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DISSOf,UTION RATES OF CARBRMAZEPINE AND NITRAZEPAM 

UTILIZING SUGAR SOLID DISPERSION SYSTEM 

M .  A .  A t t i a  a n d  F .  S .  I-labib 

F a c u l t y  of P h a r m a c y ,  P h a r m a c e u t i c s  D e p a r t m e n t ,  

A s s i u t  U n i v e r s i t y ,  E g y p t  

AB STRAC '1' 

' T i i ( . >  d i c s o l u t i o n  of c a r h a m a z f ! p i n e  and n i t r a z e p a m  from 

j t -s  sol i d  d i s p e r s i o n s  u s i n q  a t l h y d r o u s  l a c t o s e ,  m a n n i t o l ,  

921  (mtose,  Pt:G 6 0 0 0  a n d  c o p r e c i p i t a t e  u s i n g  p o l y v i n y l - .  

py-rrol i t lonc? ( P V P )  4 0 , 0 0 0  was i n v e s t i g a t e d .  The d i s s o l u t i o n  

pr(xt':;c of  c a p s u l e s  c o n t a i n i n g  e i t h e r  car  b a m a z e p i n e  or 

n i t t - a z e p a m  a s  solid d i s p e r s i o n  or c o p r e c i p i t a t e  followed 

ill: a p p a r e n t  f i r s t  o r d e r  p r o c e s s .  T h e  c o m b i n a t i o n  of 

car!-).3mazcpine w i t h  s u q a r s  ( m a n n i t o l ,  l a c t o s e ,  a n d  g a l a c t o s e )  

c a u s ~ ~ c i i  i n  e v e r y  case,  a n  i n c r e a s e  i n  t h e  d i s s o l u t i o n  r a t e  

n C  t i - 1 ~  l l r u q .  C a r b a m a z e p i  ne-PC'IS c o p r e c i p i t a t e  g a v e  t h e  

1ciqI:er d i s s o l u t i o n  r a t e  t h a n  t h a t  of t h e  s o l i d  d i s p e r s i o n s  

w i t h  s u g a r s  a n d  PEG 6 0 0 0 .  N i t r a z e p a m - l a c t o s e  s y s t e m  g a v e  

hi.qhe?r t l i s s o l u t i o n  r a t e  t h a n  t h e  o t h e r  d i s p e r s i o n s  a n d  

c o p r e c i p i t . a t e .  T h i s  e n h a n c e m e n t  i n  d i s s o l u t i o n  r a t e  was 

much more o b v i o u s  f o r  t h e  s o l i d  d i s p e r s i o n s  a n d  c o p r e c i p i -  

t .ate t h a n  f o r  t h e  p h y s i c a l  m i x t u r e s .  
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1958 ATTIA AND HABIB 

INTRODUCTION __ 

Many r e p o r t s  show v a r i a t i o n s  i n  c l i n i c a l  r e s p o n s e  

h c t w e e n  t w o  or more o r a l l y  a d m i n i s t e r e d  d o s a g e  f o r m s  c o n -  

t a i n i n g  e y u i v a l e n t  a m o u n t s  o f  a d r u g ,  u s u a l l y  of l i m i t e d  

aqueous s o l u b i l i t y .  T o l b u t a m i d e  and  i t s  s o d i u m  s a l t  i s  

a c l e a r  p x a m p l e  of t h e  d i f f e r e n c e  i n  b i o l o g i c a l  r e s p o n s e  

t t- ,at  may r e s u l t  f r o m  a d m i n i s t e r i n g  t w o  c h e m i c a l  f o r m s  of 

t h e  saint ( l ~ - u q  ( 1 ) .  T h e  r a t e  o f  a b s o r p t i o n  of c e r t a i n  

d r u g s  Erom h a r d  g e l a t i n  capsu le s  may be h i g h l y  d e p e n d e n t  

o n  f o r m u l a t i o n  f a c t o r s .  T h e  i n f l u e n c e  of c r y s t a l  modi-  

f i c a t i o n  o n  t h e  b i o a v a i l a b i l i t y  a n d  d i s s o l u t i o n  o f  t w o  

c r y s t a l l i n e  f o r m s  of c a r b a m a z e p i n e  was s t u d i e d  ( 2 ) .  T h e y  

f o u n d  t h a t  t h e  o n l y  d i f f e r e n c e  i n  p h a r m a c o k i n c t i c s  

b e t w e e n  t h e  t w o  f o r m s  of c a r b a a a z e p i n e  was somewhat  h i g h e r  

a b s o r p t i o n  r a t e  f o r  t h e  d i h y d r a t e .  

C a r b a m a z e p i n e  i s  w i d e l y  u s e d  a n t i - e p i l e p t i c  d r u g ,  

a n d  is  m a r q i n a l l y  s o l u b l e  i n  water or d i l u t e d  h y d r o -  

c h l o r i c  a c i d  ( 0 . 1 1  rng.ml-’) a n d  a s  e x p e c t e d ,  i ts  a b s o r p -  

tior. upon o r a l  a d m i n i s t r a t i o n  h a s  b e e n  shown t o  b e  d i s -  

s o l u t i o n - r a t e  l i m i t e d  ( 3 - 5 ) .  

N i t r a z e p a m  is  a h i g h l y  l i p o p h i l i c  compound a s  s e e n  

f r o m  t h e  s o l u b i l i t y  ( 1 . 4  x a n d  p a r t i t i o n  ( 2 . 1 2 )  

d a t a  p r e v i o u s l y  d e t e r m i n e d  ( 6 ) .  The  e f f e c t  o f  c y c l o d e x t r i n  

o n  t h e  . s o l u b i l i t y  of b e n z o d i a z e p i n e s  i n  aqueous s o l u t i o n s  

was s t u d i e d  ( 6 ) .  T h e y  f o u n d  t h a t ,  t h e  i n c r e a s e  i n  s o l u b i -  

l i t y  o f  b c n z o d i a z e p i n e s  was d u e  t o  t h e  f o r m a t i o n  o f  

i.nc: u s i o n  c o n p l e x e s .  
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CARBAMAZEPINE A N D  NITRAZEPAM 1959 

T h e  i m p o r t a n c e  of d i s s o l u t i o n  t o  t h e  b i o a v a i l a b i l i t y  

0: t h e s c  d r u g s  is  u n d i s p u t e d .  T h e r e f o r e ,  t h e  purpose of 

t t i i ;  i n v e s t i g a t i o n  was t h e  e n h a n c e m e n t  o f  d i s s o l u t i o n  r a t e  

. i t  c a r h 3 m a z e p i n e  a n d  n i t r a z e p a m  f r o m  t h e i r  s o l i d  d i s -  

per  s i o n s  a n d  c o p r  ec i p i  t a  t e .  

EXPERIMENTAk 

M a t e r i a l s  - T h e  f o l l o w i n g  m a t e r i a l s  were u s e d  : 

N i t r a z e p a m ,  Wyeth;  c a r h a m a z e p i n e ,  C i b a - G e i g y ;  p o l y -  

e t h y l e n e  g l y c o l  6 0 0 0  ( R D H  c h e m i c a l s ,  L t d . ,  E n g l a n d )  ; 

p o l y v i n y l p y r r o l i d o n e  ( L u v i s k o l  K30, m o l . w t .  40,000,B.A.S.F., 

G e r m a n y ) ;  D-Galactose ( P r o l a b o ) ;  A n h y d r o u s  l ac tose  a n d  

M a n n i t o l  ( B D H  c h e m i c a l s ,  L t d . ,  E n g l a n d ) .  All o t h e r  

c h e m i c a l s  were a n a l y t i c a l  r e a g e n t  g r a d e .  

METHODS 

P r e p a r a t i o n  o f  s o l i d  d i s p e r s i o n .  

T h e  m e l t i n g  p r o c e d u r e  was u s e d  a s  f o l l o w s  : T h e  

c a l c u l a t e d  amount  o f  t h e  p o w d e r e d  d r u g  was t h e n  a c c u r a t e l y  

w e i g h e d ,  a n d  a d d e d  t o  t h e  mel ted  c a r r i e r  (PEG 6 0 0 0 ,  q a l a -  

c tose ,  m a n n i t o l ,  or a n h y d r o u s  1 a c t o s e ) w i t h  c o n s t a n t  

s t i r r i n g .  C o o l i n g  was a f f e c t e d  a t  room t e m p e r a t u r e  a n d  

t h e  p r o d u c t  w a s  p l a c e d  i n  a des s i ca to r  o v e r  s i l i c a  g e l .  

T h e  s o l i d i f i e d  p r o d u c t  was t h e n  t r a n s f e r r e d  t o  a s u i t a b l e  

c l e a n  m o r t a r ,  p o w d e r e d  a n d  p a s s e d  t h r o u g h  a s i e v e  o f  8 0  

m i c r o n  mesh  s i z e .  T h e  i n c o r p o r a t i o n  o f  t h e  d r u g  i n  t h e  

mel ted c a r r i e r s  r e s u l t e d  i n  a o n e  p h a s e  s y s t e m .  T h e  d r u g  

c a r r i e r s  w e i g h t  r a t i o  was 1 : 3  a n d  i t  was a n a l y t i c a l l y  

c o n f i r m e d .  T h e  d r u g  c o n t e n t  was b e t w e e n  9 5  a n d  1 0 2 % .  
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1960 A T T I A  AND H A B I B  

- P r e p a r a t i o n  O F  copr e c i p i t a t e .  

PVP 40,000 was a c c u r a t e l y  w e i g h e d  a n d  d i s s o l v e d  i n  

1 0 0  m l  a b s o l u t e  e t h y l  a l c o h o l .  T h e  p o w d e r e d  d r u g  was 

a c c u r a t e l y  w e i g h e d  a n d  d i s s o l v e d  i n  a n o t h e r  1 0 0  m l  of 

a b s o l u t e  e t h y l  a l c o h o l  by t h e  a i d  of m a g n e t i c  s t i r r e r .  

'I'he t w o  s o l u t i o n s  of t h e  d r u g  a n d  c a r r i e r  were m i x e d  

t o g e t h e r  i n  a p o r c e l a i n  d i s h ,  t h e  s o l v e n t  was e v a p o r a t e d  

a n d  t h e  r e s i d u e  k e p t  i n  a n  i n c u b a t o r  a t  40° to  c o n s t a n t  

w e i g h t .  T h e  mass was p l a c e d  i n  a d e s s i c a t o r  o v e r  s i l i c a  

g e l  a n d  t h e n  t r a n s f e r r e d  t o  a s u i t a b l e  c l e a n  mortar , 
powdered  a n d  p a s s e d  t h r o u g h  s i e v e  o f  8 0  m i c r o n  mesh  s i z e  

D i s s o l u t i o n  r a t e  s t u d y .  --- 
D i s s o l u t i o n  r a t e s  of t h e  pu re ,  s o l i d  d i s p e r s i o n s  

and c o p r e c i p i t a t e  of c a r b a m a z e p i n e  a n d  n i t r a z e p a m  were 

s t u d i e d .  T h i s  was c a r r i e d  o u t  u s i n g  v i t r o  d i s s o l u t i o n  

a p p a r a t u s  a s  d e s c r i b e d  b y  t h e  USP. T h e  c a l c u l a t e d  a m o u n t  

( 1 0 0  mg) o f  p o w d e r e d  d r u g s  c o n t a i n e d  i n  h a r d  g e l a t i n  

c a p s u l e  was r a p i d l y  i n t r o d u c e d .  T h e  d i s s o l u t i o n  r a t e s  were 

s t u d i e d  i n  2 0 0  m l  0 . 1  N h y d r o c h l o r i c  a c i d  a t  37 lo . 
F i v e  m l  s a m p l e s  were removed a s  a f u n c t i o n  of t ime a n d  

a n a l y s e d , f o r  d r u g  c o n t e n t .  F i v e  m l  of t h e  d i s s o l u t i o n  

medium w a s  a d d e d  b a c k  t o  t h e  beaker a f t e r  each samplinq. The 

a b s o r b a n c e  of t h e  s o l u t i o n s  was m e a s u r e d  s p e c t r o p h o t o -  

m e t r i c a l l y  u s i n g  a Shimadzu UV-150 s p e c t r o p h o t o m e t e r  

a t  2 8 5  nm fo r  c a r b a m a z e p i n e  a n d  a t  260  nm for  n i t r a -  

zepam a g a i n s t  a b l a n k  s o l u t i o n .  The  t o t a l  amouct of t h e  

m e d i c a m e n t  i n  s o l u t i o n  a t  t i m e  o f  s a m p l i n g  was d e t e r m i n e d .  

The  d r u g  c o n c e n t r a t i o n  i n  s o l u t i o n  was d e t e r m i n e d  f r o m  
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CARBAMAZEPINE AND NITRAZEPAM 1961 

t h e  s t a n d a r d  Bee r ' s  law p l o t  p r e p a r e d  p r e v i o u s l y  and  t h e  

amount d i s s o l v e d  c a l c u l a t e d .  Each d i s s o l . u t i o n  p r o f i l e  is 

t h e  a v e r a g e  of t h r e e  i n d i v i d u a l  d e t e r m i n a t i o n s .  

RESULTS AND DISCUSSION 

T h e  i n t r i n s i c  d i s s o l u t i o n  r a t e  of c a r b a m a z e p i n e ,  

n i t r a z e p a m  and t h e i r  s o l i d  d i s p e r s i o n s  were d e t e r m i n e d  

i n  0 . 1  N h y d r o c h l o r i c  a c i d .  

To examine  t h e  k i n e t i c s  o f  t h e  d i s s o l u t i o n  p r o c e s s  

of c a p s u l e s  c o n t a i n i n g  d r u g ,  t h e  l o g  o f  t h e  p e r c e n t a g e  

u n d i s s o l v e d  i n  t h e  c a p s u l e  was p l o t t e d  a s  a f u n c t i o n  of 

t i m e .  A l i n e a r  r e l a t i o n s h i p  was o b t a i n e d  i n d i c a t i n g  a n  

a p p a r e n t  f i r s t  o r d e r  p r o c e s s .  

F i g u r e  1, r e p r e s e n t s  t h e  d i s s o l u t i o n  r a t e  o f  c a r b a -  

mazep ine  from i t s  s o l i d  d i s p e r s i o n s .  I t  is e v i d e n t  t h a t  

c o p r e c i p i t a t e  g a v e  h i g h e r  d i s s o l u t i o n  r a t e  t h a n  p u r e  

c a r b a m a z e p i n e  and o t h e r  d r u g - c a r r i e r  s y s t e m s .  Dur ing  t h e  

f i r s t  hour  o f  d i s s o l u t i o n ,  l a c t o s e  d i s s o l v e d  somewhat 

more q u i c k e l y  t h a n  t h e  o t h e r  s o l i d  d i s p e r s i o n s  and  

c o p r e c i p i t a t e .  A f t e r  o n e  h o u r ,  i n  f a c t ,  w h i l s t  o n l y  

7 %  c a r b a m a z e p i n e  had d i s s o l v e d  w i t h  r e g a r d  t o  t h e  p u r e  

p r o d u c t ,  t h e  f i g u r e  r e a c h e d  39% f o r  d i s p e r s i o n  w i t h  

l a c t o s e ,  35 .5% f o r  c o p r e c i p i t a t e ,  3 2 %  f o r  d i s p e r s i o n  

w i t h  m a n n i t o l ,  2 4 %  f o r  d i s p e r s i o n  w i t h  p o l y e t h y l e n e  

g l y c o l  6000  and  21% fOK d i s p e r s i o n  w i t h  g a l a c t o s e .  

The d i s s o l u t i o n  r a t e  of c a r b a m a z e p i n e  s o l i d  dis- 

p e r s i o n s  and c o p r e c i p i t a t e  d u r i n g  the  f i r s t  tw hours  was not 

i n  a r e g u l a r  manner ,  b u t  a f t e r  t h a t  time i t  becomes 
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1962 ATTIA AND HABIB 

Time (hours) 

FIGURE 1 

Dissolution of Carbamazepine from its Solid Dispersions 
and Coprecipitate. 

Key: P V P Coprecipitate. x- Plain. 

Mannitol Carrier. 0- P E G 6000 Carrier. 

A- Lactose Carrier. A- Galactose Carrier. 
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CARBAMAZEPINE AND NITRAZEPAM 1963 

r e g u l a r  ( c o p r e c i p i t a t e  g a v e  t h e  h i g h e s t  d i s s o l u t i o n  r a t e  

a n d  PEG 6 0 0 0  g a v e  t h e  lowes t ) .  

T h e  d i s s o l u t i o n  r a t e s  o f  t h e  c o r r e s p o n d i n g  p h y s i c a l  

m i x t u r e s  were somewhat  more r a p i d  t h a n  t h a t  o f  t h e  p l a i n  

c o n t r o l  d r u g  ( F i g u r e  2 ) .  

F i g u r e  3 r e p r e s e n t  t h e  d i s s o l u t i o n  r a t e  o f  n i t r a z e p a m  

f r o m  i ts  s o l i d e  d i s p e r s i o n s  a n d  c o p r e c i p i t a t e .  I t  was 

f o u n d  t h a t ,  d u r i n g  t h e  f i r s t  t w o  h o u r s ,  g a l a c t o s e  g a v e  

h i g h e r  d i s s o l u t i o n  r a t e  o f  n i t r a z e p a m  t h a n  t h a t  w i t h  

l a c t o s e ,  m a n n i t o l ,  PEG 6 0 0 0 ,  a n d  c o p r e c i p i t a t e .  A f t e r  s i x  

h o u r s  ( e x p e r i m e n t a l  t ime) o n l y  1 6 %  n i t r a z e p a m  had  d i s -  

s o l v e d  w i t h  r e g a r d  t o  t h e  p u r e  d r u g ,  t h e  a m o u n t  released 

r e a c h e d  7 0 %  f o r  d i s p e r s i o n  w i t h  lactose;  5 4 %  f o r  d i s -  

p e r s i o n  w i t h  m a n n i t o l ;  51% f o r  d i s p e r s i o n  w i t h  g a l a c t o s e ;  

SO% f o r  d i s p e r s i o n  w i t h  PEG 6 0 0 0  a n d  4 8 %  fo r  c o p r e c i p i t a t e .  

On t h e  o t h e r  h a n d ,  t h e  d i s s o l u t i o n  r a t e s  o f  t h e  

c o r r e s p o n d i n g  p h y s i c a l  m i x t u r e s  were somewhat  more r a p i d  

a t  t h e  i n i t i a l  time o f  t h e  d i s s o l u t i o n ,  f o l l o w e d  by a 

slower r e l ease  o f  n i t r a z e p a m  a f t e r  t h e  f i r s t  t h r e e  h o u r s  

( F i g u r e  4). A t  t h e  e n d  o f  t h e  e x p e r i m e n t a l  t ime,  t h e  

amount  of t h e  d r u g  r e l e a s e d  f r o m  p h y s i c a l  m i x t u r e  c o n -  

t a i n i n g  l ac tose  was 508,  41% fo r  t h e  s y s t e m  c o n t a i n i n g  

m a n n i t o l ,  4 2 . 5 %  f o r  t h e  s y s t e m  c o n t a i n i n g  g a l a c t o s e ,  3 3 %  

f o r  t h e  s y s t e m  c o n t a i n i n g  PEG 6 0 0 0  a n d  2 5 %  f o r  PVP. 

T a b l e  1, i l l u s t r a t e s  t h e  SO% d i s s o l u t i o n  t imes i n  

h o u r s  f o r  b o t h  d r u g s .  P o l y v i n y l p y r r o l i d o n e  c o p r e c i p i t a t e  

p r o d u c e d  t h e  l e a s t  d i s s o l u t i o n  time f o r  5 0 %  c a r b a m a z e p i n e ,  
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1964 ATTIA AND HABIB 
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FIGURE 2 

Dissolution of Carbamazepine from i t s  Physical Mixture. 

Key: P V P Coprecipitate. x- Plain. 

Mannitol Carrier. ier 0- P E G 6000 Carrier. 

Lactose Carrier. Galactose Carrier. 
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CARBAMAZEPINE AND NITRAZEPAM 

70 

60 

&? 50 

E, 
% 

- 

3 40 
z .- 

P 
% 
n 30 

20 

10 

0 1 2 3 4 5 6 

Time (hours) 

FIGURE 3 

Dissolution of Nitrazepam from its Solid Dispersions 
and Coprecia 

Key: P V P Coprecipitate. 

0- Mannitol Carrier. 

A- Lactose Carrier. 

x- Plain. 

b P E G 6000 Carrier. 

A- Galactose Carrier. 

1965 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1966 ATTIA AND HABIB 
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FIGURE 4 

Dissolution of Nitrazepam from i t s  Physical Mixtures. 

Key: P V P Coprecipitate. 

0- Mannitol Carrier. 

h Lactose Carrier. 

%- Plain. 

P E G 6000 Carrie! 

& Galactose Carrier. 
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CARBAMAZEPINE AND NITRAZEPAM 1967 

50% Dissolution Times (Hours) for Carbamazepine 

and Nitrazepam in 6olid Dispersions and Physical 

Mixtures. 

Dr ug-car K i er 
Systems 

Solid dispersion Physical mixture 

t50 t50 

Car barna zepine > 6  

Polyvinylpyrrolidone > 2  

Manni to1 3 

Lac to se 5 

Ga lactose > 6  

PEG 6000 > 6  

N i tra zepam > 6  2 6  

:'olyv inylpyr rol idone > 6  > 6  

Mann i to1 5 > 6  

L.a c to s e > 2  6 

Galactose 4 > 6  

PEG 6000 6 > 6  

followed by mannitol and then lactose, While in case of 

rritrazepam, l ac tose  gave the least dissolution time €or 

5 0 %  of the drug followed by galactose and then mannitol. 

The 5 0 %  dissolution time for the other systems were more 

than the experimental time ( 6  hours). 
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1968 ATTIA AND HABIB 

T h e  s u g a r  s o l i d  d i s p e r s i o n  s y s t e m s  d e m o n s t r a t e d  a 

f a s t  i n i t i a l  r e l e a s e ,  f o l l o w e d  b y  slower p r o L o n g e d  

r e l e a s e  of c a r b a m a z e p i n e  a n d  n i t r a z e p a m .  S i m i l a r  p r o f i l e s  

were p r e v i o u s l y  r e p o r t e d  ( 7 - 9 ) .  

T h e  r a p i d  i n i t i a l  p h a s e  was a t t r i b u t e d  t o  t h e  r e l e a s e  

of d r u g s  p r e s e n t  i n  a s t a t e  of v e r y  f i n e  s u b d i v i s i o n ,  a 

p o r t i o n  of t h e  d r u g  p r o b a b l y  was s o l u b i l i z e d  d u r i n g  pre-  

p a r a t i o n  by t h e  m o l t e n  c a r r i e r  a n d  t h e  a n o t h e r  p a r t  was 

t h e  most p r o l o n g e d  p h a s e .  T h i s  e n h a n c e m e n t  i n  t h e  d i s -  

s o l u t i o n  r a t e ,  c a n  be a t t r i b u t e d  t o  t h e  i n c r e a s e d  

w e t t a b i l i t y  of t h e  t w o  p o w d e r e d  d r u g s .  S u g a r  c a r r i e r s  

may a c t  s i m i l a r l y  a s  w e t t i n g  a g e n t .  T h i s  may b e  d u e  t o  

t h a t ,  s u g a r s  u s e d  i n  t h i s  i n v e s t i g a t i o n  a r e  r e a d i l y  

s o l u b l e  i n  a n  a q u e o u s  medium. Upon e x p o s u r e  of t h e s e  

s y s t e m s  t o  a n  a q u e o u s  m e d i u m ,  t h e  s u g a r  r a p i d l y  d i s s o l v e d  

a n d  a c o m p l e t e  w e t t i n g  o f  t h e  d r u g  o c c u r r e d  a t  t h e  

s a m e t i r n c .  

T h e  p o p u l a r i t y  o f  p o l y e t h y l e n e  g l y c o l  a s  a c a r r i e r  

was t h e  m a i n  r e a s o n  t h a t  t h e  p o l y e t h y l e n e  g l y c o l  6 0 0 0  

d i s p e r s i o n  s y s t e m s  were u s e d  a s  a r e f e r e n c e  model when 

c o m p a r i n g  t h e  d i s s o l u t i o n  r a t e s  of t h e  s u g a r  d i s p e r s i o n s .  

From t h e  r e s u l t s  o b t a i n e d ,  i t  w a s  f o u n d  t h a t  t h e  s u g a r  

d i s p e r s i o n s  had  a f a s t e r  d i s s o l u t i o n  r a t e  t h a n  t h e  p o l y -  

e t h y l e n e  g l y c o l  d i s p e r s i o n s .  
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