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1.2 PLLA/PVP Z# T4 S A XM &E

FREL— & 1 PVP A8 228 7oK s 5 IR T #E ) 1 #1401 58 2 0 s R — & & PLLA & 7
THF o, 50°CRE S FEM L2 20 . K LARWAMIE IR G S0 CRETIBEHE Sh B i3y — & W, H
i PLLA/PVP [ i 4080k 9% (wt) ,PLLA/PVP=90 : 10l ), IREHEW T THE/H,O 4y
Bk 95+ 5,90 ¢ 10,85 ¢ 15 F1 87 + 13(JFiH ) . B SmL FRIBAHEMBAER N 7. 5em R IR
B AR ML A PG T8 28— 10°C UKAR ¥Rk 3h, VR KA o 35 5% ML PR LS 4 VKOKR & W 18 A 85 3%
ML ZE A W ) THE F H, O, BEFG 8h 4 — R Z£ 17K, B34 DU YK, To K £ BEvE %, 50°C gl XU T 1 4
R 240, FBUH A 50°C B TRRAE th TR 24h TR AR TR A . O THER B AWMk EE . PLLA/
PVP LUAE VA K 3 55 A5 A X 21 4E T 558 451 45 A 3k 1 iR .

&1 PLLA/PVP G4 4 & &M
Table 1 Fabrication conditions of PLLA/PVP fibrous scaffold

PLLA/PVP ¥/ % (wO) PLLA/PVP THF/H,0 KR E/C
9 90 : 10 95+5.90:10,85 : 15,87 ¢ 13 —10
3.5.7.9 90 : 10 90 : 10 —10
9 1002 0,95 5,90+ 10,85 : 15 90 : 10 —10
9 90 : 10 90 : 10 5.0,—10,—20

1.3 PLLA/PVP $F# 22 K 1{F

K H JSM-7500F A8 (H A JEOL 24 5] ¥ 37 & 5t 49 4 i, 10 0 B (SEMD WA 5 JE 35 L A it 4 T Mg
A B W4 25 F 30mA L 90s, (AL AR L E KA Smile-View 2. 0 I & 2F 4k A2 K Ge it 418 .

K22 Thermo Nicolet 23] [ 5700 HUH 37 2T AR HE A LA KBr J& R 200 B S 4T 4 21 Mg 1AL

K H H A Belsorp-Max 43 874G %2 WAL BE T FE G N, 02 -0 B 45 2. ) BET Jr it 3 3k
AR . R T SRR 7k TN 7 Bl A FL B

K HI SL2008 #Y 42 filh £ A C 1 42 48 17 8 B H A BR 2 w)D I & A & 1Y 2 7 25 5 kA, D i IR R
H23°C,

FHH 22 R 4 B A T DSC822e (Mettler-Toledo) , il 2 & J 1 Bl 4 20 ~200°C , 78 &S 4 Bl
PL10°C /min (9 TR 0. M DSC #4087 K H A5 B Ak CAH , O FE R (T, .« iR A D
TR S5

X.=(AH, /AH)) X 100% (D

AH, FA HS, 4338 BR 06 @le A PLLA 100 %6 45 &y i X 1y ) 45 Rk (93, 6J/g) 1 .

1.4 {R5hEYE R

¥ PLLA/PVP SCHCA 100mL (9 =M B . =M B im A 50mL 1.5 SBF # 4Ll {K # (SBF {4
W3R 22 CHRY) o SRR IS = A B 37°CoK v PR IR BE 3% 43 R 7. 14d SR U, = A BER
iy 1.5 SBE SRR FERE 2d B4 —ik . BEMLES RS R G R 25 B FOKIE VU 2~3 L LA T, I AR
ShEEA A EASTER . SRR 1.5 SBF BRI AN 2 KE K,
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2.1 PLLA/PVP Z 4T %S AT BN &
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PVP Sy G K P B A W HORR I i AE K sl PRV 7l b . 56T DL BRI, 8 56 PLLA ¥ f# /£ THF
L PVP B AE Ho O S5 B PR WOER 8 BOR G W Hoh B &% PLLA/PVP=90 : 10, K14
%7 THF/H, O HBixt PLLA/PVP X8 S #mg, THE/H,O=95: 5 i, a7 H&E N 503+
178nm M £F 2 CULIEL 1A, HFB o 2F 4 & A — e B ARG 2 Cn el 1A ik i) . 4 THF/H,O=90 ¢ 10
F B T 3 — B £F 4 S 4E AR N 270 £ 73nm (UL 1B) i 47 46 I 51 15 0 v 25 2245 20 8 S A L. o 6
FUHL I (1 JC 95 A 45 A0 B 1B A P S L SRR R R B A G TR A R LR R 0.3 ~
0. 4, G JEE B RT3 o v v i AR . SR L BEE HL O & — B3 in %2 THEF/H,O=285 ¢ 15 F1 87 + 13,
R EF AL S R BT M B B 1 i AL Z5 M . FLAR K/NAr i 3~5,m (85 ¢ 15) Fll 5~15um
(87 + 13) LN IE A1 5 R U 30— #F Ry 3% W FLE5 49 . 5~ 15pm FLIWFLBE R /N Ry 1~2pm, Lin %5 (1
WFoE 2B L 2R R R A WS TIE B . — O PLLA S ok & L s B LT ISR
AV 43 25 T8 BUR B e SR AR RN R s SR AE R G W & A L o R R A T AR HE R R LA
A 25 s B 5 Y BUET AR S5 4G . SR B A I T K S R B (PLLA R R FD  PLLA 78 & & v i gl 4 48
2% R BE AR KR WA 43 A A e HE R RIS M 25 . DR IL, JCVE TR ML ET 4S54 (LI 1C R D), Liu 220
(BT ST AR B A 2 L B R AR 0 AR R X AE 19 A 2 B ML B EAT W R S BRJG BR F T el L &5k . sk
DA E K MLBRIEA T, e 208 WO 73 1 L 25 # . DR LA A 22 49 300 3% 3 L 25 # CIL L 1D, 136 B % 0k &
DT 5 AH 4 B HLER AT

K1 THF/H,O H%f PLLA/PVP 2F 4 52 50 JE $5i 5
A) 95:5;B) 90:10;C) 85: 15;D) 87 : 13
Figure 1  The effect of THF/H,O ratio on the morphology of PLLLA/PVP fibrous scaffold
A) 95:5;B) 90 10;C) 85: 15;D) 87 : 13

Kl 2 24 PLLA Ml PLLA/PVP £ 4 X B 4051 ek 18] 78 PLLA 3% 8 P, 1758em ' O PLLA Jig 2k |-
C= Oy Mg fkzh i, 3437cm " F1 1387cm ' 43 5| H—OH B il 45 42 3h A1 i 9 25l 42 3, 2990em 'y
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W X T N C = O B B0 4545 9 FL7E 1480cm " I 1209cmm W45 55 10 45 0
Wi 0T PLLA/PVP % 4 %4 PLLA fil PVP 41,

—PLLA
—PLLA/PVP

» T * T . T o T v T v T
500 1000 1500 2000 2500 3000 3500
Wavenumber (cm")

Kl 2 PLLA il PLLA/PVP 2F 4 32 J 21040 3% K
Figure 2 FT-IR of PLLA and PLLA/PVP nanofibrous scaffold

2.1.2 REWUIEX ZRIEHEW AR B RS Y 45 T = B0 TR S W AR AR o3 S 00 0 A
itV A S IR 06k 5 45 W BSGRE G » DR S J58 e % 27 44 1) T 1k 25 A 7 A T2 T 2R 45 0 vk S Tl 5 e
MR, B3 5 THF/H,O=90 : 10 Z&F T . RS Wl EX I BUEr 4 S BRIE . RaWlkE
320 (wo , LB B BR " LA . LS FLZ B AL, SCAR IR T ALAE M . Gao S5 FI I i /
SIS PLLA 458 WA 2] TR BRIk 7451 . A RGPk RIS 5~9% (wo) , 115 5
T AL ALEH . SRR EE R 500 (WO R 700 (wo) , REREFYE R A —E FEEERGIE . TR 920 (wo) L £F
YE TN A) L UL R A F TR — A GRS . X BRI B AE R R A Y W RN RS
Wy ke J3E L o BAT ) T 0T AT T LR R AT ) T R TR Y 2T A S A — e

A & M d A 74 L

B o

Y - 3 X
3 BAWWIE (PLLA/PVP) Xt PLLA/PVP £F 4 52 408 51 5% i
A) 3% (wt);B) 5% (w);0) 7% (wt);D) 9% (wt)
Figure 3 The effect of concentration on the morphology of PLLA/PVP fibrous scaffold
A) 3% (wt)sB) 5% (wt);C) 7% (wt) ;D) 9% (wt)
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2.1.3 PLLA/PVP WX 24050 K 4 3y PLLA/PVP % PLL/PVP 25 4 32 328 5 5% il
PLPLLA s BAs 2] 7 20 WEES 7R 0 48 SR 4548 30 o P 2 4R 2R . IROR S5 AR BR AR R B b iy — A
Bre. ARGUEARTOESE PLLA 25 & A 8] 7 K E A gi w0, HimA—x & PVP 5
(PLLA/PVP=95: 5) 38 7/MEARZ5 4, BAR R E A48 7, U PVP 52 T PLLA 45 & A2 B
Bkih. BEH PVP i & iF — & K& PLLA/PVP =90 : 10, H B3 8 £F 4 4549, 4 PLLA/PVP =
85 ¢ 15, LT HE L5 F B W TH 2R L L T AL 45 . N3 1 vl Bl PVP & @ A 026 3] 152, S48
(45 d BE N 38, 9 YO IEAIR & 25. 3% ik — 2L 6B PVP (9 AW T PLLA B4 5. FH IR 04 7K 322 ik £ I
133 AL E 70°, e /K &M 7. 56 %6 1 17.29% , 6B PVP By A KRS T B E K. BT
PLLA/PVP(95 = 5) 32 42 fL B2 28 Fl Lk 3% 10 AR /NS (] fig 5 H T vk T e 4e 45 79 45 ¢ . PLLA/PVP
(90 = 10) £F 4 7 20 (g FL B 22 A1 1 22 TR 43 5056 3] 96. 36 %0 #1 13. 45m” /g, 1% FL Bt 26 1 He 2 10 Ry 400 i 114
KB B A% oAk B 5 DL KSR R B AL i AR A AR L Y S

A B

B4 PLLA/PVP LL@x PLLA/PVP £F 4 3 429 5t 5% i)
A) 100 :0,B) 95:5,C) 90 : 10,D) 85 : 15
Figure 4 The effect of PLLA/PVP ratio on the morphology of PLLA/PVP fibrous scaffold
A) 100:0,B) 95:5,C) 90 : 10,D) 85 : 15

*2 PLLA/PVP %X REZWESHE
Table 2 Physical parameter of PLLA/PVP fibrous scaffold

PLLA/PVP B/ % KAk S/ Wk %/ % FLBER/ % LR R (m?/g)
100 : 0 38.9 133 7.56 94. 98 10. 58
95:5 33.5 108 13. 36 82. 45 6.78
90 : 10 30.2 95 15. 40 96. 36 13. 45
85+ 15 25.3 70 17. 29 90. 45 10. 45

2. 1.4 VR BEXS SLAUESE I B S I KGR X PLLA/PVP £F 4 W AREHs 0 . Y XORE 5°C,
TS I 4 A . L RE AT 2 2 ThRDRE A9 B LRl SA) . Y3 kIR E A 0°C L f3 BIFL AR K/l 10~20m
HH B 2 (LA K FLBE TR FE N 3~5pm , MORHIN TR 5 SR I S5 A —FE L Y Z LA R (DL 5B) . i
KR FE I — B PR E —10°C 1 —20°C A3 8 T 5] Y £F 4k 2549 (WL 5C A 5D)

A5 35 W YR 1) A g 2 S A R T R I o 0 AR R R R/ . ISR PLLA/PVP b &
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B 5 WEKREX PLLA/PVP 25 4k 3388 35 52 Wil
A) 5°C;B) 0°C;C) —10°C;D) —20°C
Figure 5 The effect of quenching temperature on the morphology of PLLLA/PVP fibrous scaffold
A) 5°C;B) 0°C;C) —10°C;D) —20°C
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JSLCA VWP A3 O VA TR R RS AR B T A SRS . WOREE R 5°C IR WONT BB R & AR A A B L HBE A
FIHERE RS . SRV JGRE R 0°C s BUARVERE AL T AHAY B8 AEUJE VR RS 1 R JC TR i A BT 2k STy
LR AR XS, R AT K A4 & WA R G BB B BB SE e ML M . KR R —
10°CHI—20°C IR T & EM B 8 LA T RIS 5 LA 8 T 2R 4E 454 .
2.2 EYiEMESH

Bl 6A i PLLA R4 3 4020 7E 1. 5 SBF B 8% 5% 7d J5 AR i e & 5 R BT (L 1A
IBY M LL . 0T LA ) S 40 3 1 bl — 2 2 9 0 25 B 0] LUE B K A R 2 I 45 25 0 . SR A — 22
PVP J5(PLLA : PVP=90 : 10), 3z 30 1 C ¢ UUAR ) 76 4 7 5 (DL IR 6B) , T WL E AN 21 4F 2 (W 4% 45447
RN IR A KRB KA (CHA ™ . MLL3E 6A 1 6B, Bl L4 fhhn A— 2 & PVP )5,
AR T5 S B KA 7E B E A K. H I PVP G 323 5K P4 5 L BRI A R T B Bl K A 1Y
Ak, PLLA/PVP R 14d UG, SCR R E 352 H R T (WLE 6C) , Ud B i i 8] 28 4, 76 52 8 3 1
A BT 2 R R KA

K 7 5 PLLA/PVP(PLLA : PVP=90 : 10) SZ %820 7F 1. 5 SBF S4B 1 55 37 14d 65 5 B9 21 4k
GG L B 3R R B RE S AEAE 565em ! Al 1033em A HY BT 9 W Wi L 43 i I P— O 25 il iR 2h W i i
I P—O AXFRAN PRSI0, HAE 962cm ™' 1 1409em ™" &b 13 1 35 A9 W e, 43 % 2 PO A1 COS
(18 AR IE TR ST 06 08 B %5 3% 5 B KA L7 2R bR d b HfEDST  PLLA/PVP & & 2 4895 F T A ik i)
FEAE I 0] 375 T8 -5 N Sk 89 T AIL B 40 A AL %) 553 285 ik B K A

3 it
L THF/H, O R0, i i S EorH 70 85946 7 PLLA/PVP =447 4 2 AL 28 . 83 LI T 458 .
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K6 PLLA/PVP 274 52 5020 7E SBF SRR i 4 18 vl B2
A) PLLA,7d;B) PLLA/PVP,7d;C) PLLA/PVP,14d
Figure 6 SEM images of PLLA/PVP fibrous scaffold immersion in SBF with 7 and 14d
A) PLLA.7d;B) PLLA/PVP.7d;C) PLLA/PVP,14d

T ¥ T ¥ T L T x T L T ¥ T
500 1000 1500 2000 2500 3000 3500

Wavenumber (cm)"

7 PLLA/PVP £ 4 322 4E SBF W i 1% 3% 14 Kl 2040 61
Figure 7 FT-IR of PLLA/PVP nanofibrous scaffold before and after immersed in SBF 14 d
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T PLLA 45§, PVP [ A AR 14 7K B i i AR X R 1 7K 42 fik f DL 133°BEAIRE 707, MK 3R N 7. 56 06 14
hm17.29%

(DO PLLA 2748 3220 ,PLLA/PVP(90 = 10) 4T 4 3 20 0 A5 FI| T W s I A7 1 7
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Three-dimensional Porous Scaffold Based on Poly(L-lactide acid)
Polyvinylpyrrolid Fibers and Its Cellular Biocompatibility

LIU Rui-lai* , QI Xiao-bao, ZHAO Jin-yun, FU Xing-ping
(Fujian Provincial Key laboratory of Eco-Industrial Green Technology . College of Ecological and
Resources Engineering » Wuyi University, Wuyishan 354300, China)

Abstract: Poly (L-lactide acid)/polyvinylpyrrolid three-dimensional nanofibers porous scaffold was prepared by low-
temperature quenching, extraction, washing and drying from tetrahydrofuran/water co-solvent without the assistance of
other additives. The effects of THF/H, O ratio, concentration, PLLA/PVP ratio and quenching temperature etc. on the
morphology of fibrous scaffold were investigated by SEM. The influence of addition of PVP in water absorption and
bioactivity were also investigated through water absorption test and in vitro bioactivity test. The results showed that fibrous
scaffold was produced by crystallization of PLLLA. The addition of PVP impeded the crystallization of PLLA and increased
hydrophilia of fibrous scaffold. The optimum test conditions were as followed: THEF/H, O =90 : 10, concentration 9%
(wt), PLLA/PVP=090 : 10 and quenching temperature —10°C , the uniform three-dimensional nanofibers porous scaffold
with diameter of 27073 nm were obtained. The water absorption, porosity and specific surface areas of fibrous scaffold
were 17.29%, 96.36% and 13. 45m* /g, respectively. High porosity and specific surface areas will offer good condition of
cell adhesion, cell differentiation, cell prolifer and nutrients transport.

Key words: Poly(L-lactide acid); Polyvinylpyrrolid; Porous scaffold; Thermally induced phase separation;

Cellular biocompatibility
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