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HYDROXYBUTYRATE) MICROSPHERES CONTAINING ACYLGLYCEROLS 
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M e d i c a l  S c h o o l ,  Yokohama C i t y  U n i v e r s i t y ,  Urafunecho,  Minami-ku, 
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ABSTRACT 

P o l y ( 3 - h y d r o x y b u t y r a t e )  (PHB) m i c r o s p h e r e s  c o n t a i n i n g  10wt% o f  
l as te t ,  a n  a n t i c a n c e r  d r u g ,  were p r e p a r e d  by a s o l v e n t - e v a p o r a t i o n  
p rocess .  The release rate o f  l as te t  f rom PHB m i c r o s p h e r e s  i n  v i t r o  
( i n  0.01M p h o s p h a t e  b u f f e r )  w a s  s i g n i f i c a n t l y  i n c r e a s e d  by 
i n c o r p o r a t i n g  g l y c e r o l  t r i s teara te  as  a n  a d d i t i v e .  The s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  s u r f a c e  c h a r a c t e r i s t i c s  was f o u n d  b e t w e e n  t w o  
t y p e s  of  PHB m i c r o s p h e r e s  w i t h  and w i t h o u t  g l y c e r o l  t r i s teara te  by 
t h e  s c a n n i n g  e l e c t r o n  m i c r o g r a p h s .  I n  t h e  s u r f a c e  o f  PHB 
m i c r o s p h e r e s  c o n t a i n i n g  25wt% of  g l y c e r u l  t r is tearate ,  l a r g e  h o l e s  
o f  a b o u t  5pm were d e t e c t e d  t o g e t h e r  w i t h  small h o l e s  of a b o u t  l u m  
d i a m e t e r .  It h a s  b e e n  p r o p o s e d  t h a t  l a s t e t  i s  r e l e a s e d  t h r o u g h  a 
number of  i n t e r n a l  c h a n n e l s  i n  PHB mic rosphe res .  

INTRODlJCl'ION 

A w i d e  v a r i e t y  o f  b a c t e r i a  s y n t h e s i z e  o p t i c a l l y  a c t i v e  
p o l y ( 3 - h y d r o x y b u t y r a t e )  (PHB) a n d  a c c u m u l a t e  i t  w i t h i n  c e l l s  a s  
r e s e r v e  m a t e r i a l [ l ] .  T h e  i s o l a t e d  PHB i s  a b i o d e g r a d a b l e  
t h e r m o p l a s t i c .  T h e  b i o d e g r a d a b i l i t y  o f  PHB h a s  b e e n  e v a l u a t e d  by 
h y d r o l y t i c [ 2 - 5 1  a n d  e n z y m a t i c [ 6 - 1 0 ]  d e g r a d a t i o n  p r o c e s s e s .  I n  
a d d i t i o n ,  PHB h a s  been found t o  e x h i b i t  good b i o c o m p a t i b i l i t y  w i t h  
n o  c y t o t o x i c  r e s p o n s e [ 3 , 1 0 , 1 3 ] .  B e c a u s e  o f  t h e s e  p r o p e r t i e s ,  PHB 
h a s  a t t r a c t e d  much a t t e n t i o n  f o r  b i o m e d i c a l  a p p l i c a t i o n s  s u c h  a s  
d r u g  d e l i v e r y  s y s t e m s ,  s u r g i c a l  s u t u r e s ,  and i m p l a n t  materials. 

K o r s a t k o  e t  a l . [  11-13] p r e p a r e d  PHB m a t r i x  t a b l e t s  c o n t a i n i n g  
7-hydroxyethyltheophyllin and s t u d i e d  t h e  release rate o f  t h e  d r u g  
f r o m  t a b l e t s  i n  v i v o  ( i n  mice). T h e  d e g r a d a t i o n  of  PHB i n  a n i m a l  
t i s s u e  a n d  t h e  l i b e r a t i o n  o f  t h e  d r u g  o v e r  a p e r i o d  o f  20 w e e k s  
were r e p o r t e d .  Nakano e t  a 1 . [ 1 4 , 1 5 ]  p r e p a r e d  PHB m i c r o s p h e r e s  
c o n t a i n i n g  a c l a r u b i c i n  a n d  s t u d i e d  t h e  re lease  r a t e  of t h e  d r u g  
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230 A B E ,  DOI, AND YAMAMOTO 

FIGURE 1. S t r u c t u r e  of  l as te t ,  an  a n t i c a n c e r  drug. 

from t h e  m i c r o s p h e r e s  i n  v i t r o  ( i n  phospha te  b u f f e r ) .  The release 
r a t e  of t h e  d r u g  w a s  f o u n d  t o  b e  s i g n i f i c a n t l y  i n c r e a s e d  by 
i n c o r p o r a t i n g  e t h y l  o r  b u t y l  e s t e r s  o f  f a t t y  a c i d s  i n t o  t h e  PHB 
m i c r o s p h e r e s .  

I n  t h i s  p a p e r ,  w e  h a v e  p r e p a r e d  t h e  PHB m i c r o s p h e r e s  
c o n t a i n i n g  a c y l g l y c e r o l s  and a n  a n t i c a n c e r  d r u g ,  l a s t e t  ( F i g u r e  l ) ,  
a n d  s t u d i e d  t h e  m o r p h o l o g i e s ,  t h e  h y d r o l y t i c  d e g r a d a t i o n  and t h e  
d r u g  release of  t h e  PHB m i c r o s p h e r e s  i n  v i t r o  ( i n  0.01M phospha te  
b u f f e r ) .  The r e l a t i o n  between t h e  morpho log ie s  of m i c r o s p h e r e s  and 
t h e  release rate o f  d r u g  is  d i s c u s s e d .  

EXPERIMENTAL 

P o l y ( 3 - h y d r o x y b u t y r a t e )  m i c r o s p h e r e s  were p r e p a r e d  by a 
s o l v e n t - e v a p o r a t i o n  p r o c e s s .  P r e s c r i b e d  a m o u n t s  o f  PHB (150mg) ,  
l a s t e t  ( 4 0 m g ) ,  and an  a c y l g l y c e r o l  ( 4 5 m g )  were d i s s o l v e d  i n  25ml of  
me thy lene  c h l o r i d e .  T h i s  s o l u t i o n  w a s  poured r a p i d l y  i n t o  1 O O m l  of  
d i s t i l l e d  w a t e r  c o n t a i n i n g  0.5wt% o f  p o l y (  v i n y l  a l c o h o l )  a s  a 
s u r f a c t a n t .  T h e  m i x t u r e  w a s  s t i r r e d  a t  t h e  r a t e  o f  1200 rpm w i t h  
m e c h a n i c a l  s t i r rer  t o  form a n  emulsion.  S t i r r i n g  w a s  t h e n  c o n t i n u e d  
a t  room t e m p e r a t u r e  f o r  120 m i n  u n t i l  m e t h y l e n e  c h l o r i d e  h a d  
evapora t ed .  PHB m i c r o s p h e r e s  were c o l l e c t e d  by f i l t r a t i o n ,  washed 
w i t h  d i s t i l l e d  water, and d r i e d  i n  vacuo. 

The d i a m e t e r s  of  PHB m i c r o s p h e r e s  were measured by a n  o p t i c a l  
mic roscope  (Nikon OPTIPHOTO-2, Nikon MICROFLEX AFX-DX). The s u r f a c e  
c h a r a c t e r i s t i c s  o f  PHB m i c r o s p h e r e s  b e f o r e  and a f t e r  d r u g  release 
-- i n  v i t r o  were obse rved  w i t h  a s c a n n i n g  e l e c t r o n  mic roscope  (JEOL 
JMST 2 2 0 )  a f t e r  g o l d  c o a t i n g  o f  PHB m i c r o s p h e r e s  u s i n g  a n  i o n  
c o a t e r .  

PHB m i c r o s p h e r e s  of 4 m g  were d i s s o l v e d  i n  l O m l  of c h l o r o f o r m ,  
a n d  t h e  c o n c e n t r a t i o n  o f  l a s t e t  was d e t e r m i n e d  f r o m  t h e  U V  
a b s o r b a n c e  a t  284nm by u s i n g  HITACHI U-2000 Spec t ropho tomete r .  

The  re lease  p r o f i l e s  o f  l a s t e t  f r o m  PHB m i c r o s p h e r e s  were 
s t u d i e d  a t  37OC i n  a 0.01M phospha te  b u f f e r  (pH 7.4). About l O m g  of  
PHB m i c r o s p h e r e s  were immersed i n t o  a small  b o t t l e  c o n t a i n i n g  30ml 
o f  phospha te  b u f f e r .  T h i s  small  b o t t l e  w a s  shaken i n  a t h e r m o s t a t  
a t  37*O.l0C. S m a l l  p o r t i o n s  of  s o l u t i o n  were p e r i o d i c a l l y  removed 
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FIGURE 2. I n  v i t r o  r e s u l t  of l as te t  release i n  0.01M phosphate  
b u f f e r  (pH 7.4) a t  37OC from PHB m i c r o s p h e r e s  c o n t a i n i n g  1 0 w t Z  of 
las te t  and 25wt% of g l y c e r o l  monos tea ra t e  (o), 25wt% of g l y c e r o l  
t r istearate ( ), and w i t h o u t  a c y l g l y c e r o l  ( @ ). 
(a):  Release p r o f i l e s  of lastet  from PHB-microspheres. 
(b): Number-average m o l e c u l a r  w e i g h t s  (Mn) of  PHB i n  microspheres .  
(c): P o l y d i s p e r s i t i e s  (Mw/Mn) of PHB i n  microspheres .  

a n d  s e p a r a t e d  PHB m i c r o s p h e r e s  a n d  b u f f e r  by f i l t r a t i o n .  The  
re lease  of  t h e  d r u g  i n t o  t h e  p h o s p h a t e  b u f f e r  was d e t e r m i n e d  by 
s p e c t r o p h o t o m e t r i c  assay of  b u f f e r  a t  284nm. The c o n c e n t r a t i o n  of 
d r u g  was c a l c u l a t e d  f r o m  a c a l i b r a t i o n  c u r v e  of l a s t e t  i n  t h e  
phosphate  b u f f e r .  PHB m i c r o s p h e r e s  were washed w i t h  d i s t i l l e d  
w a t e r ,  d r i e d  i n  vacuo, and used f o r  a n a l y s i s .  

All molecu la r  w e i g h t s  of PHB s a m p l e s  were o b t a i n e d  a t  40°C by 
u s i n g  a Shimadzu 6 A  GPC sys t em w i t h  a Shodex 80M column. Chloroform 
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232 ABE, DOI, AND YAMAMOTO 

was u s e d  a s  e l u a n t  a t  a f l o w  r a t e  o f  0.5 m l / m i n ,  a n d  s a m p l e  
c o n c e n t r a t i o n  of 1.0 mg/ml w a s  used. P o l y s t y r e n e  s t a n d a r d s  w i t h  a 
l o w  p o l y d i s p e r s i t y  were u s e d  t o  make a c a l i b r a t i o n  c u r v e .  The 
a m o u n t s  of a c y l g l y c e r o l s  i n  PHB m i c r o s p h e r e s  were d e t e r m i n e d  by 
l i q u i d  ch iomatography  (LC) w i t h  a Shodex KF802 column i n  c h l o r o f o r m  
a t  40°C. 

T h e  d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  (DSC) d a t a  o f  PHB 
s a m p l e s  w i t h  a n  a c y l g l y c e r o l  were o b t a i n e d  by a S h i m a d z u  DSC-50 
e q u i p p e d  w i t h  a c o o l i n g  a c c e s s o r y  u n d e r  a n i t r o g e n  f l o w  o f  30 
ml/min. The s a m p l e s  of  5 mg were e n c a p s u l a t e d  i n  aluminum pans  and 
h e a t e d  a t  1O0C/min from -100 t o  200°C. The m e l t i n g  t e m p e r a t u r e  (Tm) 
a n d  e n t h a l p y  o f  f u s i o n  ( A H m )  were d e t e r m i n e d  f r o m  t h e  DSC 
e n d o t h e r m s  o f  t h e  f i r s t  s c a n ,  w h i l e  t h e  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  (Tg)  a n d  c r y s t a l l i z a t i o n  t e m p e r a t u r e  ( T c )  were 
d e t e r m i n e d  f r o m  a second  scan.  Tg was t a k e n  as t h e  m i d p o i n t  of  t h e  
h e a t  c a p a c i t y  change. 

RESULTS AND DISCUSSION 

T h r e e  d i f f e r e n t  PHB m i c r o s p h e r e s  of a v e r a g e  d i a m e t e r  20pm 
c o n t a i n i n g  1 0 w t %  o f  l a s t e t  were p r e p a r e d .  Two PHB m i c r o s p h e r e s  
c o n t a i n e d  2 5 w t %  o f  g l y c e r o l  m o n o s t e a r a t e  a n d  2 5 w t %  o f  g l y c e r o l  
t r i s t e a r a t e  a s  a n  a d d i t i v e ,  r e s p e c t i v e l y .  The  s t u d i e s  o f  l a s t e t  
release f r o m  t h e  PHB m i c r o s p h e r e s  were c a r r i e d  o u t  i n  a 0.01M 
phospha te  b u f f e r  (pH 7.4) a t  37°C. 

F i g u r e  2 ( a )  s h o w s  t h e  p r o f i l e s  o f  d r u g  r e l ease  i n  v i t r o .  The  
release rate of  l a s t e t  f rom PHB m i c r o s p h e r e s  w i t h o u t  a c y l g l y c e r o l  
was ve ry  small  and o n l y  25% of  t h e  l o a d e d  d r u g  was r e l e a s e d  f o r  30 
days.  The d r u g  release f rom PHB m i c r o s p h e r e s  was a c c e l a t e d ,  when an  
a c y l g l y c e r o l  w a s  m i x e d  w i t h  PHB a n d  l a s t e t .  I n  t h e  case o f  PHB 
m i c r o s p h e r e s  c o n t a i n i n g  25wt% of  g l y c e r o l  m o n o s t e a r a t e ,  55% o f  t h e  
l o a d e d  d r u g  was r e l e a s e d  f o r  10 d a y s .  I n  a d d i t i o n ,  a l l  o f  t h e  
l o a d e d  d r u g  were r e l e a s e d  f o r  10 d a y s  f r o m  t h e  PHB m i c r o s p h e r e s  
c o n t a i n i n g  25wt% o f  g l y c e r o l  tristearate. 

F i g u r e  2(b) shows t ime-dependent  changes  i n  t h e  number-average 
m o l e c u l a r  w e i g h t s  (&!?I) o f  PHB d u r i n g  t h e  d r u g  release. T h e  Kn 
v a l u e s  o f  PHB i n  m i c r o s p h e r e s  c o n t a i n i n g  o n l y  l a s t e t  d e c r e a s e d  
g r a d u a l l y  f r o m  2 6 0 , 0 0 0  t o  2 2 0 , 0 0 0  w i t h  t i m e  by h y d r o l y s i s  f o r  30 
d a y s .  On t h e  o t h e r  h a n d ,  t h e  r n  v a l u e s  of  PHB i n  m i c r o s p h e r e s  
c o n t a i n i n g  g l y c e r o l  m o n o s t e a r a t e  or g l y c e r o l  t r i s teara te  d e c r e a s e d  
f r o m  2 6 0 , 0 0 0  t o  180,000 f o r  30 d a y s .  T h u s ,  t h e  m o l e c u l a r  w e i g h t  
l o s s  of  PHB w a s  a c c e l a t e d  by t h e  a d d i t i o n  of a c y l g l y c z o l ,  

A s  shown i n  F i g u r e  2(c) ,  t h e  p o l y d i s p e r s i t i e s  (Mw/Mn) of PHB 
were unchanged i n  t h e  r a n g e  o f  2.2*0.2 d u r i n g  t h e  c h a i n  s c i s s i o n  by 
h y d r o l y s i s ,  a n d  t h e  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n s  o f  PHB were 
unimodal .  T h i s  r e s u l t  s u g g e s t s  t h a t  a random c h a i n  s c i s s i o n  of PHB 
by h y d r o l y s i s  p r o c e e d s  t h r o u g h o u t  t h e  whole polymer ma t r ix .  

The w e i g h t s  of  PHB i n  m i c r o s p h e r e s  were unchanged d u r i n g  t h e  
h y d r o l y s i s  f o r  30 days ,  i n d i c a t i n g  t h a t  no polymer e r o s i o n  o c c u r s  
a t  37'C. The amoun t s  of  a c y l g l y c e r o l  i n  PHB m i c r o s p h e r e s  r ema ined  
unchanged d u r i n g  t h e  h y d r o l y s i s  f o r  30 days.  These  r e s u l t s  i n d i c a t e  
t h a t  o n l y  l a s t e t  is  r e l e a s e d  f r o m  PHB m i c r o s p h e r e s  i n  p h o s p h a t e  
b u f f e r  a t  37OC. 
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TABLE 1 
DSC d a t a  of  PHB s a m p l e s  c o n t a i n i n g  g l y c e r o l  m o n o s t e a r a t e  (GMS) and 
g l y c e r o l  t r i s teara te  (GTS) 

Sample Tga) Tcb) TmC) mmd) 
( " C )  ("C) ( " C )  ( J /g )  

PHB 4 48 177 111 

PHB w i t h  GMS (10wt%) -10 25  169  73  
(25wt%) -24 20 156 59 
(35wt%) -43 8 145  57  

PHB w i t h  GTS (10wt%) 2 46 1 7 3  8 2  
(25wt%) 3 47 175  72 
(35wt%) 4 44 176  51  

a) 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  
b) C r y s t a l l i z a t i o n  t e m p e r a t u r e  
c) M e l t i n g  t e m p e r a t u r e  
d )  En tha lpy  o f  f u s i o n  

F i g u r e  3 shows t h e  s c a n n i n g  e l e c t r o n  mic rographs  (SEMs) o f  PHB 
m i c r o s p h e r e s  b e f o r e  e x p e r i m e n t s  o f  d rug  release. I n  t h e  s u r f a c e  
of  PHB m i c r o s p h e r e s  ( a )  c o n t a i n i n g  o n l y  l as te t ,  a number of  small 
h o l e s  of  a b o u t  1pm d i a m e t e r  are observed.  These small h o l e s  may be  
fo rmed  upon e v a p o r a t i o n  of  me thy lene  c h l o r i d e  f rom PHB m i c r o s p h e r e s  
d u r i n g  t h e  p r e p a r a t i o n .  No s i g n i f i c a n t  d i f f e r e n c e  i n  s u r f a c e  
c h a r a c t e r i s t i c s  was found between PHB m i c r o s p h e r e s  (b)  w i t h  25wt% 
of g l y c e r o l  m o n o s t e a r a t e  a n d  t h o s e  (a )  w i t h o u t  a c y l g l y c e r o l .  I n  
c o n t r a s t ,  l a r g e  h o l e s  of  a b o u t  5 p  d i a m e t e r  were d e t e c t e d  t o g e t h e r  
w i t h  s m a l l  h o l e s  o f  a b o u t  l pm d i a m e t e r  i n  t h e  s u r f a c e  o f  PHB 
m i c r o s p h e r e s  ( c )  c o n t a i n i n g  2 5 w t %  o f  g l y c e r o l  tristearate. These 
l a r g e  h o l e s  were n o t  obse rved  i n  t h e  PHB m i c r o s p h e r e s  ( a )  and (b). 

The d i f f e r e n t i a l  s c a n n i n g  calorimetric ( D S C )  s t u d y  was made t o  
c l a r i f y  t h e  c a u s e  of d i f f e r e n t  s u r f a c e  C h a r a c t e r i s t i c s  o f  PHB 
mic rosphe res .  T a b l e  1 lists t h e  DSC d a t a  of d i f f e r e n t  PHB samples .  
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  (Tg) of  PHB was 4°C. The Tg v a l u e s  
of  PHB d e c r e a s e d  f r o m  4 t o  -43'C w i t h  i n c r e a s i n g  c o n t e n t  o f  
g l y c e r o l  m o n o s t e a r a t e  (GMS) i n  PHB f rom 0 t o  35wt%, i n d i c a t i n g  t h a t  
GMS i s  m i s c i b l e  w i t h  PHB, i.e., GMS and PHB m o l e c u l e s  are mixed on 
m o l e c u l a r  l e v e l  i n  t h e  a m o r p h o u s  PHB p h a s e .  I n  c o n t r a s t ,  t h e  Tg 
v a l u e s  of PHB s a m p l e s  c o n t a i n i n g  g l y c e r o l  t r i s t e a r a t e  (GTS) was 
3rt1°C, i n d e p e n d e n t l y  o f  t h e  c o n t e n t  of GTS i n  PHB, which i n d i c a t e s  
t h a t  GTS is  i m m i s c i b l e  w i t h  PHB. The DSC r e s u l t  s u g g e s t s  t h a t  t h e  
f o r m a t i o n  of  l a r g e  h o l e s  i n  t h e  PHB m i c r o s p h e r e s  c o n t a i n i n g  GTS is 
caused  by t h e  i m m i s c i b l e  b l end  of PHB w i t h  GTS. 
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CONTROLLED RELEASE OF LASTET 235 

The SEMs of PHB m i c r o s p h e r e s  b e f o r e  and a f t e r  d r u g  release 
v i t r o  s h o w e d  no a p p r e c i a b l e  c h a n g e s  i n  t h e  s i z e  a n d  s u r f a c e  o f  
mic rosphe res .  L a s t e t  m a y  be  r e l e a s e d  t h r o u g h  a number of i n t e r n a l  
c h a n n e l s  i n  PHB m i c r o s p h e r e s .  I n  t h e  case  o f  PHB m i c r o s p h e r e s  
c o n t a i n i n g  g l y c e r o l  t r i s t e a r a t e ,  t h e  i n t e r n a l  c h a n n e l s  may b e  
c o n n e c t e d  w i t h  l a r g e  h o l e s .  C o n s e q u e n t l y ,  t h e  r e l ease  r a t e  o f  
l a s t e t  i s  e n h a n c e d  a n d  a l l  o f  l a s t e t  i n  PHB m i c r o s p h e r e s  a r e  
r e l e a s e d .  
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