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PLLA/PCLEEW KA A =ZHZA TR FHEF R HARBIERAR

B HmRT L FANE AR BB XAF
CGREEAAFLREHRE L FRE RRFRESS RRIAFR, KR 354300

BE LA (THR AER L ELEERNA &0 T @ R E A ER M T RmeT
PLLA/PCL =4k 4 Z 7L 40 . FUHEI R B8 B81T PLLA/PCL HL B L 3R A 9 e 3 R e i B 45 4% 4R X
Y TEIRRL I, O FEAE SR b o R B FL R R | H R T UM A A AR 08 M SR % 48 PCL TR ikt 2
DOHLAE B A AR WIS PR R, ST S SRR 4R R PLLA 455 T A, PCL B9 IN ASE W T PLLA 45 & .12
PR T A AR NGRS A PLLA/PVP=8.2 B AWWE 7 % (wt) B KIRE —10 C,
A5 00 = 4R g K T 4 2L SR — ML, 4209 150~500 nm, 324 B9 TR 45 58 2 F0 w5 58 20 BI04 17. 3 MPa
5.6 kJ/m? FLBRZRF L R 94 96. 3% F1 10. 84 m?/g. % kE 1 FL B S0 L 22 T8 A S 40 A 1 kG B L 1T
B A3 Ak BEEE DL R SRR A5 i B A T ARG 0 S,

KB RBAR; BCONER; KT 24 211

FAR A 2 20 TR S 4R 0 R 0 40T LA 8L K AR A0 i A1 B BT (ECMD B 5%, HO% 280 5L & DL LA 48
R R A R A L R AL R R 5 A AR L T AR A B A L S K T L K b T BRI R
USRI W FL A5 A 5 . WLACHR B | 45 A8 R 1k R AT A g A A 200 5 A 4 A K TR U R DG i 2 T S K P A
R L 2% T8 ARUAT R 200 R R B v B BT 2 1 o R AL AR T A M IR AR SRRk RUE M HE R, S SR
(1) A= 40 1 00 0 R LA G A L 1 K R L B RS L 4 Ak TR B L DA K 3R 0 5 T R AR I 1 A% i AR R
BT UL, K B SRR e ok A de Z AL 454, H AT 3= 2R 4 F A 41380 ik R
CO, ") B 7325 (FL G 2275 RN 3D AT ERY A5 R il & — AE 9K 41 2 Z AL 338, JF N A P A 8 TR 40
B, HHE SRR AR O, VO 43 B O I R TR B AR AR LT R Tk bR, H T SO
e TJTAE T REAMR (PLLA) RO MER(PCL) (RIALR-FR 3 LRI R Y (PLAG) W G 59 —
YK T Y ZFL SR04,

PLLA FI PCL J2& 3¢ £ fh 25 o W B BILR (FDA) A AT B9 AR Bk BL, B R i AR M 5 1k L 6 3%
M BT AE YRR A . ARG TR R N AR I R AR R R N R R L B R e A ARy T 8 ]
PEh 4l A A Rl T PLLA HA R G 1 2 W AE 25 1 R RT3 A 1 L R PLILA J2& e 1% 44 8} 190 1%
25 X —BREERR S T PLLA MR TSR, PCL HAT A7 B 36 | ik 55 136 1 ik A (o JHC 232 400 1 R o 11 i
I, .7 PLLA IR & 98 A—E 0 PCL, o] B i 20 bR M L 3 7 PLLA LB 17

BT UL B L AP PCL A PLLA & 38 it P40 43 B3 il % PLLA/PCL = 4E 40 K £ 4t
ZAL S WE5E PLLA/PCL H B 3R A 9 e i R TR B2 o SR TE S 52 W), 025 5% T 21 4k S AR I A= )+
I,
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1 LA

1.1 #R5NEE

R MR (PCL) : M, =80000, H A R ZE b 2= 8 v s BFLER (PLLA) : M, =1. 0 X 107, I9 3£ T I
el (P ED A PR B USRI TG K O Bk R AU Akl SRR L KA IR Al S KA
LBt Eh R TC/K B FR 4R L LA LR S 2 B 4, 0 F 1 1 1 24 Ak 2 3 R A PR A s — 5 B SR A e L IR )
afi W T b [ 2 Ak A BR A A 5 A S8 FH K 3 00 S 526 = 2B K T R e R i Ol T 3
BaRr i, DZF-6020 B FL25 THRA . 1 —fE R A BR 54 2 Wl DHG-9070 A Y i $A 1 ji 5 XU T
WA . RS 22 S IR A A PR A s DW2FLO0 B AR v VR AE A A . Th B 6 25 IR BB A IR OTAE 2 /) 5
DF-101S 4 #4 :1E in #4mg 1 3828 JL Xl T AU A FR 5T 2 Al 5
1.2 PLLA/PCL =Z4MKFHESAZTRAH &

FREL— & i PLLA F1 PCL, & f# 4 THF H,50 “CHEIIIEFE 5 h B — B HE R . PLLA/PCL Y
FIRWBEE R 7 Yo (wt), W H PLLA : PCLUBEHE ) =10:0.8:2.6:4.,5:5Ff4:6, L8 mL iR
RAEEWBIAERR 7.5 cm FEFRIL OB R 55 MUA BUEHR 2 —10 CKA T K 3 h, HAEHRE,
A 5 LR I 4 KOKIR G W BB F2 L 22 BOA W 9 THE, &R 8 h 4 — R ZE IR K, 3k 4e g
W, oK L EEVE T, 50 “C 8RR T4 240, 5 BUB A 50 °C B8 THA T4 24 ho it T2 b &
Mo BTHIRBEEYRENZm, RHAREEWRER 3 % (w5 X(w) .7 % (w9 % (wo), R K
9 . PLLA : PCL=8: 2 VXK —10 “C, K 7R JOREE R 520, R VKRB 10 °C L0 °C
—10 CHI—30 C, HA%KM N PLLA : PCL=8: 2 BAYIWKE 7 % (wo),

1.3 PLLA/PVP F4 X ZERAE

M ISM-7500F # ( H A JEOL 23 6)) ¥ 35 A& S 4348 Hi - B 3B (SEMD WLEEAE S JE 30, A i 5% T ¢
S Rb PR WE 4 S 30 mAL90 s, RS BCE KM Smile-View 2. 0 M 47 4 ARG FHE, TR 46
HREFE GB/T 8813-2008 78 LLOYD A ®) LR5K AY B 7 A LK AE ML 2F 4700 22 , XA R F 30 mm X
10 mm X5 mm, NEEE , &4 8 ~kk:,

ik 3 BE R IR GB/ T 2567-2008 £E GT-7045-MDL $6f b il 56 ML E pE47 00 5 L 38RE 3 19 R~ A
60 mm X 10 mm X5 mm,&F2H 8 NMRAKFE, K H A Belsorp-Max 3BT 430 78 & &I EE N R & B N, 1 Ff-
JBL B SR LR BET it B bR, SR S B 00 2 FF A AL IR . R T 25 7R 0 o A 00 A
I DSC822¢(Mettler-Toledo) . Ml 32t ¥ B ¥ Bl 4 20 ~200 “C, fEA SR B LL 10 °C/min f T 8 &K
HUREW
1.4 RS9 iE MK

¥ PLLA/PCL 2445 A 100 mL B =Mk, = MM A 50 mL 1. 5 SBF B4R (SBF &
W IR I 2% CHR[181]) . ARG HE =M B IE 37 CR R IE S 35 55, 2 IR M 7 d 1 14 d R L, =
BT 1.5 SBF AR B 2 d e — K, B HE FEMHEE PRGN 2~3 @, 55T
M BAESE AN AHASTEA . AR 1.5 SBF BEEUA R B 2 RE#H—IK,

2 #HXR 5k

2.1 PLLA/PCL =#MKF AT ENFE

2.1.1 PLLA/PCL He#Ifsm B 1 KL THF MR, —10 C¥ Kk PLLA/PCL/THF ## 180 min
RN SRR AR B . 4l PLLA R S8 3 A0 25. 6 £2. 3 pm MR AESH (ILIE 1A 2
M B 200~500 nm HYLF4EAT A RO IR 1A TR ED . ARVE A FTIINET PLLA 45 St B, 158 1
RE RS . — A O PLLA B M GO BE DT W R A2 M- WRAR 43 15 T8 1
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BE Y & EAHFER & EA AR B S LA, T8 & AEA TSR B AH RS 42 BCm HE 51
PLLA 7 8 RAETE A% bR T IR 7 % b AR K L B2 365 25 L T 22 R 27 4L BT 1 s i gk 8228 KO 7
S5 e s s AR KT 1 UL Sy T sk G A (Y L e AR K D e R AR A A e e AR AR B R
SOEHMARK, ARG REAERER R B, BRI VERBEZR
AR NI USR8 LA S A A Rt | = 4 ) A R B BROE AR BIGE R T DGR BR . TR, R R
ARGEF R BR AR — D AR ARSI HUAR BT SR A5 AL, 1A TR ER A, T2 ER SR G W vk B R K
i I A OG

M PLLA : PCL=38 : 2 B} , R &5 2% . L5 8 H A2 0 150~500 nm 1Y EF 454 L 90 K £F 4t 2544
ST, LT YA R AETE L 1B) 1% B A& KN A K SR 40 B 40 55 55 90 K 21 4 B4 KNSR
(50~500 nm) , XL PCL BINAREIR T PLLA 4> F4E 1A 7 AU HE AR i L TC 18 iR R 454 .
SRIGIEIE BAR R 254 PLLA 76 & AR L5 8R 0] DL & A= 25 &, FUJR 45 b 10 52 38 vk 22 BB 3K, 6 1598 R
FELER ABATS SR T LA SE SR R K LT 4 454 . 1R 1B A7 A B se 1] e e e R L A o, A — &
SR L S R JE R R ARG /0N T S o T R R A

M PCL ik — MK E PLLA : PCL=6: 4 I}, £F 42 diiE 2, B T KRB A9 H B 55 0y m AL
LK NHD 5~15 pm FLEEK/N N 2~5 pm(WLE 1C) . Liu %5027 B0 58 A R 5 7R 500 3 B AR AR
X, LABE T AR AL BRI AT I P 5 BR 5 B0 T ALEs A, SR DL - KWL B R 47, e &0 A i
WIFLEEH . R AR R A ) 3% 8 AL S5 A L B IIZ IR R DAE W AH 4 B AL 4T, Y PCL s34 m =
PLLA : PCL=5: 5. L&MW ZEETHE R (WE 1D), 4 PLLA : PCL=4 : 6, LG B Z L4541 . e
FIHLARE (1) B 2509 (UL 1E)

M1 ATHL, 26 PLLA WSS R EE R 37, 100 B %t s W A8 i VA 15 301 PLLA (945 5 B — ik
H10%~20 %, ud B3 % & 7 B PLLA B9 45 SR8 T R R &, A, A —& & PCL
(PLLA : PCL=8: 2)J5.PLLA BJZ5 B 37. 1 %0 BEARH 33. 2% . ud W] PCL N A L5218 T PCL B 45 .
X455 SEM WAL MM &, HLREE PCL A & B 380, 45 & R i PR AR, 26 PLLA LB R
ML RMER 54 96. 5% 1 11. 24 m* /g, & 42 PLLA = PCL=238 = 2 Iy {L B 2 Al kb 2 AR 43 ]
96. 3% 1 10. 84 m* /g, B A X4 PLLA : PCL=6 : 4 BJFLER RN L 2180 A5 51 R 94. 4% F1 9. 57 m? /g,
X R = A SRR R B MRk 2 LR DR LB SRR b R E R K, SRR A 4R PLLA ¢
PCL=5:5 Fl 4 : 6, LI A L 18 B KR BEREAR, FZE R A E A S PLLA : PCL=5: 514 : 6
TCIEAT B HOK B K 25 4, R FLBR S L e m AR BN, x4 R 5 SEM MRS AW &, K 28
PLLA/PCL £F 4 S 3L 0 R4 ot JE v s 1l . 540 PLLA R4 52 81, PLLA/PCL=38 : 2 £ 4
KA AR EE N 8. 2 MPa ¥ 17. 3 MPa, o ifi s BE M 4. 3 kJ/m* 3% 5.6 kJ/m”, X FERKH
PCL BAG W H 3 SR 45606 M 3L A F PCL im A B PLLA R & b, fff PLLA/PCL £F 4 7 42 1 ) 4 15 5]
R AR 5 o TR I 4 i B R v o 3 B A B4 v

#1 PLLA/PCL 4 FEEMBSHE
Table 1 Physical parameter of PLLA/PCL fibrous scaffold

PLLA/PCL PLLA 458 % /% LB/ % R/ (m?2 « g D)
10:0 37.1 96. 5 11. 24
8:2 33.2 96. 3 10. 84
6.4 28. 4 94. 4 9.57
5:5 22. 4 83.5 6. 37
4:6 20.5 80. 4 5.53
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11 PLLA/PCL %} PLLA/PCL £ 4k 32 4% 41 5% )
(A)10:0,(B)8:2,(C)6:4,(D)5:5,(E)4:6
Figure 1 The effect of PLLA/PCL ratio on the morphology of PLLLA/PCL fibrous scaffold
(A)10:0,(B) 8:2,(C) 6:4,(D)5:5,(E)4:6
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€2 PLLA/PCL £ 4 3 4% A i 457 56 J3 0 e ofi 52 12 4]
Figure 2 The compression strength and impact strength of PLLA/PCL fibrous scaffold

2.1.2 BAEWKEW BT PLLA/PCL=S8: 2 W3 M EH N 150~500 nm A 2T 4k 45 9 25 45 40 g 41
HE TR A A LT 4 RS RN e B PLLA/PCL=8 = 2 Jg & 4, WF 5% 38 4 Wy e 8 ok B BB S s iy, 14 3
NRGWHBEXS PLLA/PCL £F4E L 4UE S . REWWEEN 3 Y0 (wo) I 15 3] 1 2 TORDRS 19 5 (UL ]
3A)VHIE R 5 Y (wO R T Y (wO YA B T LR 425 # (WL 3B A1 C), WREE N 9 % (wo B 15 8 T 41 B 5t
ZEE L (OB 3D) , AUOKEF 4 (9T B 3B B W0 405 & T 3 350, 5 W 1 4 o B 00 300 7 A A 1 R 5C Bk
F A I A YT IR I, DR I i %ot 40 K 47 A ) T B 25 AR T BEAE Y L B W B B ) 3 TR IS A5 1Y
TE R WA AIK (3 % (wO) B 7E — 10 “CF L T8 e e A5, TR I T 32 T8 1 40 K 47 48 25 4 5 We JE 3
(9 % (wOO B A B G IER G Y& EM N R KRR F PLLA 20 THER A T I HERL, U JE iR I8 i
YUK ET Y2ty UL B B GOKEF RS540 BRI AE (5 %0 (w) ~T7 Y (wO)JEFEN
2.1.3  VEIRBEMRZm VIR RN B BB R S TR R R A A . B/ 4 kKR
X PLLA/PCL 274 S2 BB 50550, VKRS R 10 °C L T 15 B 3/ A0 45 46, 2 RE 15 21 36 T MRS IR 25 4
XA FE A R TR R R AW TGS K A A i RS B RE A5 A

PR EREARE 0 C A8 THE R EE L LE 4B, BARZEE T RRA A S R
VAR PLLA W TG HEA Binodal 2845 Spinodal 28 22 [8] 59 37 K4 X 48, 43 746 J6 1 & A e 437, B
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Bl 3 RAWWIE(PLLA/PCL) X PLLA/PCL £F 4k 3 48 T8 5 1
(A) 3 % (wt),(B) 5 %(w),(C) 7 % (wt), (D) 9 % (wb)
Figure 3 The effect of concentration on the morphology of PLLA/PVP nanofibers scaffold
(A) 3 % (wt),(B) 5 %(w),(C) 7 % (wt), (D) 9 % (wb)

ok kA . Wi, HEefS 8 2 FLE54 . YR EEE— P REIKE —10 CH—30 “CHF /53] T 94 K&
Yd 5K (ILE 4C F1 D),

4 VERBEXT PLLA/PCL 41 4 3 3L E $15 h
(A) 10°C,(B) 0 C,(C) —10 C;(D) —30 C
Figure 4 The effect of quenching temperature on the morphology of PLLA/PCL fibrous scaffold
(A) 10°C,(B) 0 C,(C) —10 C;(D) —30 C

2.2 EWiEMESH

K5 % PLLA/PCL=38 : 2 XHR A 1.5 SBF SRR T 1E 57 14 d 515 M AMGig &l 1557 )5 1
FERAETE 565 cm™ ' A 1033 cm " Ab H B TR B W W UE L A3 0 X 1 P—O 25 il B B R O A P—O S X AR
gER %, HAE 962 cm VA1 1409 cm ' AR HEE TR A MO0 3 BIKE R PO, R COL% (4 RFAE Y
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W, UL RE FR S R KA O R B AR, I BLHERT . PLLA/PCL B & X484 H FAEW IR R AL, v i
IS N H TCAIL LG AR AL 55 25 fh e s JK A

K 6A A¥ PLLA/PCL=8: 2 £F 4 X 42 W 7E 1. 5 SBF AW rh 1538 7 d Ry A K, 5k
BEHLHT UL 1B A b, SR 3R TE AR B — 22 W TR BT W] DU BIR B LR 4R 25 5, 1R SR 14
d J5 . AR O B UUAR Y 58 2 0 55 (DLIE] 6B) , WS B £F 2k N 25 S5 48 , 1080 55 12y S 48 3R T AR K i) e ol
JRAT(CHA) ™, 33k S 3 5 i3 B VR I JB) B K5 7 S 2R 0 T A B 1 o8 2 (R ik JK 41 . PLLA/PCL=38 : 2
LR S ELAT R AR W AR M A0 I T DA G 3 TR B LR AR L Ak R A DL R 5 W SRR R G a
14 A% i

BIRA
HFR14dE

5[’)0 I 10‘00 ‘ 15‘00 ' 20‘00 ' 25‘00 ' 30‘00 ‘ 35‘00 ‘ 4000
Wavenumber (cm™)
Kl 5 PLLA/PCL 44K 474k % 487 SBF IR b 5 3% 14 K05 2048615 E
Figure 5 FT-IR of PLLA/PCL nanofibrous scaffold before and after immersed in SBF 14 d

Kl 6 PLLA/PCL £ 4 3 422 {78 SBF A5 LA Hh A 421 4 i 5 1=
(A 7d,(B) 14d
Figure 6 SEM images of PLLA/PVP fibrous scaffold immersion in SBF with 7 d(A) and 14 d(B)

3 it

PLTHFE 8 R0 AN G IRl 38 e 09 45 44 Gl A0 2 B il & T PLLA/PCL & G 40K 27 4 =
Y 2L, 41 PLLA IR SR EAE N 25.6+2.3 pm WA E5H 5 it A PCL(PLLA/PCL=8 : 2)
J&  HAEAF R H AR N 150~500 nm MY LF 445440 ; PLLA/PCL=6 : 4 B, 3 B B s g fL, t—2F
Hk PCL &, H RIS BHLRS (OS540 . 54l PLLA 44 2380 b, PLLA/PCL(8 = 2) 21 4k 3 22 (1) 5 45 3%
FEM 8.2 MPa 3% 17. 3 MPa, thais® M 4.3 kJ/m® 3N 5.6 kJ/m?, BEVEEM G % (wt))
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MEBEYMEE 9 % (wO) B TES RN 4E45 0 WAORERE (10 CH 0 C) W TEE4e B 98 Kk 27
YEssH, BRI A PLLA/PVP=8 ¢ 2 JEAWIWKIE 7 % (wo) IR — 10 C, il LIS 3] B 2
H 150~500 nm Hy¥5] HUHE M = YEGRLF A AL . WK RN A TR IR A AN TR 94 K 27 4 1148
KNSR (50~500 nm) A FIF AR 2R S0 1E S8

5% Xk,
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Preparation of Three-Dimensional Porous Scaffold Based on
Poly(L-lactide acid)/ Polycaprolactone Composites Nanofibers and
Cellular Biocompatibility

LIN Hao, LIU Rui-lai* , QI Xiao-bao, HU Jia-peng, 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(1-lactide acid) /polycaprolactone (PLLA/PCL) composites nanofibers three-dimensional porous scaffold
was prepared by low-temperature quenching, extraction, washing and drying from tetrahydrofuran solution without the
assistance of other additives. The effects of PLLA/PCL ratio, concentration and quenching temperature etc. on the
morphology of fibrous scaffold was investigated by SEM. The influence of addition of PVP in mechanical property and
bioactivity were also investigated through compression strength, impact strength, porosity, specific surface areas and in
vitro bioactivity test. The results show that fibrous scaffold was produced by crystallization of PLLLA. The addition of PCL
impeded the crystallization of PLLLA and increased mechanical strength of fibrous scaffold. The optimum test conditions as
followed: PLLA/PCL =82, concentration 7 % (wt), and quenching temperature — 10 °C, the uniform composites
nanofibers there-dimensional porous scaffold with diameter of 150 ~500 nm was obtained. The compression strength and
impact strength of fibrous scaffold were 17. 3 MPa and 5. 6 kJ/m?*, respectively. The porosity and specific surface areas of
fibrous scaffold were 96. 3% and 10. 84 m® /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(I-lactide acid) ; Polycaprolactone; Nanofibers; Scaffold; Porous
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