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DESIGN A N D  FORMULATION OF SUSTAINED RELEASE 

THEOPHYLLINE DOSAGE FORMS 

Ralph F.  Shangraw , Ph .D. 
D e p a r t m e n t  o f  P h a r m a c e u t i  cs 

U n i v e r s i t y  o f  Mary land  
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I N T R O D U C T I O N  

Dur ing  t h e  p a s t  d e c a d e  t h e  a p p l i c a t i o n  o f  k i n e t i c s  

t o  d r u g  t h e r a p y  h a s  become h i g h l y  s o p h i s t i c a t e d  

C e r t a i n l y ,  i n  t h e  a r ea  of  t h e o p h y l l i n e ,  i t  h a s  become 

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

t r e a t i n g  many p a t i e n t s .  O f t e n ,  t h e s e  p a t i e n t s  a re  

t a k i n g  l o n g - a c t i n g  o r  s u s t a i n e d  r e l ease  p r o d u c t s  i n  

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

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

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

c o a t i n g .  I n  t h e  p a s t  d e c a d e ,  s u c h  l o n g - a c t i n g  

p r o d u c t s  have  gone  f r o m  T . I . D .  t o  B . I . D .  a n d  now once-  

a-day d o s i n g .  The o b j e c t  of  t h i s  p a p e r  i s  t o  e x p l o r e  

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

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

w h e t h e r  o r  n o t  t h e  t r e a t m e n t  of  p h a r m a c o k i n e t i c  d a t a  
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320 SHANGRAW 

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

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

HISTORY 

I t  h a s  b e e n  j u s t  o v e r  30 y e a r s  s i n c e  t h e  

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

L a b o r a t o r i e s  u n d e r  t h e  t r a d e  name r r S p a n s  u l  e r r .  T h i s  

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

d r u g  and  c o a t e d  w i t h  v a r y i n g  t h i c k n e s s e s  of a n a t u r a l  

wax s u c h  a s  beeswax a n d  g l y c e r y l  m o n o s t e a r a t e .  T h i s  

c o n c e p t  p roved  a t r e m e n d o u s  s u c c e s s  i n  i t s  t ime a n d  

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

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

I t  i s  somewhat i r o n i c  t h a t  t h e  d e s i g n  of  T T S p a n s u l e r r  

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

by Upjohn i n  t h e  l a t e  1 8 0 0 ~ ~  i n  t h e  f i r s t  a t t e m p t  t o  

p romote  t h e  c o n c e p t  of  r a p i d  b i o a v a i l a b i l i t y  . 
P r i o r  t o  t h e  i n t r o d u c t i o n  o f  S p a n s u l e s ,  t h e r e  were 

a n u m b e r  o f  e n t e r i c  c o a t e d  p r o d u c t s  on  t h e  market- 

n o t a b l y  r T E n s e a l s r T  o f  L i l l y ,  w h i c h  were b a s e d  o n  

c o a t i n g s  of wax a n d  elm b a r k  t o  d e l a y  r e l e a s e  o f  a 

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

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

i n  t h e  manner  d e s i g n e d  a n d  t h e  d o s e  of t h e  d r u g  was 

n o t  a1 ways re1  eased. 
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SUSTAINED RELEASE THEOPHYLLINE 321 

T h e  S p a n s u l e  was a l m o s t  a n  o v e r n i g h t  s u c c e s s  and  i t  

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

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

t h e r e  were a number of p r o b l e m s .  

1 .  T h e r e  was l i t t l e  c o n c e p t  o f  b i o l o g i c a l  

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

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

" r e g u l a r "  doses.  I n  a d d i t i o n ,  i t  was n o t  

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

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

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

p h a r m a c o l o g i c  p a r a m e t e r s .  

2 .  T h e  w h o l e  a r e a  o f  b i o p h a r m a c e u t i c s  and  

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

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

d r u g  a b s o r p t i o n  had  n o t  been  p o s t u l a t e d .  

I t  was n o t  u n t i l  1957 t h a t  E i n o  N e l s o n  

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

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

t h e o p h y l l i n e  s a l t s  and  h y p o t h e s i z e d  t h a t  

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

d i f f e r e n c e s  i n  p e a k  b l o o d  l e v e l s  ( 1 ) .  

" O t h e r  f a c t o r s  r e m a i n i n g  c o n s t a n t ,  

s o l u t i o n  r a t e  d e t e r m i n e s  b l o o d  l e v e l s  and  

r a t e  o f  b u i l d - u p  o f  b l o o d  l e v e l s  w i t h  

time ." 
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3 22 SHANGRAW 

3. C o m p a r e d  t o  t o d a y ' s  s t a n d a r d s ,  

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

c o n t r o l  were r e l a t i v e l y  p r i m i t i v e  a n d  

Good M a n u f a c t u r i n g  P r a c t i c e s  were s o l e l y  

t h e  r e s  p o n s  i b i  1 i t y  o f  t h e  i n d i  v i  d u a l  

company. 

R e g a r d l e s s  o f  t h e s e  s h o r t c o m i n g s ,  l i t e r a l l y  

h u n d r e d s  o f  " s u s t a i n e d  re lease"  p r o d u c t s  were marke ted  

by a w i d e  v a r i e t y  o f  compan ies  u n d e r  numerous c a t c h y  

names s u c h  a s  l l c o n t i n u o u s  re lease1 ' ,  " d e l a y e d  a c t i o n " ,  

" e x t e n d e d  a c t i o n " ,  l l l o n g - p l a y l l ,  l l p r o l o n g e d  a c t i o n f 1 ,  

l l s l o w  a c t i n g " ,  l l c o n t r o l l e d  r e l e a s e f 1 ,  " g r a d u a l  

re lease" ,  " t i m e d  r e l e a s e " ,  I t spaced  r e l e a s e " ,  e t c .  

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

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

o b v i o u s  t h a t  many of t h e s e  o l d  p r o d u c t s  were n o t  well  

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

area of s u s t a i n e d  re lease  o r a l  p r e p a r a t i o n s  s t a g n a t e d  

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

marke t .  H o w e v e r ,  w i t h  t h e  g r a d u a l  d e c l i n e  i n  t h e  

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

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

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

i m p o r t a n t  componen t  o f  many d r u g  c o m p a n y ' s  p r o d u c t  

l i n e s .  We e v e n  h a v e  a new name f o r  s u c h  p r o d u c t s -  

o r a l  d r u g  d e l i v e r y  s y s t e m s .  
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323 SUSTAINED RELEASE THEOPHYLLINE 

THE OP HYLL I N E  

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

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

t h e o p h y l l  i n e .  

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

f o r m u l a t o r  s i n c e  i t s  f i r s t  u s e  as  a d r u g .  F o r  a t ime 

i7t was t h o u g h t  t h a t  r e c t a l  a d m i n i s t r a t i o n  was t h e  

p r e f e r r e d  r o u t e .  A s  a mat ter  of f a c t  o n e  of t h e  f i rs t  

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

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

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

s o l u t i o n  of t h e o p h y l l i n e  ( 2 ) .  

T h e  f i r s t  modern  " s u s t a i n e d "  re lease  t h e o p h y l l i n e  

was m a r k e t e d  b y  F l e m i n g  a n d  Co.  i n  1 9 7 2 - 7 3 .  T h e  

p r o d u c t  - A e r o l a t G "  is s t i l l  m a r k e t e d  t o d a y  a n d  i s  

composed of  e n t e r i c  c o a t e d  beads  d e s i g n e d  t o  s i m p l y  

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

company, D o o n e r ,  i n t r o d u c e d  t h e  f i r s t  t r u l y  s u s t a i n e d  

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

S l o p h y l l  i n e  GyrocapsR.  

S l o p h y l l i n e  was and  i s  t o d a y  m a n u f a c t u r e d  by Cord 

L a b o r a t o r i e s  and  c o n s i s t s  of i n e r t  s u g a r  seeds c o a t e d  

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

now m a r k e t e d  b y  William H.  R o r e r ,  I n c .  

I n  1977, Key P h a r m a c e u t i c a l s ,  I n c .  i n t r o d u c e d  Theo- 

DurR and p romoted  i t on  p h a r m a c o k i n e t i  c p r i n c i p l e s  - 
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S HANGRAW 3 24 

z e r o  o r d e r  r e l ease .  T h i s  p r o d u c t  q u i c k l y  c a p t u r e d  t h e  

m a j o r  s h a r e  of  t h e  m a r k e t p l a c e  a n d  m a i n t a i n s  t h a t  

p o s i t i o n  t o d a y  . 
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  Key h a d  p o s s e s s e d  a 

p a t e n t  f o r  s u s t a i n e d  r e l ease  t h e o p h y l l i n e  s i n c e  1 9 6 1  

( 1 6  y e a r s  p r e v i o u s l y )  b u t  had  n e v e r  c o m m e r c i a l i z e d  t h e  

c o n c e p t  ( 3 ) .  T o d a y ' s  p r o d u c t  i n  f a c t  e m p l o y s  much of 

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

T h e o p h y l l i n e  i s  a d i m e t h y l a t e d  x a n t h i n e  t h a t  i s  

s i m i l a r  i n  a c t i o n  t o  c a f f e i n e  a n d  t h e o b r o m i n e .  I t  

f o r m s  s a l t s  a t  h i g h  pH, i . e .  t h e o p h y l l i n e  d i a m i n e  o r  

a m i n o p h y l l i n e .  A t  a p h y s i o l o g i c  pH i t  i s  a w e a k  b a s e  

P k a  = 8 . 8  a n d  i n c a p a b l e  o f  e x i s t i n g  a s  a s a l t .  

S o l u b i l i t y  i s  r e l a t i v e l y  l i t t l e  a f f e c t e d  by  pH i n  t h e  

normal  ph y s  i o l  o g i  cal  r a n g e  . 
F o r  many y e a r s  t h e  m o n o h y d r a t e  was o f t e n  u s e d  i n  

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

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

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

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

r a p i d  a c t i n g  and  p r o l o n g e d  re lease.  

DESIGN OF S US TAINE D RELEASE P RODUCTS 

T h e r e  a r e  many d i f f e r e n t  m e c h a n i s m s  b y  w h i c h  t h e  

re lease  o f  a d r u g  c a n  be p h y s i c a l l y  s l o w e d  down f r o m  a 

t a b l e t  o r  bead  t y p e  m a t r i x .  However ,  i n  t h e  case of 
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SUSTAINED RELEASE THEOPHYLLINE 325 

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

b a s i c  m e c h a n i s m s  o r  c o m b i n a t i o n s  of t h o s e  c o n t a i n i n g  

t h e  d r u g .  

1 .  E r o s i o n  of a m a t r i x  ( e i t h e r  t a b l e t  o r  

bead ) 

2 .  E r o s i o n  of a c o a t  s u r r o u n d i n g  a d r u g  

p r o d u c t  ( e i t h e r  t a b l e t  o r  b e a d )  

3 .  D i f f u s i o n  o f  t h e  d r u g  t h r o u g h  a semi- 

p e r m e a b l e  m e m b r a n e  o r  c o a t i n g  w h i c h  

r e m a i n s  i n t a c t  

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

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

s u b s t a n c e s  w i t h  t h e i r  mechanism of re lease  a re  l i s t e d  

i n  T a b l e  I. 

1 .  L i p i d  s u b s t a n c e s  

2 .  Water s o l u b l e  o r  d i s p e r s a b l e  a c i d i c  

p o l y m e r s  (pH d e p e n d e n t  ) 

3 .  Water i n s o l u b l e  p o l y m e r s  (pH i n d e p e n d e n t )  

4. Water s o l u b l e  h y d r o p h i l i c  polymers 

L i p i d  s u b s t a n c e s  may b e  mixed  i n  or  c o a t e d  a r o u n d  

t h e  d r u g  s u b s t a n c e .  Re lease  i s  d u e  p r i m a r i l y  t o  

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

g r a d u a l  e r o s i o n  a l o n g  w i t h  enzyme ( l i p a s e )  h y d r o l y s i s  

of a n y  e s t e r s  ( i  . e .  g l y c e r y l  m o n o s t e a r a t e ) .  T h i s  

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

c a p s u l e .  The  a c i d i c  po lymers  re lease  drug m a i n l y  
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326 SHANGRAW 

TABLE I 

SUBSTANCES UTILIZED FOR R E T A R D I N G  RELEASE OF 
THEOPHYLLINE FROM TABLETS OR CAPSULES 

L i p i d s  Re1 ease Mechani  90 

C a s t o r  Wax 
White Wax by Bi le  S a l t s  
Beeswax 2 .  E r o s i o n  
G 1  y c e r  y 1 Mo nos t ear  at  e 
S t e a r y l  A l c o h o l  H y d r o l y s i s  
C a r n a u b a  Wax ( G  l y c e  r y l  
G l y c e r y l  P a l m i t o  S t ea ra t  e Es t e r s )  
M y r i s t y l  A l m h o l  
H y d r o g e n a t e d  C a s t o r  0 il 

1 . Emu1 si f i cat i o n  

3. L i p a s e  

A c i d i c  P o l y m e r s  Re1 ease Mechani  sn 

C e l l u l o s e  Acetate P h t h a l a t  e 1. pH Dependent  
S h e l l a c  ( A l e u r i  ti c a n d  E r o s i o n  a n d  Some 

S h e l l o l i c  A c i d s )  Enzymat i  c 
M e t h a c r y l i  c A c i d  Copolymers  H y d r o l y s i s  

( N o t  i n  U.S.)  2. D i f f u s i o n  a t  L o w  

P o l y m e r )  
Carbomer ( C a r b o x y v i n y l  PH 

I n s o l u b l e  Polymers Release Mechani  sn 

E t h y l  C e l l u l o s e  

C e l l u l o s e  Acetate 
(Not i n  U .S. 

1 .  D i f f u s i o n  a n d  
D i  a1 y s i  s 

Water S o l u b l e  P o l y m e r s  Release Mechan i sn  

HPMC (Hydroxy P r o p y l  M e t h y l  1 .  G r a d u a l  S o l u t i o n  
C el 1 ul o s e  ) * a n d  S w e l l i n g  

w i t h  E r o s i o n  

*May a l s o  be u s e d  t o  mod i fy  p e r m e a b i l i t y  of i n s o l u b l e  
p o l y m e r s .  
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32 7 SUSTAINED RELEASE THEOPHYLLINE 

t h r o u g h  e r o s i o n  b r o u g h t  a b o u t  by i o n i z a t i o n  a n d  

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

P o l y n e r s  c a n  be m o d i f i e d  t o  r e l ease  d r u g  a t  a v a r i e t y  

of pH's r a n g i n g  f rom 4.5 u p  t o  g r e a t e r  t h a n  7.0.  A t  a 

l o w  pH ( 4 .01 ,  t h e s e  p o l y m e r s  f o r m  i n s o l u b l e  f i l m s  

which  c a n  re lease  d r u g  o n l y  b y  d i f f u s i o n .  T h e  f i rs t  

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

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

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

However ,  many newer p r o d u c t s  u s e  s y n t h e t i c  p o l y m e r s  

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

i n v o l v e s  c o a t i n g  t h e  d rug  ( i n  a bead  o r  t a b l e t )  w i t h  a 

f i l m  of po lymer  w h i c h  i s  t o t a l l y  i n s o l u b l e  r e g a r d l e s s  

of pH. The  mos t  w i d e l y  used po lymer  f o r  t h i s  p u r p o s e  

i s  e t h y l  c e l l u l o s e .  Water d i f f u s e s  t h r o u g h  t h e  

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

t h e n  p a s s e s  back t h r o u g h  t h e  membrane.  The p o r o s i t y  

of t h e  membrane a n d  t h u s  t h e  r a t e  of  r e l ease  of  t h e  

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

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

wat er p e r m e a b l e .  T h e s e  i n c l u d e  h y d r o x y p r o p y l  me thy l -  

c e l l u l o s e  ( H P M C )  o r  t h e  more pH d e p e n d e n t  c e l l u l o s e  

ace t  a t  e p h y t  ha1  a t  e. 
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328 SHANGRAW 

Most bead- type  p r o d u c t s  c o n t a i n  c o r e s  c o n s i s t i n g  of 

s u c r o s e / s t a r c h .  A s  t h i s  c o r e  material  d i s s o l v e s ,  i t  

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

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

t h e  s y s t e m .  

F i n a l l y ,  t h e  d r u g  c a n  be c o m p r e s s e d  i n t o  a mesh of 

s p e  c i  a l l y  t r e a t e d  h y d r  o x y p r o  p y l  m e t h y l  c e l  1 u l  0s e 

f i b e r s .  Upon e x p o s u r e  t o  body f l u i d s ,  t h e  h y d r o p h i l i c  

polymer d i s s o l v e s  a n d  swel l s  i n t o  a g e l a t i n o u s  mass 

which  g r a d u a l l y  e r o d e s  away r e l e a s i n g  t h e  d r u g .  

COMMERCIAL THEOPHYLLINE P R O D U C T S  

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

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

m a n u f a c t u r i n g  p r o c e s s e s  f i r s t  u t i l i z e d  i n  t h e  1 9 5 0 ' s  

a n d  6 0 ' s .  O t h e r s  e m p l o y  m o r e  modern  mater ia ls  and  

t e c h n o l o g y .  However ,  a l l  s y s t e m s  a r e  s u b j e c t  t o  o n e  

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

g a s t r o i n t e s t i n a l  t r a c t ,  p r e s e n c e  o r  a b s e n c e  of enzymes  

o r  v a r i a t i o n s  i n  t r a n s i t  t imes .  F o l l o w i n g  i s  a 

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

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

t o d a y .  

1 .  E l i x o p h y l l  inR ( B e r l e x  Lab I n c . )  , TheoventR 

( S c h e r i n g  Corp . )  a n d  TheobidR ( G l a x o ,  I n c ) :  A l l  of 

t h e s e  p r o d u c t s  a r e  made b y  KV L a b o r a t o r i e s  a n d  a p p e a r  
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329 SUSTAINED RELEASE THEOPHYLLINE 

t o  be i d e n t i c a l  i n  c o m p o s i t i o n  a n d  r e l e a s e  p a t t e r n .  

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

m a t e r i a l s  d e s c r i b e d  by a p a t e n t  i s s u e d  i n  1961 ( 4 ) .  

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

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

t h e o p h y l l i n e .  

2.  B r o n k o d y l - S R R  ( W i n t h r o p - B r e o n  L a b . )  a n d  

T h e o p h y l l  SRR ( M c N e i 1  P h a r m a c e u t i c a l ) .  T h e s e  a l s o  

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

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

as  t h e  r a t e  d e l a y i n g  c o a t i n g  m a t e r i a l .  

3. T h e o l a i r  S R R  ( R i k e r  L a b o r a t o r i e s ,  I n c . )  a n d  

R e s p i d  ( B o e h r i n g e r  I n g e l h e i m )  a r e  i d e n t i c a l  s u s t a i n e d  

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

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

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

4. L a b i d  (Norwich  E a t o n  P h a r m a c e u t i c a l s  I n c . )  i s  

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

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

( p o l y m e r  of  a c r y l i c  a c i d  c r o s s l i n k e d  w i t h  a 

p o l y a l k e n y l  p o l y e t h e r )  a n d  s u c r o s e ,  s l u g g e d  a n d  t h e n  

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

r e l e a s e  i s  pH d e p e n d e n t .  

5 .  Q u i b r o n R  Mead J o h n s o n  L a b )  i s  one  of t h e  mos t  

u n i q u e  a n d  i n t e r e s t i n g  s u s t a i n e d  re lease p r o d u c t s  o f  
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330 S HANGRAW 

t h e o p h y l l i n e  as  i t  c o n t a i n s  a l m o s t  no e x c i p i e n t s  (95% 

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

a n h y d r o u s  t h e o p h y l l i n e  w i t h  5% 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  w h i c h  i s  b l e n d e d  w i l t h  0 . 5 %  m a g n e s i u m  

s t ea ra t e  a n d  compressed  ( 5 ) .  Release d e p e n d s  u p o n  t h e  

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

n o n d i s i n t e g r a t i n g  s u r f a c e .  The g e o m e t r y  a n d  s c o r i n g  

i s  a l s o  u n i q u e .  The t a b l e t s  a r e  l o n g  a n d  p l a t e - l i k e  

p r o v i d i n g  s c o r i n g  i n  b o t h  h a l v e s  a n d  t h i r d s  ( 6 ) .  The 

p l a t e - l i k e  g e o m e t r y  r e s u l t s  i n  a g r a d u a l  change  o f  

s u r f a c e  a rea  w i t h  t ime,  t h u s  p r o v i d i n g  a more u n i f o r m  

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

6 .  S l o - B i d R  ( W i l l i a m  H .  R o r e r ,  I n c . )  i s  a 

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

S l o p h y l l i n R ,  w h i c h  i s  a l s o  m a r k e t e d  by Rorer.  The 

s h e l l a c -  t h e o p h y l l  i n e  m a t r i x  beads  of S l o p h y l l  inR a re  

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

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

t ime i n  t h e  G I  t r a c t  p r o g r e s s e s .  T h u s  t h e  p r o d u c t  

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

pH c o n t r o l l e d  r e l ease  s y s t e m .  

7 .  T h e o - D u r R  ( K e y  P h a r m a c e u t i c a l s ,  I n c . )  i s  

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

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

release p a t t e r n  o v e r  a 12-18 hour  p e r i o d  of time a n d  

i t s  commerc ia l  p o p u l a r i t y  h a s  made i t  t h e  s t a n d a r d  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



331 S U S T A I N E D  RELEASE THEOPHYLLINE 

a g a i n s t  wh ich  a l l  o t h e r  s u s t a i n e d  r e l ease  t h e o p h y l l i n e  

p r o d u c t s  are compared .  

T h e o - D u r R  h o w e v e r  i s  a l s o  o n e  o f  t h e  m o s t  

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

me thod  o f  m a n u f a c t u r e .  I t  i s  a c o m b i n a t i o n  o f  c o a t e d  

b e a d s  embedded i n  a s l o w l y  d i s i n t e g r a t i n g  m a t r i x .  An 

o l d  p a t e n t  i s s u e d  t o  Key i n  1961 p r o v i d e s  some c l u e s  

as t o  i t s  p r o b a b l e  c o n t e n t s  ( 3 ) .  T h e  t h e o p h y l l i n e  i s  

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

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

m o n o s t e a r a t e ,  c e t y l  a l c o h o l ,  b e e s w a x )  a n d / o r  an  a c i d  

polymer c e l l u l o s e  ace t a t e  p h t h a l  a t e .  T h e  b e a d s  a r e  

t h e n  compressed  i n t o  a s l o w l y  d i s i n t e g r a t i n g  waxy t y p e  

m a t r i x  c o n t a i n i n g  a d d i t i o n a l  d r u g .  Re lease  d e p e n d s  

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

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

t a b l e t s .  I n  s p i t e  of  i t s  c o m p l e x i t y ,  Theo-DurR h a s  

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

i s  n o t  s u b s t a n t i a l l y  a f f e c t e d  by f o o d  a n d  pH. T h i s  

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

produced  b y  R o e r i g  u n d e r  l i c e n s e  f rom Key.  

8. Theo-DurR S p r i n k l e  (Key P h a r m a c e u t i c a l s ,  I n c . )  

c o n s i s t s  o f  beads  c o n t a i n e d  w i t h i n  a c a p s u l e  wh ich  c a n  

be opened  a n d  t h e  c o n t e n t s  e m p t i e d  i n t o  f o o d  f o r  ease 

of a d m i n i s t r a t i o n .  However ,  i t  s h o u l d  be n o t e d  t h a t  
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332 SHANGRAW 

t h e  b e a d s  i n  t h e  S p r i n k l e R  p r o d u c t  a r e  not t h e  same 

b e a d s  u s e d  i n  t h e  Theo-DurR t a b l e t .  I n s t e a d ,  Key h a s  

c h o s e n  to  u t i l i z e  o n e  of t h e  m o r e  m o d e r n  d i f f u s i o n  

c o n t r o l 1  e d  e t h y l  c e l l u l o s e  c o a t i n g s  as t h e  r e l e a s e  

m e c h a n i s m .  T h i s  s y s t e m  i s  d e s c r i b e d  i n  a r e c e n t  

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

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

d i s s o l v e s  and d i f f u s e s  o u t  f r o m  them ( 7 ) .  

9 .  Theo-24 ( S e a r l e  P h a r m a c e - u t i c a l s  I n c . )  was t h e  

f i r s t  p r o d u c t  i n t r o d u c e d  i n t o  t h e  m a r k e t p l a c e  f o r  2 4  

h o u r  d o s i n g .  S i n c e  i t s  i n t r o d u c t i o n  t h e r e  h a s  been 

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

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

med ica l  c o m m u n i t y  a n d  t h e  c o u r t s .  A l t h o u g h  t h e  

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

r e l e a s e  b e a d s  ( P r o b e a d s R )  i s  q u i t e  e l a b o r a t e  t h e  

company  w o u l d  n o t  p r o v i d e  a n y  i n f o r m a t i o n  o n  t h e  

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

are d e s i g n e d  t o  " p r o l o n g  t r a n s i t  time1' ( 8 ) .  I t  d o e s  

appear t o  be a d i f f u s i o n  c o n t r o l l e d  c o a t e d  bead  t y p e  

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

a c e t a t e  p h t h a l a t e  a n d  w h i c h  i s  pH d e p e n d e n t .  

S u b s e q u e n t  s t u d i e s  h a v e  shown t h a t  t h e  p r o d u c t  d o e s  

re lease d r u g  a t  a more  r a p i d  r a t e  when g i v e n  w i t h  f o o d  

t h a n  t a k e n  o n  a n  empty  s t o m a c h .  
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333 SUSTAINED RELEASE THEOPHYLLINE 

10. U n i p h y l l  T a b l e t s  ( P u r d u e  F r e d e r i c k )  i s  t h e  

most recent  s u s t a i n e d  r e l ease  p r o d u c t  t o  rece ive  FDA 

a p p r o v a l  f o r  24 h o u r  d o s i n g .  T h e s e  t a b l e t s  c o n s i s t  of 

g r a n u l e s  of t h e o p h y l l i n e  wh ich  h a v e  been  p r e p a r e d  w i t h  

h yd r o xpr  o py 1 met h y l  ce 11 ul 0s e . The g r  a n u l  es ar e co a t  ed  

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

n o n - d i s i n t e g r a t i n g  t a b l e t s .  As t h e  c e t y l  a l c o h o l  i s  

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

e x p o s e d  t o  w a t e r  wh ich  c a u s e s  them t o  swel l  and t h e  

t h e o m y l l i n e  s l o w l y  d i s s o l v e s  o u t  of t h e  HPMC g e l .  

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

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

r e c e n t l y  pub1 i s h e d  by H e n d e l e s  et a1 which documen t s  

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

v a r i e t y  o f  commercial p r o d u c t s  ( 9 ) .  

CON CL US1 ON 

The a b o v e  d e s c r i p t i o n s  do n o t  i n c l u d e  a l l  s u s t a i n e d  

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

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

make i t  o b v i o u s  t h a t  t h e i r  r e lease  p a t t e r n s  may n o t  be  

n e a r l y  a s  s ophi  sti cat ed  a s  t h e  m a t h e m a t i  cs w i  t h  whi  ch 

t h e  p h a r m a c o k i n e t i c  d a t a  i s  t r e a t e d .  F u r t h e r m o r e ,  

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

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

d o s a g e  f o r m s  a r e  e x p o s e d  i n  t h e  G I  t r a c t ,  i n  

p a r t i c u l a r  - t r a n s i t  time. 
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T w e n t y  y e a r s  a g o ,  L a z a r u s  a n d  C o o p e r  w r o t e  t h e  

f o l l o w i n g  words:  

'!The d e v e l o p m e n t  a n d  e x t e n s i v e  u s e  o f  

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

new o p p o r  t un i ti es f o r  c r e a t i  ve accomp1:ishments  

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

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

m e c h a n i s m  of d r u g  a b s o r p t i o n l I  ( 1  0 ) .  T h e s e  

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

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

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

d e l i v e r y  s y s t e m a .  
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