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L2 he i (24 4 P Ak 21l R) A7 BR 22w, H
A 20 0 A 3L Ol s 2 TR WA ) 5 Y R T A
(DMSO, [ 254 AL iR A BR A 7], i CaH, 4b
PHS U8 T 28 AR ) 5 B 7 32 i s PR A ( 1
= NEMHEARARAF).

8200 HU i U8 A 4 P 2L UE R E (K H
MILLIPORE 2\ /) ) 5 i 8] 05 2% 7 A 1 2 3% 8 U8
(10K Ultracel Amicon YM, 3& [ MILLIPORE /%
) 5 ST HZLAMS IR ( Bruker Vector 22, 78 [ 4
B IOCE AR A RA ) s B IR (Advance
DMX 500, LA T™MS SR ) 5 shZ& G HUG R AR 0 i
i ( Brookhaven 90 Plus, B 5t £ 5 90°) ;i 5 iy T
4% (JEOL JEM-1230) ; Zetasizer Nano % 31| 3
EBOCEEHY (ZEN 3600, Malvern U. K. ).

1.2 CS/SDS EE#(SCC) K&

SEFREL 4. 83 ¢ CS ¥ f#T 500 mL (1 2% (V/
V)HAc I, BF-FREX 17. 28 ¢ SDS ¥ f# T 300
mL [ 2% (V/V) HAc ¥ . W45 58 20t
TERE T BEFEFRAE T 4 SDS WM CS ¥,
PRV ZURDUTE , B O WU TTTE I S 28 Uk, &
BYRIBAT UL 1k, R R T 1155 9. 83 g SCC
(75.3%).

1.3 Br-SCC K&F3l&FH&

FREL 1. 002 g(6 mmol ) JRACS TR \1.4825 ¢
(7.2 mmol ) DCC #71 0. 8287 ¢(7.2 mmol) NHS &
T 9 mL ¥Ry 4R 1-F -2 Mg el b, SRS
40°CHIFE 24 h, e RisE s, i ERR £ P @ TIE N,
N-Z#H AR (DCU). B 0.9 g SCC T 10 mL
DMSO o finA R IEW S ,40°C HiE 8 48 h. S
SE I K BB A Tk TN TR TR 5 9 700 TP (Vi
Vo =1:9), BEOWCE T2 AR, 455 0.8 ¢
(66. 7% ) B (AR ACIR 14
1.4 ATRP #|#% CS-O-PMPEGMA

B —F i Br-SCC ,MPEGMA Fl1 — Bt g,
40°C ¥ T DMSO . SE 2l fa , IR AR 1),
e HHE AT IR R 3 KGR AUE
JEAESL A CuBr, i B2 il AR, KR 3
. TR T ,40°C ) 3 h.

ERELY YR o 7] G IR TR BZST ) [IFN
pH 57 8 ~9 1Y 15% 1) Tris 5 7 ( A HC #8475
Tris WA pH) | J5 %% A4S (MWCO: 3500 ) i
TTBENT , BHTEEN N B 7SS B A IR LA Bk 25 7 1)
HR A B 7. B AT 24 h 5, 2L 8RR L A
NI R U8 VR AR IEHL D g, ) pH 8 ~ 9 iR JE

1 15% 1) Tris/HCL S WG Ve Ml f , 25 88K
VERVE W LAWK, K = s+ AT (41
HRRALE.
1.5 CS-O-PMPEGMA/FF&£ME AR R &I &
BRI

FREL6 mg CS-O-PMPEGMA , % F 10 mL £ 5
Tk, K pH P & 3.3, [ RE T B E pH
3.3 MR 0.6 mg/mL (R AIAT. KR
VEWOZ T I CS-O-PMPEGMA ¥ b, I BR 2 )
EIR SRR zeta BLAARAL. S HT R BN 0045
Fo R ITEE IR $0 5 CS-0-PMPEGMA 1 CS Z5#4 ¥t
FEIRELZ LRy 2.6 I 12 WL B JE i WG 7
2 THT B 6 B P ) A X)L e R I, B S T
W RS

2 HRSHE

2.1 CS-O-PMPEGMA W& 5 &R 1E

CS-0-PMPEGMA £ S ZE tnon & Bl 1 B,
Hek CS 5 SDS i A EAEHE A, il 4%
55 SCCH Y R AW REVA R AE DMSO . 4%
J&i LA DMSO Sy B2 i 750, F 196 U B 2R TRAR 5
TSI AT REER 6 [ihK, il 15 ] Br-SCC. LA
Br-SCC 1E i K435 & #, 51 & MPEGMA # 1§
ATRP 4, T FE 5T M 1) 2 3 5] A PEG K
4 f5.5] SCC-0-PMEPGMA. ¥ SCC-O-PMPEGMA
VAT DMSO rf, ELEUIE S Tris KA, bR 2
SDS, 4% CS-0-PMPEGMA.

1 (a) & SCC ML FME R, 78 1230 F1 810
em ™ L v (S—0) Fl v (C—0—S) Wi, iF W]
SDS 57 RIEE 2 A 4. SCC A% i 31 &1 4n &
2 i/ ,8 =0. 85 AbJ2& SDS iy H BE T T fk 2 v
8,6 =2.85 Kb 2 57 RME 2 Lk AHE LT 11k
A%, 24 SDS/CS(mol/mol ) 2k 2: 1/}, fitk iR 3 [4]
SR EER LR 1.02: 1, R FEHRNES SDS JB
BUfbEE T L E &Y. IR R T R 42 DCC-NHS
LI BECE] ST R 6 Sk I, 15278 RBEHE K
KB &), B 1(a) [ SCC 7E 1730 em ' Ab B A
Wi P61 (b) YT AME R 1 1730 em ™ HEER T
v(C=0) Mg, R TR 5o R
ZAE BUBR 5. VA T MR A He JE O 2 (1)
WL L R 7 S0, 1, Ry 2 5 0
L6 =1.93(7 %%) f& Br-SCC iR AL TR H
B0 58,6 =2. 85(2 S04 ) b 575 K
BE2 AL AH % B 1Ak A 0 B8 . BAR IR T
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Scheme 1 Synthesis route of CS-O-PMPEGMA
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Fig. 1 IR spectra of (a) SCC, (b) Br-SCC, (c¢) CS-0-
PMPEGMA

Table 1 The effect of bromoisobutyric acid/SCC feed ratio on the

substititon degree (DS) of bromoisobutyric acid

Samples Feed ratio (mol% ) DS (mol% )
Br-SCC-1 37.5 2.5
Br-SCC-2 47.4 5.5

Br-SCC-3 60 10. 8

CS-0-PMPEGMA #% G 1% Kl H 6 =2.96 (2 5
U ) b2 5 7e M 2 fhAHIE B 1Ak A% .6 =

3.3(c ) & PMPEGMA i FA L 5 1~ (1 2 45
A ¢ WA 2 SRy B L, BT R4S B
PMPEGMA {341 455103 2 ii7x. PMPEGMA
1YER G EE AT LU s PMPEGMAY/ Br-SCC #50K L
RHEATIA Y. R A& 30, 76 Mk 1 PMPEGMA $4:4%
TN B AL ZR IR 3 80% LA |, A Bt iy Al 4k
CS-0-PMPEGMA YT /MEE7E 810 cm 1&1[7@—
AN B SDS TE R 2= AT A /> 5k
J R AT BB, P2 ULTE T Tris 3 5 , SDS Um
RHETEE LR A IS R b > 5 SDS Y B
THRERRZR A, ARMESE A Ve ZEFRATART IS
i, DL SCC AR, G i T — 25 A i A
HRY), 7CTME-0-F C R (CS-0-PCL) ,SDS @it
# SCC-0-PCL iy DMSO %k ILIE T Tris /KA
iR, 4550 % B SDS AT 58 4 B2 = h B k.
S FEA Y ICIEAE Tris KA B ITE, 12
AEi il e CS-0-PMPEGMA 525 SDS /35,
TMNZFRARME TS A AR 25 SDS. iR &
O TFBA A e a2 ) T S 5
H AR 2 2R SRR EAS SO R RE A T

Table 2 The effect of PMPEGMA/Br-SCC feed ratio on degree of
polymerization ( DP) and grafting level (GL) of PMPEGMA

Samples Feed ratio (mol% ) DP GL (mol% )
CS-O-PMPEGMA-1 0.3:1 2.3 24.5
CS-O-PMPEGMA-2 1.2:1 9.7 105.1
CS-0-PMPEGMA-3 2.4:1 19 204.9
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Fig. 2 "H-NMR spectra of SCC in DMSO-dy , Br-SCC in DMSO-d and CS-O-PMPEGMA in 1% (V/V) CD,CO0D/D,0

2.2 CS-O-PMPEGMA/RBFE4hi B A%

i T CS-O-PMPEGMA 1 7¢ FEAE 7K A it
A5 1 HLARF , AT LA B 28 A 3 1 W T o
WA EAE R A G, F F 22 s OR. A
SCUAF R oA B ALE M R B S T, v T
CS-O-PMPEGMA 5 H. 5 417 k. B 3 & CS-0-
PMPEGMA 5 R ANE AR R B RARFI zeta HLAL
i I 2R B 0 i AR A R R T L B
JF R NEEH o0 EE /R 2 CS-0-PMPEGMA t CS
SEFFATTEE SR L (X)) B3, 44 R v Jie 1Ak
FRPRAR BB N, zeta FAAZREAR. 24 X > 2 B, KL
5 zeta WU ZR0 A ZE , IF HEHFTE — o 1 FE 22 5
i, e & AR R R A 44 nm, zeta LAl - 8.9
mV. B FZ A A, CS-0-PMPEGMA 58 3¢
BHEE B 55 2 A3 2o 3 H A A P B 3R r i o
BAEW, I A AR BOR , IR N R KA
TE7e B/ 22 & W, S 58 ok Kt
PMPEGMA. i F i Z 41 CS-O-PMPEGMA #f &

40
45+
430
40
- 120 =
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z {o B
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0 2 4 6 8 10
Heparin/chitosan mol ratio

Fig. 3 Changes in the hydrodynamic diameter and zeta
potential of the mixed CS-O-PMPEGMA/heparin solution with

the addition of heparin solution
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TEM  micrograph

of CS-O-PMPEGMA/heparin

nanoparticles prepared by titration of CS-O-PMPEGMA with

heparin Heparin/CS molar ratio was 2. 6
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ATRP SYNTHESIS AND SELF-ASSEMBLY BEHAVIOR OF CHITOSAN-O-PMPEGMA

HE Yuan, YU Lin, TAN Songwei, JIANG Hongliang, TU Kehua, WANG Liqun

( Department of Polymer Science and Engineering, Key Laboratory of Macromolecule

Synthesis and Functionalization, Zhejiang University, Hangzhou 310027)

Abstract The bromized sodium dodecyl sulfate ( SDS) -chitosan ( CS) complex ( Br-SCC ) was synthesized by
conjugating 2-bromo-2-methyl propionic acid to the hydroxyl groups of SCC which was used as an organo-
soluble precursor in this study. Br-SCC was used as a macromolecular ATRP initiator to polymerize methyl
ether poly( ethylene glycol ) methacrylate ( PMPEGMA ) using copper ( 1) bromide/bipyridine as a catalyst,
yielding SCC-O-PMPEGMA. SDS was removed from the product by precipitating SCC-O-PMPEGMA solution
into aqueous tris ( hydroxymethyl ) amine ( Tris) medium. The chemical structure of the intermediate and CS-O-
PMPEGMA was studied by FTIR and 'H-NMR. The substitution degree of bromobutyric acid could be
modulated by bromobutyric acid/SCC feed ratio. The degree of polymerization of PMPEGMA could be
controlled by varying the PMPEGMA/Br-SCC ratio. Complexation behaviors between CS-O-PMPEGMA and
heparin were studied by dynamic light scattering, zeta potential analyzer and TEM. With the increase of
heparin/CS molar ratio ( X) ,there was an increase in the nanoparticle size and decrease in the zeta potential of
the particles. When X was above 2 ,the size and the zeta potential reached a plateau stage. The ultimate size of
the spherical nanoparticles was about 44 nm and the zeta potential was — 8.9 mV. CS-O-PMPEGMA which
could be conveniently synthesized according to the scheme proposed in this study has well-defined chemical
structure. The grafting of PMPEGMA has no effect on the cationic density of the final product. In addition, the
copolymers could form spherical micelles with anionic agents. The above characteristics of CS-O-PMPEGMA
make it promising for tumor targeting and gene delivery.

Keywords Chitosan, Complex, PEG, ATRP, Self-assembly





