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Scheme | The synthetic Toute of poly( L-lactide- co-3-malic acid)
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Table 1 The molecular weight and thermal property of
poly{ L-lactide- co-3-benzyl malate)

MA content Polymer
Monomer - olymer® Yield M, M, MJM, AHm
feed
0 0 97 221400 398600 1.8 -17.3
4 4 94 B0OI0 179800 2.2 -10.5
6 6 92 66100 13200 2.0 -7.4
8 8 92 40700 79900 1.9 -2.6
13 14 91 43900 73400 1.7 0
19 20 85 32200 51500 1.6 0
26 27 80 13400 18100 1.4 0

w_
v v
45t v A
Q A
£ or
- o
B A ° l .
2 st e m %
'Y | n ® 6%
= A 19%
of & L ¥ 27%
1 1 1 1 1 1
0 2 4 6 8 10
Time (week)

Fig. 1  Weight loss of poly { L-lactide-co-3-malic acid} during
degradation in pH 7.4 PBS at 37°C

* From ' H-NMR measurement;” From DSC measurement

HERIFTLUER, EXRUN S TENSSE
RPM(AH B EFRRAMR-4-FERM RS W
MNYEREEE T 14%0,DSC #HE L4 S
K AEBYHERLEY.

22 BILALEE-cop-ERB)BER

HERMEIEN 4 mol% (PLMA96/4) .6 mol %
{PLMA94/6) . 19 mol% ( PLMA81/19) FI 27 mol%
(PLMA73/27) Bt R YIBTE pH 7.4 BB Wi
TR RE R AT R BETT TR .

B AyFEEERTERR IR PR RES i
£ PLMAS1/19 Hl PLMA73/27 TEf&# 1 AL E
BRI, REEFHED T 26.8% 1 34.3%;
PLMAS6/4 F1 PLMAS4/6 [F&#7 1 AR R EEHE /),
KERE S WM 1.8% M 2.1%. PIMAS1/19 #l

PLMA 96/4

Degradation for 1 week
Fig.2 Surface morphologies of poly( - lactide- co-f-malic acid) in pH 7.4 PBS at 37°C( x 200)

PIMATY 2T FERBUAE . < BEEH TR, 25
FEETE 45% T 58 % B 3L , i PLMA96/4 Fil PLMA94/6
WA ERELMERM. S 4 HHEBRNEREYD
I PR 2 E 2 509 R S5 PLMA96/4 #1 PLMA94/6
1 PLLA & B &, # R b PLLA R &5 & B K &
FLERE R R E B PLMA9/4 F1 PLMAS4/6 255
- JE By 5 B/ ;T PLMAS1/19 §1 PIMA73/27 AL E
BE. K FEEDIHE AL, EREEEE Mk, 3t
FYHMECHRXMERG  KE TERS R FHLE
MHERERRE  CEROGMEREMREE
5 A b} (6] Py S I A5 15 8

B 2 2 PLMA96/4 Fl PLMA94/6 [ & #F &b 3%
ERMHEEER . LR, BRI ILEDE
mREAE,.LHE ME—RG . BRERILER

PLMA 94/6

Degradation for 3 week
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'"H-NMR 3%, E 4T X e o i e . B R — )
B ORAERR(PMAYEEE R TR H X (&
3,4),7 PLLA 8B 0 BT T W R AR TF 46, LB A 21
BMEMTH LA FTKP  WIEH5ERRE
R PLLA WEMBRR EH K.

Ha A EDH S FREMEMREBRNEZLY
GPC i £% . PLMA96/4, PLMA94/6, PLMA81/19 #l
PLMA73/27 #9 GPC BEfME M R 8 T 3, L B

Origin

1 week

3 week

6 week

10 week

il

1
30 40
Time (min)

20

o

al

Origin

1 week

3 week

6 week

10 week

10 20 30 40
Time (min}

= M 2004 fF
o}
29 3 4 (ﬁ)
—(-o—<I:H—C);{—OA~CH—CH2—C—},,-
CH, OOH
1
2 X
5 week l 1
1
X
1 week l
1 1
X
0 week 3 I l 4 |
L 1 1 1 1 i
10 8 6 4 2 0

Fig. 3 The composition variation of poly( L-lactide- co-3-malic
acid) {81/19) during degradation
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Fig. 4 Molecular weight variation of poly( L-lactide- co-8-malic acid) during degradation in pH 7.4 PBS at 37°C, the malic acid content in copolymer

was (a) 4% ; (b) 6% ; (e} 19%; (d) 27%
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PLMA73/27 BB A 9 BE G4 7E GPC B L5555
B F PLMAS1/19 #1 PLMA73/27 L H K& ¥ K
HERRALC, SEARVE=ZEAPTHERE
A BUFESRH; EELRYNER, ERLAR
ETAFEHERE FHREYE=SHHEPHE
A, H o, R RS MG TE GPC I
THREMES, XFHIES T R #E ' H-NMR
e, B YR EKMEN PMA BB AN T8
THTFX, PMABERRENREBEKELE S S
2
23 B(L-AXEEE-co-p FRB)HARFHM
A B R R A A K R A BT IR,

C 3 & :
Fig. 5 Cell morphologies of mice 3T3 fibroblast on PLLA and poly( L-lactide-co-3 malic acid) copolymer membranes cultivated for 5 { x 150)

a)PLLA: b)PLMA96/4; c) PLMA92/8; d) PLMA87/13

PIMA B 55 5 h ARBHE 3T3 i
HY A MAE PLLA B R ¥, PLMA96/4 . PLMA92/8
F PLMA87/13 JL AR F3E 5% 5 b AR 32 40 3
H43% .71% .80% Fi 43% . 4 fi Z& PLMAS6/4 Fi
PLMA92/8 FL R AE | (¥ Ik B 323 i & T- 78 PLLA
HEY A PIMAST/I3 L RIS L MG L E
P ERSBEESD 13%, ARV SHE
BT MM MEH RN TR, XERYHRE
ARG B {5 61 8 = B BB B0 SR KL i
S5 RENEKER X S E R E KK
% 50° ~ T0°RE " AR B R R E RS E R AT, T
PLMAS7/13 5T o} &5 B0 3 Ak o S 30 T 40 i % it =
T RE .

B 7 AR 3T3 AT 4 4 /e PLLA R Y,
PLMA96/4 . PLMA92/8 #1 PLMAS7/13 £ B Y %
EAFIEESE 24 W WA RAKFN . AR TE PLLA

£ JH I BT A 78 25 R0 G B 32 AT LA R st R O 40 R
AT IR . 4 R A1 ST 061 0, B HE E B A A
HETERE, UHER  AREAEEZEHAMH,
BARARAMNSRERERE, HEEK.H5H
BA 313 RAHMK A4 PLLA HEYA
PLMA96/4 ,PLMA92/8 i PLMA87/13 3t B ¥R £
Bk sh BN RIS B I A . A E P ] LLF B, PLLA
HEYH PLMA A BB RFIE KB M.
PLLA ¥R PLMAS7/13 1 B4 8 & I £ |
M % BT , PLMA96/4 1 PLMA92/8 R %
] 1) 40 B 2 R T

Be M BRIT3IMA A MAPLLAZ R YA

BIRYE R SRR, R #; 7 PLMA87/13
HMEEWE L BRAENBREAERE. BHEXE
M A ERTE s 8 PLMA 96/4 1 PLMA92/8 K B #
BERENERILEER—F . BAYREZE S

Cell attachment {%)

PLLA PLMAGSG/4

PLMA92/78 PLMAB7/13

Fig. 6 The cell attachment of mice 3T3 fibroblast on
PLLA and poly( L-lactide- co-f-malic acid) copolymer
membranes cultivated for 5 h
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%iF b B3T3 4T 4 4 B 7E 45 R A b R 0 1S 5%
5 h# 24 h MFEARTLAAIE , 41 7 PLMA96/4 Hl
PLMAS2/8 L EYIRKREHNIMIES L& PLLA &y
YA PLMAS7/13 3t B F KRB &4, R
Hi PLMA96/4 1 PLMA92/8 i) 40 Bl 3= A £ tb PLLA

Fig. 7 Cell morphology of mice 3T3 fibroblast on PLLA and poly{ L-lactide- co-# malic acid) copolymer membranes for 24 h { x 150)
a)PLLA; b) PLMAS6/4; ¢) PLMA92/8; d) PLMAS7/13

HEYI PLMAST/13 A BRI HE468 LR
HEVYEREAREDENOTRSG R, TTLUHA
AENAATERNEDHE NERLEY
PLMA96/4 il PLMA92/8, Eff 1 A& §E WM &
B K BEREAFERE FAREFREN
20 B R .
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DEGRADATION in vitro AND CELL AFFINITY OF
POLY( L-LACTIDE- co-f-MALIC ACID)

HE Bin, WAN Yugqing, BEI Jianzhong, WANG Shenguo
( State Key Laboratory of Polymer Physics & Chemistry , Institute of Chemistry , Chinese Academy of Sciences , Beijing 100080}

Abstract The degradation behavior of a novel functionalized biodegradable poly( Z-lactide-co-3 malic acid) in pH
7.4 PBS was studied, and mice 3T3 fibroblasts were cultivated on copolymer films to evaluate the cell affinity of
copolymers. The variation of weight loss, suface morphology , composition and molecular weight of copolymers were
investigated . The results showed that the degradation of poly{ L-lactide-co-3-malic acid) was bulk degradation, the
malic acid could accelerate the degradation rate, the ester bonds near PMA segments hydrolyzed prior to the ester
bonds in PLLA . The cell attachment rate of 3T3 fibroblasts on the surface of PLLA, PLMA96/4, PLMA92/8 and
PLMAR7/13 was 43% ,71% ,80% and 43 % , respectively when cultivated for 5 h, the morphology of 3T3 fibroblast
was better on the surface of PLMA96/4 and PLMA92/8 than that on the surface of PLLA and PLMAE7/13 when
cultivated for 24 h.

Key words Poly( L-lactide- co-3-malic acid), Biodegradation, Cell attachment



