i e
25 BIRESE  IE 5T s PLGA J& % 1E 3 T 41 2104 ) 3t
0 A BUR HEM S5 MR A% R PR — 3, 2 Kupffer
M EWE s PLGA A M. 205 MWL SPIO
B A5 R 90 KR (Fey O, -PFOB) %t K BRUIFIE MRT %%
R , R I 5 Fe3O4-PFOB 44 K % 5 , K BUIT
LAE T W EBEAL . A S R T A T 8 SPIO
DI ZE6 1Y 21 BAR R, T B e 40 A AR, 3k 15
T R4 MR BAGRCR  HPOUME S EL,

SRMT IR X SPIO BUR BIF 5 32 22 35 T M AR 9 2
FR G0N R 20 K ORI A W VR ) Ja8 4 sl 1 B 1), R i
— TR AR B 53 T oK BEAT LSS . AR SR B
YR MRHG ER 1 & R o83, ) T iEAT R B
g Hh R T R B N A Z% 9 SPIO Bl 22 PR, il i 7E
SPIO A 2 17 0 28 7 A5 350 ) e Ay 08 1) 431 . il 4%
BA RIS SPIO 98 K WUk 38 4100, 5] S 3
e b 98 5 KR A 4R L BB AZ b I DR B A B 2 0 2
B A SCA B, 5 DTS2 B0 b8 1 0 1 AR . ks, 3
HEMBURE AR, KR ZRE 5T G F B 2
BE 2 AR R R E 5 ), SPIO R 4k ik B
AR EFR S G AL, B85 B R 48 2 A [F ks I {5 543
TR M8 15T 58 B 2 S S AR R 42 s
ki eG4 127 T R BT 1 5

[ 5% 30k ]

[1] Claire C, Philippe R, Jean-Marc 1, et al. Recent advances in Iron
oxide nanocrystal technology for medical imaging. Adv Drug Deliv

Rev, 2006,58(14):1471-1504.

(2]

(3]

(4]

(5]

[6]

7]

(8]

(9]

(10]

(11]

(12]

[13]

AHES sPLGA J5 MR 44 B, S s PLGA JG RIFSET; C. 3 Az B K S M S5 55 DL 4

Ling Y, Wei K, Luo Y, et al. Dual docetaxel/superparamagnetic
Iron oxide loaded nanoparticles for both targeting magnetic reso-
nance imaging and cancer therapy. Biomaterials, 2011, 32(29):
7139-7150.
Ma HL, Xu YF, Qi XR, et al. Superparamagnetic Iron oxide
nanoparticles stabilized by alginate: Pharmacokinetics, tissue dis-
tribution, and applications in detecting liver cancers. Int ]
Pharm, 2008,354(1-2):217-226.
Smirnov P, Lavergne E, Gazeau F, et al. In vivo cellular imaging
of lymphocyte trafficking by MRI: A tumor model approach to
cell-based anticancer therapy. Magn Reson Med, 2006, 56 (3):
498-508.
Briahler M, Georgieva R, Buske N, et al. Magnetite-loaded carri-
er erythrocytes as contrast agents for magnetic resonance ima-
ging. Nano Lett, 2006,6(11):2505-2509.
Brindle K. New approaches for imaging tumour responses to
treatment. Nat Rev Cancer, 2008,8(2):94-107.
Han Z, Fu A, Wang H, et al. Noninvasive assessment of cancer
response to therapy. Nat Med, 2008, 14(3):343-349.
Jun YW, Seo JW, Cheon J. Nanoscaling laws of magnetic nanop-
articles and their applicabilities in biomedical sciences. Acc Chem
Res, 2008,41(2):179-189.
Ao M, Wang ZG, Ran HT, et al. Gd-DTPA-loaded PLGA mi-
crobubbles as both ultrasound contrast agent and MRI contrast a-
gent—A feasibility research. ] Biomed Mater Res B Appl Bio-
mater, 2010,93(2):551-556.
PR ARLL, EREN, 5 A2 IR 305 4 1 A RO 75 A i
SR A R S BCR S AT I ROBE 75 B 2 2R 3K, 2005, 7(4)
217-220.
AR ERR, R S 8 Fes O TR TURKR 49 A AL 1 58 1% JL 4% 1
B TR 5T P B2 AR HOR 2011, 27(3) :453-456.
AR, HSTT S, TR, 45 AR R T R ARk A DIT 9806 5 43 T ok
FWE 2l MR BRI R 2 AR EOR 2011, 27(9) : 1747-1750.
Abdalla MO, Karna P, Sajja HK, et al. Enhanced noscapine de-
livery using uPAR-targeted optical-MR imaging trackable nanop-
articles for prostate Cancer therapy. ] Control Release, 2011,

149(3):314-322.



