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ABSTRACT 

C o n t r o l  l e d  r e l e a s e  t a b l e t s  c o n s  i s t i  ng of  

t h e o p h y l l  i n e ,  d r i e d  m o l a s s e s ,  and hydroxypropy lme thy l  

c e l l u l o s e  was p repa red  by t h e  p r o c e s s  of  d i r e c t  

compress ion .  The r e l e a s e  mechanism was shown t o  be  by  

d i f f u s i o n  c o n t r o l .  However, f i r s t - o r d e r  k i n e t i c s  a1 so 

appeared  t o  d e s c r i b e  t h e  r e l e a s e  p r o c e s s .  
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7 20 U K O - N N E ,  M E N D E S  , AND J A M B H E K A R  

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

r a n k  o r d e r  o f  i n t e s t i n a l  f l u i d  > g a s t r i c  

f l u i d  > d i s t i l l e d  w a t e r ,  and was found t o  be  

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

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

w i t h  commerc ia l  p r o d u c t s ,  and m e t  t h e  USP p r o p o s e d  

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

INTRODUCTION 

The r e l e a s e  p a t t e r n  o f  a d r u g  may d i f f e r  

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

e i t h e r  of  b e a d s  o r  whole t a b l e t s ,  i n s o l u b l e  m a t r i x ,  

e r o d i n g  m a t r i x  o r  h y d r o p h i l i c  g e l  m a t r i x  ( 1 - 3 ) .  The 

r e l e a s e  mechanism o f  many s u s t a i n e d  r e l e a s e  p r o d u c t s  

c a n  be d e s c r i b e d  by t h e  Higuchi  e q u a t i o n  (4): 

where : 

Qt  = mass o f  d r u g  r e l e a s e d  a t  t i m e ,  t ,  p e r  u n i t  

e x p o s e d  s u r f a c e  

A = i n i t i a l  mass  of  d r u g  p r e s e n t  i n  t h e  m a t r i x  p e r  

un i  t volume 

Cs = s o l u b i l i t y  o f  t h e  d r u g  i n  t h e  d i s s o l u t i o n  f l u i d  
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721 DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 

D = d i f f u s i o n  c o e f f i c i e n t  of  t h e  d r u g  i n  t h e  

d i s s o l u t i o n  f l u i d  

E = p o r o s i t y  o f  t h e  m a t r i x  

T = t o r t u o s i t y  f a c t o r  f o r  t h e  c a p i l l a r y  s y s t e m  of  t h e  

m a t r i x  

A l t h o u g h  t h e  a b o v e  e q o a t i o n  i s  b a s a d  on r e l e a s e  f r o x  a 

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

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

Accord ing  t o  E q .  1, a p l o t  o f  t h e  amount of  d r u g  

r e l e a s e d  a g a i n s t  t h e  s q u a r e  r o o t  of  t ime w i l l  be  

l i n e a r .  On t h e  a s s u m p t i o n  t h a t  t h e  exposed  s u r f a c e  

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

Wagner ( 5 )  s u g g e s t e d  t h a t  d r u g  r e l e a s e  f r a n  m o s t  

s l o w - r e l e a s e  t a b l e t s  c o u l d  be d e s c r i b e d  by a p p a r e n t  

f i r s t  o r d e r  k i n e t i c s  , t h u s  : 

-kit 
Ct  = C o e  

where : 

k l  = 

Co = 

Ct = 

S i m p l i f y i n g  and t a k i n g  t h e  l o g a r i t h m  of Eq. 2 y i e l d s :  

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

i n i t i a l  amount of  d r u g  

amount o f  d r u g  r e m a i n i n g  i n  t h e  m a t r i x  a t  t i m e ,  t 

Log Ct = l o g  co - ~ 2 . 3 0 3  

Hence,  a p l o t  o f  t h e  l o g a r i t h m  of  t h e  amount o f  d r u g  
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UKO-NNE, MENDES, AND JAMBHEKAR 7 22 

r e m a i n i n g  a g a i n s t  time w i l l  be l i n e a r ,  i f  s i n k  

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

Many f a c t o r s  a r e  known t o  a f f e c t  t h e  r e l e a s e  

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

p r e p a r a t i o n s ,  among which a r e  s h a p e  of  t a b l e t ,  d r u g  

s o l u b i l i t y  i n  t h e  d i s s o l u t i o n  f l u i d  , pH of d i s s o l u t i o n  

f l u i d ,  p o r o s i t y  and t o r t u o s i t y  o f  t h e  m a t r i x ,  and d r u g  

c o n c e n t r a t i o n  ( 6 - 1 0 )  . 
I t  was t h e r e f o r e  t h e  p u r p o s e  of  t h i s  s t u d y  t o  

i n v e s t i g a t e  t h e  r e l e a s e  mechanism from t h i s  s y s t e m  , and 

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

t a b l e t  h a r d n e s s  , d i s s o l u . .  ion  f l u i d  pH, and d r u g  

c o n c e n t r a t i o n  on t h e  r e l e a s e  c h a r a c t e r i s t i c s .  F i n a l l y ,  

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

t h e  s y s t e m '  s p e r f o r m a n c e  a g a i n s t  c o m m e r c i a l  s u s t a i n e d  

r e l e a s e  p r o d u c t s .  

EXPERIMENTAL 

E f f e c t  of Dissolution Fluid p~ 

F o r m u l a t i o n s  c o n t a i n i n g  1 2 . 5 0 ,  1 5 . 0 ,  20 .0  and 

2 8 . 5 7 %  o f  h y d r o x y p r o p y l  m e t h y l c e l l u l o s e  (H PMC) 

(Methoce l  F4M, Dow Chemica l  U S A ,  Midland , M i c h i g a n )  and 

d r i e d  m o l a s s e s  (Mola-Tab, S p e c i a l t y  P r o d u c t s  D i v i s i o n ,  

I n g r e d i e n t  T e c h n o l o g y  C o r p o r a t i o n ,  P e n n s a u k e n ,  N e w  
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DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 123 

J e r s e y )  were p r e p a r e d  a s  p r e v i o u s l y  r e p o r t e d  (11) . 
Drug r e l e a s e  s t u d i e s  of e a c h  o f  t h e  f o r m u l a t i o n s  were 

p e r f o r m e d  i n  s t i m u l a t e d  g a s t r i c  f l u i d  (pH 1 . 2 ) ,  

s i m u l a t e d  i n t e s t i n a l  f l u i d  (pH 7 . 5 ) ,  and d i s t i l l e d  

w a t e r ,  r e s p e c t i v e l y ,  a s  p r e v i o u s l y  d e s c r i b e d  (11) . 

E f f e c t  o f  a Change-Over f rom G a s t r i c  t o  I n t e s t i n a l  

F l u i d  

A d r u g  r e l e a s e  s t u d y  o f  a t a b l e t  f o r m u l a t i o n  

c o n t a i n i n g  20% HPMC, 42.86% t h e o p h y l l i n e ,  and  37.86% 

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

p e r i o d  o f  1 . 5  h o u r s  ( r e p r e s e n t i n g  a n  a v e r a g e  r e s i d e n c e  

t i m e  i n  t h e  s t o m a c h ) ,  a f t e r  which t h e  g a s t r i c  f l u i d  was 

c a n p l e t e l y  r e p l a c e d  w i t h  i n t e s t i n a l  f l u i d ,  and t h e  

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

E f f e c t  o f  T a b l e t  H a r d n e s s  

A t a b l e t  f o r m u l a t i o n  c o n t a i n i n g  2 0 . 0 %  HPMC, 42.86% 

t h e o p h y l l  i n e  and  37.86% d r i e d  m o l a s s e s  was c a n p r e s s e d  

t o  h a r d n e s s  l e v e l s  of  a p p r o x i m a t e l y  5 .0 ,  8 . 0  and 

10.0 kp. T h e o p h y l l i n e  r e l e a s e  s t u d y  was p e r f o r m e d  i n  

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

d e s c r i b e d .  
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7 24 UKO-NNE, MENDES,  AND JAMBHEKAR 

E f f e c t  o f  Drug C o n c e n t r a t i o n  

The e f f e c t  of  v a r y i n g  t h e  c o n c e n t r a t i o n  of  

t h e o p h y l l i n e  i n  t a b l e t  was i n v e s t i g a t e d  u s i n g  t a b l e t s  

c o n t a i n i n g  1 0 0 . 0 ,  200.0 and 300.0  mg of  t h e o p h y l l i n e .  

I n  e a c h  c a s e ,  t h e  r a t i o  of  HPMC t o  d r i e d  m o l a s s e s  was 

k e p t  c o n s t a n t .  

C o m p a r a t i v e  Release Study 

For e v a l u a t i o n  and c o m p a r i s o n  p u r p o s e s  , re lease  

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

re lease  p r o d u c t s :  Theo- d u r  200  mg (Key R 

P h a r m a c e u t i c a l s ,  F l o r i d a )  , and U n i p h y l l i n  U n i c o n t i n  

200 mg (Napp L a b o r a t o r i e s ,  Ltd ., W a t f o r d  , E n g l a n d )  

unde r  i d e n t i c a l  cond  i t  i o n s  a s  d e s c r i b e d  f o r  

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

The e x p e r i m e n t a l  f o r m u l a t i o n  A c o n s i s t e d  o f  1 5 . 0 %  

HPMC, 28.59% t h e o p h y l l i n e  ( o r  200 mg t h e o p h y l l i n e )  and  

5 6 . 4 1 %  d r i e d  m o l a s s e s .  The c o r r e s p o n d i n g  l e v e l s  f o r  

e x p e r i m e n t a l  f o r m u l a t i o n  B were 2 0 , 0 ,  28.59 a n d  51.41%, 

r e s p e c t i v e l y .  Both f o r m u l a t i o n s  were  c o m p r e s s e d  t o  a 

h a r d n e s s  o f  abo i l t  8 kp .  

R E S U L T S  &NJ DISCUSSION 

Release Mechanism 

I n  o r d e r  t o  e x p l o r e  t h e  mechanism o f  d r u g  r e l e a s e  

from t h i s  s y s t e m ,  t h e  e x p e r i m e n t a l  d a t a  were  t r e a t e d  on 
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DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 725 
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F i g u r e  1 

A P l o t  of  Amount o f  Drug R e l e a s e d  A g a i n s t  t h e  S q u a r e  
Root  o f  T i m e .  D i s s o l u t i o n  Medium: D i s t i l l e d  W a t e r .  
HPMC C o n c e n t r a t i o n :  1 5 . 0 % .  

t h e  b a s i s  o f  t h e  d i f f u s i o n  c o n t r o l l e d  model  (Eq .  1 ) ,  

and f i r s t  o r d e r  k i n e t i c s  mode l  (Eq. 3 ) .  

F i g u r e  1 shows a l i n e a r  s q u a r e  r o o t  o f  t i m e  p l o t ,  

t h u s  i n d i c a t i n g  t h a t  t h e  re lease  o f  t h e  d r u g  i s  by  t h e  

d i f f u s i o n  c o n t r o l l e d  mechanism.  

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

l i n e  when t h e  l o g  o f  t h e  amount o f  d r u g  r e m a i n i n g  i n  

t h e  m a t r i x  was p l o t t e d  a s  a f u n c t i o n  o f  time, a s  

p r e d i c t e d  by f i r s t  o r d e r  k i n e t i c s  (Eq. 3 ) .  F i g u r e  2 
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126 UKO-NNE, MENDES, AND JAMBHEKAR 

P v 

Y 
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TlME (hours) 

F i g u r e  2 

A P l o t  o f  t h e  Log o f  Amount of Drug Remaining A g a i n s t  
T i m e .  D i s s G i u t l o n  Medium: D i s t i l l e d  Water .  i;PMC 
Conce n t r a  t ion  : 1 5 . 0  % . 

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

m a n n e r .  All t h e  f o r m u l a t i o n s  i n  a l l  of  t h e  d i s s o l u t i o n  

f l u i d s  g a v e  s i m i l a r  r e l e a s e  p a t t e r n s .  T a b l e  I g i v e s  

t h e  c o m p a r i s o n  be tween t h e  l i n e a r i z a t i o n s  o f  r e l e a s e  

r a t e  d a t a  by t h e  two m o d e l s .  The d i f f u s i o n  e q u a t i o n  

g a v e  c o n s i s t e n t l y  h i g h e r  v a l w s  f o r  t h e  c o r r e l a t i o n  

c o e f f i c i e n t  t h a n  d i d  t h e  f i r s t  o r d e r  e q u a t i o n ;  however ,  

since b o t h  mocle ls  artI d c c e p t a b l y  l i n e a r ,  a more 
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DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 727 
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1 

0.9 - 
0.8 - 
0.7 - 
0.6 - 
0.5 - 
0.4 - 
0.3 - 
0.2 - 
0.1 

n 
C 

'5 
2 v 

i 
I I I I I I I I I I I I 

0 40 80 1 20 160 200 240 

F i g u r e  3 A  

A P l o t  o f  t h e  R a t e  o f  Drug R e l e a s e d  A g a i n s t  t h e  Amount 
o f  Drug R e l e a s e d .  D i s s o l u t i o n  Medium: D i s t i l l e d  Water .  
HPMC C o n c e n t r a t i o n :  1 5 . 0 % .  

d i s c r i m i n a t i n g  t e s t ,  r e p o r t e d  by S c h w a r t z  e t  a 1  ( 1 2 )  , 
was u t i l i z e d  t o  d i s t i n g u i s h  be tween t h e  two m e c h a n i s m s .  

The r e l a t i v e  v a l i d i t y  of  t h e  t e s t  was o b t a i n e d  by u s i n g  

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

( E q s .  1 , 3 ) .  

d Q '  is For d i f f u s i o n  c o n t r o l l e d ,  t h e  r a t e  -- 

p r o p o r t i o n a l  t o  t h e  r e c i p r o c a l ,  1 / Q '  , where Q' is t h e  

t o t a l  amount o f  d r u g  r e l e a s e d  a t  a g i v e n  time 
,. 
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DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 729 

1 

0.9 - 
0.8 - 
0.7 - 
0.6 - 
0.8 - 
0.4 - 
0.3 - 
0.2 - 
0.1 I I I I I I I 

0 0.02 0.04 0.06 0.08 

F i g u r e  3 B  

A P l o t  of  t h e  R a t e  o f  Drug R e l e a s e d  A g a i n s t  t h e  
R e c i p r o c a l  Amount R e l e a s e d .  D i s s o l u t i o n  Medium: 
D i s t i l l e d  Water .  HPMC C o n c e n t r a t i o n :  1 5 . 0 % .  

and f o r  f i r s t  o r d e r ,  t h e  r a t e  i s  r e l a t e d  d i r e c t l y  t o  Q' 

When t h e  r a t e s  were p l o t t e d  a s  f u n c t i o n s  of  1 / Q '  

and Q '  , r e s p e c t i v e l y ,  l i n e a r i t y  was o b t a i n e d  o n l y  i n  

t h e  former  c a s e .  T h i s  i s  d e m o n s t r a t e d  i n  F i g u r e  3 ,  and 

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

n o t  f i r s t  o r d e r .  
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LOG TIME (mlnutes) 

F i g u r e  4 

A P l o t  o f  t h e  Log o f  t h e  Amount  of Drug R e l e a s e d  
A g a i n s t  t h e  Log of T i m e .  D i s s o l u t i o n  Medium: D i s t i l l e d  
W a t e r .  HPMC C o n c e n t r a t i o n :  1 5 . 0 % .  

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

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

o f  t h e  d i f f u s i o n  e q u a t i o n  

l o g  Q = l o g  k t 1 / 2  l o g  t ( 6  1 

E q u a t i o n  6 p r e d i c t s  t h a t  a p l o t  of l o g  Q v e r s u s  

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

a s l o p e  of  0 . 5 .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  4 w i t h  a 
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DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 731 
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F i g u r e  5 

A P l o t  o f  t h e  Amount o f  Drug R e l e a s e d  A g a i n s t  t h e  
S q u a r e  Root of T i m e  Showing t h e  E f f e c t  of pH of t h e  
D i s s o l u t i o n  Medium. HPMC C o n c e n t r a t i o n :  2 0 . 0 % .  

s l o p e  o f  0 . 6 1 ,  a v a l u e  n o t  m a r k e d l y  d i f f e r e n t  from 

t h e o r e t i c a l .  

E f f e c t  o f  D i s s o l u t i o n  Fluid pH 

A r e p r e s e n t a t i v e  p l o t  showing t h e  e f f e c t  o f  

d i s s o l u t i o n  f l u i d  P H  on t h e  r e l e a s e  r a t e  is shown i n  

F i g u r e  5 w i t h  r e l e a s e  r a t e  c o n s t a n t s  of  7 . 3 3 6  + 0 . 4 1 6 ,  - 
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6 .244  - t 0 . 1 8 1  a n d  5 .540  - + 0 . 1 3 8  min  i n  i n t e s t i n a l  

f l u i d ,  g a s t r i c  f l u i d  and  d i s t i l l e d  water , r e s p e c t i v e l y .  

S e v e r a l  a u t h o r s  ( 6 , 7 , 1 3 - 1 5 )  h a v e  shown t h a t  t h e  

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

a f f e c t e d  d r u g  r e l e a s e  t o  d i f f e r e n t  d e g r e e s .  However ,  

i n  t h i s  s t u d y ,  t h e  s o l u b i l i t y  o f  t h e o p h y l l i n e  i n  t h e  

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

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

these f l u i d s  was o b s e r v e d .  T h e r e f o r e ,  w h a t  a p p e a r e d  t o  

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

r e l a t i v e  s o l u b i l i t y  o f  HPMC a n d / o r  i o n i c  species 

p r e s e n t  i n  t h e s e  f l u i d s .  

A t  1 2 . 5 0 %  HPMC, t h e  r e l e a s e  r a t e  c o n s t a n t s  o f  

-1 /2  6 . 3 4 8  t - 0 . 2 0 3 ,  7 . 2 1 1  0 . 0 9 8  and  2 4 . 6 6 1  - t 2 .946  min 

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

i n t e s t i n a l  f l u i d  , r e s p e c t i v e l y .  A t  1 5 . 0 %  HPMC, t h e  

c o r r e s p o n d i n g  v a l u e s  were : 5 .957  - + 0 . 0 8 3 ,  

6 . 6 6 7  t 0 . 3 4 3  a n d  1 2 . 5 4 5  - + 0 . 1 4 8  min  - 1 / 2  

A t  much h i g h e r  HPMC c o n c e n t r a t i o n s ,  when i t s  

s o l u b i l  i t y  a p p a r e n t 1  y a p p r o a c h e d  e q u i l i b r i u m  i n  t h e s e  

f l u i d s ,  t h e  d i f f e r e n c e s  i n  t h e  re lease  r a t e  c o n s t a n t s  

b e c a m e  smaller .  For  e x a m p l e ,  a t  28 .57% HPMC, t h e  

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

f l u i d  and  i n t e s t i n a l  f l u i d  were 5 .356  2 0 . 1 4 0 ,  

5 . 9 5 3  2 0 .011  a n d  6 .590  + 0 . 3 1 1  min  respect ive1 y .  - 
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DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 733 

C h l o r i d e  and p h o s p h a t e  i o n s  a r e  known t o  cause 

d e h y d r a t i o n  of c e l l u l o s e  e t h e r s  ( 1 6 )  which c o u l d  

p o s s i b l y  r e s u l t  i n  more polymer-polymer i n t e r a c t i o n .  

Th i s  c o u l d  d i s r u p t  t h e  i n t e r m o l e c u l a r  bonding , and t h u s  

a f f e c t  t h e  g e l  network s t r u c t u r e .  During t h e  r e l e a s e  

s t u d y  i n  i n t e s t i n a l  f l u i d ,  i t  was obse rved  t h a t ,  upon 

an immersion of t a b l e t s  i n t o  f l u i d ,  a r a p i d  

" d i s i n t e g r a t i o n "  of t a b l e t  s u r f a c e  i n t o  f l o c s  of  

g e l l i f i e d  m a t e r i a l  o c c u r r e d  w i t h i n  t h e  f i r s t  30 m i n u t e s  

b e f o r e  a " s t a b l e "  g e l  l a y e r  formed around t h e  t a b l e t .  

The phencmenon was less pronounced i n  g a s t r i c  f l u i d ,  

and u n n o t i c e a b l e  i n  d i s t i l l e d  w a t e r .  

E f f e c t  of  Change-Over f rom Gas t r ic  t o  I n t e s t i n a l  Fluid 

Tab le  11 shows t h e  computed r e l e a s e  r a t e  c o n s t a n t s  

o b t a i n e d  d u z i n g  t h e  change-over  fran g a s t r i c  t o  

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

d i s t i l l e d  water  , g a s t r i c  f l u i d  and i n t e s t i n a l  f l u i d  a r e  

a l s o  inc luded  f o r  compar ison  p u r p o s e s .  The resu l t s  

showed t h a t  I a t  optimum HPMC c o n c e n t r a t  ion  I t h e r e  was 

no marked d i f f e r e n c e  i n  t h e  r e l e a s e  r a t e  c o n s t a n t s ,  

t h u s  s u g g e s t i n g  t h a t ,  f o r  t h i s  s y s t e m ,  one may e x p e c t  

minimal  o r  no e f f e c t  on t h e  r e l e a s e  r a t e  d u r i n g  a 

change  ove r  f r a n  g a s t r i c  t o  i n t e s t i n a l  f l u i d  i n  a 

d i s s o l u t i o n  s t u d y .  T h e  r e s u l t  may a l s o  s u g g e s t  no 
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134 U K O - N N E ,  M E N D E S ,  AND J A M B H E K A R  

TABLE I1 

COMPUTED RELEASE RATE CONSTANT ( K r ) :  EFFECT OF A 

CHANGE-OVER FROM GASTRIC TO I N T E S T I N A L  FLU I D  

HPMC CONCENTRATION 2 0 . 0 %  

R e l e a s e  R a t e  C o n s t a n t ,  

1 - 1/2 D i s s o l u t i o n  F l u i d  K r  ( m i n  

D i s t i l l e d  Wate r  5 .540  2 0 .138  

G a s t r i c  F l u i d  pH 1 . 2  6 . 2 4 4  - + 0 .181  

I n t e s t i n a l  F l u i d  pH 7 . 5  7 . 3 3 6  2 0 . 4 1 6  

Change  Over  from G a s t r i c  t o  6 .517  2 0 . 1 5 5  
I n t e s t i n a l  F l u i d  a f t e r  1 . 5  h r  
-------_-___-_________I_________ ___ 

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  re lease  r a t e  c o n s t a n t  

d u r i n g  t h e  d r u g ' s  t r a n s i t  i n - v i v o  t h r o u g h  t he  

g a s  t r o  i n t e s  t i n a l  t r a c t  . 

Effect of Tablet Hardness 

The e f f e c t  o f  h a r d n e s s  o n  t h e  r e l e a s e  

c h a r a c t e r i s t i c s  of t h e o p h y l l i n e  i s  shown i n  F i g u r e  6 .  

The  r e l e a s e  r a t e  c o n s t a n t s  were 7 . 3 7 6  - + 0 . 2 6 7 ,  

7 . 5 5 3  2 0 . 3 1 5  and 7 . 3 3 6  + - 0 . 4 1 6  r e s p e c t i v e l y ,  
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DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 735 
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F i g u r e  6 

A P l o t  o f  t h e  Amount o f  Drug R e l e a s e d  A g a i n s t  t h e  
S q u a r e  Roo t  o f  Time Showing t h e  E f f e c t  o f  T a b l e t  
H a r d n e s s .  D i s s o l u t i o n  Medium: I n t e s t i n a l  F l u i d .  HPMC 
C o n c e n t r a t i o n  : 2 0 . 0 % .  ( Key : = 5.4 kp t a b l e t  
h a r d n e s s ;  = 8 . 2  k p  t a b l e t  h a r d n e s s ;  - - 
1 0 . 6  k p  t a b l e t  h a r d n e s s )  

f o r  h a r d n e s s  v a l u e s  o f  5 . 4 2 ,  8 . 2 2  a n d  1 0 . 5 7  k p .  No 

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  r e l ease  r a t e  c o n s t a n t s  

was o b s e r v e d  ( p  < 0 . 0 5 ) .  

The p o r o s i t y  and  d e n s i t y  o f  t h e  t a b l e t s  were n o t  

d e t e r m i n e d .  From a t h e o r e t i c a l  s t a n d p o i n t ,  h a r d n e s s  

m e a s u r e m e n t s  q u a n t i t a t i v e l y  r e f l e c t  d i f f e r e n c e s  i n  

d e n s i t y  and p o r o s i t y  o f  t h e  t a b l e t s .  T h e s e  c o u l d  
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736 UKO-NNE, MENDES, AND JAMBHEKAR 

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

a f f e c t i n g  t h e  i n i t i a l  r a t e  o f  p e n e t r a t i o n  of  

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

t u r n ,  would a f f e c t  t h e  r a t e  of  f o r m a t i o n  of t h e  g e l  

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

t h a t  one  c a n  e x p e c t  l i t t l e  o r  no c h a n g e  i n  r e l e a s e  

p a t t e r n  a s  a r e s u l t  of a l t e r a t i o n  i n  t a b l e t  d e n s i t y  and 

p o r o s i t y  of t h e  s y s t e m .  

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

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

p e r i o d ,  and  t h e  s h a p e  o f  t h e  r e l e a s e  p r o f i l e  w i l l  n o t  

b e  m a r k e d l y  a l t e r e d .  A p p a r e n t l y ,  t h e  h i g h  a f f i n i t y  of 

HPMC f o r  a q u e o u s  s o l u t i o n s  w i l l  overcome a n y  d e t e r r i n g  

i n f l u e n c e  which an i n c r e a s e d  d e n s i t y  o r  d e c r e a s e d  

p o r o s i t y  may t e n d  t o  exe r t  on t h e  i n i t i a l  r a t e  o f  f l u i d  

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

E f f e c t  of Drug C o n c e n t r a t i o n  

P l o t s  o f  t h e  amount of  d r u g  r e l e a s e d  v e r s u s  t h e  

s q u a r e  r o o t  of  time a s  a f u n c t i o n  of d r u g  

c o n c e n t r a t i o n ,  a r e  shown i n  F i g u r e  7 .  I t  was o b s e r v e d  

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

d r u g  was i n c r e a s e d .  I t  c o u l d  be assumed t h a t  

i n c r e a s i n g  t h e  amount o f  t h e o p h y l l i n e  i n  t h e  t a b l e t  

would r e s u l t  i n  a c o r r e s p o n d i n g  i n c r e a s e  i n  p o r o s i t y  b y  
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F i g u r e  7 

A P l o t  o f  t h e  Amount o f  Drug R e l e a s e d  A g a i n s t  t h e  
S q u a r e  Root of  T i m e  Showing t h e  E f f e c t  of Drug 
C o n c e n t r a t i o n .  D i s s o l  u t  ion  Med ium : I n t e s t i n a l  F1 u i d  . 

t h e  same f a c t o r  b u t  would n o t  a f f e c t  o t h e r  v a r i a b l e s .  

I t  i s  e v i d e n t  from t h e  r a t e  e q u a t i o n  t h a t  t h e  s l o p e  

s h o u l d  a l s o  i n c r e a s e  by t h e  same f a c t o r .  On 

e x a m i n a t i o n  o f  t h e  r e s u l t s ,  t h e  s l o p e  of  t h e  200 mg 

t a b l e t  was 2 . 0 3 3  times t h a t  of  t h e  100  mg t a b l e t ,  and 

t h e  300  mg t a b l e t  was 2 . 6 6 3  times t h a t  o f  t h e  1 0 0  mg 

t a b l e t .  I f  t h e  above  a s s u m p t i o n s  were c o r r e c t ,  t h e  

f a c t o r  s h o u l d  h a v e  b e e n  2 and 3 t i m e s ,  r e s p e c t i v e l y .  
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F i g u r e  8 

C o m p a r a t i v e  Release P r o f i l e s  o f  T h e o p h y l l i n e  
F o r m u l a t i o n s .  

The r e s u l t s  o b t a i n e d  were  c l o s e  t o  t h e o r e t i c a l  v a l u e s ,  

and t h e  d e v i a t i o n s  may i n d i c a t e  t h a t  o t h e r  f a c t o r s  i n  

t h e  e q u a t i o n  were c h a n g i n g  w i t h  t h e  amount of  

t h e o p h y l l i n e ,  o r  t h a t  t h e  p o r o s i t y  was n o t  p r o p o r t i o n a l  

t o  A ( t h e  i n i t i a l  amount o f  d r u g  i n  m a t r i x ) .  

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

-1/2 2 . 7 7 9  + - 0 . 3 1 0 ,  2 . 6 5 9  + - 0 . 4 3 8  and 2.334 5 0 .384  min 

f o r  1 0 0 ,  2 0 0  and  300 mg t a b l e t s ,  r e s p e c t i v e l y ,  and were 
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DRIED MOLASSES AS A DIRECT COMPRESSION MATRIX 11. 739 

n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( p  < 0 . 0 5 ) .  T h e  r e s u l t  

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

o f  d r u g  c o n c e n t r a t i o n .  

C o m p a r a t i v e  Release Study  

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

a t  v a r i o u s  t imes f o r  Theo-dur  , U n i p h y l l i n  , and  t h e  

two  e x p e r i m e n t a l  f o r m u l a t i o n s  is shown i n  7 i g u r e  8 .  

R R 

R A t  4 h o u r s ,  t h e  p e r c e n t  r e l e a s e  f o r  Theo-dur  , 
U n i p h y l l i n  , f o r m u l a t i o n s  A a n d  B were 3 6 . 8 1 ,  2 5 . 5 4 ,  

4 4 . 7 3  a n d  2 7 . 5 0 % ,  r e s p e c t i v e l y .  A t  1 2  h o u r s ,  t h e  

c o r r e s p o n d i n g  v a l  ues were 9 1 . 4 3  , 5 2 . 9 3  , 74 .20  and  

5 7 . 8 4 % .  Except f o r  U n i p h y l l i n R  ( w i t h  8 2 . 7 2 % )  , m o r e  

t h a n  90% o f  d r u g  was r e l e a s e d  b y  t h e  p r o d u c t s  i n  24 

h o u r s .  

R 

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

R s u s t a i n e d  r e l e a s e  c h a r a c t e r i s t i c s ,  w i t h  U n i p h y l l i n  

c o m p a r i n g  w i t h  f o r m u l a t i o n  A,  a n d  Theo-dur  w i t h  

f o r m u l a t i o n  B .  The f o r m u l a t i o n s  a l s o  m e t  t h e  USP 

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

( 1 7 ) .  A t  6 h o u r s ,  t h e  p e r c e n t  r e l e a s e d  r a n g e d  f r a n  

3 1 . 1 9  t o  4 3 . 0 1 %  (USP: 2 0 - 5 0 % ) .  A t  1 2  h o u r s ,  t h e  r a n g e  

was 47 .98  t o , 6 2 . 7 8 %  (USP: 4 5 - 7 5 % )  and  a t  24 h o u r s  m o r e  

t h a n  9 0 %  was r e l e a s e d  (USP: NLT 7 5 % ) .  T h e s e  r e s u l t s ,  

h o w e v e r  , may n o t  r e f l e c t  i n - v i v o  s i t u a t i o n s ;  b u t  
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7 40 UKO-NNE, MENDES, AND JAMBHEKAR 

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

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

d e t e r m i n i n g  p r o d u c t  c o n t e n t ,  u n i f o r m i t y ,  r a t e  a n d  

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

d i f f e r e n c e s  among p r o d u c t s  o f  v a r i o u s  m a n u f a c t u r e r s .  

CONCLUSION 

T h i s  s t u d y  i n d i c a t e s  t h a t  d r u g  re lease f r m  t h i s  

s y s t e m  is  by  m a t r i x  d i f f u s i o n  c o n t r o l l e d  p r o c e s s .  

W h i l e  r e l e a s e  r a t e  c o n s t a n t  s h o w s  a n  i n v e r s e  

r e l a t i o n s h i p  w i t h  t h e  c o n c e n t r a t i o n  o f  HPMC, i t  is  

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

c o n c e n t r a t i o n .  
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