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Synthesis and Enzymatic Degradation of Poly(L-lactide)
Chikara TSUTSUMI* Kazuki KIRIMA* Miku IWASAKI* Susumu NAKAYAMA* Masaki SHIOMI**

Poly(L-lactide) [poly(L-LA)] is a biocompatible and biodegradable semicrystalline polymer obtained from starch in high yield, and depending for the
degradability on crystallinity or a molecular weight is known. Polylactide (PLA) is mainly classified into three types, as follows. Besides poly(L-LA), there are
poly(D-LA) or poly(D,L-LA) which are synthesized by ring-opening polymerization of D-lactide or D,L-lactide. In this work, the enzymatic degradation test was
conducted using the proteinase K which can be degraded poly(L-LA), and the influence physical properties have on the degradability was studied. The physical
propetties of synthesized poly(L-LA) were evaluated with DSC, XRD, and FT-IR, and the surface configuration of a sample after degradation was observed by
SEM. It was confirmed that the sample with a high degree of crystallinity was difficult to be degraded as a result of the degradation test.
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Scheme 1 Ring-opening polymerization of L-LA using Sn(oct)a.
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Fig. 1 Chemical structure of mono and dihydric alcohol using as

initiator.

2—2 TJ4I)LLOER

Sy fEERER e & ONCMERIEICHE R T2 7 4 VA, YR
VEF YA MECEVESH 120um D7 4 L AEERL T,
VIR Ry A MEIZED T 4V AE, LLUF OB R
Lz RU~—10gZ7uaadoLh 15m IIRBSE, 20
WiiaT 7y —L (¢100) ICH LIAAR, —BERT 7 b
B LIS 2R BT D T4 VA EER L, 20

15

60 2024

T AN FETTATF y JHRFITNEEZ AT L— LT AT
VAR (150x200x1 mm) 2 L CHedr, /NRET L A (I H)
REBREART) 12X 0 FTE DIEE T 100210 um D 7 4 L AR D
LT LA LTz,

2—3 KRBT 1 ILLOBERIRHAR

7R (50ml ) 12 30mM U 3 AR ETRIE (pH 8.0)
Z 30ml A, RY~v—0EEL b &ITHEEIENEN 1 Umg
polymer |272 % K S5 IRt ChH L7 mT 4 F—8 K &%
RSz, RIZ, $I30mg D7 4 /L2 (100£10 pm &) %R
JxFLrAyvay—h (1@H 0761 mm) IZE LA, B
FIBRCRE T T2, ZOF 7 Vl%E 37 °C ICRRE LT fEIRNE
L HOREIZ T 20 FEIR E 5 (120 rpm) SH72t&, VT %
IO LUTKEL, KaE+aIc B BRuicth, HZEris
\CCHZEEEZ 3R T o 7o, EtE v Ao EREEH
E LR ERSRL RO, BRIEEAMERT 27200, #ER
VRWRIS 40 WIS 2R LU, RIRR DB E AR 0 K LIT o 72,

2—4 BEHFOERMEDRE

T8 My & 0 B MolMa 13, AR HIGPC v AT
L (R 7 PU-4180, RzEEHTEE (RD) riids RI-4030, 775
LA —T 2 CO-4060, A — k¥ 7T —AS-4150) % AT RI
KT L0 . T LR 40°C THIE L7z, BBERIT HPLC
AruarLs (BL74/VAFYCHEEE) &L, FE 1
ml/min & L7z, DBERAB T L EHT— RO T LFXENEN
Shodex D K-804L & K-G &M\ o, Ma (FFEHER U X F 1
VYRR LT BB R 72,

BRI (Ta. AHm. To) V&, BV U7 ORZEERBER
Thermo Plus 2/DSC8230 (BT, DSC) #HWTHIE L7z, F
PR LT A VB ET I RACANBIEY > T AR
7=, DSC OEEMR O LM TV 2 SRR > v 5l
WCHIEY o TN ZiEE | RRERFTIERRENSETERY
AW L, 50 ml/min T 3 434 AEH#EIT - 72, FEHE 10
°C/min T 200 °C £ THEAL 7= Ist B —F 1 > 7 OFEREN S
S (Tw) . BMEEL (AHm) Z#RE L72, MM 2nd B —7 4
IS, AT AEBR (T,) OfEERDZ, =, WEL
72 AHn I BAERALE DR & 2R | BRI O RIC L 5%
DIENEFHM L7,

BRI IO CTHREAIRIB 2 5T 9~ 2 72 DI, iR b % 2L
TOREREICI Y RO, FECEZRY H 7 O X BREPTEER
MiniFlexIT (LT, XRD) (& & 0 HIE LFFM L7, 20 DAF v
HPHIT 8° A D 35° T, A K ¥ T 2 %/min THIE L7,
T HEREOR BT R FHE 7 — U BRI ERE FT-
IR 4100 (HAZYEMR) 12X 0 AT ML & RDEHE LT,

RS DT TNV REEBIEE L, BERIC X Dbt 2 5T
T oD, EBRE
SEM) (JSM-6510LA) T7 4 LV AKHEBIE LT,

BEE (Scanning Electron Microscope :



3. BERBIUEE

3—1 RYIBOERK

AV HABEDOERIZIBTRRAHAI L 72D 1 ffido DT 2 ffi7
VA=V DEG DR G L T2, M/I/C % 800/2/1 & L,
R LT YSHERTC 120 °C, 24 R E S AT o7, L fli7 L2
—/L'& LT BenOH, 2P2Pr, TY . = LT, 2ffir/ra2—/L
& LT 22DMI3PD # AWz, T b EAMRZ Fig. 2 1T
7, BAAAIE LT BenOH ZfEH L TH L L7z poly(L-LA)D
STENR DM 8.1x104C, KIZ 2P2Pr T 7.7x104& 72 D) |
b Rax RUAMCT VX VEEZFET S TY ZHVWTEAL
T8t T REIIROREL 2 A TH o 7o, PRI 81%0>
D 88%DHPANTH Y, REREITIALNRD T2, 27T
Ja— T b 22DMIZPD & HWTHARK L7 poly(L-LA)IE
B TAXI0YCTY LIZIERI UAER L Ao Te, A7 FERA
Atz 2 L-LA OFEA T, bt e £/ ~—2FNr L
TeBIZT N a— A BEDORICAD AT Z & THERMNEZ Y 4
FHEPBRET2EEB2ONTEY, ZOT NV a— LOEER
DFHEMBEICEEEZMTL CNDEEZLND, LIRS T,
1 7 va—Aoa. b ReXdENIcSikEE L /s
BEHER S FHMRICREEEZRIEFL WD EEX O, AHE
BricBW T, TOREN/NEV BenOH THFENREL 2o
EHERIND, 2 T A2— AT, REEICSREEDE
e R U AMOEMAEASICEEL TS L Ebh,
22DMI3PD Tl 2 DD A F/LFEDIELE & PHEER] 30088 L
TNDZEDLRRNTEMEL ol bt EZLND,

10 100
EMn OYield

8 - 490
+ 61 1 80
= ~
= =
= °
=, 0 470 >

2t 160

0 50

BenOH 2P2Pr TY 22DM13PD
Fig. 2 Effect of mono and dihydric alcohol as initiator for
polymerization of L-LA at a monomer/initiator/catalyst molar ratio

0of 800/2/1 in toluene at 120 °C for 24 h.
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Fig. 3 Relationship between monomer/initiator ratio and yield or Ma

for polymerization of L-LA with TY as initiator.
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Fig. 4 Enzymatic degradation for poly(L-LA) using proteinase K in
Tricine buffer (pH8.0) at 37 °C.
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Fig. 5 SEM images of poly(L-LA) samples after enzymatic
degradation by proteinase K at 140 h, for samples (a) with 2P2Pr

(mass loss 5%) and (b) without initiator (mass loss 81%).
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Fig. 6 DSC thermograms obtained during first heating of poly(L-
LA) films.
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Fig. 7 XRD patterns obtained from poly(L-LA) films.
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Fig. 8 ATR FT-IR spectra of poly(L-LA) films over the ranges of

1700 to 1800 cm™.
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