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ABSTRACT 

V a r i o u s  p r e d n i s o n e  ( P d ) ,  g r i s e o f u l v i n  ( C r ) ,  a n d  

p r i m i d o n e  ( P r )  s o l  1 d ( 1 1  s p e r s i  011s m a d e  b y  t h e  f u s i o n  

m e t h o d  u t i l i t i n g  d i f f e r e n t  c a r r i e r s  and d r u g : c a r r i c r  

r a t i o s  were e v a l u a t e d .  C i t r i c  d c i d  ( C A ) ,  s u c c  i n i c  a c i d  

( S A )  a n d  t a r t a r i c  a c i d  ( T A )  were e m p l o y e d  i n  v a r i o u s  

r a t i o s  w i t h  s o d i u m  b i c a r b o n a t c  (Sl3) a s  c a r r i e r s  f o r  t h e  

r e s p e c t i v e  d r u g s .  

CA:SB was t h e  m o s t  e f f e c t i v e  c a r r i e r  f o r  r e l e a s i n g  

P d  a n d  P r ,  a n d  SA:SB was f o u n d  t o  b e  t h e  b e s t  ~ d r r ~ e r  

€ o r  C r .  K e s u l t s  s h o w e d  t h a t  t h e r e  was a n  i n c r e a s e  i n  

i n  d i s s o l u t i o n  r a t e  a s  t h e  p r o p o r t l o n  o f  SB i n c r e a s e d  i n  

t h e  c a r r i e r  s y s t e m .  

Co r r e  s p o n d e n  c e 

P h a r m a c y ,  P . 0 .  Box 1 0 9 0 ,  B u i e s  C r e e k ,  NC 2 7 5 0 6  

>: 

+ P r e s e n t  a d d r e s s  i s  C a m p b e l l  U n i v e r s i t y  S c h o o l  o f  
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672 DESAI ET AL. 

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

b e t w e e n  t h e  d r u g s  a n d  t h e  c a r r i e r s  i n d i c a t i n g  t h e  

i n c r e a s e d  d i s s o l u t i o n  r a t e s  were n o t  d u e  t o  

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

a t t r i b u t e d  t o  b u l k  c h a n g e s  i n  t h e  pH o f  t h e  d i s s o l u t i o n  

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

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

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

d i s s o l u t i o n  r a t e s  o f  p o o r l y  w a t e r  s o l u b l e  d r u g s .  

INTRODUCTION 

P r e v i o u s  s t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  s o l i d  

d i s p e r s i o n s  C G ~  i m p r o v e  t h e  d i s s o l u t i o n  r a t e  a n d  b i o -  

a v a i l a b i l i t y  o f  some p o o r l y  w a t e r  s o l u b l e  d r u g s  l i k e  P d ,  

Gr ,  P r ,  d i g o x i n ,  a n d  o t h e r  d r u g s .  A l l e n  e t  a 1  c o n d u c t e d  

a s e r i e s  o f  s t u d i e s  o n  d i s s o l u t i o n  r a t e s  o f  c o r t i c o -  

s t e r o i d s  c o n t a i n e d  i n  s o l i d  d i s p e r s i o n s 1 .  T h e  i n c r e a s e  

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

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

T h e  l i t e r a t u r e  s h o w s  t h a t  d i s p e r s i o n s  w i t h  c e r t a i n  

c a r r i e r s  may b e  s u p e r i o r  f o r  a s p e c i f i c  d r u g  i n  

r e l e a s i n g  t h e  d r u g  i n t o  s o l u t i o n L .  CA a n d  SA h a v e  

p r o v e n  t o  b e  e x c e l l e n t  c a r r i e r s  f o r  t h e  p r e p a r a t i o n  o f  

s e l e c t e d  s o l i d  d i s p e r s i o n s .  C A ,  SA, a n d  TA r e a c t  w i t h  

SB t o  g i v e  a n  e f f e r v e s c e n t  m i x t u r e  a n d  b y  c o m b i n i n g  

p o o r l y  s o l u b l e  d r u g s  w i t h  o r g a n i c  a c i d s ,  o n e  s h o u l d  

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

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

s e l e c t e d  p o o r l y  s o l u b l e  d r u g s .  

T h e  o b j e c t i v e s  o f  t h i s  s t u d y  were t o  ( 1 )  i n c r e a s e  

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

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

c o m b i n e d  w i t h  S B ,  ( 2 )  o p t i m i z e  t h e  c a r r i e r  a c i d : S B  a n d  

d r u g  r a t i o  t o  y i e l d  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  
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EFFERVESCENT SOLID DISPERSIONS 673 

( 3 )  s t u d y  t h e  c o m p a t i b i l i t y  b e t w e e n  t h e  d r u g s  a n d  t h e  

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

MATERIALS A N D  METHODS 

P r e p a r a t i o n  o f  t h e  S o l i d  D i s p e r s i o n s  

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

o f  t h e  s o l i d  d i s p e r s i o n s :  Pd ( S i g m a  C h e m i c a l s ,  L o t  No. P- 

6 2 5 4 ) ,  Gr ( S i g m a  C h e m i c a l s ,  L o t  No. G - 4 7 5 3 ) ,  P r  ( A y e r s t  

L a b o r a t o r i e s  I n c . ,  L o t  No. B - 3 8 8 1 4 4 ) ,  SB ( M a l l i n c k r o d t  

I n c . ,  L o t  No. K J C B ) ,  CA ( F i s h e r  S c i e n t i f i c ,  L o t  No. 

7 4 1 7 2 1 ) ,  SA ( F i s h e r  S c i e n t i f i c ,  L o t  No. 7 3 2 8 1 8 ) ,  a n d  TA 

( M a l l i n c k r o d t  I n c . ,  L o t  No.  K J R D ) .  

T h e  e q u i p m e n t  u s e d  f o r  t h e  e x p e r i m e n t  c o n s i s t e d  o f  a 

C a h n  2 6  E l e c t r o b a l a n c e ,  M e t t l e r  H80 a n a l y t i c a l  b a l a n c e ,  

V a n d e r k a m p  600 D i s s o l u t i o n  T e s t i n g  A p p a r a t u s ,  P e r k i n  

Elmer DSC-2 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 e r  ( D S C ) ,  

P e r k i n  E l m e r  M o d e l  3600 Data S t a t i o n ,  M a n o s t a t  C a s s e t t e  

P u m p ,  P e r k i n  E l m e r  L a m b d a  3 S p e c t r o p h o t o m e t e r ,  O r i o n  

I o n a n a l y z e r  9 0 1 ,  a n d  D a t a  G e n e r a l  M600 M i n i c o m p u t e r .  

S o l i d  d i s p e r s i o n s  w i t h  f o u r  d i f f e r e n t  d r u g  t o  

c a r r i e r  r a t i o s  ( T a b l e  1 )  f o r  e a c h  o f  t h e  t h r e e  d r u g s  

were p r e p a r e d  f o r  t h e  d i s s o l u t i o n  s t u d i e s  a s  p r e v i o u s l y  

r e p o r t e d  . 3 

F o r  o b t a i n i n g  t h e r m o g r a m s ,  t h e  s o l i d  d i s p e r s i o n s  

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

d r u g : S B :  100 :0 ,  9 0 : 1 0 ,  7 5 : 2 5 ,  6 0 : 4 0 ,  4 5 : 5 5 ,  3 0 : 7 0 ,  

1 5 : 8 5 ,  1 0 : 9 0 ,  0 : l O O .  

D i s s o l u t i o n  Ra te  D e t e r m i n a t i o n s  

D i s s o l u t i o n  r a t e  d e t e r m i n a t i o n s  were c a r r i e d  o u t  

u s i n g  a s e m i a u t o m a t e d  USP X X I  D i s s o l u t i o n  A p p a r a t u s  I .  

An a p p r o p r i a t e  a m o u n t  o f  d i s p e r s i o n  c o n t a i n i n g  5 mg o f  

P d ,  5 mg o f  Gr,  o r  40 mg o f  P r ,  was w e i g h e d  u s i n g  a n  

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

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

l i t e r  o f  d e a e r a t e d  w a t e r  m a i n t a i n e d  a t  2 5 ° C .  T h e  b a s k e t s  
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674 DESAI  ET AL.  

were r o t a t e d  a t  100 r p m  a n d  t h e  p e r i s t a l t i c  p u m p  s t a r t e d .  

S a m p l e s  were c o n t i n u o u s l y  p r o p e l l e d  t h r o u g h  a n  i n - l i n e  

f i l t e r ,  a n a l y z e d  a t  0 ,  5 ,  10 ,  1 5 ,  2 0 ,  2 5 ,  a n d  30 m i n u t e s  

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

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

e q u a l  a m o u n t  o f  t h e  p l a i n ,  u n t r e a t e d  d r u g .  S o l i d  d i s p e r -  

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

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

C o m p a t i b i l i t y  S t u d y  

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

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 .  O n e  mg o f  t h e  f i n e l y  

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

a l u m i n u m  p a n s .  T h e r m o g r a m s  a n d  h e a t s  of f u s i o n  ( A H )  were 

o b t a i n e d  ( u s i n g  t h e  TADS DSC S t a n d a r d  P r o g r a m )  b y  h e a t i n g  

t h e  d i s p e r s i o n s  a n d  i n d i v i d u a l  i n g r e d i e n t s  a t  40°K p e r  

p e r  m i n u t e .  

pH S t u d y  

S o l i d  d i s p e r s i o n s  c o n t a i n i n g  d i f f e r e n t  d r u g s  a n d  

c a r r i e r s  i n  d i f f e r e n t  r a t i o s  were a d d e d  t o  t h e  d i s s o l u t i o n  

m e d i a  a n d  t h e  pH o f  t h e  m e d i a  r e c o r d e d  a t  t h e  e n d  o f  30 

m i n u  t e s .  

Data H a n d l i n R  

M e a n s  a n d  s t a n d a r d  d e v i a t i o n s  were c a l c u l a t e d  f r o m  t h e  

d i s s o l u t i o n  d a t a  a n d  m e a n  % d r u g  d i s s o l v e d  was p l o t t e d  

a g a i n s t  t i m e .  T h e  t i m e  f o r  50% ( T 5 0 )  a n d  7 5 %  ( T 7 5 )  o f  t h e  

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

T 5 0  a n d  T 7 5  v a l u e s  were c o m p a r e d  a n d  e x a m i n e d  b y  a n a l y s i s  o f  

v a r i a n c e .  

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

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

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

r e s u l t i n g  l i n e  was e q u a l  t o  t h e  d i s s o l u t i o n  r a t e  c o n s t a n t  a n d  

was o b t a i n e d  u s i n g  t h e  MINITAB s t a t i s t i c a l  p r o g r a m .  
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loo 1 

i 

5 10 16 20 25 30 0 

TIME IN MIMJTES 

FIGURE 1 

D i s s o l u t i o n  p r o f i l e s  o f  p r e d n i s o n e  i n  c i t r i c  a c i d :  
s o d i u m  b i c a r b o n a t e ;  0 = p u r e  p r e d n i s o n e ,  0 = I ,  a = 11, 
n= 111, A = I v .  

RESULTS A N D  DISCUSSION 

D i s p e r s i o n  S y s t e m  F o r m a t i o n  

T h e  d i s p e r s i o n s  of  P d ,  G r ,  a n d  P r  w i t h  CA a s  c a r r i e r  

were s o f t ,  s t i c k y ,  a n d  h y g r o s c o p i c  o n  p r e p a r a t i o n .  Upon  

s t o r a g e  f o r  48 h o u r s  i n  a d e s s i c a t o r ,  t h e y  b e c a m e  h a r d  a n d  

b r i t t l e  a n d  were e a s y  t o  p u l v e r i z e .  T h e  d i s p e r s i o n s  o f  P d ,  G r ,  

a n d  P r  w i t h  S A  a s  c a r r i e r  were h y g r o s c o p i c  a n d  r e q u i r e d  s t o r a g e  

i n  a d e s s i c a t o r  f o r  2 4  h o u r s .  T h e  d i s p e r s i o n s  o f  P d ,  Gr ,  a n d  

P r  w i t h  TA as  t h e  c a r r i e r  a c i d  were e a s y  t o  m a n i p u l a t e  a n d  h a d  

g o o d  f l o w  p r o p e r t i e s .  

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



677 EFFERVESCENT SOLID DISPERSIONS 

100 

90 

0 6 10 16 20 26 

TlME H MMJTES 

FIGURE 2 

D i s s o l u t i o n  p r o f i l e s  o f  g r i s e o f u l v i n  i n  c i t r i c  a c i d :  
s o d i u m  b i c a r b o n a t e ;  0 = p u r e  g r i s e o f u l v i n ,  0 = I ,  

= 11, 0 = 111, A = I v .  

D i s s o l u t i o n  Ra te s  o f  P d ,  G r ,  a n d  P r  i n  D i f f e r e n t  C a r r i e r s  

E x a m p l e s  o f  d i s s o l u t i o n  p r o f i l e s  o f  s o l i d  

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

F i g u r e s  1-3. T h e  T 5 0  a n d  T 7 5  v a l u e s  a r e  s h o w n  i n  T a b l e  

2 a n d  t h e  c a l c u l a t e d  d i s s o l u t i o n  r a t e  c o n s t a n t s  s h o w n  i n  

T a b l e  3.  

DSC T h e r r n o g r a m s  

DSC t h e r m o g r a m s  a r e  s h o w n  i n  F i g u r e s  4 - 6 .  T h e  h e a t s  of 

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

t h e  d i f f e r e n t  c a r r i e r  a c i d s  a n d  a r e  s h o w n  i n  F i g u r e s  7 -10 .  
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0 5 10 15 20 26 30 

TIME IN MINUTES 

F I G U R E  3 

D i s s o l u t i o n  p r o f i l e s  o f  p r i m i d o n e  i n  c i t r i c  a c i d :  
s o d i u m  b i c a r b o n a t e ;  0 = p u r e  p r i m i d o n e ,  0 = I ,  
0 = 11, I = 11, = 111, A = I v .  

pH S t u d y  

T h e  pH v a l u e s  o f  t h e  d i s s o l u t i o n  m e d i u m  a f t e r  

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

T a b l e  4 .  

P r e d n i s o n e  

I n  t h e  P d : C A : S B  s y s t e m s  p r e p a r e d  b y  t h e  f u s i o n  

m e t h o d ,  t h e  2 : 9 0 : 8  r a t i o  o f  P d : C A : S B  p r o d u c e d  t h e  

l o w e s t  T50 v a l u e .  

S y s t e m s  c o n t a i n i n g  l a r g e r  a m o u n t s  o f  SB h a v e  

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

c o n t a i n i n g  l e s s  S B .  

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

o f  t h e  v a r i o u s  s o l i d  d i s p e r s i o n s  t h a t  d i s p e r s i o n s  o f  
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EFFERVESCENT SOLID DISPERSIONS 679 

TABLE 2 

T i m e  f o r  50 a n d  75 P e r c e n t  D i s s o l u t i o n  
D i s p e r s i o n  D e s i g n a t i o n  

11 111 I V  
T i m e  ( M i n u t e s )  

50% 75% 50% 7 5 % '  50% 75% 50% 75%- 
P r e d n i s o n e  

C i t r i c  A c i d  
S u c c i n i c  A c i d  
T a r t a r i c  A c i d  

G r i s e o f u l v i n  
C i t r i c  A c i d  
S u c c i n i c  A c i d  
T a r t a r i c  A c i d  

P r i m i d o n e  
C i t r i c  A c i d  
S u c c i n i c  A c i d  
T a r t a r i c  A c i d  

8 . 0  1 6 . 0  7.5 1 5 . 0  6 . 5  1 3 . 0  5 . 0  10.0 
10 .5  2 4 . 0  9 . 0  20 .5  8 . 0  1 9 . 0  7 . 5  1 6 . 0  
16.5 26.0 14.0 24.0 1 3 . 0  2 2 . 5  1 1 . 5  1 8 . 0  

1 4 . 0  25 .5  1 0 . 5  22 .5  9 . 0  21.0 7 . 5  21.0 
1 2 . 0  22.5 1 0 . 0  1 7 . 5  8 . 0  1 5 . 5  6 . 0  1 0 . 5  
1 6 . 5  >30 1 2 . 0  29.0 1 0 . 5  26.0 8 . 5  22.5 

5 . 0  12.0 4 . 5  1 1 . 0  4 . 2  1 0 . 0  9 . 0  4 .0  
13 .0  20.0 8 . 5  1 8 . 5  8 . 0  1 6 . 5  7 . 5  15.0 
1 9 . 0  29.0 1 4 . 0  20.8 1 0 . 0  21.0 8 . 0  19 .0  

TABLE 3 

D i s s o l u t i o n  Rate  C o n s t a n t s  ( M i n - '  ) 

D i s p e r s i o n  D e s i g n a t i o n  
I I1  I11 IV 

P r e d n i s o n e  
C i t r i c  A c i d  , 1 0 3  .127 . 1 2 8  , 1 5 7  
S u c c i n i c  A c i d  .064  .067 .080 . 0 9 3  
T a r t a r i c  A c i d  . 0 2 3  .057 .064 .084  

G r i s e o f u l v i n  
C i t r i c  A c i d  .057 .068  .074 , 0 8 2  
S u c c i n i c  A c i d  - 0 6 6  . l o 8  . 1 2 3  . 1 8 6  
T a r t a r i c  A c i d  .049 , 0 5 3  . 0 5 3  .067 

P r  i m i d o n e  
C i t r i c  A c i d  .239 . 2 5 5  .256 . 2 7 8  
S u c c i n i c  A c i d  .052  .076  .080  .08  6 
T a r t a r i c  A c i d  , 0 5 0  . 0 7 3  .074 .076  
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F I G U R E  4 

Thermograms of prednisone in different carriers. 
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30 
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TEMPERATURE I N  ' K  
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F I G U R E  5 

T h e r r , g r a m s  of g r i s e o f u l v i n  i n  d i f f e r e n t  c a r r i e r s .  
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Thermograms of primidone in different carriers. 
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120 . 
no- 

100 - 

9 0 .  

9 7 0 -  

LI 

a 8 0 .  

0 0  0.1 0.2 0 3  0.4 0.6 0.6 0.7 0.8 0.9 1.0 

MOLE FRACTION 
F I G U R E  7 

E n t h a l p y  c h a n g e s  i l l  d r u g : c i t r i c  a c i d  m i x t u r e s  a s  a 
f u n c t i o n  o f  c i t r i c  a c i d  c o m p o s i t i o n ;  0 = p r e d n i s o n e ,  
0 = g r i s e o f u l v i n ,  I = p r i m i d o n e .  

F I G U R E  8 

E n t h a l p y  c h a n g e s  i n  d r u g : s u c c i n i c  a c i d  m i x t u r e  a s  a 
f u n c t i o n  of  s u c c i n i c  a c i d  c o m p o s i t i o n ;  0 = p r e d n i s o n e ,  
0 = g r i s e o f u l v i n ,  = p r i m i d o n e .  
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DESAI ET AL. 684 

FIGURE 9 

E n t h a l p y  c h a n g e s  i n  d r u g : t a r t a r i c  a c i d  m i x t u r e s  a s  a 
f u n c t i o n  of t a r t a r i c  a c i d  c o m p o s i t i o n ;  0 = p r e d n i s o n e ,  
0 = g r i s e o f u l v i n ,  = p r i m i d o n e .  

P d : C A : S B  h a v e  e n h a n c e d  d i s s o l u t i o n  r a t e s  a s  c o m p a r e d  

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

w i t h  SA a n d  TA. Pd h a s  b e e n  r e p o r t e d  t o  f o r m  a g l a s s  

w i t h  C A  w h i c h ,  a l o n g  w i t h  t h e  p r e s e n c e  o f  SB, a p p e a r s  

t o  i n c r e a s e  t h e  r a t e  of  r e l e a s e  o f  Pd f r o m  t h e  s o l i d  

d i s p e r s i o n .  

G r i s e o f u l v i n  

I n  t h e  s o l i d  d i s p e r s i o n s  c o n t a i n i n g  G r : C A : S B  

i n  t h e  r a t i o  o f  2 : 9 0 : 8 ,  t h e  mos t  r a p i d  T50 v a l u e  a n d  

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  c o n s t a n t  were p r o d u c e d .  

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

a n d  t h e  T50 v a l u e s  o f  v a r i o u s  d i s p e r s i o n s  o f  G r  i n  SA 
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0.0 0.1 0 2  0 3  0.4 0.6 0.6 0.7 0.8 0s 11) 

MOLE FRACTION 

F I G U R E  10 

E n t h a l p y  c h a n g e s  i n  d r u g : s o d i u m  b i c a r b o n a t e  m i x t u r e s  
a s  a f u n c t i o n  o f  s o d i u m  b i c a r b o n a t e  c o m p o s i t i o n ;  
0 = p r e d n i . s o n e ,  0 = g r i s e o f u l v i n ,  1 = p r i m i d o n e .  

o r  TA a n d  SB t h a t  a n  i n c r e a s e  i n  t h e  a m o u n t  o f  SB i n  

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

d i s s o l u t i o n  r a t e .  
4 Gr h a s  b e e n  r e p o r t e d  t o  f o r m  a e u t e c t i c  w i t h  S A  , 

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

i n c r e a s e s  t h e  r a t e  o f  r e l e a s e  o f  G r  f r o m  t h e  s o l i d  

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

P r i m i d o n e  

I n  t h e  P r : C A : S B  s y s t e m s  t h e  1 6 : 7 6 : 8  r a t i o  

p r o d u c e d  t h e  l o w e s t  T 5 0  v a l u e .  T h e  T 5 0  v a l u e s  

d e c r e a s e  ( t h e  d i s s o l u t i o n  r a t e  i n c r e a s e s )  w i t h  a n  

i n c r e a s e  i n  t h e  a m o u n t  o f  S B .  
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TABLE 4 
pH o f  D i s s o l u t i o n  M e d i a  

A f t e r  A d d i n g  t h e  D i s p e r s i o n s  

C i t r i c  A c i d  
Mg o i  

Mg of Mg o f  C a r r i e r  C i t r i c  S u c c i n i c  T a r t a r i c  
D r u g  NaHC03 A c i d  A c i d  A c i d  A c i d  

P r e d n i s o n e  

5 
0 
10  
0 
20  
0 

G r i s e o f u l v i n  

5 5 
5 0 
5 10 
5 0 
5 20  
5 0 

P r i m i d o n e  

4 0  5 
4 0  0 
4 0  1 0  
4 0  0 
4 0  20  
4 0  0 

1 9 0  
1 9 0  
1 8 5  
1 8 5  
1 7 5  
1 7 5  

1 9 0  
1 9 0  
1 8 5  
1 8 5  
1 7 5  
1 7 5  

1 5 5  
1 5 5  
1 5 0  
1 5 0  
1 4 0  
1 4 0  

3 . 3 7 0  3 . 6 3 0  
3 . 2 4 7  3 . 6 8 6  
3 . 4 0 2  3 . 6 4 3  
3 . 3 1 9  3 . 7 1 0  
3 . 4 7 2  3 . 6 5 0  
3 . 3 1 0  3 . 8 1 3  

3 . 3 6 5  3 . 6 2 6  
3 . 2 4 5  3 . 6 8 0  
3 , 4 0 0  3 . 6 4 3  
3 . 3 1 5  3 . 7 0 9  
3 . 4 7 0  3 . 6 4 4  
3 . 3 0 5  3 . 8 1 0  

3 . 3 9 6  3 . 5 0 8  
3 . 3 4 4  3 . 5 6 4  
3 . 4 4 8  3 . 6 5 7  
3 . 3 9 8  3 . 7 4 0  
3 . 5 6 1  3 . 6 8 4  
3 . 3 7 6  3 . 8 8 7  

3 . 2 8 5  
3 . 3 1 2  
3 . 2 9 2  
3 . 3 2 5  
3 . 3 0 0  
3 . 3 4 0  

3 . 2 8 0  
3 . 3 1 0  
3 . 2 9 0  
3 . 3 1 9  
3 . 3 0 0  
3 . 3 3 9  

3 . 2 9 4  
3 . 3 0 8  
3 . 3 0 3  
3 . 3 2 5  
3 . 3 1 5  
3 . 4 2 5  

T h e  d i s s o l u t i o n  r a t e  c o n s t a n t s  f o r  t h e  v a r i o u s  

d i s p e r s i o n s  o f  P r : S A : S B  a r e  l o w e r  t h a n  t h e  c o r r e s p o n d i n g  

d i s s o l u t i o n  r a t e  c o n s t a n t s  o f  d i s p e r s i o n s  o f  P r : C A : S B .  

S o l i d  d i s p e r s i o n s  o f  P r  i n  TA a n d  SB a s  c a r r i e r s  s h o w  

h i g h e r  T50 a n d  T 7 5  v a l u e s  a s  c o m p a r e d  t o  t h e  T 5 0  a n d  7’75 

v a l u e s  f o r  d i s p e r s i o n s  o f  P r : S A : S B  a n d  d i s p e r s i o n s  o f  

P r : C A : S B .  T h e  d i s s o l u t i o n  r a t e  c o n s t a n t s  f o r  t h e  

d i s p e r s i . o n s  o f  P r : T A : S B  i n c r e a s e  w i t h  a n  i n c r e a s e  i n  t h e  

a m o u n t  o f  SB i n  t h e  s o l i d  d i s p e r s i o n s .  P r  h a s  b e e n  
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r e p o r t e d 5  t o  f o r m  a g l a s s  w i t h  C A  w h i c h ,  a l o n g  w i t h  t h e  

e f f e r v e s c e n c e ,  i n c r e a s e s  t h e  r a t e  o f  r e l e a s e  o f  P r  f r o m  

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

T h e r m a l  A n a l y s i s  

DSC h a s  p r e v i o u s l y  b e e n  u s e d  t o  d e m o n s t r a t e  t h e  
6 

f o r m a t i o n  o f  c o m p l e x e s  u s i n g  p h y s i c a l  m i x t u r e s  . F r o m  

t h e  t h e r r n o g r a m s  i t  i s  e v i d e n t  t h a t  t h e r e  was  n o  i n t e r -  

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

( F i g u r e s  4 - 6 ) .  Hamed a n d  P e c k  u s e d  DSC t o  i n v e s t i g a t e  t h e  

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

d e x t r o s e  ’. C o n c l u s i o n s  r e g a r d i n g  t h e  f o r m a t i o n  o f  c o m p l e x e s  

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

I n  t h e  c a s e  o f  t h e  m i x t u r e s  o f  t h e  c a r r i e r  a c i d s  

w i t h  P d ,  G r ,  a n d  P r ,  t h e  p e a k  a r e a  a n d  e n t h a l p y  c h a n g e  

i n c r e a s e s  a s  t h e  a m o u n t  o f  t h e  c a r r i e r  a c i d  i n  t h e  

m i x t u r e s  i n c r e a s e  ( F i g u r e s  7 - 1 0 ) .  A s t e a d y  i n c r e a s e  i n  

c h a n g e  i n  e n t h a l p y  i s  o b s e r v e d  i n  t h e  m i x t u r e s  w i t h  

i n c r e a s e s  i n  t h e  c a r r i e r  a c i d s ,  i n d i c a t i n g  t h a t  n o  

c o m p l e x  i s  f o r m e d .  

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

SB w i t h  P d ,  G r  a n d  P r ,  t h e  c h a n g e  i n  e n t h a l p y  i n c r e a s e d  

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

m i x t u r e s  i n d i c a t i n g  no c o m p l e x  f o r m a t i o n .  

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

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

d i s p e r s i o n s .  

C h a n g e s  i n  pH O b s e r v e d  i n  t h e  S o l i d  D i s p e r s i o n s  D u e  t o  

t h e  P r e s e n c e  o f  S o d i u m  B i c a r b o n a t e  

T h e r e  was n o  s i g n i f i c a n t  ( p < . O 5 )  c h a n g e s  i n  pH 

( T a b l e  4 )  o b s e r v e d  i n  t h e  s o l i d  d i s p e r s i o n s ,  t h e r e f o r e  

t h e  i n c r e a s e  i n  d i s s o l u t i o n  r a t e  w i t h  t h e  i n c r e a s e  i n  

t h e  a m o u n t  o f  SB i s  n o t  d u e  t o  a c h a n g e  i n  b u l k  pH.  

SUMMARY A N D  CONCLUSION 

CA,  S A ,  TA A N D  SB were e m p l o y e d  t o  e v a l u a t e  

v a r i o u s  P d ,  G r  a n d  F’r s o l i d  d i s p e r s i o n s  m a d e  b y  t h e  
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f u s i o n  m e t h o d  u t i l i z i n g  d i f f e r e n t  d r u g : c a r r i e r  r a t i o s .  

C A  i n  c o m b i n a t i o n  w i t h  s o d i u m  b i c a r b o n a t e  was t h e  mos t  

e f f e c t i v e  c a r r i e r  f o r  r e l e a s i n g  Pd a n d  P r ,  f o l l o w e d  by  SA:SB 

a n d  TA:SB.  P r  a n d  Pd h a v e  b e e n  r e p o r t e d  t o  f o r m  g l a s s e s  w i t h  

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

i n c r e a s e s  t h e  r a t e  o f  r e l e a s e  o f  Pd a n d  P r  f r o m  t h e  s o l i d  

d i s p e r s i o n s  . 5 

SA i n  c o m b i n a t i o n  w i t h  SB w a s  f o u n d  t o  b e  t h e  b e s t  

c a r r i e r  f o r  Gr f o l l o w e d  b y  C A : S B  a n d  TA:SB.  G r  i s  k n o w n  

t o  f o r m  a e u t e c t i c  w i t h  SA ' ,  w h i c h ,  

e f f e r v e s c e n c e  p r o d u c e d  by t h e  p r e s e n c e  o f  S B ,  c o n t r i b u t e s  

t o  t h e  e f f e c t i v e n e s s  o f  SA:SB i n  r e l e a s i n g  Gr.  

a l o n g  w i t h  t h e  

DSC t h e r m o g r a m s  o f  t h e  p h y s i c a l  m i x t u r e s  o f  t h e  

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

b e t w e e n  t h e  d r u g s  a n d  t h e  c a r r i e r s .  

T h e  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  i s  n o t  

a t t r i b u t e d  t o  t h e  b u l k  c h a n g e  i n  pH d u e  t o  t h e  a d d i t i o n  

o f  SB b e c a u s e  n o  s i g n i f i c a n t  c h a n g e  i n  pH was o b s e r v e d  

u p o n  t h e  a d d i t i o n  o f  SB.  

T h e  d r u g : c a r r i e r  r a t i o  s t u d y  s h o w e d  t h a t  t h e  

d i s s o l u t i o n  r a t e  i n c r e a s e s  w i t h  a n  i n c r e a s e  i n  t h e  

a m o u n t  o f  SB i n  t h e  s o l i d  d i s p e r s i o n s .  

S o l i d  d i s p e r s i o n  s y s t e m s  a r e  p o t e n t i a l  d o s a g e  f o r m  

m o d i f i c a t i o n s  f o r  p o o r l y  wa te r  s o l u b l e  d r u g s .  F i n d i n g s  

i n  t h i s  s t u d y  h o l d  t r u e  f o r  P d ,  Gr a n d  P r  a n d  m a y  

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

o f  o t h e r  p o o r l y  wa te r  s o l u b l e  d r u g s .  
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