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ABSTRACT 

The  p u r p o s e  of  t h i s  s t u d y  was t o  i n v e s t i g a t e  some f a c t o r s  

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

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

m o d e l  d r u g .  The & v i t r o  r e l e a s e  o f  sodium s a l i c y l a t e  was 

d e s c r i b e d  a d e q u a t e l y  b y  a p r e v i o u s l y  pub1 i s h e d  c u b i c  e q u a t i o n .  

I t  w a s  f o u n d  t h a t  t h e  r e l e a s e  o f  t h e  d r u g  f r o m  a 

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

p o r o s i t y  ( E )  o f  t h e  t a b l e t  and t h e  m a s s  o f  d r u g  p r e s e n t  (A) 

p e r  u n i t  t a b l e t  v o l u m e .  On t h e  o t h e r  h a n d ,  pH o f  t h e  

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

s a l  i c y l a t e .  

*To whom c o r r e s p o n d e n c e  s h o u l d  be a d d r e s s e d .  
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INTRODUCTION 

JAMBHEKAR AND B R E E N  

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

o v e r  a l o n g  p e r i o d  o f  time (1,2). A p h y s i c a l  b a r r i e r  o f  s a n e  

k i n d  i s  used i n  t h e  m a j o r i t y  o f  s u s t a i n e d  r e l e a s e d  d o s a g e  f o r m s  

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

One t y p e  o f  s l o w  r e l e a s e  t a b l e t  c a n  be  p r e p a r e d  b y  c o m p r e s s i n g  

a m i x t u r e  o f  polymer and d r u g  ( 3 ) .  

The r e l e a s e  of  d r u g  from a n o n d i s i n t e g r a t i n g  t a b l e t  h a s  been  

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

s p e c i f i c a l l y  t o  s l o w  r e l e a s e  m a t r i x  t a b l e t s .  H iguch i  ( 4 , 5 )  was 

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

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

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

t h e  t a b l e t .  

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

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

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

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

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

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

(6-9). 

One o b j e c t i v e  o f  t h i s  s t u d y  was t o  examine ,  b y  t h e  u s e  o f  an 

a p p r o p r i a t e  e q u a t i o n ,  t h e  i n  v i t r o  r e l e a s e  c h a r a c t e r i s t i c s  f o r  

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

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

f l u i d .  The second  o b j e c t i v e  was t o  s t u d y  t h e  e f f e c t  o f  sane 

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

( A )  p e r  u n i t  v o l u m e  o f  t h e  t a b l e t  a n d  t h e  p o r o s i t y  o f  t h e  

m a t r i x  ( E ) o n  t h e  r e l e a s e  o f  t h e  d r u g  f r o m  t h e  

nond is i n t  eg r a t i ng c y l  i nd r  i c a l  p l a s t i c  m a t r i x  t a b l e t .  
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N O N D I S I N T E G R A T I N G  SLOW RELEASE TABLETS 1607 

EXPERIMENTAL 

Materials 

S o d i u m  S a l i c y l a t e a ,  p o l y v i n y l  c h l o r i d e  and p o l y e t h y l e n e b ,  

h y d r o c h l o r i c  a c i d  and c h l o r o f o r m c .  

Equipment 

C a r v e r  p r e s s d ,  f l o w  c e l l  d i s s o l u t i o n  a p p a r a t u s  ( 1 3 )  , 
s p e c t r o p h o t o m e t e r e ,  c e n t r i f u g e f  , pH meterg  a n d  p e r i s t a l t i c  

pumph - 
Dissolution Fluids 

T h r e e  d i s s o l u t i o n  f l u i d s  were p r e p a r e d :  a )  0.1M HC1 hav ing  

a pH of  1.25 2 0.05 (mean 2 SD o f  1 2  b a t c h e s ) ;  b) 0.1M sodium 

c i t r a t e :  HC1 b u f f e r  ( 1 0 )  hav ing  a pH o f  3 .05  5 0.05 (mean 5 SD 

o f  1 2  b a t c h e s ) ;  c)  0.1M p h o s p h a t e  b u f f e r  (11) h a v i n g  a pH of 

7 . 4 0  2 0 . 0 5  (mean 2 S D  o f  1 6  b a t c h e s ) .  The f l u i d s  w i l l  be  

r e f e r r e d  t o  a s  t h e  pH 1 . 2  f l u i d ,  t h e  pH 3.0 f l u i d  and t h e  pH 

7 .4  f l u i d ,  r e s p e c t i v e l y .  

Manufacture of Tablets 

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

p r e v i o u s l y  ( 3 ) ;  t h e  m a t r i x  t o  d r u g  r a t i o s  were 3 : 2 ,  4 : 1 ,  9 : l  

a n d  19:l. T h e  w e i g h t  a n d  t h i c k n e s s  o f  e a c h  t a b l e t  were  

m e a s u r e d  and t a b l e t s  were s t o r e d  i n  amber p l a s t i c  b o t t l e s .  

Tablet Parameters 

The p o r o s i t y  o f  t h e  t a b l e t  m a t r i x  ( E  ) and t h e  m a s s  o f  d r u g  

p r e s e n t  p e r  u n i t  t a b l e t  vo lume  ( A )  were d e t e r m i n e d  f o r  e a c h  

t a b l e t  i n  a c c o r d a n c e  w i t h  p u b l i s h e d  m e t h o d s  (12). 

a .  F i s h e r  S c i e n t i f i c  Canpany,  F a i r l a w n ,  N J  07410 
b.  P o l y s c i e n c e s ,  I n c . ,  W a r r i n g t o n ,  PA 18976 
c .  Eastman Kodak Canpany,  R o c h e s t e r ,  NY 14650 
d .  F r e d  S. C a r v e r ,  I n c . ,  Summit,  N J  
e .  Beckman I n s t r u m e n t ,  I n c . ,  F u l l e r t o n ,  CA 92634 
f .  Dynac C e n t r i f u g e ,  C l a y  Adams, D i v i s i o n  o f  Bec ton  D i c k i n s o n  

and Co., P a r s i p p a n y ,  N J  07054 
g .  O r i o n  R e s e a r c h ,  I n c . ,  Cambridge,  MA 
h .  C o l e  Parmer I n s t r u m e n t  C o . ,  Ch icago ,  I L  60648 
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1608 JAMBHEKAR AND BREEN 

Assay 

Standa rd  Beer 's  l aw  c u r v e s  over  a c o n c e n t r a t i o n  r ange  of  25- 

1 0 0  mg/L were p r e p a r e d  f o r  s o d i u m  s a l i c y l a t e  i n  e a c h  

d i s s o l u t i o n  f l u i d  by t h e  p rocedure  d e s c r i b e d  by Jambhekar and 

Cobby ( 3 )  . 
In V i t r o  Release of Drug from Tablets 

D i s s o l u t i o n  T e s t  Appara tus .  The f low- through cell  a p p a r a t u s  

was r e p o r t e d  by Cobby e t  a 1  ( 1 3 ) .  A d i s s o l u t i o n  f l u i d  r a t e  of 

50 m L / m i n  was chosen .  

P rocedure .  The p rocedure  d e s c r i b e d  by Jambhekar and Cobby 

( 3 )  was used t o  conduct  t h e  r e l e a s e  s t u d i e s .  

C a l c u l a t i o n s .  The f r a c t i o n  o f  drug r e l e a s e d  a t  each  sample 

t i m e  ( f t )  was c a l c u l a t e d  a s  t h e  r a t i o  o f  t h e  mass  of drug  

r e l e a s e d  t o  t h e  t o t a l  d rug  c o n t e n t  of  t h e  t a b l e t .  The l a t t e r  

is t h e  sum of  t h e  c m u l a t i v e  mass o f  drug  r e l e a s e d  a t  t h e  l a s t  

s a m p l e  time p l u s  t h e  r e s i d u a l  c o n t e n t .  The f r a c t i o n  of  drug 

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

n o n l i n e a r  r e g r e s s i o n  c a n p u t e r  program NONLIN (14) : 

f t  = ( q + 2 ) K r ( t  1/2-to1/2)- ( 2 q + l )  [ K r  ( t1/2-t,1/2]2 

+q[K, ( t1/2-to1/2) 1 Eq. 1 

where q is t h e  measured r a t i o  o f  t a b l e t  d i a m e t e r  t o  t h i c k n e s s  

and  K, and to a r e  t h e  computer de te rmined  r a t e  c o n s t a n t  and 

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

t h a t  proposed by  Cobby e t  a 1  ( 1 5 )  and t a k e s  i n t o  account  t h e  

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

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

c o n s t a n t  ( K r )  was o b t a i n e d  by us ing  an e q u a t i o n  proposed by 

Cobby e t  a 1  (15 ) :  

1 
K, = - 

qT 1/2 
Eq. 2 
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NONDISINTEGRATING SLOW RELEASE TABLETS 1609 

where T i s  t h e  e s t i m a t e d  time a t  which c a n p l e t e  r e l e a s e  ( f t  = 

1.0)  w i l l  o c c u r .  

RESULTS AND DISCUSSION 

Initial Tablet Parameters 

The mean p o r o s i t y  o f  t h e  t a b l e t  m a t r i x  E ) and t h e  mass of  

d r u g  p r e s e n t  ( A )  p e r  u n i t  t a b l e t  volume o r  e a c h  f o r m u l a t i o n  

are shown i n  Table  1. I n s p e c t i o n  of  t h e  t a b l e  i n d i c a t e s  t h a t ,  

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

t a b l e t  m a t r i x  ( E ) and t h e  mass o f  d r u g  p r e s e n t  ( A )  per u n i t  

volume b o t h  d e c r e a s e .  

In Vitro Release of Drug €ran Tablets 

An example o f  t h e  mean p r o f i l e s  o b t a i n e d  f o r  a m a t r i x : d r u g  

r a t i o  o f  9:l i n  a d i s s o l u t i o n  f l u i d  o f  pH 7 . 4  is shown i n  

F i g u r e  1. I n s p e c t i o n  o f  t h e  p r o f i l e s  s u g g e s t s  t h a t  t h e  d a t a  

were f i t t e d  a d e q u a t e l y  b y  t h e  c u b i c  e q u a t i o n  (Eq. 1 ) .  The 

computed mean v a l u e s  o f  t h e  r e l e a s e  r a t e  c o n s t a n t  ( K r )  and o f  

t h e  r o o t  l a g  t i m e  ( to1/2) f o r  t h e  f o r m u l a t i o n s  t e s t e d  a r e  

sumnar ized  i n  T a b l e  2. 

The observed  r e l e a s e  r a t e  c o n s t a n t  ( K r )  was p l o t t e d  ( F i g u r e  

2 )  a g a i n s t  t h e  p o r o s i t y .  I n  a d d i t i o n ,  t h e  o b s e r v e d  r e l e a s e  

r a t e  c o n s t a n t  was a l s o  p l o t t e d  ( F i g u r e  3 )  a g a i n s t  t h e  mass o f  

d r u g  p r e s e n t  p e r  u n i t  t a b l e t  volume. A s  c a n  be  s e e n  from t h e  

example,  t h e  o b s e r v e d  v a l u e  of r a t e  c o n s t a n t  ( K r )  d e c r e a s e s  a s  

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

i n i t i a l  p o r o s i t y  o f  t h e  t a b l e t  m a t r i x  d e c r e a s e .  Higuchi  ( 5 )  

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

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

p a r a m e t e r s  s u c h  a s  p o r o s i t y  ( E  ) , m a s s  of  drug  p r e s e n t  p e r  u n i t  

t a b l e t  v o l u n e  ( A )  , t o r t u o s i t y  ( T ) , e q u i l i b r i u m  s o l u b i l i t y  (C,) 
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FIGORE 1: F r a c t i o n  o f  Sodium S a l i c y l a t e  R e l e a s e d  ( f t )  from 
T a b l e t s  H a v i n g  M a t r i x : D r u g  R a t i o  o f  9:l. Flow 
R a t e ,  50 mL/min. Key: (A), D i s s o l u t i o n  F l u i d  pH 
1.2; ( 0 )  ,  iss solution ~ l u i d  p~ 3.0;  (01, 
D i s s o l u t i o n  F l u i d  pH 7.4. 

o f  t h e  d r u g  a n d  t h e  d i f f u s i o n  c o e f f i c i e n t .  I t  h a s  b e e n  

r e p o r t e d  ( 3 )  t h a t  s o d i u m  s a l i c y l a t e  r e l e a s e  f r o m  a 

n o n d i s i n t e g r a t i n g  p l a s t i c  m a t r i x  is i n d e p e n d e n t  of t h e  pH and 

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

c o e f f i c i e n t  o f  a d r u g  b e i n g  a c o n s t a n t ,  p o r o s i t y  ( E  1 ,  

t o r t u o s i t y  ( T )  and t h e  mass  of  d r u g  p r e s e n t  per u n i t  t a b l e t  

vo lume a r e  t h e  o n l y  p a r a m e t e r s  t o  c o n t r o l  t h e  r e l e a s e  of  d r u g s  

f rom s u c h  a p l a s t i c  m a t r i x  t a b l e t .  The r e s u l t s  o b t a i n e d  i n  

t h i s  s t u d y  a r e  i n  a g r e e m e n t  w i t h  o t h e r  r e p o r t s  ( 6 - 9 ) .  A l though  
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0,05 0,15 0,25 0,35 0,115 
POROSITY 

FIGURE 2: A P l o t  o f  t h e  R e l e a s e  Rate  C o n s t a n t  ( K r )  A g a i n s t  
t h e  P o r o s i t y  o f  t h e  M a t r i x  ( e )  f o r  Sodium 
S a l i c y l a t e  T a b l e t s .  Flow R a t e  50 mL/min. pH o f  
t h e  D i s s o l u t i o n  F l u i d  7 . 4 .  Mean 2 S D  o f  6 
D e t e r m i n a t i o n s .  

t h e  r e l e a s e  of  d r u g  was found t o  v a r y  d i r e c t l y  w i t h  t h e  mass o f  

d r u g  (A) p e r  u n i t  t a b l e t  volume and w i t h  t h e  p o r o s i t y  ( E  ) o f  

t h e  m a t r i x ,  n o  l i n e a r  r e l a t i o n s h i p  was o b s e r v e 3  between t h e  

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

12 v i t r o  p e r f o r m a n c e  d o e s  n o t  a l w a y s  a s s u r e  12 v- 

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

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

f o r m u l a t i o n s .  I f  t h e  r e l e a s e  o f  a d r u g  is  pH and f l o w  r a t e  

i n d e p e n d e n t  a s  r e p o r t e d  p r e v i o u s l y  f o r  sodium s a l i c y l a t e  ( 3 )  , 
t h e n  f a c t o r s  s u c h  as p o r o s i t y  and t o r t u o s i t y  of  t h e  m a t r i x  and 
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FIGURE 

JAMBHEKAR AND BREEN 
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MASS OF DRUG P R E S E N T ~ N I T  TABLET VOLUME ( A )  

3:  A P l o t  o f  t h e  Release Rate  C o n s t a n t  (K ) A g a i n s t  
t h e  Mass o f  Drug P r e s e n t  Pe r  U n i t  T a g l e t  V o l u n e  
( A )  fo r  Sodium S a l i c y l a t e  T a b l e t s .  Flow Rate  50 

mL/min. pH of t h e  D i s s o l u t i o n  F l u i d  7 . 4 .  Mean 2 
SD o f  6 D e t e r m i n a t i o n s .  

t h e  mass  of  d r u g  p re sen t  per u n i t  t a b l e t  v o l u n e  may b e c a n e  more  

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

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

REFERENCES 

1. E. S t e m p e l ,  Drug and C o m e t . ,  98, 44, ( 1 9 6 6 ) .  

2. E. S t e m p e l ,  Drug and C o m e t . ,  98, 3 6 ,  ( 1 9 6 6 ) .  

3. S. J a m b h e k a r  a n d  J .  Cobby ,  J .  pha rm.  S c i . ,  74, 9 9 1 ,  

(1985)  . 
4 .  T. H i g u c h i ,  J. Pharm. sc i . ,  g, 8 7 4 ,  ( 1 9 6 3 ) .  

5. T. H i g u c h i ,  J. Pharm., S c i . ,  2, 1 1 4 5 ,  ( 1 9 6 3 ) .  

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

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



NONDISINTEGRATING SLOW RELEASE TABLETS 1615 

6. S.J. D e s a i ,  A . P .  S i m o n e l l i  and W . I .  ~ l g u c h i ,  J. Pharm. 

sc i . ,  54, 1 4 5 9 ,  ( 1 9 6 5 ) .  

7 .  B. F a r h a d i e h ,  S. B o r o d k i n  and J . D .  Buddenhagen,  J .  Pharm. 

S c i . ,  60, 209 ,  ( 1 9 7 1 ) .  

8.  S. B o r o d k i n  a n d  F. T u c k e r ,  J. P h a r m .  S c i . ,  63, 1 3 5 9 ,  

( 1 9 7 4 ) .  

9 .  H. L a p i d u s  a n d  N . G .  L o r d i  , J .  P h a r m .  S c i .  , 57, 1 2 9 2  , 
( 1 9 6 8 ) .  

10.  " G e i g y  S c i e n t i f i c  Tables" , 7 t h  e d ;  G e i g y  P h a r m a c e u t i c a l s ,  

A r d s l e y ,  NY ( 1 9 7 0 ) ;  p. 281  ( b u f f e r  # 3 ) .  

11. " B u f f e r s " ,  A G u i d e  f o r  t h e  P r e p a r a t i o n  and U s e  o f  B u f f e r s  

i n  B i o l o g i c a l  Sys t ems" ;  Ca lb iochem,  L a J o l l a ,  CA ( 1 9 7 5 )  ; p .  

I f  . 
12. S.3. D e s a i ,  P. S i n g h ,  A.P. Simonelli and W.I.  H i g u c h i ,  J .  

Pharm. S c i . ,  55, 1 2 3 0 ,  ( 1 9 6 6 ) .  

1 3 .  J. C o b b y ,  M .  Mayersohn and  G.C. W a l k e r ,  J.  Pharm. S c i . ,  

- 6 3 ,  7 3 2 ,  ( 1 9 7 4 ) .  

1 4 .  C.M. M e t z l e r ,  G . L .  E l f r i n g  and G.L.  McEwen, B i o m e t r i c s ,  

30, 5 6 2 ,  ( 1 9 7 4 ) .  

15 .  J. C o b b y ,  M .  Mayersohn and G.C. Walker  , J. Pharm. sc i .  , 
- 63 ,  7 2 5 ,  ( 1 9 7 4 ) .  

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

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




