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BECKMAN-COULTER FC500 .

1.3
1.3.1 e- PCL-OH
1.5¢ 70°C
8h 3  Sn Oct, 0.5h
20 mL e- 105°C 24
h 5 mL e-
15 mL
95% .
1.3.2 e- PCL-COOH
5 g PCL-OH M, = 2260
70°C 8 h 30 mL
0.96 g 70°C 48 h
86% .
1.3.3 PEI-¢-
PCL ® 500 mg
PEI 50 mL 70°C 8 h
20 mL 520
mg PCL-COOH M, =2260 84 mg DCC 50 mg
DMAP 24 h.
MWCO =3.5 kDa 24 h
78.9% .
1.3.4 PEI-g-PCL 5 mg
SPIO 20 mg PEI-g-PCL 3 mL
SPIO
20 mL
220 nm 4°C
1.3.5 0.9% NaCl
PEI-g-PCL PEI-g-PCL-SPIO
N/P 12345 10
pEGFP-C2
15min 6 x DNA
10 pLL 0.8% 45 min
100V
1.3.6 RPMI1640  10%
293 4 x10* /
24 37°C 5% CO, 24
h RPMI1640.
1 pg pEGFP-C2 N/P

20 min
37C 4 h
10% RPMI
1640 24 h
2
2.1 PEI-g-PCL
PEI-g-PCL 1
Sn Oct , e-
PCL-OH . PCL
PEI
PCL-COOH .PCI-OH  PCL-
COOH 2 . 2 A
'"H-NMR CDCL & 0.9 s
3H CH,— CH, ,—0— 1.25 s 22H CH;,—
CH, ,—0— 1.40 m 2H —COCH,CH,CH,CH,-
CH,0— 1.69 m 4H —COCH,CH,CH, CH,-
CH,0— 2.32 t 2H —COCH,CH,CH,CH,-
CH,0— 3.6 s 2H —CH,OH 4.05 t 2H
—COCH, CH,CH,CH,C H,0— .5 =0.9 2.3
PCL-OH
M,=185+3/2 I,5/1,, X
114.PCL-OH M, = 2260 GPC
M, =2620 1.34
2 B
0=3.6 0=2.65
—0 C=0 CH,CH,COOH .
PCL-OH
90%
PCL-COOH 2360.
DCC/DMAP PCL-COOH
PEI
3 PCL
0=25~29 PEI —CH,-
CH,NH— PEI- g-PCL
PCL — C=0 0—
1730 em™! PEI
3415 em™! 1658 cm™'
— C=0 NH—
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0
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o) (I
NH,
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CH(CHy),;0 ~C(CH,)50 Y- CCH,CH,CONH
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0
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CH3(CH,);;0~C(CH,)s0 - CCH,CH,CONH

Fig. 1 Synthesis of polyethylenimine-g-poly e-caprolactone  PEI-g-PCL
g Y polyethy g-poly P! g
i (”) a b (”) c d e f g (”)
b d [ P Cl
B CHy(CH)1O~-CCH,CH,CH,CH,CH,04:CCHL,CH,COOH CH3(CH2)110{CCH,CH,CHaCH,CH O} CCH‘CH‘ONF
O h I b
b Il d f g I d f h Nlh NH
A CH5(CHy)1 04 CCHLCH,CILCHLCH,04-CCHLCILC L CHLCILOH HzN’%\h/h PR
d+f a b A L
CH;(CH2)1104CCHaCHaCHaCH,CH;0)-CCHyCH,ONH
g
B (‘fDClg
1 | | | 1 I h+i
8 7 6 5 4 3
s 8
d+f ¢
g eb d+f
cncl ¢
A h L ¢
1 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0 CDCl4 b
)
J _J L
Fig. 2 'H-NMR spectra of A PCL-OH and B PCL-COOH in 1 I ] I ! ] I f
7 6 S 4 3 2 1 0
CDCly 5
PCL PEI 0= Fig. 3 'H-NMR spectrum of PEI-g-PCL. CDCl; 300 MHz
405 0=25~3.2
PEI g PCL Table 1 Properties of PEI-g-PCL copolymer
3, a b c
Npe/ Npgy = 581.41,/9.1 1,,; - 1.331, I, Sample PCL M, Graft wt%
PEI- g-PCL-1 0.9 27100 7.4
I, 1. 3 M, = :
& PEI-g-PCL-2 3.2 32500 26.2
2360 Npo/Npy  +25000. PEI-g- PEI- g-PCL-3 4.9 36500 30.7
PCL 1. ¢ Number of PCL chains per PEI25kDa molecule determined by 'H-
-0- NMR * Molecular weight of the PEI-g-PCL graft copolymer determined
. 4
PEI- g_PCL "H-NMR © Calculated as a weight ratio of PCL in the graft copolymer
PCL

PEI 1
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4 Scanning electron microscopy SEM
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PEI-g-PCL-2 micelle

microscopy TEM image of SPIO loaded micelle b

Four nanoparticles as examples were marked with dotted

Dynamic light scattering DLS  histogram of blank

Fig. 5
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SEM DNA

2.3 PEI-g-PCL pDNA
PEL-g-PCL  DNA

DNA 6 DNA
pDNA N/P
.PEI-g-PCL +30~40 mV N/P 3
pDNA . DNA DNA
DNA .PCL
PEI

1 kD Plus ladder

3 kb
2kb

PCTAPRT = 341 (SPTOPNP=0-10 PCLTET =341 NI=1-10

Fig. 6 Determination of DNA binding by gel retardation assay
Plasmid DNA is complexed with PEI-g-PCL-2-SPIO or PEI-g-PCL-2 at various N/P ratios and loaded into an agarose gel

Complexation of DNA prevents migration into gel.

Fig. 7 Fluorescent microscope images of 293 cells tansfected with PEI-g-PCL-2-SPIO/pDNA complexes at N/P=35 10 15 20 respectively
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PEI o SPIO N/P=15 PEI-g-
DNA .DLS PCL-2-SPIO/pEGFP-C2 70% .
PEI-g-PCL pDNA
200 nm 3
MR . PCL PEI
2.4 PEI-g-PCL JH-NMR  FT-IR
SPIO PEI-g-PCL-2 PEIl-g-
PCL-2-SPIO pDNA SPIO  pDNA 293
pEGFP-C2 293
7 . N/P=5~20 MRI
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SYNTHESIS AND CHARACTERIZATION OF
POLYETHYLENIMINE-g-POLY &-CAPROLACTONE
COPOLYMER FOR GENE DELIVERY AND MAGNETIC RESONANCE IMAGING

YUAN Renxu' ZUO Yufang® XIAO Zhongpeng' HUANG Wenlin® SHUAI Xintao'
! School of Chemisiry and Chemical Engineering Sun Yai-Sen University ~Guangzhou 510275
% Sun Yat-Sen University Cancer Center  Guangzhou 510060

Abstract Gene therapy is a promising approach to treating diseases that caused by genetic defects or mutation.
Non-invasive imaging of gene is a powerful tool in understanding the biodistribution and pharmacokinetics of vectors
after in vivo administration. In the current research amphiphilic copolymers which were utilized to deliver a
magnetic resonance imaging MRI  contrast agent and pDNA simultaneously were obtained by modifying
hyperbranched polyethylenimine with biodegradable hydrophobic segment PCL . Synthesis of the copolymer was
presented in details and chemical characterization of these copolymers was carried out using ' H-NMR spectroscopy

and FT-IR spectrum. The polyethylenimine-g-poly e-caprolactone  PEI-g-PCL. could self-assemble into
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nanoparticles were between 130 to 160 nm in diameter and displayed zeta-potentials between + 30 ~ 40 mV. The
morphology investigated by SEM showed PEI-g-PCL aggregates were micellar structure. The MRI contrast agents-
carrying capacity of these polymeric micelles was evaluated by using hydrophobic superparamagnetic iron oxide
nanoparticles SPIO as the model contrast agents.In addition this kind of polymeric micelles have been evaluated
in vitro as nonviral gene delivery systems. SPIO could be loaded into the hydrophobic core of PEI-g-CL micelle by
emulsion/solvent evaporation technique. The PEI-g-PCL micelles were capable of complexing plasmid DNA into
nanoparticles with diameters about 200 nm and these complexes transfect 293 cells with high efficiency. These
results suggest that PEI-g-PCL has the potential combined application in gene delivery and MRI diagnosis .
Keywords Polyethylenimine Poly e-caprolactone  Micelle Gene delivery





