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ABSTRACT: OBJECTIVE To develop a novel USPIO-NPs system by surface-modifying superparamagnetic iron oxide
nanoparticles (USPIO-NPs) with O-carboxymethyl-chitosans (OCMCS) to improve their biocompatibility and ability to evade
reticuloendothelial system(RES). METHODS The OCMCS-USPIO-NP was synthesized by two-step methods: at first, the
plain SPIO-NPs was synthesize by alkaline co-precipitation, then the surface of the SPIO-NPs were modified by conjugating the
OCMCS to USPIO-NPs, orthogonal experimental design of Lo(3*) was used to optimize the technology of preparing
OCMCS-USPIO-NPs. The resulting USPIO nanoparticles were characterized by dynamic light scattering (DLS), fourier
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), transmission electron microscope (TEM), zeta-potential
measurement and vibrating sample magnetometry (VSM) and MRI. The internalization of uncoated SPIO-NPs,
dextran-SPIO-NPs and OCMCS-USPIO-NPs was visualized via prussian blue staining to evaluate the ability of the different
SPIO-NPs to escape the macrophage capture. RESULTS The orthogonal experimental design demonstrated that the best
technology was as follows: carboxymethyl chitosan molecular weight was 10-20 K, the concentration of OCMCS was 3%,
ultrasonic time was 45 min, ultrasonic power was 600 W. FTIR and XRD results confirmed that the successful synthesis of
OCMCS-SPIO-NPs. VSM results demonstrated both the modified magnetic Fe;0, nanoparticles and the uncoated SPIO-NPs
were superparamagnetic. The results of characterization also demonstrated that the modification with OCMCS results in a drop in
hydrodynamic size, saturated hysteresis (r) while lead to a increase in zeta potential. The prussian blue staining in vitro results
indicated the internalization of OCMCS-USPIO-NPs into macrophage was much lower than that of dextran-SPIO-NPs and
further lower than SPIO-NPs. CONCLUSION  The synthesized OCMCS-USPIO-NPs system is stable with hydrodynamic size
less than 50 nm, strong electrostatic repulsion, strong super-paramagnetic and low macrophage uptake. Thus,
OCMCS-USPIO-NPs system can be a desirable alternative for MRI contrast agent.

KEY WORDS: O-carboxymethyl-chitosan; ultra-small superparamagnetic iron oxide nanoparticle; orthogonal experimental
design; MRI contrast agent
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PrEas O M X T ARACA ) ) R RN
DZF-6020 FL25 11546

2 A&
21 1L
2.1.1 AN E AL B KR H IR EE K

2 1 1 #REX FeCls Al FeSO,, MN/KIBEFEAR AR, I
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Tab 1 Factors and levels

KE a0k \?C,MCS w Efﬂﬂ‘ B 7
A IR R FEE /% [f1] /min /W
B C D
1 1~2 2 30 300
2 5 3 45 450
3 15 4 60 600

22 RIE

221 X-Ray fitift BT OCMCS-USPIO
F1 SPIO KR4, & D/Max-TITAX-5 26K A AT
S, SRS IER Co Ka SF4:, LA 40 min™
P L4, TG 20 24 10° ~90° .

222 HMGIE HCTET SPIO 9Kkt R, 4
BT KBr My/MF v, KHEE Analect 2
RFX-65A i 37 A% # 21 40 56 3% A AE - 4 000~400
em™ G, WCSELAMGE.
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Tab 2 Results of orthogonal design

OCMCS OCMCS ¥ @  #A) OCMCS-
WT7 Ay THRI0K k)% % l/min - %/W  USPIO-NP[f
A B C D K KL /mm
1 1~2 4 45 450 77.5
2 5 4 60 300 114.7
3 5 3 30 450 82.8
4 5 2 45 300 85.9
5 15 4 30 600 96.5
6 15 3 45 600 93.9
7 15 2 60 450 102.0
8 1~2 2 30 300 98.1
9 1~2 3 60 600 40.5
K1 213.1 290.0 278.4 298.7
K2 284.4 217.2 256.3 262.3
K3 294.39 286.7 258.5 230.9
R 25.43 23.83 7.36 22.6
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Fig 2 FT-IR spectrum of the OCMCS, SPIO nanoparticles
and OCMCS-USPIO nanoparticles

A-OCMCS; B-OCMCS-USPIO-NPs; C—SPIO-NPs
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Fig 3 Magnetization curve of SPIO-NP and OCMCS-
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A-SPIO nanoparticles; B-OCMCS-USPIO nanoparticles

Chin JMAP, 2010 September, Vol.27 No.9 -829.



M5 SPIO 44K K Fl OCMCS-USPIO gl K i h i &
YLRIRGAL R 2 98.02 emurg ' Fe Al 71.37 emu-g™
Fe, i1 SPIO FF il BT 2K I e AR i v 41
emu~g_1 Fe.

324 MBE T, 5 T umELEERWK AR I Y
e, WK 3. thERnIan, FEEERER M, T,
FOT R N BRI, & T AR RIS R
BRMERE SR O T, shig e O kg S
VT, HZ T FEIAIER, LUK IR E (mmol-L™") J 18
MFRX), 1Ty APARFRAEEL, I TR
Y=0.168 5X+0.004 2(R*=0.994 7), n=9. nJ W.i%4lt
K OCMCS-USPIO [ Bt # % 5 0.168 5 X 10°
mol-s™', T SPIO 11 A i HLIRIE S T, B4 %5
KT 0.062X10° mol-s™ (e khrut. & 4 /il
N, AR, WM, 55 KR4
%, # WA OCMCS-USPIO-NPs A LA i 4%
MRI 155 (W RET), T HAS 5 B W B3 T B¢

B4 T,f5 5k Fe ¥ & MRI B
Fig 4 T, profile with the concentration of SPIO

%3 SEFFHEH &M T OCMCS-NPs ¥ i # 6 £k i £

i 3§ BL# T, B 1/T,

Tab 3 Spin relaxation time (T,) and 1/T, change with

different iron contents in the OCMCS-SPIO-NPs solution

scanned in SE sequence
2R/

T4 [R]

a mmol-L™! (Ty) /ms L/Ty/ms’™
% 0.00 337.39 0.003
| 0.04 83.13 0.012
2 0.06 66.53 0.015
3 0.08 55.78 0.018
4 0.10 47.30 0.021
5 0.12 41.62 0.024
6 0.14 37.39 0.027
7 0.16 31.62 0.032
8 0.18 28.19 0.035
9 0.20 26.94 0.037
325 #EE  EEA R AR B E &,

OCMCS-USPIO-NP ¥ 8k 5 4 5.70 mg'mL ™,
MARBS TSGR 61339 mgg s

3.2.6 kift Je AL SPIO #44Kki F Al OCMCS-
USPIO KK 1) 3% 5 L BE(TEM) I LKL 5. SPIO
gk, OCMCS-USPIO 4K i1 CMCTS2Fe;0,4
KRR S BRR, SPIO 4Kk 1 1K~ F ¥ ki 42
10.7 nm, OCMCS-USPIO 4 KHiF-3ki4% 4 13.9
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nm. Ly R SR AR EE AR AR AN SE IR AR 1Y
41.3 nm, 4> E0E K 0.18, Zeta HLA7 K 21.76 £0.34,

—Boea A v . B
E5 SPIO 4y 4 f1 OCMCS-USPIO 44 3 i g % 4 w45
AR ALK SPIO UK K ; B-OCMCS-USPIO 44K Fii
Fig 5 TEM images of SPIO nanoparticles and OCMCS-
USPIO nanoparticles
A-uncoated-SPIO nanoparticles; B-OCMCS-USPIO nanoparticles
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Fig 6 Prussian blue staining images of RAW264.7 cells
A-without contrast agent; B-OCMCS- SPIO-NPs; C—dextran-SPIO-NPs;
D—uncoated SPIO-NPs
4 itig

SPIO AT R8s Fes04 BLF y-Fe,05, HATIX
PR 2 ) SR A AT R, Ferh Fes O, I ME
ok, RAREEE /N IIGIE LG, AT
P EFRAC R F 252 2010 4F 9 JI 45 27 555 9 W




12 1l SPIO A% [FIRLAR , W20 78 4 45 U S W TR 2% A1
FHIA Fe™ M Fe® (R LU, 250K B IR Lb 32 sl e
201, FEARRMSKM AT, B A AT DR
Fe;O4 Q44840 1 Fe(OH)s, AE 1 v M I 1k 1)
YT RNV IIURE . pH. ¢ FE0 Bt 2 5 e
LA pH b m, ARG YIRS, W
I, TERGAHMS R, 2B SPIO Gk b ffR A2 54
K, B BUREPE R 5, b B 2 g ) SPIO Rt
(IR 25, W 20 40 R A A s R K OR
F 800 rmin”"), BhILREH, RS ALY,
ERCE SR, kg E RS, FEUNME AR,
KREF 3T, PHAE SPIO A= i R rh ol 20 g 4
Wl Fe¥ M F MLLBI, AR, pH HHIER P4
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AR R RSk, R goe T8
IR S A R AR AR (P P ST (AR A 2 DU WA
SRR, B LS RIS, T AR
KHEM-COO HEH], 1T LS 7K o= A K
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KWL Z MIZREE, TR KRG AE R, Sk &
A E M. AR Y — DX A KW
OCMCS-USPIO-NP (it 2udAr ki s %52,
A RS R — P dRkaE .
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