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Summary 

Recen t  s t u d i e s  have  ind ica ted  t h a t  compl ica t ions  like swel l ing  and  
i n f l a m m a t i o n  of  t he  s u r r o u n d i n g  t i s s u e  may  occur  in t he  la te  s t a g e  o f  t he  
tn  v t v o  d e g r a d a t i o n  of s e m i - c r y s t a l l i n e  PLLA bone f i x a t i o n  devices .  
I nco rpo ra t i on  of an  a n t i - i n f l a m m a t o r y  drug ,  like a s a l i cy la t e ,  in t he  
po ly (L- lac t ide )  cha in  m i g h t  be a r ou t e  to p reven t  t h e s e  compl ica t ions .  In 
t h i s  s tudy ,  i t  h a s  been shown  t h a t  i t  is poss ib le  to  copolymer ize  L - I a c t i d e  
w i th  d i -  and  t r i s a l i cy l ide  and to use  sa l icy l ic  acid as  an  i n i t i a t o r  f o r  
t he  L - l a e t i d e  po lym er i za t i on  or the  L - l a e t i d e / c - e a p r o l a c t o n e  e o p o l y m e r i z a -  
t ion.  F u r t h e r m o r e ,  PLLA was  blended wi th  poly(sa l icyl ic  acid) and  
Zn(sa l i cy la t e )2  w a s  s y n t h e s i z e d  and  t u r n e d  out  to be a c a t a l y s t  f o r  t he  
r i n g  opening  p o l y m e r i z a t i o n  of  L- lac t ide .  The b ina ry  p o l y ( L - l a c t i d e ) / o - a c e -  
ty l  sa l icy l ic  acid s y s t e m  has  an eu tec t i c  compos i t ion  fo r  52 7, w / w  of  
po ly (L- lac t ide )  in the  m i x t u r e .  I ts  eu tee t i c  me l t i ng  t e m p e r a t u r e  is  119 ~ 

Introduction 

Among s e v e r a l  b iodegradab le  polymers ,  po ly(L- lac t ide)  (PLLA), a semi  
c r y s t a l l i n e  po lyes t e r ,  is widely used  in b iomedica l  app l i ca t ions  such  as  
d r u g  r e l e a s e  s y s t e m s  (1), su rg i ca l  s u t u r e s  (2) and imp lan t s  f o r  f i x a t i o n  of  
bone f r a c t u r e s  (3,4}. This  is due to the  proven s t r e n g t h ,  b ioeompa t lb i l i ty  
and  d e g r a d a b i l i t y  by hyd ro lys i s  of  PLLA. 
The use  of  h igh  molecu la r  we igh t  PLLA as  a f r a c t u r e  f i x a t i o n  device in ora l  
and  m a x i l l o f a c i a l  s u r g e r y  in i t ia l ly  gave good r e s u l t s ,  hea l ing  of  the  bone 
f r a c t u r e  w i t h o u t  c l in ica l ly  de t ec t ab l e  compl ica t ions  took place.  A s e r i o u s  
p rob lem,  however ,  w as  t he  s low d e g r a d a t i o n  r a t e  of  PLLA and  compl i ca t ions  
such  as  i n f l a m m a t o r y  r e a c t i o n s  and swel l ing ,  which  showed up in the  la te  
s t a g e  of  t he  d e g r a d a t i o n  a f t e r  an  i mp l an t a t i on  per iod  of  3 y e a r s  o f  t he  
device (5). 
In o rde r  to lower  t he  c r y s t a l l i n i t y  of  PLLA and to p r even t  or  inhibi t  t h e s e  
u n w a n t e d  r eac t i ons ,  i nco rpo ra t i on  of  a b iological ly  ac t ive  d rug  w i th  
a n t i - i n f l a m m a t o r y  p r o p e r t i e s  in t he  PLLA device migh t  be a so lu t ion  to t h i s  
p roblem.  Upon d e g r a d a t i o n  of  t he  PLLA t he  act ive  componen t  wil l  be 
r e l ea sed .  Recen t  s t ud i e s  showed t h a t  a d e c r e a s e  in t he  c r y s t a l l i n i t y  of  
PLLA r e s u l t e d  in an  a c c e l e r a t i o n  of t he  d e g r a d a t i o n  (6). F u r t h e r m o r e ,  m u c h  
r e s e a r c h  h a s  been done on t he  s y n t h e s i s  and  behaviour  of  a sp i r in ,  
de r i va t i ve s  o f  sa l icy l ic  acid modi f ied  po lymer ic  s y s t e m s ,  which  is  because  
of  t he  know a n a l g e s i c s  and  a n t i - i n f l a m m a t o r y  p r o p e r t i e s  of  t he  s a l i c y l a t e s  
(7). In m a n y  of t h e s e  s y s t e m s  the  d rug  is a t t a c h e d  by m e a n s  of  a 
hyd ro ly t i c a l l y  deg radab l e  bond to the  ma in  cha in  of a polymer ,  as  a m e a n s  
of  i n c r e a s i n g  t he  d u r a t i o n  of i t s  ac t iv i ty  (8-11). Less  r e s e a r c h  ha s  been 
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done upon the incorporation of sal icylates  in the main chain of polymers 
which are to be used in the biomedical field (12-13}. 
The aim of this  s tudy is to invest igate the  possibility of incorporat ion of 
sa l icyla tes  into PLLA by means of blending PLLA with poly(salicylic acid), 
poly(o-oxybenzoyl), copolymerization of L-lact ide with the cyclic es te r  
disalicylide (di-benzo- 1,5-dioxocin- 6,12-dion) and tr isal icyl ide 
(tri-benzo-l,5,9-trioxacydodecin-6,12,18- trion), Figure 1, and by poly- 
merizat ion of L-laetide,  and copolymerization of L- l ac t ide /e -capro lac ton  
(50/50), ini t iated by the hydroxyl group of salicylic acid. Also 
Zn(salicylate)2 has been synthesized, and used as a ca ta lys t  in the r ing  
opening polymerization of L-lactide.  Fur thermore  the solidification and the 
melt ing behaviour of the guas i -b inary  system formed by poly(L-lactide) and 
the diluent  v-acetylsal icyl ic  acid has  been investigated. It is know tha t  
euteet ic  solidification of polymers may lead to porous mater ia ls .  This can 
be an impor tant  f ac to r  if the polymer is to be used as a surgical  implant,  
as porosi ty determines t i ssue  ingrowth (14-16). 
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Figure 1: Structural formula~ o f  dtsattcyttde (I) and trtsaltcyttde (II). 

Exper imenta l  

(Co)polymerizations: Aspirin, o-acetylsalicylic acid (Janssen Chimica; 
Belgium), was  used without f u r t h e r  pur i f icat ion and slowly heated above i ts  
melt ing point (ca. i37 ~ at 21 mm Hg pressure  in order to prepare  poly 
salicylic acid. Acetic acid was distilled off  under N2 for  one hour. Next 
the  t empera tu re  was slowly increased to 190 ~ and maintained for  two 
hours.  The dist i l la t ion took place until  no more acetic acid was formed. 
Depolymerization of the polycondensate poly(o-oxybenzoyl) was carr ied  out 
a t  330 ~ (15 mm Hg pressure)  in a heated tube-oven. Puri f icat ion of the 
subl imate  and isolation of the di-  and tr isal icylide occurred by means of 
r e f lux ing  in chloroform (3 hours) and recrys ta l l iza t ion  (-15 ~ f rom pure 
chloroform and acetone. 
Copolymers of L-lact ide with di- and tr isal icylide were prepared by 
dissolving the sal icylate in the lactide melt ,  and using s tannous  octoate 
Sn(Oct)z as  a r ing  opening catalyst .  The polymerizations were carr ied  out 
in si lanized polymerization vessels  under N2 at 110 ~ for  V days. The 
copolymers were purif ied by precipitat ion using chloroform as the solvent 
and methanol as the precipitant .  
L- lact ide  (Purac Biochem; The Netherlands) was recrys ta l l ized f rom sodium 
dried toluene. ~-caprolactone (Janssen Chimica, Belgium) was purif ied by 
drying over Calla and dist i l la t ion under reduced ni t rogen atmosphere.  The 
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sa l i cy l i c  acid (Merck; Germany) in i t i a t ed  po lymer i za t i on  of  L - l a c t i d e  and  
L - l a c t i d e / e - c a p r o l a c t o n e  (50/50)  in bulk took place  by r ing  opening wi th  
Sn(0ct)2 as  a c a t a l y s t  accord ing  to s t a n d a r d  p rocedu re s  (17). The mo lecu la r  
we igh t  of  t he  sa l icy l ic  ac id  in i t i a t ed  po lymers  was  d e t e r m i n e d  by m e a n s  of 
t i t r a t i o n  w i t h  KOH solut ion.  Po lymer i za t i on  of L - l a c t i d e  w i th  
Zn(sa l i cy la t e )2  as  a c a t a l y s t  occu r red  also accord ing  to t h e s e  s t a n d a r d  
p rocedu re s .  
Blends and Zn(saltcylate)2 catalyst: Blends of po ly(L- lac t ide)  and  
po ly(o-oxybenzoyl )  were  p r e p a r e d  by d i sso lv ing  the  two po lymer s  (ca. 7 g) 
in c h l o r o f o r m  (160 ml) fo l lowed by p rec ip i t a t i on  in me thano l  and d ry ing  in 
a vacuum oven. 
Zn(salicylate)z was prepared by reaction of ZnO (0.064 mole) with salicylic 
ac id  (0.128 mole) in w a t e r  (250 ml) a t  (90 ~ ~ hours )  fo l lowed  by 
f i l t r a t i o n  and  c r y s t a l l i s a t i o n  a t  - 15 ~ 
Eutecttc sol idi f icat ion:  Poly(L- lac t ide)  was  p r e c i p i t a t e d  acco rd ing  to 
s t a n d a r d  p r o c e d u r e s  and  had  a Mw/Mn r a t i o  of  2.0. The v i s c o s i t y - a v e r a g e  
mo lecu l a r  we igh t  of  t he  po lymer  was  4 * i0 s , and i t s  me l t i ng  peak 189.i ~ 
A s p i r i n e  was  r e c r y s t a l l i s e d  twice  f r o m  o-xylene .  I ts  me l t i ng  t e m p e r a t u r e  
was  138.2 ~ D i - c h l o r o m e t h a n e  was  used  to d issolve  and  mix  the  p rope r  
a m o u n t s  of  po ly(L- lac t ide)  and asp i r ine ,  a f t e r w a r d s  t he  so lven t  was  
evapora t ed .  For  f u r t h e r  homogen iza t ion  the  m i x t u r e s  were  kep t  a t  a 
t e m p e r a t u r e  10 ~ h i ghe r  t h a n  the  me l t i ng  t e m p e r t u r e  of  t he  h i g h e s t  m e l t i n g  
componen t  f o r  15 minu te s .  The s amp l e s  were  then  quenched  to room 
t e m p e r a t u r e .  Melt ing c h a r a c t e r i s t i c s  were  ob ta ined  w i th  a Perkin  E lmer  
DSC-7 a p p a r a t u s  u s i ng  6 mg  s amp l e s  and  a s can  speed  of 10 ~  
Compression Moulding and Characterization: (Co)polymer conve r s ions  and  
compos i t i ons  were  d e t e r m i n e d  by 300 MHz 1H NMR of so lu t ions  in d e u t e r a t e d  
ch lo ro fo rm.  T h e r m a l  p r o p e r t i e s  were  m e a s u r e d  on a P e r k i n - E l m e r  DSC-7 a t  a 
h e a t i n g  r a t e  of  10 ~ per  minute .  Tens i le  t e s t i n g  spec imens  were  moulded  to 
6*50*2 mm a t  200  ~ and rap id ly  cooled to room t e m p e r a t u r e .  The 
s t r e s s - s t r a i n  behav iour  was  exami ned  a t  room t e m p e r a t u r e  w i th  an I n s t r o n  
4301 t en s i l e  t e s t e r ,  a t  a c r o s s h e a d  speed of  10 mm per  minute .  

R e s u l t s  and  d i s c u s s i o n  

Polymerization o f  L-tacttde with di-  and trisallcyltde: Polycondensa t ion  of  
a s p i r i n  (ca. 63.5 g) gave,  a s  p rev ious ly  was  shown  (18,19), a yellow, 
b r i t t l e  t r a n s p a r e n t ,  amorphous  poly(o-oxybenzoyl)  and  ace t ic  acid (19.3 g). 
The g l a s s  t r a n s i t i o n  t e m p e r a t u r e  of  the  po lycondensa te  was  found  to be Tg = 
76.8 ~ Depo lymer i za t ion  of th i s  po lycondensa te  on h e a t i n g  in vacuo 
yie lded a wh i t e  s e m i - c r y s t a l l i n e  sub l ima te ,  f r o m  which  d i -  and  
t r i s a l i c y l i d e  could be i so la ted .  An amoun t  of  7 g of  the  s u b l i m a t e  was  
d i sso lved  in boi l ing  c h l o r o f o r m  and a f t e r  c r y s t a l l i z a t i o n  upon cooling 2 .4  
g (16.8 %), d isa l icy l ide  was  obta ined  as  co lour less ,  tw inned  r h o m b s  m.p.  
232.6 ~ (Found: C, 69.2 Z; H, 3 .4  %: Calc. f o r  C14H804: C, 70 .0  Z; H 3,4  
%); 1H NMR (CDCI3): 7.4 - 8 .0  ppm (m, 8H, ClzHs). R e c r y s t a l l i z a t i o n  of  t he  
c h l o r o f o r m  r e s i d u e  a f t e r  ace tone  addi t ion  gave 1.9 g (13.3 %) t r i s a l i cy l i de  
as  co lou r l e s s  need les  m.p.  198.4~ (Found: C, 70 .0  %; H, 3 .3  %: Calc. f o r  
C2IH1206: C, 70 .0  Z; H 3.4  Z); IH NMR (CDCI3): 7 .4  - 8 .0  ppm (m, 12H, 
C18H12). 
Two copo lymer i za t i ons  a t  110 ~ of  h - l a c t i d e  wi th  the  cyclic e s t e r s  d i -  and  
t r i s a l i cy l i de  by m e a n s  of  r ing  openina  wi th  Sn(Oct)2 gave  s l i gh t ly -ye l low,  
c r y s t a l l i n e  copolymers .  The t h e r m a l  p r o p e r t i e s  of  t he  a s - p o l y m e r i z e d  
copo lymers  a r e  g iven  in Table  1. 
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Table 1 

Thermal p r o p e r t i e s  o f  as-poL ymer t zed  co po lymers  o f  L- lac t tde  and cyc l i c  
sat  tcy l  ides.  

comonomer moz 1 e 

0 . 0  
t r i s a  l i c y  l i de [  1 . 6 

i 
d i s a l i c y l i d e  I 4 . 9  

AH 
( J / g )  

72.1 
50.9 
41.1 

T m  

(~ 

192 .4  
169 .0  
164 .2  

Tg 
(~ 

57 

58 

A decrease in the orystallinity and the melting temperature of the PLLA is 
observed upon copolymerization with cyclic salicylides. The incorporation 
of o-oxybenzoyl groups from di-  or trisalicylide was checked with "H NMR. 
Figure 2 shows the NMR spectrum of the poly(L-laetide/trisalicytide) 
copolymer a f t e r  precipitation. Obviously trisalicylide (and disalicylide, 
spectrum not shown) has been incorporated into PLLA chains, giving four 
peaks at 7.3 to 8.0 ppm which can be assigned to the aromatic protons of 
the o-oxybenzoyl groups. The peaks at 5.1 and at 1.55 ppm respectively 
correspond to methyne and methyl protons of the lactide units. 

8.1 7.9 7,7 7.5 7 .3 

f 

l l l I I I P I P f T I I I I P P  

9 8 7 6 5 4 3 2 I 

chemical shift (oprn) ~. 

Figure  2: tH 300 MHz spec t rum o f  the p u r i f i e d  po ly (L- lac t tde / t r t sa l icyLLde)  
copolymer.  
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The hydro ly t i c  d e g r a d a t i o n  of  t h e s e  deg radab le  copo lymers  by c leavage  of  
t he  e s t e r  bonds  yie lds  the  r e l e a s e  of  l ac t ic  acid and  sa l icy l ic  acid.  
Because  of  t he  r e l e a s e  of  sa l icyl ic  acid and i t s  a n t i - i n f l a m m a t o r y  
p r o p e r t i e s ,  u n w a n t e d  i n f l a m m a t o r y  r e a c t i o n s  (ref .  5) m igh t  be p reven ted .  
These  copo lymer s  m i g h t  a lso  be a r o u t e  to  con t ro l  t he  r a t e  of  r e l e a s e  o f  
sa l icy l ic  ac id  and could t h e r e f o r e  be used  as  a con t ro l led  d rug  r e l e a s e  
s y s t e m .  
U n f o r t u n a l l y  i nco rpo ra t i on  of  o -oxybenzoyl  g rou~s  by m e a n s  of  a 
t r a n s e s t e r i f i c a t i o n  r e a c t i o n  of  PLLA (Mn = 4 * 10 ) w i th  o - a c e t y l s a l i c y l i c  
ac id  u s ing  d i f f e r e n t  t ypes  of  c a t a l y s t s  did not  succeed.  No i n c o r p o r a t i o n  
took place.  
Blends o f  PLLA with Poly(o-oxybenzoyl):  Two blends  of h igh  mo lecu la r  we igh t  
PLLA (My = 5 * 10 s) and poly(o-oxybenzoyl)  (Mn = 2050) were  made  by 
d i s so lv ing  t he  po l ymer s  in ch lo ro fo rm,  g iv ing a s l ig th ly  pink so lu t ion .  
A f t e r  p r e c i p i t a t i o n  and  compres s ion  moulding,  the  blends showed  a 
m a r b l e - l i k e  s t r u c t u r e .  This  can p r e s u m a b l y  be a t t r i b u t e d  to  some  
d e g r a d a t i o n  of  PLLA as  a r e s u l t  of  the  p r e sence  of  t he  ca rboxy l i e  end 
g r o u p s  of  poly(o-oxybenzoyl ) .  The r e s u l t s  of  the  mechan ica l  t e s t i n g  of  t h e  
b lends  a r e  g iven  in Table  2. 

T a b l e  2 

Mechantcal  p roper t i e s  o f  po l y ( L - l a c t t d e  ) / p o l y ( o - o x y b e n z o y l )  blends. 

We i g h t  Y. 
p o l y  ( o - o x y b e n . )  

0 . 0  
1 7 . 3  
2 8 . 1  

(y 

(MPa)  

72.3 
53.2 
36.6 

(Z) 

7.1 
4 . 4  
5.7 

It shows that a negative effect on the tensile strength occurs with an 
increase in the amount of poly(o-oxybenzoyll. This can be attributed to the 
stiff o-oxybenzoyl units and the degradation of the PLLA. Further 
optimization of processing conditions and increase of the molecular weight 
of the poly(o-oxybenzoyl) is expected to improve the mechanical properties 
of these blends. 
Salicyl ic  acid initiated PLLA polymerization and Zn(sal tcylate)z  as a 
catalyst: The po l ymer i za t i on  of  L - l ac t i de  in the  p r e sence  of Sn(0ct )z  
p roceeds  v ia  a coord ina ted  i n se r t i on  m e c h a n i s m  (17,20), smal l  a m o u n t s  of  
Hz0 or  hydro lyzed  m o n o m e r s  canno t  comple te ly  be exc luded  and  migh t  be t he  
t r u e  i n i t i a t o r  of  t he  po lymer i za t i on  (21,22}. It is  gene ra l l y  accep ted  t h a t  
t he  r i n g  opening r e a c t i o n  of  lac t ide  can  be i n i t i a t ed  by a lcohols  (23). A 
sma l l  q u a n t i t y  of  alcohol  a c t s  as  a molecu la r  we igh t  con t ro l  agent .  Us ing  
sa l i cy l i c  acid in t he  r ing  opening po lymer i za t i on  of  L - l ac t i de ,  i n i t i a t i on  
wil l  p r e f e r e n t i a l l y  t ake  p lace  a t  the  hyd roxy  g roup  a t t a c h e d  to t he  
a r o m a t i c  r ing ,  a l t hough  in i t i a t i on  by t he  ca rboxy l i c  g roup  canno t  
comple t e ly  be exc luded  (24,25). 
Us ing  t h i s  concept ,  an  amorphous  low molecu la r  we igh t  PLLA (Tg = 46 ~ w a s  
s y n t h e s i z e d  u s i ng  5.2  mole Z sa l icyl ic  acid as  the  in i t i a to r .  The mo lecu l a r  
w e i g h t  of  the  po lymer  d__etermined by m e a n s  of  t i t r a t i o n  wi th  a KOH so lu t ion  
was  Mn = 2609 (calc. Mn = 2769). Evenso an amorphous  w a x y  low molecu la r  
we igh t  copo lymer  of L - l a c t i d e  and  e - c a p r o l a c t o n e  (50/50)  was  s y n t h e s i z e d  
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(Mn = 2544) u s ing  5.2  mol 7. sa l icyl ic  acid. Obviously, i t  is poss ib le  to  
i n c o r p o r a t e  sa l icy l ic  acid endgroups  into po ly(L- lac t ide)  (co)polymers .  
Po lymer s  o f  t h e s e  kind mi gh t  be used  fo r  t he  con t ro l led  r e l e a s e  o f  
sa l i cy l i c  acid as  the  sa l icy l ic  acid i n i t i a to r  will  be r e l e a s e d  upon 
hydro lys i s .  
A l though  Sn(Oct)z is  a su i t ab l e  and  o f t e n  u sed  c a t a l y s t  f o r  the  
p o l y m e r i z a t i o n  o f  L - l a c t i d e  (it is a lso FDA approved) ,  u se  of  a z ink 
c o n t a i n i n g  c a t a l y s t  i n s t e a d  of  t in  m i gh t  prove to be l e s s  t ox i c  in t he  
h u m a n  body. Zn( sa l i cy la t e )z  was  s y n t h e s i z e d  by r e a c t i o n  of  ZnO and 
sa l icy l ic  ac id  to f o r m  a Z n - s a l t  (25). Reac t ion  of ZnO wi th  sa l icy l ic  ac id  
r e s u l t e d  in l a rge  b rown  c r y s t a l s  (Found: Zn, 17.2 7.; C, 49.5 7.; H 3.8  7.: 
Calc. f o r  Zn(CTHsOa)z: Zn,  19,3 7.; C, 49.5 7.; H, 2.9 70. The Z n - s a l i c y l a t e  
showed  c a t a l y t i c  ac t iv i ty .  Po lymer i za t i on  of L - l ac t i de  wi th  1.0 mole 7o 
Zn( sa l i cy l a t e ) z  yielded a b r i t t l e ,  c rys t a l l i ne ,  low molecu la r  we igh t  
po lymer  wi th  a me l t i ng  t e m p e r a t u r e  of  153.0 ~ and a hea t  of  f u s i o n  of  39 . i  
J /g .  Convers ion  of t he  m o n o m e r s  m e a s u r e d  by IH NMR was  97.09 7.. 
Eutec t tc  s o l i d i f i c a t i o n  o f  the pol .y (L- tac t tde) /o-ace ty l sa l . t cy l tc  acid 
sys tem:  Figu re  2 shows  t he  phase  d i a g r a m  fo r  p o i y ( L - t a c t i d e ) / o - a c e t y i -  
sa l icy l ic  acid m i x t u r e s .  
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F i g u r e  3: Phase diagram f o r  the po l y (L - lac t i de ) /o -ace t yLsa l t cy l t c  acid 
sys tem.  

The m i x t u r e s  f o r m e d  an eu tec t i c  compos i t ion  fo r  52 7. w / w  of po ly (L- lac t ide )  
wi th  an eu t ec t i c  me l t i ng  t e m p e r a t u r e  of  119 ~ However  as  o - a c e t y l -  
sa l i cy l i c  ac id  po lymer i ze s  qui te  easi ly ,  i t  is no t  poss ib le  to  d i s t i n g u i s h  
i f  t he  m i n i m u m  in the  curve  fo r  t he  p o l y ( L - l a c t i d e ) / o - a c e t y l -  sa l icy l ic  
ac id  s y s t e m  is  due exc lus ive ly  to  eu t ec t i c  c ry s t a l l i z a t i on .  
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Conclus ions  

The r e su l t s  presented in this  study show tha t  along d i f fe ren t  ways it is 
possible to incorporate sal icylates  into PLLA. These polymers might be used 
as bone - f r ac tu re  f ixa t ion  devices. The whole polymeric sys tem is expected 
to eventually degrade and release lac t ic-  and salicylic acid upon 
degradat ion (hydrolytic or enzymmatic). 
Besides load bearing devices, the modified PLLA polymers might probably 
also be used as a controlled re lease  system for  salicylic acid. For this  
purpose, also copolymers of L-lact ide and other lactones can be used. 
Fur thermore  the poly(L-lact ide)/o-acetylsaI icyl ic  acid sys tem formed an 
eutect ie  composition for  52 % w/w  of poly(L-iactide) with an euteet ie  
mel t ing t empera tu re  of 119 ~ 
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