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AN IN VITRO MODEL FOR ASSESSING DRUG AVAILABILITY FROM LIPOPHILIC 
SOLUTIONS I N  SOFT GELATIN CAPSULES 

N.A.Armstrong, K.C.James and W.K.L.Pugh, Welsh School o f  Pharmacy, UWIST, C a r d i f f .  

An a p p a r a t u s  f o r  s t u d y i n g  t h e  r e l e a s e  o f  s o l u t e  from a wa te r - immisc ib l e  s o l u t i o n  
h a s  been d e s c r i b e d  by Armstrong, James & Wong (1979) .  It  c o n s i s t e d  o f  two h a l f  
c e l l s  s e p a r a t e d  by a s i m u l a t e d  l i p i d  membrane, o n e  c o n t a i n i n g  a b u f f e r  a t  pH 1 .2  
and t h e  o t h e r  c o n t a i n i n g  b u f f e r  a t  pH 7 . 4 .  The non-aqueous s o l u t i o n  was sp read  on 
t o  t h e  s u r f a c e  o f  t h e  a c i d i c  s o l u t i o n ,  and b o t h  aqueous p h a s e s  mon i to red  f o r  t h e  
p r e s e n c e  o f  s o l u t e .  A l a r g e  volume o f  non-aqueous s o l u t i o n  (150ml) was used i n  t h e  
o r i g i n a l  s t u d y ;  i t  gave a g e n e r a l  i d e a  o f  s o l u t e  r e l e a s e ,  b u t  t h e  p r o c e s s  was s low 
and t h e  volume w a s  u n r e a l i s t i c  compared w i t h  t h o s e  used  i n  s o f t  g e l a t i n  c a p s u l e s .  
The e f f e c t  o f  volume s i z e  was t h e r e f o r e  i n v e s t i g a t e d  by d e c r e a s i n g  t h e  q u a n t i t y  o f  
non-aqueous s o l v e n t ,  and f o l l o w i n g  t h e  r a t e s  o f  t r a n s f e r  of s o l u t e  i n t o  t h e  aqueous 
phases .  Reduct ion i n  volume r e s u l t e d  i n  a g r e a t e r  p r o p o r t i o n  o f  s o l u t e  a p p e a r i n g  
i n  t h e  aqueous phase.  p-Hydroxybenzoic a c i d  was used as s o l u t e ,  and o c t a n o l  and 
i s o p r o p y l  m y r i s t a t e  as s o l v e n t s .  
l i p i d  s o l u t i o n  t o  a c i d  b u f f e r ,  and kBA i n c r e a s e d  a s  t h e  volume of l i p i d  s o l u t i o n  
d e c r e a s e d ,  b u t  kAB i n c r e a s e d  more r a p i d l y ,  so t h a t  t h e  r a t i o  kAB/kgA a l s o  i n c r e a s e d  
w i t h  d e c r e a s i n g  volume ( T a b l e ) .  T h i s  i s  t o  be expec ted  s i n c e  t h e  i n t e r f a c i a l  a r e a  
r ema ins  c o n s t a n t ,  b u t  a s  t h e  volume of l i p i d  s o l u t i o n  i s  d e c r e a s e d ,  t h e  l a y e r  
becomes t h i n n e r  and t h e  s o l u t e  h a s  a s h o r t e r  d i s t a n c e  th rough  which t o  m i g r a t e .  

When c a p s u l e s  were examined, a background d e t e r m i n a t i o n  had t o  b e  c a r r i e d  o u t  
because g e l a t i n  a b s o r b s  i n  t h e  same U.V. r e g i o n .  Th i s  w a s  done w i t h  an  i d e n t i c a l  
c a p s u l e ,  d i f f e r i n g  o n l y  i n  t h e  absence  of s o l u t e .  S o l u t e  r e l e a s e  p r o f i l e s  on 
c a p s u l e s  c o n t a i n i n g  p-hydroxybenzoic a c i d  i n  i s o p r o p y l  m y r i s t a t e  showed a l a g  phase  
u n t i l  t h e  c a p s u l e  s h e l l  r u p t u r e d .  S o l u t e  c o n c e n t r a t i o n  i n  t h e  pH 1 . 2  phase r eached  
a maximum from t h e  e n c a p s u l a t e d  o i l  i n  abou t  40 min . ,  t h e  r e l e a s e  r a t e  be ing  
s i g n i f i c a n t l y  q u i c k e r  t h a n  from t h e  unencapsu la t ed  o i l  ( F i g u r e ) .  The d i f f e r e n c e  i s  
a t t r i b u t e d  t o  t h e  f a c t  t h a t  909, of t h e  s o l u t e  had m i g r a t e d  i n t o  t h e  c a p s u l e  s h e l l  
p r i o r  t o  t h e  expe r imen t .  It i s  b e l i e v e d  t h a t  t r a n s f e r  t o  t h e  s h e l l  o c c u r s  d u r i n g  
manufac tu re  of t h e  c a p s u l e s ,  p a r t i c u l a r l y  d u r i n g  t h e  d r y i n g  s t a g e .  It t h e r e f o r e  
f o l l o w s  t h a t  r e l e a s e  o f  s o l u t e  from a s o f t  g e l a t i n  c a p s u l e  w i l l  depend n o t  o n l y  on 
t h e  o i l y  l i q u i d  used t o  f i l l  t h e  c a p s u l e ,  b u t  a l s o  on t h e  compos i t ion  of t h e  
c a p s u l e  s h e l l ,  t h e  p a r t i t i o n  o f  s o l u t e  between s h e l l  and c o n t e n t s ,  and a l s o  on t h e  
method o f  manufac tu re .  

So lven t  T r a n s f e r  Volume o f  s o l v e n t  Re lease  of p-hydroxybenzoic a c i d  from 

Both kAB, t h e  r a t e  c o n s t a n t  f o r  t r a n s f e r  f rom 

r a t e  (ml) i s o p r o p y l m y r i s t a t e  
+ non-encapsu la t ed  o e n c a p s u l a t e d  (h-l) 150 100 50 1 OOr 
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