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il £ 3 R A AL 5AS [ 04 it Ak e SRR (]
1), il gt B R k.

HAEH A T 3, 6-0-ff kT BME (0CS) , Hok
AR KK Z AT 8 — 5 B SRR
AN, N-ZHEE Tz ( DMF) v, 58 8 2 55 ] 153
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DUVE). DUEY & TOK I ey TIRe i T
K BT 4 ~5 R, &0 Uk T8 545 I il %
Y. 8 5 R AR R/ DMF B AL F o A = 5
S5 7 B 8] 1] £ A [ Ak 3 1y OCS.

2-N-fisg b 7e M (NCS) By ] & 4 72 J2 Ak
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K. it b 52 SO Y 43 1 ORI BE B 3B 5
(GPC, WATERS 515) i 47 W &, H b 4 3% 4
( TOSOH BIOSEP G4000SWXL 7.8 x 300 mm,
Made in Japan) F i s A4 0. 2 mol/L B iR 4l 15
W HEEIRIE pH 2 4.5) , H] Waters 2410 75 22 47

-0,SOH,C

HOH,C

Trimethylamine-SO;

NH, NHCOCH,
3, 6-O-sulfonated chitosan (OCS)

HOH,C HOH,C

NH, NHCOCH;
Chitosan (CS)

1,3-Propane sultone

NHSO; NHCOCH,

2-N-sulfonated chitosan (NCS)

HOH,C, o HOHC

—ONOH

NHC3HeS O3 NHCOCH;
2-N-sulfopropyl! chitosan (PCS)

Fig. 1 Synthetic scheme of sulfonated chitosan
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Fith 2 A0 2% o C ) 1 mg/mL B i Ak 52 OB TR
o0k Ak 7T B8 B v W A bFGE ¥ TR &, 1l Bk 4k 7%
W5 bFGF (% 5T it [k ik #] 1000+ 1. 7 TG Ifil % 4%
8, im A DMEM 2 fiffi 1k 5¢ R % /bFGF i W,
A fb 5 A AN DFGE 1 S 2 JE 43 51 R 5 pg/
mL F15 ng/mL. DA% ARG F M H 1 bFGF L)
J% bFGF 5 Kt 52 B4 (CS) T2 (Hep) B &
iR (o pogice
1.5 HpEEFENE

W5 LT 4 48 L L 10000 4 it/ L 14 %5 B i A
ANALIE IR, BE 97 24 h, 1 40 B 0 BE S, W 2 8 R
W, M 2 mL b 3R BE I Y 25 F 526 15 90, 1 5%
7RG, WRIRE R IR, 4 PBS Ui 3 ~5 KA,
A 4% Z W ,37°C [E % 30 min. 28 PBS Fik
THVEE, A 1% & H (BSA)/PBS ¥, = i
B 1 h J5, A E P B AR e 2B B IR (6.6
pmol/L (1) HHEE W, B LA 1:50 #i B T 1% BSA/
PBS) #l1 100 ng/mL ¥ 4, 6- bk Ht -2 -7 J |
(DAPI) , #EEEHE 30 min. PBS {H ¥k 3 K5, T 9¢
6 5 (1855, Perkin Elmer) T~ WLEEAH I IE 2.
1.6 HRaiE RN

W5 LT k20 i DL 1000 21 it/ FL 1) %5 B Fhok F
96 LA Hv. 4 MG BE J5 , W 25 RE SR, A 200 L
AR E R E SR e SR 147 KRG,
WA 96 fLAR H B BE IR, A 100wl Py H 5 g
M Z R BLPUIR R (MTT) W, 37°C FHhiEsE 4 h
J& A 100 WL — F L SE AR ( DMSO) |, 42 3% 4 4]
J5 H AR (MODEL 550, Bio Rad) ] & 45 (5,4
JiF 570 nm Ab i G

2 BR5UE

BUEEBENSEEDH

P 2 kg o ol M e OBE A 3 Rl AL 5T SR 40
SN . AT UL, CS £ 1655 F1 1596 em ™' b i
BR5E FOM B 1) I B 7 4 L 1078 1 1030 em 'l
FTRMET C—O0 By 4z 2. OCS [ 21 5853 h
LT 1230 A1 810 em ' 2 AN, Hirp 1230 ¢m !
EAREFRRREE T 0 =S =0 1yIEX B HE 3,810
em ARG F C—O0—S BYXFFRAR B, ot AT LA
& OCS rh 77 76 B 2 1 45 # . NCS 7= ) i 21 41
B, 43 BI#E 1318 (1158 11036 em ' Ab i 31 3
AN, Horb 1318 (1158 em ™ PR Y IEIR K T S =
O (WY 1036 cm ™' BYIELER T 0=S=0
X R4 3, LB AT DL & B NCS R 810
em AR IR, UE B NCS 197 ¥ vh S 77 72 B R
BEE R, 5 NCS 2L, 78 PCS MILL4hE % b,
1318 (1158 (F1 1036 cm ™' 4b 3 4B &9 I, 43
BARE =Y h S=0 F1 0 =S =0 M X FRE 37
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Fig. 2 FTIR spectra of CS and sulfated chitosans

(with the sulfonation degrees of ~20% )

KT H-NMR Xt i £ 76 58 W 45 ¥ 1 47 7 R AE
(E3). mE3 i, CS i Mm EmmkKh 6 =
4.7 (aH,—CH),3.51 ~3.75 (¢ ~f H,—CH),
3.07 (bH,—CH), 1.93 (& B ¥ h 2 Mt i,
—COCH,) . 7TERE R B A H i F I /E T, OCS
c~f0; H a5k sh, £ 6 =4. 18 IR T H W
Y g, B T TR RE A JEL R, NCS b bH s ) {15 4 B
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2. BN TR I L 03 Y 5 AL U
AR T a4, OCS 1 NCS 7£ 6 =1.95 F112.63
Gb 43 B T B, PCS B9 HANMR 45 517 5

HOH,C, HOH,C
0 0,
d a
—ONOH N i
c
NH NHCOCH;

|
CH,CH,CH,—S0;
1 2 3

PCS

CS

=3.48,2.67,1. 60 H B )06, X 8 T PCS 254y
TN L 3H 1TH F12H, 45 4 20 /G ik 45 5 3
B R ES F 5] A T R TN 2.

-SO3H

Fig. 3 'H-NMR spectra of CS and sulfated chitosans (with the sulfonation degrees of ca. 20% )
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T WS A e SR Y 6 AL SR X bFGE %
PRAPPEBE R R IR, ] 5 1 — & 51 B A A R 6 Ak
AR AL 7C SR (35 1) . 72 OB 2 1 vh 45 Bl B0
A LA N JECF il 3 03 o0 B i 5 i Ak 52 3R BE
TS JTLHRM N SR BE /R & &, L S JTTRM
N JCER (W BE R L ok 7 ) (g Al Ak 5, B4 100
AW BT B R L AT B LB 2 1 AT L T ek
A i A S5 A i) i 1 7R T S T ik, 3 R A
P SRR A i A 30 AT S BEAT SO0 4 R 0l 7
5 e, i T OCS B FLIC | C3.C6 i | F2HEAR
AT A -5 A R S B R TR 45 4, [H ik OCS
(R AL 0T RE R 3 100% . Lb 52 6 1k 7 3R B A9 4

T Al DU, Ak BN 3 5E SRR 0 TR
R AR TR vk e R, 3 o e 7 R
10 1 03 5 B R 8 R AT L RO S
%, B> 7o A 4E % 58 X T OCS, B 3 7 4y fik
AR B R R, T R Z PR S0 TR/
B E AR ol TR AR R (I SRR = AR
f 5 AP S DA S o i JBE R BB S I A% 1 4
BT TNE I T A AN TR R B B4 e i 5 LA, fi e 2k
P AT i e 7 SR B KR, DT AR AR 7 3 v e R
i RS s 1 AT A W e o . X2 R
JE. PR i A e SROBE R A A b A AL R
For 1555 255 25 08, 36 SR 0w A i b 3R 7 1 A
PATRAIE ™ W) HA & 1 1 73 14

Table 1 The sulfonation degree and molecular weight of sulfonated chitosan

Sulfonation degree (% ) M, x10"? M, %107 PDI
CS 0 329.5 1198 3.6
13 48.7 770.7 15.8
0cs 22 20.8 651.7 31.4
104 22.1 141.2 6.4
20 22.6 184.7 8.2

NCS
59 27.3 40.0 1.5
25 19.8 30.0 1.5
PCS 36 20.0 598.2 29.9
64 44.0 822.8 18.7
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% i

BV ok £F 4 20 e A K KL~ (BFGF) /& FGFs 5
T 1) B R DL, X AT A A AT 22 53 % R 2 A
I TR 8 NI = B S SRR SR (B (I E I
2 R TR 16 2 454508 bEGE J& T IF 2 45 42
AKET RS 5IFR S F S G A G A%
RYEHIEE. A L) bFGF 16k HARE S N T, %
PRI AL 2R 20 209% 1 3 2t Ak 72 RA , 38 o BiF 5%
ANTR) 35 35 45 0 T BCEF 28 440 it 1) T2 285 R0 4 i 3
2 Bt Ak 7 SRME I R Ak A AU AR A R TR P 0 52
Mg .
2.3.1 JAHEMMIES

KH BRI A 47, 6- Jpk L2758 I 1] Wk
(DAPT) J 51 %5 15 2T 4 20 0 1% 40 i B 28 0 40 1 4%
BEAT G, 25 SR [R) B 37 45 11 1 02T 4E 4 i i JE
SCE4). mE R, &0t 7 REEFRE, AR
AT 8 2T 4 240 0 # TT L€ 30 I AT () 240 % R

g

A0 MR SR 25 4 (TR 4y ) |, 2 B A (O £ 43 )
0 S BRI B R 1E— 2B L BEOR [A) B 3% 4 A
TN IE A AT & B, A 20 A0 A% 1 8 JE R
AR A2 2L MIE. 52 MR, 3N
bFGF J& , 2l i A% %6 J85 5 R 35 e . Horp . bFGEF/OCS |
bFGF/NCS F1 bFGF/PCS £H 1) 41 Jiftl £ 5 31 4 it I
8 Z i I, bFGF/Hep 40 B 41 Jid W] L) 275 4 72 1 22
AR E.

i R LT AR DL R B L Bl R AR A TR R
5% (cell shape index) "™ W] 45 %% J ik 40 L # F
B A B LA B i TN R R AR PR RE T R R 4 K
filt b, 8 Image J 45 {4 % Bir 15 R o A7 40 B, R
JFH B 8 B T 43 500 o A B 2 A e ) A LT AR
LR AR TGE (B 5) . i1 5 (a) Al UL, R 3L At 45 41
FHH, bFGE/Hep 21 41 i 119 J8 K f 4, 35 (392 +
130) wm. bFGF 41 5 bFGF/CS bFGF/0CS L) &
bFGF/PCS 2H 1Y 41 g Jil & Ot 2 3% 22 5, i bFGF/
NCS 21 i) 240 i J5 4 e/ (174 £62) pm ). & 5

100 um

Fig. 4 Fluorescence microscope images of fibroblasts cultured in different conditions for 7 days: (a) blank, (b) bFGF, (c¢) bFGF/CS,
(d) bFGF/0CS, (e) bFGF/NCS, (f) bFGF/PCS and (g) bFGF/Hep

White and grey ( corresponding blue and red in the colorful print) indicate nuclei and cytoskeleton of fibroblasts, respectively. The

sulfonation degrees of the used sulfonated chitosans are of ca. 20% .
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Fig. 5 Shape analysis of fibroblasts cultured in different
conditions for 7 days (a) perimeter, (b) area and (c¢) Aspect

ratio indicate significant difference (n =15, P <0.05)

(D) B T AR FA T AR 5
YA K B A5 R A 2L, AE TS R A
((1562 = 715) wm® ), F % % Ji bFGF 5 ¥ i
bFGF/0CS .bFGF/NCS £ F , Ji £F 4k 40 B2 (1) i
FEUEE AR B Uk /), Ho bFGF/NCS 41 H A5 (717 =+
240) pm® , U0 25 (1 419 — 2 22 A7 5 15 1 B
LEF R AT, 400 09 A R B A B K
((1948 £756) pm’). HH X} T bFGF 41, A [A] 4 fitf
A RMEAEAET , A0 () K 98 L R4 3 ~ 5 Z ],
FNURTES AR

2.3.2  UET 4 A 0

WE 6 Frzs , 25 (120 .bFGF 2H [a] i 40 Jfd 3%

Jo i E R 2 S, U] B TS N B % W b iy bFGF,
LT MM LA OR 57, T v 3 3 4 2F B 21 4 40 i 3 8
T PERE. A, L8R bFGF 5 bFGEF/CS (4531
AL, AT A PR 1Y 76 R BE X bFGE Y 35 14 JC 1
AR T g, A X T bFGE/CS, i A A 7] % 1k
SCRBEIG , bFGF i iF 1 21 2 200 o 3% 14 0% e ) A
FrATE. Hosp, bFGF/0CS F1 bFGF/PCS (1) 1% £F 4
YA IS Pk 5 bFGF/CS JC W 3% 7k 25 5, Ui W] OCS
M PCS [y bFGF 3G P-4 68 1 5 CS A1 4. 1M
bFGF/NCS 1) 5% £ 4 210 Mg 3 1 LK F bFGF/Hep,
K B H A0 3 M 9 70% , B EH NCS B A5 f 2230 AT
R AR MR M GE. bFGF X4 i D) g i
PRI AR, B S A S A M SR T FGF A2 R
SEVEFE I, SR )5 42 FGF 324K 5 3 N 40 i 4S5
P EE LG 2 (ERK-2) AH BAE HT, DT 42 & 40
J o A BRI R 4 TR 2-N A 2-
O L (B R HE L IR 5 bFGE (R S PR 45 A ik
HesE AR R 5 T 6-0 o7 1 ik iR I A W) 48 bFGF

HHAZKMB45 G J5 , WHE i bFGF 4 #% ERK-2
AE S SRR L B 6 4 SR AT B 2zvu
%) sk 1% 5 AT BB S 4 Ml OR R bFGE (%35 M, 3 1 i
M R 2T 4 40 1 35 ri,ﬁﬁLLﬁﬁﬁﬁ%ﬁiiﬁu 2-N
A7 )il 2 2 11 D) I k3 ) VR Tl O] D R R R
AR DR T B AR 4 1 B, AN AN Tk R A Y
far VB B R B A A o 4 B A0S A G T HL S
i 2 5 A 1) 32 4 T A O AT BB Y i PR | T 4 i

0.4 N
%
*

~ 03
[a)
)
z -
z 02 ] I
2 1
3
© 0.1H

0.0

1 1 1 1
N < C S (O O N
o s e\ 5™ 6»‘\*2 i ¥
Fig. 6 Viability of fibroblasts cultured in different conditions
for 7 days
# Indicate significant difference (n =5, p <0.05); The
sulfonation degrees of the used sulfonated chitosans are of ca.

20% .



424 as

4'%‘

?

Ea i 2012 4

AT T H B TR 5 AT ) 32 8l SR UPE 228 T A AL
IR R AT, DT 0 2 s 1 52 2R WA 80 A
SR ) 2 ) K G 2 T 2 W) G0 A 4 PR B9 R 4
AE. (HA3TE R, — BN bFGE /Y 2 I g 2
e T2 200 i 494 BT, 0T 240 Y ) 2o R i R A TS T A
K5 FIlE 6 45 2R Won, fEiF R AR AEHTT , bFGE
AT RE A2 2E 1l 2T Ak 200 1) 135 P T EL AE 2 o 4
R AR T AE NCS R4 /E T, bFGF R B
e S 200 R T35 P ) P AE 400 M P R T AR A S R

x.

T ST AL e SR B B 6 AL R X bFGF 3
TRAPIERERY 2, B 7 LL A8 T R 2T 4 200 ML 35 1k A
ANV B I 260 T B B 7% i () 4 A2 Ak 45 2R R B
& BRI B SE A TR P AT B 3R A5 PE T AT 2
A PEAR S L AL B IHRES ER R T KR,
B TP B SR 00 AT 4 A0 M B A B Y T
P AR R DL f 7 SR 1 i A =3 XoF Bl 2T 4k 20
[GRERERTE 0 AR

T8/, 3X ] e -5 B RE A B X6 200 i 26 B B 52 mi A1
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Fig. 7 The effect of sulfonation degree on fibroblasts viability

Fibroblast cultured in 96-well plates with a density of 1000 cell/well; (a) OCS, (b) NCS and (c¢) PCS (n=5)

3 g

SR FHAS [l £ S5 N7t £ 4 4% T OCS NCS Rl
PCS, ZLA 3% A% Bl I 9% 1 G W] T A e SR M 0
S5 R T A R sl A S I e ] S T
il A 7 SROME A AL 3 (4 9 4. L bFGF Sy [ AR fR 47
P PR 1 BT 4 4 T 25 45 AR I, 45 M fk e
BMEAAAET ,bFGF Xof L 2T 2 40 IV 25 T8 i 35 4 5%

M . 200 Y 905 P A T 45 SR 7k, OCS Fil PCS X bFGF
TG PETC W e i) PR 0 e 1, NCS BB A &4 & 9 bFGF
& E 1 27 4 40 M 0 PR (9 B8 U7, FL bFGF 3% PE 4
AE I AT 2R 70% 1 H. B 4k ¢ SR8 19 sk £k 2%
X bFGF {4 JC B 8 5 . | 3 45 JIE B, 4k Aor
R P E B AL 50 JROME 0 AR K D TR PR AR A AR
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REPARATION OF SULFONATED CHITOSAN AND ITS
ABILITY TO PROTECT bFGF ACTIVITES

Xing-jie Wu, Lie Ma, Chang-you Gao
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization , Department of Polymer Science and Engineering ,

Zhejiang University, Hangzhou 310027)

Abstract Three kinds of sulfonated chitosans,i. e. 3 ,6-0-sulfonated chitosan (OCS) ,2-N-sulfonated chitosan
(NCS) and 2-N-sulfopropyl chitosan ( PCS) were synthesized. Their chemical structures were verified by FTIR
and 'H-NMR. The sulfonation degree of the sulfonated chitosan,which was determined by elemental analysis,
could be varied by changing the amount of sulfonation reagent or the reaction time. To evaluate the growth
factor-protective ability of sulfonated chitosans,basic fibroblast growth factor (bFGF) ,which is one of the most
important growth factors in tissue repair,was used as the target protein. By in vitro cell culture ,the morphology
of fibroblasts cultured in different conditions was observed by the costaining of cytoskeleton and cell nuclei,
according to which the cell shape indexes such as perimeter, area and aspect ratio were analyzed. The results
showed that bFGF/Heparin has the highest values in all cell shape indexes. However, compared to the pristine
chitosan ( CS) ,the combination of bFGF with all sulfonated chitosan did not show any effect on the fibroblasts
morphology. By cell viability test, the influence of sulfonated chitosan on protecting bFGF activity was studied.
Similar to the results of cell morphology, heparin also showed the strongest ability to promote bFGF activity.
However, the sulfonated chitosans showed different protecting ability. For OCS and PCS,no significantly effect
on bFGF activity was observed. However, NCS could promote the bFGF activity effectively, since the cell
viability was significantly higher than that of bFGF/CS, and reached about 70% of bFGF/Hep. Meanwhile , the
effect of sulfonation degree was also studied,showing that the cell viability was not affected by the sulfonation
degree of chitosan. All these results indicate that the sulfonation position is the key point of the growth factor-
protective ability of sulfonated chitosans.

Keywords Sulfonated chitosan, bFGF, Bioactivity, Heparin



