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1 JIEmTEM it LR+ ¥ PZOHOE -g - SF I8 B B4
Fig.1 The synthesis route of PZOHOE - g - SF

2.1 2-FIBGE AL -5-LRAE-3,6-=
FA B it B2 (PZOHOE) fy &l &

19 TMPD2 WA S %Xk (7-8], H
BN ZEANEAKEIS CTRM24 hJ5, 8
KW T Z BB 150 CF EFmat 4 h, A
NaOHJ#H PHHZE 9 ~10, B2, dik, ZMZ 5%
BOEHER SRR AEE Bk, R
iR/ A e/ 2B (20:11:2,v/v/v) {5 5]
7=4%) TMPD2. FTIR (KBr):3 241 em ™' (v0 - H),
2931 em ' (sC-H), 1450 ~1 650 cm ™' (oN =
C).1H NMR (400 MHz, CDCB3), 3(TMS, mg/
ug):2.47(s, 6H), 4.73(s, 4H), 4.21(s, 2H).
JEE 4 #: Caled. ; C57. 14, H7. 14, N16. 6;
Found ;C57.23, H7.15, N16.3.

# 1.23 g TMPD2 % F DMF fILIE R &
W, BAMBETRMAEO. 7 mL AR E &
DMF §iB AW, 18 52 J5 8k 48 )X T 24 h. 78 B nib o
th O HZBUIESBREY ARk, K
HAC R TUE 3 K, 00, WETLE, S #
ERRBA, BIABKERRFEENERTY 2 -
ARBET PR -5 - 8P K -3,6- _HEMEE
(PZOHOE). FTIR (KBr):1 735 em ™' (—C =0,
BEE), 1489 em ™' (—N=C—, L %H), 1
172 em ' C—0—C).

2.2 MEELEBEAALNHE

KB4 0.5% NaHCO, BR P EBR B L4
B AR FRBEREK, FAFEEME 12 h )
BREBLZPHERY. ZRATTREABLEER
HA % (SF).

XER[II XTI ER KB THZIEE AR ER
BEELEMNEBRN L. KR—EBLZEE
HA % AR % & B 6 PZOHOE i V(K): V
(ZEAR) =11 BEBEP. AEHASLZBTF 8 T
KR 3 h Bl 2 FE Q44 H AR B AKX

VeHEBRURZRE ERED 4 E L4 PZOHOE
HRY. ZRES TR, SIS EL RS 4% (PZO-
HOE - g - SF). #H X n HHBEW TR,
= [(W-W,)/W,] x100% (1)

XF:W, WHAHNRLRBEAXREBNENE
®.

BURMERNLEEAAGENNERE
80 °C .80% H ZnCl, KB W P, FERBKPEMN
4 d,PEE BT, BB R & UUE, B
UL3E, T4, #4740 50 e i 0.

HRAEWELEER S REAES mm x
S5mm MIEFEREZHEM B RE,50 CTHER
B FHIEBHELE, BN L EBEHKE R
.

3 fKSMLEE M TR G

3.1 $k5hmEtE APTT f#E

Wi 42 RALER APTT, B 56 FFEL 0.5 mg f
MR L EARES, MA 0.1 mL 3% ,37 CF
W# 3 min, HMA 0.1 ml APTT & 7, 1§ 4k
3 min, /G MA 0.1 mL ¥ B % 30 mmol/L B
CAEVE W, WAL APTT i, EE W = KLY
. BRI RARS HmK.
3.2 m/MEMHER

30K [ 10 ] 77 B #E 4T 44 3% T A /)N BROKG B 3
B & /MK L% (PRP) BT EEEA MK 0 E
JERE]. B 5 564 pH =7.4 §) PBS BE M B IS
PR h B EHA 37 CHE /MR 3K
3 3% 30 min, f§ PBS Bk 3 IR R AR EH
MR RS HERBARBSEN 2.5% KR
TR EE 30 min, FAK K BB BCR
50% ,60% ,70% ,80% ,90% ,95% ,100% & Z. A%
BREE, BEBK, ERTH XamReFA
B E(SEM) RERER.
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4.1 MMHELEFAMNFHESHEHBRIE

25 A B 9T 3% WA 11 55 R N 24 30 A T R it o
W HEARBEEYDHER SHENZREMUS
HEmME EEARTNEREHRE =Y
TMPD2 il it BEfL R # B B fE 2 M B Bk |
8% PZOHOE. #f —# 2% X (9 ] B & F &,
% PZOHOE B L5 2B ERMEBH TFLEK
HFHFE. RN LR, PZOHOE R & A B, &G
B B .

B2 BAHELRAE(SF) BERER
13% Byt 2 K 4 4k PZOHOE - g - SF 1 ATR -
FTIR %@ . ElHiE4k a £ SF 2040 ik, 7E 1 620

11726

Transmittance/%
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amide T amide I

4000 3500 3000 2500 2000 1300 1000
Wavenumber/cm™'

B2 SF X% SF 894050 ik
Fig.2 ATR -FTIR spectra of (a) SF;
(b) 13 % PZOHOE -g - SF

em™',1510 em™',1 226 cm ™' &b A9 R WA 43 91115
B T4 FE A4 amide [ ,amide [T #1 amide UI, &
BHK B ITERHR RAGLERARLLAREN
SR ER b Bttt SF MLk, 5%k a
H.3% , amide I amide Il #1 amide LI =/ f) ¥ {1
KRAHBNE, BATLEAEERUEEN
RETBHEMR. HH,E Db PHAT HE,H
HLBERCR 1726 em T R —C =0 Rk,
# U] PZOHOE B R BB TE L RA K RA.

BHELEREAARHRELENE3 K
BHERATURE, RBEHNLEEAAER
HAR B MEREHLEEAFAEZETM
A, XRETEERMEAIRIREHEN
RELEARREERLN.

4 HBHFRLEERE 4 d B ST H
Vi FTIR i, 5B 2 P L KA 4 ATR - FT-
IR Yt K. %, amide | | amide I 89 ik 0 5 9 % 1)
1627 em™',1528 em ™, B KMt B T
MEHEMPEENBE. B, 5L a LRBSE
b 73 285 cm ' (MLEEFRMGE R A |- - OH 4
i) , #1449 cm ' (MEHF £ -N=C - %
Weahbe) WY B B HR R EW 4 d FEELZ
R LAY FERENTE.

B 5 Ra 2 RG-S %4 & PZOHOE - g
~SFHEBESO CTRBBEMNEHEBERR.
MNEPTLUERI G2 REREEY S LR
R U B 50 4 15 B BRI kL, A T RE R
ANEREE#ENLEASG4ER(FB)E
AHBRIZEL.

Bar=10 pm

B3 (a)SF#M(b)13% PZOHOE -g-SF B#HSR K ( x600)
Fig.3 Microscopy images of (a) SF and (b) 13% PZOHOE - g - SF
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4 (a)SF#(b)13% PZOHOE -g-SF &8
FEATEHHWEI FTIR X il
Fig.4 FTIR spectra of (a) SF; (b) 13%
PZOHOE -g - SF
4.2 {kSMHLEE M A% G
R1BRU ML EA%E SF ARHELETE

Transmittance/%

PZOHOE - g - SF 1A & 8 i1 i &) APTT 43 #7 4%
BREPHTUBRHESN APTTHETSALYE,
i 01| 25 AT A M B 42 R A7 4 B9 APTT B F 3k
W A4,
B1 ZEBEHWEH APTT L
Tab.1 APTT of PZOHOE -g - SF and SF

sample control SF PZOHOE - g ~ SF
/% 0 13
APTT/S  35.120.1 37.2+0.5 42.1+0.1

L /NSRS B S i R F 4 b1 R DU I P RE RO B
B H6RMHMELREBOAKBERA.
B6(a) iz RIEREMMAFZEMELK
ML /NAR T B 6 (b ) A Bk 24 36 R 3 T o K B K
wm MR, RN SR EYREL R AR
AT I DU B I 1 BE.

H5 (a)SF#(b)13% PZOHOE -g - SF £ ¥ il SEM & K
Fig.5 SEM images of (a) SF film; (b) 13 % PZOHOE - g - SF film

E6 (a)SF#(b)13% PZOHOE -g-SF £ REM/MEFHEABBERL
Fig.6 SEM images of SF films after 30 min of human PRP exposure. (a) SF film; (b) 13% PZOHOE - g - SF film
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Surface Modification of Silk Fibroin with Chuanxiongqin
Derivatives and in Vitro Antithrombogenicity

LIAN Xiao - jie', WANG Song'?, ZHU He - sun’

(1. School of Material Science and Engineering, Beijing Institute of Technology, Beijing 100081, China; 2. Research Center of
Material Science, Beijing Institute of Technology, Beijing 100081 ,China)

Abstract: In order to improve the antithrombogenicity of silk fibroin (SF), chuanxiongqin ( tetramethyl
pyrazine, TMPZ) , which is an active ingredient of Chinese herbal medical ~ Ligusticum chuanxiong Hort, was
used to modify SF in this paper. C =C was introduced into the side group of TMP, and then they were grafted
onto SF surface without initiators. The resulting products were characterized by the attenuated total reflectance
Fourier transform infrared spectroscopy (ATR — FTIR) , Fourier transform infrared spectroscopy ( FTIR), and
scanning electron microscopy (SEM). Their antithrombogenicity in vitro was evaluated by the activated partial
thromboplastin time (APTT) and platelet adhesion assay. It shows that grafted SF has the longer APTT than
SF. Furthermore, blood contacting surface of modified SF does not display any platelet attachment after being
incubated in PRP for 30 min. On the contrary, SF surface exhibites a large number of adhered platelets. So it
concludes that TMP — modified — SF materials show better antithrombogenicity than SF. The study provides a
good example for improving SF with Chinese herb to prepare antithrombotic materials.

Key words: silk fibroin;Chinese herbal medicine ;tetramethyl pyrazine ; antithrombotic material



