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SOLID DISPERSIONS OF DRUGS I N  POLYOXYETHYLENE 40 STEARATE: 
D k S O L U T I O N  RATES AND PHYSICO-CHEMICAL INTERACTIONS 
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S o l i d  d i s p e r s i o n s  of d r u g s  i n  w a t e r - s o l u b l e  m a t r i x  m a t e r i a l s ,  s u c h  as  poly-  
e t h y l e n e  g l y c o l  (PEG), are  p o t e n t i a l l y  u s e f u l  dosage fo rms  ( e . g .  Chiou and 
Riegelman, 1971) .  The PEG es te r ,  po lyoxye thy lene  40 s t ea ra t e  (P40S),  may o f f e r  
t h e  f o l l o w i n g  advan tages  o v e r  PEG i t s e l f :  t h e  hydrocarbon c h a i n ,  by enhancing 
s u r f a c e  a c t i v i t y ,  might ( lubject  l i p o p h i l i c  d rug  molecu le s  t o  aqueous m i c e l l a r  
s o l u b i l i z a t i o n  and t h e r e b y  promote d rug  d i s s o l u t i o n  (Elworthy and Lipscomb, 1968); 
t h e  r educed  p o l a r i t y  might i n c r e a s e  t h e  s o l u b i l i t y  o f  l i p o p h i l i c  d r u g s  i n  l i q u i d  
e x c i p i e n t  and pe rhaps  a l s o  i n  t h e  s o l i d  e x c i p i e n t  and t h e r e b y  improve d rug  
d i s p e r s i o n .  These hypo theses  a r e  b e i n g  t e s t e d  by comparing s o l i d  d i s p e r -  
s i o n s  o f  t o l b u t a m i d e ,  g r i s e o f u l v i n  and f rusemide  i n  P40S w i t h  t h o s e  i n  PEG 2000, 
p r e p a r e d  by p h y s i c a l  mix ing ,  f u s i o n  o r  c o - p r e c i p i t a t i o n  from e t h a n o l .  PEG 2000 
and P40S have approx ima te ly  t h e  same mean molecu la r  we igh t .  D a i l y  i n t a k e s  of up 
t o  25  mg o f  P40S p e r  kg body weight  are  a c c e p t a b l e  i n  food  (WHO, 1974) .  

The s o l u b i l i t y  and d i s s o l u t i o n  ra te  of  n o n - d i s i n t e g r a t i n g  d i s c s  of e a c h  p u r e  drug 
i n  water i n c r e a s e d  o n l y  s l i g h t l y  i n  t h e  p r e s e n c e  of  PEG, b u t  i n c r e a s e d  c o n s i d e r -  
a b l y  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  of  P40S i n  w a t e r ,  b e i n g  an o r d e r  of  magni tude 
h i g h e r  i n  5% w/v P40S t h a n  i n  5% w/v PEG. T h i s  d i f f e r e n c e  i s  due t o  m i c e l l a r  
s o l u b i l i z a t i o n  of  t h e  d r u g s  by P40S. The c r i t i c a l  micelle c o n c e n t r a t i o n  of  P40S 
is  0.014% w/v a t  37OC; t h a t  of  PEG is  >5% w/v, i f  i t  e x i s t s .  

Complete s o l i d - l i q u i d  phase  d i ag rams  f o r  each  t y p e  of  d i s p e r s i o n  o f  each  drug i n  
each  e x c i p i e n t  were de te rmined  by d i f f e r e n t i a l  t he rma l  a n a l y s i s  and ho t  s t a g e  
microscopy.  These d i ag rams ,  which were of t h e  mono tec t i c  t y p e  f o r  PEG and 
mos t ly  o f  t h e  e u t e c t i c  t y p e  f o r  P40S, showed g r e a t e r  s o l u b i l i t y  of  e a c h  d rug  
i n  l i q u i d  P40S t h a n  i n  PEG. Mic roscop ic  examina t ion  of  t h e  s o l i d  d i s p e r s i o n s  
r e v e a l e d  m i c r o - c r y s t a l s  of  e a c h  d r u g  even when p r e s e n t  a t  less t h a n  1% w / w .  

S o l i d  d i s c s ,  13 mm i n  d i a m e t e r ,  o f  c e r t a i n  of  t h e  s o l i d  d i s p e r s i o n s  were p repa red  
by compression a t  7 5 . 1  MN m-2. 
i n  a s i m p l e  b e a k e r - s t i r r e r  d i s s o l u t i o n  t es t  (Levy and Hayes,  1 9 6 0 ) ,  t h e  compacts 
d i s i n t e g r a t e d  by p r o g r e s s i v e  e r o s i o n  r e l e a s i n g  f l o c c u l e s  of  m i c r o - c r y s t a l s  of t h e  
d r u g .  The s i z e  d i s t r i b u t i o n  of  t h e  d r u g  p a r t i c l e s  r e l e a s e d  from f u s e d  d i s p e r -  
s i o n s  i n  P40S, were de te rmined  by C o u l t e r  c o u n t e r  i n  d r u g - s a t u r a t e d  e l e c t r o l y t e .  
The mean p a r t i c l e  s i z e  of  t o l b u t a m i d e  d e c r e a s e d  from > 3 0  jm t o  10 o r  3 p m ,  
whereas  t h a t  of  g r i s e o f u l v i n  (mic ron i sed )  was v i r t u a l l y  unchanged.  

The r a t e  and e x t e n t  of re lease of each  d rug  from P40S d i s p e r s i o n s  were g r e a t e r  
t h a n  from PEG d i s p e r s i o n s  o f  t h e  same compos i t ion  by we igh t .  For  example,  
c o - p r e c i p i t a t e s  c o n t a i n i n g  60% w/w of e a c h  drug d i s i n t e g r a t e d  comple t e ly  and 
t h e  c o n c e n t r a t i o n  of  d rug  d i s s o l v e d  l e v e l l e d  o f f  a f t e r  less t h a n  30 minu tes  
from P40S d i s p e r s i o n s  b u t  a f t e r  more t h a n  120  minu tes  from t h e  c o r r e s p o n d i n g  
PEG compacts .  

Although no s o l i d  s o l u t i o n s  of  t h e  d r u g s  i n  t h e  e x c i p i e n t s  were d e t e c t e d ,  t h e  
r e s u l t s  s u p p o r t  t h e  o r i g i n a l  h y p o t h e s i s  i n  a l l  o t h e r  r e s p e c t s .  P40S is s u p e r i o r  
t o  PEG 2000 i n  promoting d i s p e r s i o n  i n  t h e  s o l i d ,  d i s i n t e g r a t i o n  o f  t h e  compacts 
and s o l u b i l i z a t i o n  of  t h e  drugs.  Drug b i o a v a i l a b i l i t y  from t h e  d i s p e r s i o n  
sys t ems  and t h e  e f f e c t s  of  added d i s i n t e g r a n t s  are a l s o  b e i n g  s t u d i e d .  
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Upon exposure  t o  aqueous b u f f e r s  a t  pH 1 o r  7 


