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A B S T R A C T  

The i n f l u e n c e  o f  c e r t a i n  p o l y m e r o u s  a u x i l i a r y  m a t e r i -  

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

f y l l i n e  f rom p e r o r a l  d o s a g e  f o r m s  h a s  b e e n  f o l l o w e d .  S o l u -  

t i o n s  i n  o r g a n i c  s o l v e n t s  ( R l ,  R2, R3)  a n d  w a t e r  d i s p e r s i -  

o n s  ( E 3 5 ,  E36,  E 3 7 )  o f  t h e  2 - h y d r o x y e t h y l  m e t h a c r y l a t e  - 
b u t y l a c r y l a t e  (2-HEMA-BuA) c o p o l y m e r  c o n t a i n i n g  t h e  mono- 

m e r s  a s  s h o w n  i n  v a r i o u s  r a t i o s ,  w e r e  b e i n g  e v a l u a t e d .  Pe-  

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

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

( b y  means o f  d i r e c t  c o m p r e s s i o n )  o f  t a b l e t s  c o n t a i n i n g  

300 rng o f  t h e  d r u g  e a c h .  R e l e a s e  o f  p e n t o x i f y l l i n e  f r o m  

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

d i s s o l u t i o n  t e s t  i n  a c c o r d a n c e  w i t h  t h e  4 t h  e d i t i o n  o f  t h e  

C z e c h o s l o v a k  P h a r m a c o p o e i a .  U s i n g  t h e  W e i b u l l  a n d  H i g u c h i  

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

p o l y m e r s  was e v a l u a t e d .  Two m e c h a n i s m s ,  v i z .  t h e  f o r m a t i o n  

o f  m u l t i p l e  u n i t  t a b l e t s  f r o m  c o a t e d  p e l l e t s ,  and t h e  a p p -  
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2478 BAUEROVA ET AL. 

l i c a t i o n  of a s u i t a b l e  p o l y m e r  t y p e ,  were  o b s e r v e d  as  i m -  

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

dosage f o r m s  as p r e p a r e d .  D i s p e r s i o n - t y p e  p o l y m e r s  were  

found  as more s u i t a b l e  f r o m  t h e  r e t a r d a t i o n  v i e w p o i n t s .  

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

t h e  mean d r u g  l i b e r a t i o n  t i m e  (MLT) was f o u n d  as t h e  m o s t  

a d v a n t a g e o u s  one.  

I N T R O D U C T I O N  

One o f  t h e  b a s i c  t a r g e t s  o f  r e c e n t  p h a r m a c e u t i c a l  r e -  

s e a r c h  i s  t h e  q u a l i t a t i v e  enhancement  o f  p h a r m a c o t h e r a p y  

w h i c h  i s  r e q u i r e d  t o  meet  demands f o r  h i g h  e f f i c i e n c y ,  

s p e c i f i c i t y  and s a f e t y .  I n  a d d i t i o n  t o  s y n t h e s e s  o f  new 

d r u g s ,  t h e  p h a r m a c e u t i c a l  t e c h n o l o g y  has a s i g n i f i c a n t  r o -  
l e  i n  f u l f i l l i n g  t h e s e  r e q u i r e m e n t s ,  by f o r m u l a t i n g  advan-  

ced d r u g  g e n e r a t i o n s  ( d r u g  d e l i v e r y  s y s t e m s )  a s i d e  f r o m  

c o n v e n t i o n a l  o n e s .  

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

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

( t a r g e t i n g )  o f  d r u g s  w i t h i n  t h e  o r g a n i s m  has been t h e  p r o g -  

r e s s i v e  d e v e l o p m e n t  o b s e r v e d  i n  t h e  f i e l d  o f  p o l y m e r  che -  

m i s t r y .  S e v e r a l  a u t h o r s  h a v e  r e v i e w e d  t h e  p r o b l e m  a r e a  o f  

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

g e n e r a t i o n  d r u g  d e v e l o p m e n t  . 

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

a p p l i c a t i o n ,  c e r t a i n  t y p e s  o f  E u d r a g i t R  (Rohm Pharma GmbH.,  

D a r m s t a d t ,  F R G )  have  o c c u p i e d  a s i g n i f i c a n t  p o s i t i o n .  The-  

s e  s y n t h e t i c  p o l y m e r s ,  i n  p r i n c i p l e  p o l y ( m e t h )  a c r y l a t e s ,  

a r e  used  b o t h  f o r  f i l m  c o a t i n g  of s m a l l  p a r t i c l e s  and t a b -  

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

c h o s l o v a k  Academy o f  S c i e n c e s  ( P r a g u e ,  C S S R )  has  p r e p a r e d  

a s e r i e s  of c o p o l y m e r s  b a s e d  upon a c r y l a t e  and m e t h a c r y -  

l a t e  monomers, d e s i g n e d  f o r  use  as d r u g  l i b e r a t i o n  r e t a r -  

1 - 4  

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

5 - 7  

The I n s t i t u t e  o f  M a c r o m o l e c u l a r  C h e m i s t r y  o f  t h e  Cze-  
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PENTOXIFYLLINE FROM PERORAL DOSAGE FORMS 2479 

d i n g  a g e n t s  f r o m  s o l i d  dosage f o r m s ,  d e s i g n e d  f o r  p e r o r a l  

a p p l i c a t i o n .  

T h i s  work  has  been  d i r e c t e d  t o  t h e  d e t e r m i n a t i o n  o f  

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

m e t h o d  and c o p o l y m e r  c o m p o s i t i o n  w i th  r e s p e c t  t o  t h e i r  re- 
t a r d i n g  a b i l i t y  o f  l i b e r a t i o n  p r o c e s s e s .  

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

been s t e a d i l y  i n c r e a s i n g .  I t s  i n t e r v e n t i o n  w i t h  t h e  b l o o d  

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

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

dy show advanced  s c l e r o s i s ,  d i s a b l i n g  t h e  v a s o d i l a t i n g  

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

c o u l d  o c c u r  d u r i n g  t h e r a p y  a r e  l i m i t e d  t o  min imum i f  pen-  

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

r e l e a s e  . 

P e n t o x i f y l l i n e  was s e l e c t e d  as t h e  mode l  d r u g  whose 

8 

EXPERIMENTAL 

M a t e r i a  1 s  

P e n t o x i f y l l i n e  (manuf a c t u r e r :  S l o v a k o f  arma n .  p . ,  H l o h o v e c )  

P o l y m e r s  t e s t e d :  E t h a n o l i c  s o l u t i o n s  ( R l ,  R2, R3) and aqu- 

eous d i s p e r s i o n s  (E35,  E36, E37) o f  t h e  2 - h y d r o x y e t h y l  me- 

t h a c r y l a t e - b u t y l a c r y l a t e  (2-HEMA-BuA) c o p o l y m e r  c o n t a i n i n g  

t h e  monomers i n  t h e  f o l l o w i n g  r a t i o s :  1 : 9 ;  2 : 8 ;  3 : 7  (manu- 

f a c t u r e r :  C z e c h o s l o v a k  Academy o f  S c i e n c e s ,  I n s t i t u t e  of 
M a c r o m o l e c u l a r  C h e m i s t r y ,  P rague ,  C S S R )  . 
P r e p a r a t i o n  o f  p e l l e t s  

P e l l e t s  were  p r e p a r e d  f rom p e n t o x i f y l l i n e  and aqueous 

s o l u t i o n  of g e l a t i n e  u s i n g  a p e l l e t i z e r  ( l a b o r a t o r y  f l u i d -  

m e c h a n i c a l  i n s t r u m e n t  M i k r o p e l e t  M 1 5 0 )  . 
P r e p a r a t i o n  o f  c o a t e d  p e l l e t s  

9 

P e l l e t s  h a v i n g  a mean d i a m e t e r  o f  0 .375 mm were  c o a t e d  

wi th  t h e  p o l y m e r s  as shown above i n  a g r a n u l a t i n g  pan ;  

t h e  vo lume o f  p o l y m e r i c  s o l u t i o n  or  d i s p e r s i o n  u s e d  f o r  

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

22 % b y  w e i g h t  of t h e  c o a t e d  p e l l e t s  10 -12  
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BAUEROVA ET AL. 2480 

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

T a b l e t s  c o n t a i n i n g  3 0 0  mg o f  t h e  d r u g  were  p r e p a r e d  

f r o m  t h e  c o a t e d  p e l l e t s  by d i r e c t  c o m p r e s s i o n ,  u s i n g  
5 ’ 1 2  5 0  MPa c o m p a c t i o n  p r e s s u r e  

I n  v i t r o  d i s s o l u t i o n  s t u d i e s  

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

f rom t h e  dosage f o r m s  p r e p a r e d  was d e t e r m i n e d  by t h e  d i s s o -  

l u t i o n  t e s t  i n  a c c o r d a n c e  w i t h  t h e  4 t h  e d i t i o n  o f  t h e  Cze-  

c h o s l o v a k  Pharmacopoe ia  ( r o t a t i n g  b a s k e t  me thod ,  d i s s o l u -  

t i o n  b a k e r s  c o n t a i n i n g  9 0 0  m l  d i s t i l l e d  w a t e r  a t  37 - + 0 , 5  

O C ) .  D i s s o l u t i o n  f l u i d  was s t i r r e d  a t  5 0  R P M .  D i s s o l u t i o n  

a l i q u o t s  were a n a l y s e d  s p e c t r o p h o t o m e t r i c a l l y  a t  274 nm 

a f t e r  f i l t r a t i o n .  Absorbance  f o l l o w e d  B e e r ’ s  l a w  o v e r  

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

M a t h e m a t i c a l  i n t e r p r e t a t i o n  o f  e x p e r i m e n t a l  d a t a  

13 ,14  

The dependence o f  t h e  p e r c e n t a g e  o f  l i b e r a t e d  d r u g  upon 

t i m e  i s  shown 

a) i n  d i a g r a m s  No.  1 t h r o u g h  6 by t h e  W e i b u l l  f u n c t i o n s  

p a r a m e t e r s  1 5  1 6  

where  T - t i m e  n e c e s s a r y  f o r  l i b e r a t i o n  of 6 3 . 2  % o f  t h e  

a c t i v e  i n g r e d i e n t  p r e s e n t  i n  t h e  dosage f o r m  a t  t h e  b e g i n -  

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

13 - shape f a c t o r ;  MLTw i s  t h e  mean l i b e r a t i o n  t i m e  o f  t h e  

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

f r o m  t h e  W e i b u l l  f u n c t i o n  1 7 , 1 8 .  

A BC MLTw - 
M O  

( 2 )  

where  A B C  i s  t h e  a r e a  b e t w e e n  t h e  W e i b u l l  f u n c t i o n  c u r v e  

and i t s  a s y m p t o t e ;  Mo i s  t h e  l i m i t  v a l u e  o f  t h e  W e i b u l l  

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

i n t o  t h e  d i s s o l u t i o n  medium; 
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PENTOXIFYLLINE FROM PERORAL DOSAGE FORMS 2481 

b )  i n  d i a g r a m s  No.  7 - 8 b y  t h e  H i g u c h i  e q u a t i o n  1 9 , 2 0 .  

f ( t )  = k H f i  ( 3 )  

w h e r e  k H  i s  a l i b e r a t i o n  r a t e  c o n s t a n t .  

S t u d y  o f  t h e  d o s a g e  f o r m  m i c r o s t r u c t u r e s  

The s u r f a c e  and i n t e r n a l  m i c r o s t r u c t u r e  o f  c o a t e d  pe-  

l l e t s  and c o m p a c t s  has  b e e n  s t u d i e d  u s i n g  e v a l u a t e d  m i c r o -  

s c o p i c  p i c t u r e s  o b t a i n e d  w i t h  a JSM-35 C s c a n n i n g  e l e c t -  

r o n  m i c r o s c o p e  ( J E O L , T o k y o ,  J a p a n )  i n  t h e  e m i s s i o n  o f  s e -  

c o n d a r y  e l e c t r o n s  a t  an a c c e l e r a t i n g  v o l t a g e  of 2 5  kV a n d  

a m a g n i f i c a t i o n  of  1OOOx. 

RESULTS A N 0  DISCUSSION 
L i b e r a t i o n  k i n e t i c s  

When p a r a m e t r i z i n g  t h e  t i m e  b e h a v i o u r  of d r u g  l i b e r a t i o n  

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

p a r a m e t e r s ,  t h e  s o - c a l l e d  moments’’ may b e  u s e d ,  b a s e d  

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

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

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

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

c a l c u l a t e d  d a t a  w e r e  f o u n d  w i t h  t h e  W e i b u l l  f u n c t i o n  and 

H i g u c h i ’ s  e q u a t i o n .  The v a l u e s  o f  t h e i r  p a r a m e t e r s  a r e  

shown i n  T a b l e s  1 t h r o u g h  3 .  
The mean l i b e r a t i o n  t i m e  ( MLTw ) was c a l c u l a t e d  f r o m  t h e  

W e i b u l l  f u n c t i o n ’ s  r e g r e s s i o n  d a t a  u s i n g  t h e  s t a t i s t i c a l  

mom e n  t m e t h o d  2 2 - 2 3 .  A p p l i c a t i o n  of s t a t i s t i c a l  moments i n  

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

Yamaoka e t  a l . ,  and C u t l e r  2 2 3 2 3 .  R i e g e l m a n  and C o l l i e r  ha-  

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

i n  v i v o  mean d i s s o l u t i o n  t i m e  . 2 4  

T a n i g a w a r a  e t  a l . ,  and B r o c k m e i e r  e t  a l .  h a v e  u s e d  

t h i s  new m e t h o d  t o  d e t e r m i n e  t h e  i n  v i t r o  mean d i s s o l u t i o n  

t i m e ,  thus i n t r o d u c i n g  a s u i t a b l e  p a r a m e t e r  a p p l i c a b l e  i n  
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2482  BAUEROVA ET AL. 

T a b l e  1 

PARAMETERS OF THE WEIBULL FUNCTION, DESCRIB ING THE PROCESS 

OF P E N T O X I F Y L L I N E  L I B E R A T I O N  FROM COATED PELLETS 

T 
( m i n )  P o l y m e r  

MLTw s 

(m in )  (%I n i k  

R 1  0 . 7 7  0 . 2 7  1 2 . 2 2  2 . 3 2  0 . 9 4 4  
R2 0 . 8 7  0 . 2 4  2 7 . 2 6  4 . 2 3  0 . 8 7 5  
R3 4 . 5 6  0 . 6 0  7 . 0 4  3 . 9 3  0 . 9 6 1  

E3 5 1 4 . 7 7  1 . 1 7  1 4 . 0 0  1 . 2 8  0 . 9 9 9  
E 3 6  4 6 . 9 2  1 . 2 9  4 3 . 4 1  3 . 0 2  0 . 9 9 7  
E3 7 7 . 4 2  0 . 6 2  1 0 . 7 5  1 . 0 2  0 . 9 9 8  

T a b l e  2 

PARAMETERS OF THE WEIBULL FUNCTION,  DESCRIB ING THE PROCESS 

OF PENTOXIFYLL INE L I B E R A T I O N  FROM COMPACTS 

T 
( m i n )  13 P o l y m e r  

_ _ _ _ _ ~  ~ 

R 1  4 9 . 1 3  1 . 1 3  4 7 . 0 1  3 . 1 1  0 . 9 9 3  
R2 4 8 . 8 0  1 . 2 9  4 5 . 0 9  2 . 5 5  0 . 9 9 6  
R3 7 3 . 1 4  1 . 1 2  7 0 . 1 0  4 . 5 4  0 . 9 8 8  

E3 5 2 1 5 . 3 9  0 . 9 1  2 2 5 . 5 5  1 . 4 5  0 . 9 9 8  
E3 6 3 0 7 . 8 1  0 . 7 9  3 5 1 . 5 3  0 . 8 8  0 . 9 9 9  
E3 7 1 4 8 .  8 5  0 . 7 4  1 7 8 . 8 0  0 . 9 1  0 . 9 9 9  

T a b l e  3 

PARAMETERS OF H I G U C H I  'S EQUATION OESCRIBING THE PROCESS 

OF PENTOXIFYLL INE L I B E R A T I O N  FROM COMPACTS 

S kH 
P o l y m e r  - 1 / 2  ( % >  i k  

%.min  

R 1  
R2 
R3 

E3 5 
E 3 6  
E3 7 

8 . 2 6  
8 . 8 2  
7 . 4 0  

4 . 0 9  
3 . 5 1  
4 . 4 5  

- 0 . 5 0 0  
7 . 0 1  0 . 7 0 1  
5 . 6 1  0 . 8 9 2  

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

0 . 5 0 0  - 
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PENTOXIFYLLINE FROM PERORAL DOSAGE FORMS 2483 

100 

68 

0 

10 30 60 90 120 150 
t (rnin) 

F I G U R E  1 

L i b e r a t i o n  o f  p e n t o x i f y l l i n e  f r o m  c o a t e d  p e l l e t s  ( a c c o r d i n g  

t o  We i b u l  1 ) 

Key : 0 P o l y m e r  R 1  
0 P o l y m e r  E 3 5  

c o r r e l a t i o n  s t u d i e s  o f  b o t h  t h e  i n  v i t r o  and i n  v i v o  t y p e  
1 7 y 1 8 9 2 5 - 2 8 .  

MLTw a n d  13 a s  shown i n  T a b l e s  1 - 2  i t  c a n  be s e e n  t h a t  
t h e  f o l l o w i n g  r u l e  i s  a p p l i c a b l e :  

C o m p a r i n g  t h e  v a l u e s  o f  t h e  p a r a m e t e r s  T , 

n = 1  T MLTw t h e  l i b e r a t i o n  p r o c e e d s  by f i r s t  

n >  1 T> MLTw 

o r d e r  k i n e t i c s  

n < 1  T< M L T ~  
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2484 BAUEROVA ET AL. 

100 
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F I G U R E  2 

L i b e r a t i o n  o f  p e n t o x i f y l l i n e  f r o m  c o a t e d  p e l l e t s  ( a c c o r d i n g  

t o  We i b u l  1 1 
Key : 0 P o l y m e r  R2 

0 P o l y m e r  E 3 6  

When e v a l u a t i n g  t h e  p r o c e s s  o f  l i b e r a t i o n ,  t h e  MLT p a r a m e t e r  

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

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

m a t h e m a t i c a l  f u n c t i o n .  

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

f r o m  m a t r i x  s y s t e m s 2 9 .  T a b l e  3 s h o w s  t h e  v a l u e s  of  t h e  r a t e  
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P E N T O X I F Y L L I N E  FROM PERORAL DOSAGE FORMS 2485 

100 

0 

L i b e r a t i o n  

E 37 

10 30 5 0  90 1 2 0  150 
t (rnin) 

FIGURE 3 

o f  p e n t o x i f y l l i n e  f r o m  c o a t e d  p e l l e t s  ( a c c o r d i n g  

t o  W e i b u l l )  

Key : 0 P o l y m e r  R3 

0 P o l y m e r  E 3 7  

c o n s t a n t  i n  H i g u c h i ' s  e q u a t i o n  f o r  t h e  l i b e r a t i o n  o f  p e n t o -  

x i f y l l i n e  f r o m  c o m p a c t s  w i t h  m a t r i x - t y p e  s t r u c t u r e s .  H o w e v e r ,  

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

l o w e r  h e r e  as  c o m p a r e d  t o  t h e  W e i b u l l  f u n k t i o n .  

The t i m e  d e p e n d e n c e  o f  p e n t o x i f y l l i n e  l i b e r a t i o n  f r o m  

c o a t e d  p e l l e t s  and c o m p a c t s  a c c o r d i n g  t o  W e i b u l l  i s  shown 

i n  F i g .  1 t h r o u g h  6 .  The i n f l u e n c e  o f  t h e  p o l y m e r i z a t i o n  
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BAUEROVA ET AL. 

R 1  
E 

l , n l  I I 1 I I I I 1 

60 120  180 240 300 360 420 480 540 
t (min) 

35 

F I G U R E  4 
L i b e r a t i o n  of p e n t o x i f y l l i n e  from t a b l e t s  ( a c c o r d i n g  t o  
W e i b u l l )  
Key : 0 P o l y m e r  R 1  

a Polymer  E35 

r e a c t i o n  u s e d  ( s o l u t i o n  o r  o r  r a d i c a l  e m u l s i o n  p o l y m e r i z a -  

t i o n  ) i s  o b v i o u s  f rom t h e s e  f i g u r e s ,  a s  is t h e  e f f e c t  of 
t h e  p o l y m e r  t y p e  f o r m e d  ( s o l u t i o n  o r  l a t e x )  upon the  l i b e -  
r a t i o n  r e t a r d a t i o n .  T h e  l a t e x - t y p e  p o l y m e r s  a r e  more f a v o u -  
r a b l e  w i t h  r e s p e c t  t o  t h e  r e q u i r e m e n t  of l i b e r a t i o n  r e t a r d a -  
t i o n .  
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PENTOXIFYLLINE FROM PERORAL DOSAGE FORMS 2487 
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FIGURE 5 
L i b e r a t i o n  of p e n t o x i f y l l i n e  f r o m  t a b l e t s  ( a c c o r d i n g  t o  

W e i b u l l )  

Key : 0 Po lymer  R2 

0 Po lymer  E 3 6  

The p r e s s i n g  ( c o m p a c t i n g )  o f  c o a t e d  p e l l e t s  i n t o  compac ts  

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

r a t i o n  s lowdown by an a p p r o x i m a t e  f a c t o r  of 3 t o  4, d e p e n d i n g  

on  t h e  p o l y m e r  t y p e  used .  

compac ts  a c c o r d i n g  t o  H i g u c h i  i s  shown i n  F i g s .  7 - 8  where t h e  

The t i m e  dependence o f  p e n t o x i f y l l i n e  l i b e r a t i o n  f r o m  t h e  
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BAUEROVA ET AL. 2488 

100 

63 

0 

E 37 

I I I I I I 

60 120 180 240 300 360 420 480 540 
t (rnin) 

F I G U R E  6 

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

W e i b u l l )  

Key : 0 Po lymer  R 3  

0 Po lymer  E 3 7  

i n f l u e n c e  o f  t h e  r e l a t i v e  p r e s e n c e  of monomers ( 2 - H E M A ,  BuA) 

upon l i b e r a t i o n  can  be compared.  S l o w e s t  l i b e r a t i o n  was f o u n d  

i n  compac ts  p r e p a r e d  by c o m p a c t i n g  o f  p e l l e t s  c o a t e d  w i t h  

R3 and E 3 6  c o p o l y m e r s .  

The mechan ism o f  l i b e r a t i o n  

The s c a n n i n g  e l e c t r o n  m i c r o p s c o p y  ( S E M )  i s  an e f f i c i e n t  
t o o l  when e v a l u a t i n g  t h e  dosage f o r m  m o r p h o l o g y  a n d  t h u s  t h e  
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P E N T O X I F Y L L I N E  FROM PERORAL DOSAGE FORMS 2489 

5 0  

al a 

0 

R 3  
R 2  
R 1  

2 0  4 0  6 0  8 0  100 120 150 180 
t (rnin) 

F I G U R E  7 

L i b e r a t i o n  o f  p e n t o x i f y l l i n e  f r o m  t a b l e t s  ( a c c o r d i n g  t o  

H i g u c h i  1 
Key : 0 P o l y m e r  R 1  

A Po lymer  R2 

Po lymer  R3 

d r u g  l i b e r a t i o n  mechanism. S e v e r a l  a u t h o r s  have  used  t h i s  me- 

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

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

F i g s .  9 and 10 show SEM p i c t u r e s  of  p e l l e t  su r f a c e s  and 

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

and a l a t e x .  L a t e x e s  u s e d  as c o a t i n g  m a t e r i a l  r e s u l t e d  i n  a 

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

30 -32  
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2490 BAUEROVA ET AL. 
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FIGURE 8 

L i b e r a t i o n  of p e n t o x i f y l l i n e  f r o m  t a b l e t s  ( a c c o r d i n g  t o  
H i g u c h i  
Key : 0 P o l y m e r  E 3 5  

A Polymer E 3 6  

rn P o l y m e r  E 3 7  

s i t y  o f  t h e  c o a t i n g .  I n  t h i s  c o a t i n g  t y p e  t h e  s o l v e n t  s h o w e d  
l e k s  p e n e t r a t i o n  i n t o  t h e  p e l l e t  c o r e  a s  i n  t h e  c a s e  of  s o -  
l u t i o n  p o l y m e r  c o a t i n g ;  h e n c e  t h e  b o u n d a r y  b e t w e e n  c o a t i n g  

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

o f  a d i f f e r e n t  f i l m - f o r m i n g  m e c h a n i s m  a s  c o m p a r e d  w i t h  s o -  
l u t i o n  p o l y m e r s .  I n  l a t e x e s ,  i e .  a q u e o u s  d i s p e r s i o n s ,  c o a -  
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PENTOXIFYLLINE FROM PERORAL DOSAGE FORMS 2491 

FIGURE 9 
S u r f a c e  a n d  c r o s s - s e c t i o n  of a p e l l e t  c o n t a i n i n g  s o l u t i o n  
p o l y m e r  R3 

F IGURE 10 
S u r f a c e  a n d  c r o s s - s e c t i o n  of a p e l l e t  c o n t a i n i n g  l a t e x  p o l y m e r  

E3 7 
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2492  BAUEROVA ET AL.  

F I G U R E  11 
C r o s s - s e c t i o n  o f  a c o m p a c t  c o n t a i n i n g  s o l u t i o n  p o l y m e r  R2 

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

l e s c e n c e  o c c u r s  i n  t h e  l a t e x  p a r t i c l e s  i n  t h e  c o u r s e  of wa- 

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

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

f o r m a t i o n  o f  a c o n t i n u o u s  c o m p a c t  f i l m  . 3 3  

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

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

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

F i g s .  11 t h r o u g h  1 4  show SEM p h o t o g r a p h s  of c o m p a c t  s u r f a -  

c e s  and c r o s s - s e c t i o n s  b o t h  b e f o r e  and a f t e r  l i b e r a t i o n  o f  

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

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

s h o w i n g  a l a r g e  amount  o f  v o i d s  and s m a l l  c h a n n e l s .  D u r i n g  

d i s s o l u t i o n ,  w a t e r  p e n e t r a t e s  t h r o u g h  t h e  c h a n n e l  s y s t e m  i n t o  
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F I G U R E  1 2  

C r o s s - s e c t i o n  o f  c o m p a c t  c o n t a i n i n g  s o l u t i o n  p o l y m e r  R 2  

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

F I G U R E  13 
Sur f  a c e  o f  t h e  c o m p a c t  c o n t a i n i n g  l a t e x  p o l y m e r  E 3 5  b e f o r e  

t h e  d r u g  l i b e r a t i o n  
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FIGURE 14  

S u r f a c e  of  t h e  compact c o n t a i n i n g  l a t e x  p o l y m e r  E35 a f t e r  

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

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

d u a l l y  wh ich  d i f f u s e s  i n t o  s u r r o u n d i n g  medium. The ( H E M A )  

copo lymer  h y d r o p h i l i c  component undergoes h y d r a t i o n  r e s u l t i n g  

i n  s w e l l i n g  o f  t h e  po lymer  and t h e  f o r m a t i o n  o f  a g e l  b a r r i e r ;  

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

t h r o u g h  w a t e r - f i l l e d  v o i d s  and c h a n n e l s .  I f  t h e  H E M A  c o n t e n t s  

o f  t h e  copolymer exceeds a c e r t a i n  l i m i t  v a l u e  ( 3 0  % f o r  

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

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

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

The d r u g  l i b e r a t i o n  mechanism f r o m  a c r y l a t e  m a t r i x  s u b s -  

t a n c e s  has been i n t e n s i v e l y  s t u d i e d  by o t h e r  a u t h o r s  a s  

3 35. 
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CONCLUS I0 N 

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

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

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

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

a s  t h a t  o f  s o l u t i o n - t y p e  o n e s .  

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

I n  b o t h  t y p e s ,  i e .  s o l u t i o n  ( 3 : 7 ) ,  a n d  p a r t i c u l a r l y  t h e  

d i s p e r s i o n  p o l y m e r s ,  t h e  2-HEMA-BuA r a t i o  2 : 8  h a s  b e e n  shown 

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

t y  o f  p o l y m e r s  u s e d ,  t h e  MLTw v a l u e  c a n  be  e m p h a s i z e d  w h i c h ,  

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

c u r v e  s h a p e .  F u r t h e r  a d v a n t a g e  o f  t h e  MLTw v a l u e  i s  i t s  a p p l i -  

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

o f  r e s u l t s  o b t a i n e d  w i th  i n  v i v o  l i b e r a t i o n  r e s u l t s .  

T h e  H i g u c h i  e q u a t i o n  was shown as a s u i t a b l e  means f o r  

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

v i n g  a r n a t r i x - l i k e  s t r u c t u r e ,  w i t h  t h e  a c t i v e  i n g r e d i e n t  

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

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

s k e l e t o n  s h o w i n g  a h i g h  d e g r e e  o f  s w e l l i n g  i n  a q u e o u s  medium 

c a n n n o t  be  e x c l u d e d .  

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