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Table 1 The different performance requirements of biodegradable polymer depended on different medical applications
Performan ce requirements
Applications
Mechanical strength Degradation rate
Sutures High Fast
Bone screw High Slow
Cell scaffold Low Fast
Drug carry Low Slow
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, PLGA

, ( 2).
PGA , GA—GA GA—LA
(37

2 PLGA(50/50) PLGA(70/30) 37+1°C.pH7 4 PBS

[37

Table2 The composition change of PLGA(50/50) and PLGA(70/ 30) with degradation in pH7 4 PBS at 3741 C37

Degradation time [ lacty]) /[ glycotyl]
(weeks) PLGA(50/ 50) PLGA (70/30)

0 46 2/53 8 66 2/33 8

1 47 3/52 7 66 7/33 3

3 56 5/43 5 71 9/28 1

6 73 9/26 1 81 7718 3

12 84 5/158 5

20 86 2/13 8

: PLGA s , PLGA
(37 , PLGA , PLGA
. , PLGA s
PLGA s PLGA . PLGA
. PLGA . . e
, PLGA , .
. ,
s (CL) PLGA
; ( / / ) ( PG LCO™, PGLC
/ / (glycotyl/lactyl/ caproxyl) . (
/ ) , PG LC ,
. —60C +45°C, (
i 50 % ) (53941 X
PGLC ( 3 4),
3 PGLC (S
Table 3 Characteristics of various PGLC tri- component copolymers '*
Sample PG 1LC63/27/10 PGLC45/45/10 PGLC27/63/10 PGLC25/ 25/ 50 PGLC10/10/80 PGLAS0/50

Molar ratioy % Feed 63/27/ 10 45/ 45/ 10 27/63/ 10 25/ 25/ 50 10/ 10/ 80 50/ 50/ 0
(glycotyV/ lactyV/ caproxyD)  prody et 65/25/ 10 47/ 43/ 10 29/61/ 10 25/22/53 9/ 8/ 83 54/ 46/ 0
[N (dlg— Do 0 63 0 80 1. 19 121 170 Q0 67
M, X 1074 5 87 7 32 8 82 6 87 119 593
M/ M, 1 56 1 49 1. 61 1 62 1 68 1 68
Lan 116 120 1. 21 2 21 6 05
T, (O 76 17 0 21 7 —41 4 —578 45 6
Contact angle(deg) 58 5 6L 5 68 0 —¢ 75 0 60 6
Water absorption ratio( %) 10 4 55 5 8 —C 30 10 3
T ensile strength(MPa) 19 7 24 8 25 6 —cC 315 20 9
Elongation( %)) 674 608 570 —C 1536 364

4Determined by 'H-NMR.
bMeasured in chloroform at 30 C and caleulated by one point method.

‘PG 1.C25/25/ 50 was syrup like at room temperature so these data was absent.
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Table 4 Degradation rate of various PGLC tri-component copoly mers
T s49(weeks) Kind of PGLC? [ Vg State at room tem perature

> 60 rPGLC(10/ 10/ 80) 2 14 Waxy Solid
~11 bPG LC(35/35/30) Q 51 Solid

10~ 11 bPG LC(27/ 63/ 10) Q0 81 Solid
~9 r-PG LC(27/ 63/ 10) 153 T acky & rubbery
8~9 rPGLC(27 965 I/T) 1 08 Solid
~ 8 PG LC(28 8/ 67 2/4) 1 00 Solid

5~6 bPG LC(40/ 40/ 20) Q 59 Solid
~5 PG LC(45/45/10) 112 Tacky & rubbery
4~5 bPG LC(45/ 45/ 10) Q0 61 Solid

aHalf-life(Tso) was the period for the polymer lost 50% of weight during degradation in vitro.

bW here the » PG LC was random PG LC tri component copoly mers and the b- PGLC was block PGLC tri-component copolym ers.

b A b

PLA  PLGA . ,
. CL ,
. , PGLC CL PLGA, CL
, . »  PLGA

, PGLC , « » ( 1)[42] .
g J
L? i
e
~'6 -
?
3
0] J
o

50
Time (day)
1 pH 74 37£1°C 5Fu PLGA rPGLC e
(W) PGLC (45 45/10) @ )PLGA (50/50) ( A)r-PGLC(27/63/ 100 ( ¥)PLGA(70/30)
Figure 1 Comparison of release of from PLGA and r-PGLC matrixes in vitro under pH 7 4 at 3741042
(D) ~PGLC (45 45/10) @ )PLGA 50/ 50) ( A)-PGLC(27/6% 100 ( ¥)PLGA(70/30)
PG LC A( CsA) ,
CsA-DDS. CsA-DDS , CsA-DDS CsA
CsA 1/18000, 3~6 ) ,
, PG LC
( 2) RN
(SFDA) s
( : 20061.02840), H .
PG LC . SFDA
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Figure 2 Eye-implantable cyclosporinePGLC DDS (2mg/ pellet)
After cornea transplantation for 28 (Left) and 90 days (Right)
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Figure 3 Shape-memory behavior of PLLA-PGC multi-block copolymer at 45 ‘0143
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PEG GA.LA CL ( - -
) (PCL-b-PEO-PCL, PCE)** . ( ) (
PCEL)™# . ( - ) A« / - ( > ( /
) (PLGA-PEO-PLGA, PLGE)"™ N PEO
(1 PEO ,
PEO [4.48. 51,53 ( 5)'
5 PCEL PEO 53
Table 5 Dependence of morphology of PCEL microparticles on PEO component 53
Length of PEO B Water sorption Contact angle Microspheres
Sample [EQI /[ LA]/[ CO) M, aX 1074
(M) % (wt) (degree) morphology
PCEL-a 15/7/78 6000 117 12 60 Small pores
PCEL-b 14/13/73 10000 15 2 8 60 Large pores
PCEL-¢ 32/18/50 6000 61 36 56 Irregular
aMeasured by GPC technique.
2 ) PEO s
PEO -
3) PEO ) ,
PEO ; PEO
, 17,521
4) PEO PLA.PLGA PEO
O/W) - ; / . .
) PEO
( 4 ) / 3
(5) PEO s
PEO PEO , PEO
) ( ) N
( 5);
(6) PEO PLA.PLGA PEO -
( ); 9
[ 13, 54] [55~58
P 6);
(7) PEO pcL'™ . pcLc'™ PEO
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*PEO rich on surface *PEO absorb water

Freeze

Referto the Hydrophilic PEO Segment.

Referto the Hydrophobic Segment

4 PEO/
Figure 4 Formation of porous microparticles of PEO/ Aliphatic polyester copolymer

5 PEO PCEL (]
(2) PEO(6000),[ EO]=15%; (b) PEO(C10000), [ EO] = 14%; (c) PEO (6000), [ EO] =32%

Figure 5 Effect of length and content of PEO segment on morphology of PCEL microspheres ¥

(a) PEO (60000, [ EO] = 15%; (b) PEOC10000), [ EO] = 14%; (c) PEO (6000), [ EO] =32%

6 PLGA
Figure 6 Imaging with high intensity in left ventricle under power contrast imaging (PCI) mode

/ , N .
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NP-4

7 PEO10000 PEO/PLGA (w/w) PLGE X 100k) “1®
*NP-0~ NP-4 PEO 0,12 942 2,549 71 4% (wbd
Figure 7 TEM photographs of various NPs made of PLGEs composed of similar PEO10000 but different
segment ratio of PEO/PLGA (w/w) (X 100k) * 162
* The PEO content of the NP-O~ NP-4 was 0, 12 9 42 2,54 9 and 71. 4 wt%. respectively

, PLGE PLGE PLGA/PEO
(w/w) . ( 6),
[62]
6 PEO/ PLGA L&)

Table 6 Size and slenderness ratio of NPs composed of different molecular weight ratio of PEQY PLGA segments!®?

Sample Copoly mer Molecular weight ratio D L D -
PEO/PLGA segments (nm) (nm)
NPO PLGA 0 140 140 1
NP1 PLGE-1 Q0 39 105 105 1
NP2 PLGE-2 Q 90 40 120 3
NP3 PLGE-3 167 20 160 8
NP4 PLGE-4 4 00 10 500 50
"L/ D (the slenderness ratio): the ratio of length (1) and diameter (D) of the NP
’
3 PLGE
¢ 8),
s PLGE ,
PLGE . , PLGE ,
s s
’ ’
v, S ., PLGE
’
s ’
165. 66] ; i
) ( B e, ,

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Biodegradable Polymer ——A Kind Important Biomaterial
1 Bulk Modification of Aliphatic Polyesters

WANG Shen-guo -
(Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Biodegradable polymer has been widely paid attentions based on it became an important
biomedical material. And aliphatic polyester has become greatly studied and widely applied
biodegradable polymer because of its fine properties. Based on consulting of 78 references, the research
wotks in Institute of Chemistry, CAS on bulk modification of aliphatic homo-polyesters, which aimed to
improve disadvantages of the polymers on hydrophilicity, degradation rate and bio-compatibility etc were
summarized and reviewed. In the paper some new aliphatic polyesters, which produced by
copolymerization modification and blending modification, and some new characters and performances of
the modified aliphatic polyesters were reported. Therefore after aliphatic polyester undergone bulk
modification not only performances of the aliphatic polyester have enhanced, but also the number of
aliphatic polyesters has increased. It is benefit to supply more biodegradable polymers for selection of
various biomedical applications.

Key words: Biomaterial; Biodegradable polymer; Aliphatic polyester; Bulk modification;

Degradation rate



