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ABSTRACT - 

The in-vitro and in-vivo release of theophylline from an oral  sustained release 

tablet (Theograd ) was studied. 

The in-vitro release profiles were determined by means of the rotating basket 

method, the paddle method and the modified disintegration method, described 

in the USP XX a s  apparatus 1,  2 and 3 respectively. Besides a stationary bas- 

ket-rotating paddle method was used. 

It was demonstrated that  in the stationary basket-rotating paddle apparatus 

and in  the paddle apparatus a t  low rotational speeds of the paddle, mild agi ta-  

tion conditions were created,  Under these conditions the release of theophyl- 

line from the sustained release tablet  appeared to  be matrix controlled. The 

leached matrix was found to be structurally very weak. For a matrix type 
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LAGAS A N D  JONKMAN 490 

of s u s t a i n e d  r e l e a s e  t a b l e t  t h i s  is probably b e n e f i c i a l  as i t  would b e  less 

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

In c o n t r a s t  t h e  c o n d i t i o n s  of  a g i t a t i o n  in t h e  r o t a t i n g  b a s k e t  a p p a r a t u s  and  

in t h e  d i s i n t e g r a t i o n  a p p a r a t u s  w e r e  found to b e  r a t h e r  s e v e r e .  T h i s  w a s  p a r t l y  

d u e  t o  m e c h a n i c a l  a b r a s i o n  of t h e  d o s a g e  form c a u s e d  by t h e  g a u z e  of t h e  

b a s k e t  and t h e  b a s k e t - r a c k  r e s p e c t i v e l y ,  and  p a r t l y  t h e  r e s u l t  of high so lvent  

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

i t  a p p e a r e d  t h a t  t h e  e m p t y  m a t r i x  of t h e  s u s t a i n e d  r e l e a s e  t a b l e t  e r o d e d  du-  

r ing  t h e  r e l e a s e  process .  T h i s  w a s  c o n f i r m e d  by  t h e  r e s u l t s  o f  s t u d i e s  u n d e r  

non-dissolving c i r c u m s t a n c e s  of t h e  d r u g  w h i c h  s h o w e d  t h a t  in  t h i s  case only 

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

p a r t  of t h e  d o s a g e  form f rom w h i c h  t h e  d r u g  h a d  not  y e t  b e e n  d isso lved .  

T h e  in-vivo absorp t ion  a p p e a r s  to r e l a t e  t o  t h e  in-v i t ro  release. When t h e  

T h e o g r a d R  t a b l e t  w a s  t a k e n  on a n  e m p t y  s t o m a c h ,  i t  a p p e a r e d  t h a t  t h e  a b -  

sorp t ion  rate could  s u c c e s f u l l y  b e  s i m u l a t e d  by means of t h e  s t a t i o n a r y  bas-  

k e t - r o t a t i n g  p a d d l e  m e t h o d  a n d  t h e  p a d d l e  m e t h o d ,  b o t h  a t  low r o t a t i o n a l  

s p e e d s  of t h e  paddle .  It was v e r y  l ikely t h a t  in  t h i s  case t h e  in-vivo release 

f rom t h e  s u s t a i n e d  r e l e a s e  t a b l e t  w a s  m a t r i x  c o n t r o l l e d  too .  U n d e r  t h e s e  

c o n d i t i o n s  t h e  b ioavai lab i l i ty  was found t o  b e  65% c o m p a r e d  w i t h  a n  o r a l  

so lu t ion  of t h e  drug .  In c o n t r a s t ,  when t h e  T h e o g r a d R  t a b l e t  w a s  t a k e n  a f t e r  

a meal, a r e l a t i v e  b ioavai lab i l i ty  of 90% was o b s e r v e d .  It w a s  m a d e  p laus ib le ,  

t h a t  t h e  g r e a t l y  e n h a n c e d  b ioavai lab i l i ty ,  o b s e r v e d  on pos tprandia l  a d m i n i s t r a -  

t ion  of t h e  t a b l e t ,  w a s  d u e  to p a r t i a l  e r o s i o n  of t h e  l e a c h e d  m a t r i x .  T h i s  ero- 

s ion  w a s  c a u s e d  by t h e  food  induced  i n c r e a s e d  mot i l i ty  of t h e  g a s t r o - i n t e s -  

tinal t r a c t .  Based  o n  t h e  r e s u l t s  of t h i s  s t u d y  i t  is r e c o m m e n d e d  to t a k e  

T h e o g r a d R  t a b l e t s  a f t e r  a m e a l .  

INTRODUCTION 

N o w a d a y s  it i s  r e c o g n i z e d  t h a t  many d r u g s  f o r  c h r o n i c  a d m i n i s t r a t i o n  should  

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

a n d  e f f e c t i v e  r a n g e .  F o r  t h e  d r u g  w i t h  a r e l a t i v e l y  s h o r t  e l i m i n a t i o n  half  life 

a n d  a n a r r o w  t h e r a p e u t i c  index t h i s  obviously r e s u l t s  in f r e q u e n t  dosing.  In 

t h i s  case t h e  use of 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  c a n  b e  a d v a n t a g e o u s ,  b e -  

c a u s e  s u c h  p r e p a r a t i o n s  m a y  r e d u c e  dos ing  f r e q u e n c y ,  f l u c t u a t i o n s  in  d r u g  

levels a n d  s i d e  , M o r e o v e r ,  i t  is l ikely t h a t  p a t i e n t  c o m p l i a n c e  
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DELIVERY MECHANISMS OF THEOPHYLLINE 491 

will i n c r e a s e  a n d  t h a t  t h e  pharmacologica l  r e s p o n s  wil l  b e  m o r e  uni form.  T h e r e  

h a s  b e e n  a r e m a r k a b l e  i n c r e a s e  in i n t e r e s t  in  th i s  t y p e  of d o s a g e  forms ,  w i t h  

t h e  r e s u l t  t h a t  many s u b s t a n c e s  a r e  now a v a i l a b l e  in  s u s t a i n e d  r e l e a s e  p r e p a r a -  

tions. 

During t h e  per iod  of d e v e l o p m e n t  of s u s t a i n e d  release d o s a g e  f o r m s ,  o n e  of 

t h e  d r u g s  w h i c h  h a s  b e e n  in t h e  c e n t r e  of i n t e r e s t  is theophyl l ine .  In a n  abund-  

a n c e  of l i t e r a t u r e  t h e  in-vivo a b s o r p t i o n  r a t e  and  b ioavai lab i l i ty  of' t h i s  d r u g  

h a s  b e e n  d e s c r i b e d  e x t e n s i ~ e I y . ~ - ~  H o w e v e r  i t  a p p e a r e d  t h a t  bo th  e x t e r n a l  

f a c t o r s ,  s u c h  as  t i m e  of a d m i n i s t r a t i o n  of t h e  d o s a g e  form a n d  f o o d ,  and  

physiological  f a c t o r s  s u c h  as g a s t r i c  e m p t y i n g  r a t e ,  p H ,  g a s t r o i n t e s t i n a l  rno- 

t i l i ty  a n d  t r a n s i t  t i m e ,  most ly  inf luenced  t h e  a b s o r p t i o n  r a t e  of t h e  d r u g  t o  a 

g r e a t  
growing  n e e d  f o r  in format ion  a b o u t  t h e  r e l e a s e  m e c h a n i s m s  of t h e  d i f f e r e n t  

s u s t a i n e d  r e l e a s e  d o s a g e  forms ,  so i t  will b e c o m e  possible  to p r e d i c t  t h e  in-  

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

b ioavai lab i l i ty  of t h e  d r u g .  

R e c e n t l y  in a s ingle  d o s e  as wel l  as in  a c h r o n i c  d o s e  s t u d y  of t h e  b ioavai la -  

b i l i ty  of a m a t r i x  t y p e  of s u s t a i n e d  release t a b l e t  ( T h e o g r a d  ), i t  1s demon-  

s t r a t e d  t h a t  t h e  b ioavai lab i l i ty  of t h e  d r u g  w a s  g r e a t l y  e n h a n c e d  w h e n  t h e  

t a b l e t s  w e r e  t a k e n  a f t e r  a m e a l .  

Data a b o u t  t h e  in-v i t ro  release c h a r a c t e r i s t i c s  of t h i s  s u s t a i n e d  r e l e a s e  t a b l e t  

a r e  e x t r e m e l y  scarce. 

In t h e  p r e s e n t  s t u d y  t h e  in-v i t ro  r e l e a s e  c h a r a c t e r i s t i c s  will b e  i n v e s t i g a t e d  

in  m o r e  d e t a i l ,  w i t h  t h e  purpose  of g e t t i n g  a b e t t e r  u n d e r s t a n d i n g  of t h e  

release mechanism of t h e  s u s t a i n e d  r e l e a s e  t a b l e t .  Bes ides  s o m e  of t h e  

c h a r a c t e r i s t i c  in-vi t ro  r e l e a s e  prof i les  will b e  c o m p a r e d  w i t h  t h e  in-vivo 

a b s o r p t i o n  r a t e .  

C o n s e q u e n t l y  i t  is not  surpr i s ing  t h a t  n o w a d a y s  t h e r e  is a 

R . .  

1 2 , 1 3  

14 

MATERIALS A N D  M E T H O D S  

Drugs 
A m a t r i x  t y p e  o f  theophyl l ine  s u s t a i n e d  release t a b l e t  (TheogradR-250 m g ) ,  

A b b o t t  L a b o r a t o r i e s ,  L o t  no. 37-001 VH02) w a s  s t u d i e d .  T h e  t a b l e t s  w e r e  

composed  of 2 5 0  m g  o f  a n h y d r o u s  theophyl l ine  plus  e x c i p i e n t s  t o  g i v e  a t o t a l  

weight  of t h e  t a b l e t s  of 300 mg. T h e  t a b l e t s  a r e  f i lm-coated  w i t h  a w a t e r  
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492 L A G A S  AND JONKMAN 

so luble  c o a t i n g .  T h e  m a t r i x  c o n s i s t s  of t h e  c o p o l y m e r  rnethylacrylate-rnethyl- 

m e t h a c r y l a t e .  A t  all physiological  pH's  t h e  p u r e  copolymer  is inso luble  

in w a t e r .  

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

f r o m  B r o c a c e f ,  M a a r s s e n ,  T h e  N e t h e r l a n d s .  A n h y d r o u s  theophyl l ine  w a s  

p r e p a r e d  by  h e a t i n g  t h e  m o n o h y d r a t e  a t  a t e m p e r a t u r e  of a b o u t  105 unt i l  

c o n s t a n t  w e i g h t .  

T h e  h y d r a t e d ,  a n h y d r o u s  d r u g  a n d  T h e o g r a d R  t a b l e t s  w e r e  s u b m i t t e d  to 

X-ray d i f f r a c t i o n  ana lys i s  (Guin ier -Hagg) .  It w a s  d e m o n s t r a t e d  t h a t  t h e  d i f -  

f r a c t i o n  p a t t e r n s  of t h e  a n h y d r o u s  f o r m  a n d  t h e  d r u g  in  t h e  T h e o g r a d R  t a b l e t s  

w e r e  ident ica l .  

0 

Dissolution 

R e l e a s e  r a t e s  o f  theophyl l ine  f rom t h e  s u s t a i n e d  release t a b l e t  w e r e  d e t e r -  

mined  by m e a n s  of t h e  r o t a t i n g  b a s k e t  m e t h o d ,  p a d d l e  m e t h o d  a n d  modi f ied  

d i s i n t e g r a t i o n  m e t h o d ,  d e s c r i b e d  in t h e  USP X X  as a p p a r a t u s  1 , 2  a n d  3 ,  r e  - 

spect ively.  Addi t iona l ly  a m e t h o d  w i t h  a s t a t i o n a r y  b a s k e t  a n d  r o t a t i n g  p a d d l e  

w a s  used. T h e  a p p a r a t u s  i s  s imular  to t h e  p a d d l e  assembly  d e s c r i b e d  in t h e  

USP as a p p a r a t u s  2 ,  w i t h  t h e  e x c e p t i o n  t h a t  t h e  d o s a g e  uni t  is not  a l l o w e d  

to  s ink to t h e  b o t t o m  of t h e  b e a k e r ,  b u t  is p l a c e d  in a b a s k e t .  T h e  b a s k e t ,  

which  is s imular  to t h a t  employed  in t h e  USP m e t h o d  1 a p p a r a t u s ,  is s i t u a t e d  

in such  a w a y  t h a t  t h e  d i s t a n c e  b e t w e e n  t h e  a x i s  of t h e  b a s k e t  a n d  t h e  v e s s e l  

wal l  is 2 .5  c m  a n d  t h a t  t h e  d i s t a n c e  b e t w e e n  t h e  b a s k e t  a n d  t h e  p l a n e  t h r o u g h  

t h e  lowes t  point  of t h e  vesse l  p e r p e n d i c u l a r  to t h e  a x i s  of t h e  v e s s e l  is 7.5 c m  . 
T h e  theophyl l ine  s u s t a i n e d  r e l e a s e  t a b l e t  is p l a c e d  in t h e  c e n t r e  of t h e  b o t t o m  

of  t h e  d r y  baske t .  T h e  b a s k e t  i s  l o w e r e d  i n t o  pos i t ion  b e f o r e  r o t a t i o n  of t h e  

p a d d l e  is s t a r t e d .  T h e  t e m p e r a t u r e  w a s  t h e r m o s t a t i c a l l y  c o n t r o l l e d  at 37 .0  

- + 0.1 . S a m p l e s  w e r e  t a k e n  at c o n v e n i e n t  t i m e  i n t e r v a l s  th rough m e m b r a n e  

f i l t e r s  (0.8 urn p o r e  d i a m e t e r )  a n d  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  at 2 7 0  n m .  

Dis t i l l ed  w a t e r ,  0 .1  N h y d r o c h l o r i c  a c i d  a n d  0 .025  mola i r  p h o s p h a t e  b u f f e r  

pH 6.8 w e r e  u s e d  as d isso lu t ion  media.  

To s t u d y  t h e  i n f l u e n c e  of t h e  s u r f a c e  t e n s i o n  o f  t h e  d isso lu t ion  medium o n  t h e  

release r a t e  of  t h e  d r u g ,  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  in w h i c h  0.01% poly- 

s o r b a t e  20 w a s  a d d e d  to t h e  d isso lu t ion  medium. 

0 
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DELIVERY MECHANISMS OF THEOPHYLLINE 4 9 3  

All t h e  v a l u e s  p r e s e n t e d  for t h e  d isso lu t ion  e x p e r i m e n t s  w e r e  t h e  a v e r a g e  of 

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

Solubility 

T h e  s a t u r a t e d  theophyl l ine  m o n o h y d r a t e  a n d  a n h y d r o u s  theophyl l ine  so lubi l i t i es  

w e r e  d e t e r m i n e d  by p lac ing  e x c e s s  s o l u t e  in a w a t e r - j a c k e t e d  b e a k e r  f i l l ed  

w i t h  900 ml of  w a t e r .  S t i r r i n g  w a s  a c h i e v e d  w i t h  a p a d d l e  r o t a t i n g  a t  100 r.p.m. 

T h e  e x p e r i m e n t s  w e r e  c o n t i n u e d  until1 no i n c r e a s e  in t h e  a m o u n t  of d r u g  d isso lv-  

e d  could  b e  measured .  S a m p l e s  w e r e  t a k e n  at c o n v e n i e n t  t i m e  i n t e r v a l s  t h r o u g h  

m e m b r a n e  f i l t e r s  a n d  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 .  To p r e v e n t  d r u g  p r e c i p  - 

i t a t i o n  all g l a s s  s y r i n g e s ,  p i p e t t e s  a n d  t h e  filter a p p a r a t u s  w e r e  p r e w a r m e d .  

To a c h i e v e  a f a s t  s a t u r a t i o n  of t h e  s o l v e n t ,  small  sol id  p a r t i c l e s  (37 t o  53 pm ) 

w e r e  used.  T h i s  f r a c t i o n  w a s  i s o l a t e d  by s iev ing  theophyl l ine  m o n o h y d r a t e  by 

means of a a i r  j e t  s i e v e  (Alp ine ,  Ausburg ,  West  G e r m a n y ) .  To p r e v e n t  p o s s i b l e  

m e c h a n i c a l  a c t i v a t i o n  o f  t h e  a n h y d r a t e ,  c a u s e d  by t h e  s iev ing  p r o c e d u r e ,  t h i s  

form w a s  p r e p a r e d  f rom t h e  s i e v e d  f r a c t i o n  of  t h e  m o n o h y d r a t e  as d e s c r i b e d  

previous ly ,  and  w a s  s u b s e q u e n t l y  a g e d  for a t  l e a s t  t h r e e  m o n t h  before use .  

Erosion 
Erosion of t h e  theophyl l ine  s u s t a i n e d  r e l e a s e  t a b l e t  w a s  s t u d i e d  u n d e r  non- 

dissolving as wel l  as u n d e r  dissolving c o n d i t i o n s  f o r  t h e  drug.  Eros ion  u n d e r  

non-dissolving c o n d i t i o n s  was d e t e r m i n e d  in t h e  r o t a t i n g  b a s k e t  d i sso lu t ion  

a p p a r a t u s .  T h e  e r o s i o n  w a s  c h a r a c t e r i z e d  by d e t e r m i n i n g  t h e  w e i g h t  loss o f  

of  t h e  t a b l e t  as a f u n c t i o n  of the t i m e  in s a t u r a t e d  so lu t ions  of t h e o p h y l l i n e  

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

t h e  t a b l e t  w a s  r e m o v e d  from t h e  t e s t  medium a n d  d r i e d  a t  105' unt i l  c o n s t a n t  

weight .  C o r r e c t i o n s  w e r e  m a d e  f o r  t h e  a m o u n t  of  d r u g  p r e s e n t  in t h e  s a t u -  

r a t e d  so lu t ion  a d h e r e n t  to t h e  s u r f a c e  of t h e  t a b l e t  w h e n  i t  w a s  t a k e n  f rom 

t h e  medium, T h e  p r e s e n t e d  v a l u e s  a r e  t h e  a v e r a g e  of  s ix  r e p l i c a t e  d e t e r m i -  

nat ions.  

T h e  c o a t i n g  of  t h e  t a b l e t s  s t u d i e d  is so luble  in  w a t e r  a t  t e m p e r a t u r e s  be low 

a b o u t  45'. B e c a u s e  s o m e  of t h e  e r o s i o n  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a t  

h igher  t e m p e r a t u r e s ,  p r ior  t o  all e r o s i o n  e x p e r i m e n t s  t h e  c o a t i n g  of  t h e  theo-  

phyl l ine s u s t a i n e d  release t a b l e t s  w a s  removed.  T h i s  c o u l d  e a s i l y  b e  a c c o m -  
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4 9 4  LAGAS A N D  JONKMAN 

plished by t e a r i n g  o f f  t h e  c o a t i n g  film w i t h  t h e  a id  o f  a small  k n i f e  a n d  a 

p a i r  of t w e e z e r s .  

Erosion u n d e r  dissolving c o n d i t i o n s  w a s  s t u d i e d  s imul taneous ly  w i t h  t h e  

d isso lu t ion  r a t e  d e t e r m i n a t i o n s .  B e c a u s e  t h e s e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  

at a t e m p e r a t u r e  of 37O, t h e  c o a t i n g  w a s  not  removed.  

Hydrodynamic  C o n d i t i o n s  in  t h e  Disso lu t ion  Apparatus 

S o m e  e s s e n t i a l  hydrodynamic  c o n d i t i o n s  in t h e  d isso lu t ion  models  were c h a r -  

a c t e r i z e d  by measur ing  t h e  d isso lu t ion  r a t e s  of non-d is in tegra t ing  t h e o p h y l l i n e  

t a b l e t s  p laced  a t  d i f f e r e n t  pos i t ions  in t h e  d isso lu t ion  a p p a r a t u s .  l 5  T h e  t a b -  

l e t s ,  10 mm in d i a m e t e r  a n d  3 mm t h i c k ,  w e r e  p r e p a r e d  by compress ing  2 5 0  mg 

of t h e  powdered  drug  in a d i e  a t  a load  of 20  kN f o r  10 min.  S a m p l e s  w e r e  

t a k e n  a t  a p p r o p r i a t e  t i m e  i n t e r v a l s  a n d  a n a l y z 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  

270 nm. 

ln-Vivo A b s o r p t i o n  

T h e  in-vivo absorp t ion  w a s  s t u d i e d  in s e v e n  h e a l t h y  v o l u n t e e r s ,  f i v e  females 

a n d  t w o  m a l e s ,  a g e d  37  

w e r e  non-smokers. 

T h e  TheogradR-250 m g  t a b l e t  t o g e t h e r  w i t h  150 ml of w a t e r  w a s  adminis-  

t e r e d  e i t h e r  a f t e r  a n  o v e r n i g h t  f a s t  o r  15 min a f t e r  a b r e a k f a s t .  A l igh t  

meal  w a s  s e r v e d  a t  4 hours  a n d  a n  e v e n i n g  m e a l  a t  8 h o u r s  a f t e r  dosing.  

Blood samples  w e r e  t a k e n  f r o m  a c u b i t a l  v e i n  b e f o r e  a n d  30, 60, 90 a n d  120  

rnin a n d  3,  4 ,  6 ,  8, 12,  14 and  30 h o u r s  a f t e r  dosing. Serum w a s  s e p a r a t e d  

from t h e  c o a g u l a t e d  blood a n d  f r o z e n  a t  -20' un t i l  assayed .  T h e  c o n c e n -  

t r a t i o n  of  theophyl l ine  w a s  d e t e r m i n e d  by high p r e s s u r e  liquid c h r o m a t o g r a -  

phy. l 6  T h e  samples  w e r e  a n a l y z e d  in d u p l i c a t e .  T h e  a b s o r p t i o n  w a s  c h a r -  

a c t e r i z e d  by t h e  m e t h o d  of Wagner-Nelson.  

1 1  y e a r s  a n d  weighing  7 0  2 16 kg. All  s u b j e c t s  

1 7  

RESULTS A N D  DlSCUSSlON 

R F i g u r e  1 shows t h e  r e l e a s e  r a t e  p r o f i l e s  of theophyl l ine  from T h e o g r a d  - 

250 mg t a b l e t s  d e t e r m i n e d  in  t h e  USP p a d d l e  d isso lu t ion  a p p a r a t u s  a t  d i f -  

f e r e n t  r o t a t i o n a l  s p e e d s  of t h e  paddle .  H y d r o c h l o r i c  a c i d  0.1 N w a s  used  

as d isso lu t ion  medium. A t  all r o t a t i o n a l  s p e e d s  o f  t h e  paddle ,  from 3 h o u r s  
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DELIVERY MECHANISMS OF THEOPHYLLINE 4 9 5  

percentage dissolved 

1 2 3 4 5 6 7 8 9 10 11 12 

hours 

FIGURE 1 
In-vi t ro  release prof i les  of t h e  theophyl l ine  s u s t a i n e d  r e l e a s e  t a b l e t  in 0.1 N 
H C I ,  d e t e r m i n e d  in t h e  p a d d l e  dissolut ion a p p a r a t u s  a t  d i f f e r e n t  r o t a t i o n a l  
s p e e d s  of t h e  paddle .  B a r s  r e p r e s e n t  s t a n d a r d  d e v i a t i o n .  

a r a t h e r  c o n s t a n t  r e l e a s e  w a s  observed .  A t  a r o t a t i o n a l  s p e e d  o f  100 r.p.m., 

after 12 hours  t h e  r e l e a s e  w a s  a lmost  c o m p l e t e .  When t h e  r o t a t i o n a l  s p e e d  

of t h e  paddle  w a s  r e d u c e d ,  un t i l  50 r.p.m. t h e  r e l e a s e  rate propor t iona l ly  

d e c r e a s e d .  H o w e v e r  a f u r t h e r  r e d u c t i o n  of t h e  r o t a t i o n a l  s p e e d  to 30 r.p.m. 

did not  r e s u l t  in  a s i g n i f i c a n t l y  f u r t h e r  d e c r e a s e  o f  t h e  r e l e a s e  r a t e .  Visual 

o b s e r v a t i o n  of t h e  s u s t a i n e d  r e l e a s e  t a b l e t  s h o w e d  t h a t  after t h e  t a b l e t  w a s  
p l a c e d  in  t h e  d isso lu t ion  medium,  i t  i m m e d i a t e l y  s a n k  t o  t h e  b o t t o m  of t h e  

vesse l .  D u r i n g  t h e  r e l e a s e  p r o c e s s  at 100 r.p.m. t h e  d o s a g e  form s l igh t ly  d e -  

f o r m e d ,  which  w a s  a c c o m p a n i e d  by dis lodging of small  p i e c e s  of  t h e  e m p t y  

mat r ix .  A t  r e d u c e d  r o t a t i o n a l  s p e e d s  of t h e  p a d d l e  t h i s  phenomenon b e c a m e  

less pronounced .  

To s t u d y  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  o f  t h e  t h e o p h y l l i n e  s u s t a i n e d  release 

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

d i s i n t e g r a t i o n  a p p a r a t u s  w e r e  used .  Al though it is n o t  to b e  e x p e c t e d  t h a t  for 

s u s t a i n e d  release t a b l e t s  t h e s e  m o d e l s  will p rovide  a usefu l  in vi t ro- in  vivo 
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496 LAGAS AND JONKMAN 

c o r r e l a t i o n ' '  w i t h  t h e  a i d  o f  t h e s e  m o d e l s  a s e c o n d a r y  p a r a m e t e r ,  t h a t  is 

e r o s i o n  of t h e  d o s a g e  u n i t ,  may b e  i n t r o d u c e d  in  t h e  r e l e a s e  process .  

T h e  r e l e a s e  p r o f i l e s  f rom t h e  theophyl l ine  s u s t a i n e d  r e l e a s e  d o s a g e  form 

d e t e r m i n e d  in t h e  r o t a t i n g  b a s k e t  a p p a r a t u s  at 50 a n d  100 r.p.m. are shown 
in f i g u r e  2. Although s t u d i e s  w i t h  non-d is in tegra t ing  theophyl l ine  t a b l e t s  

s h o w e d  t h a t  t h e  s o l v e n t  a g i t a t i o n  in t h e  r o t a t i n g  b a s k e t  at 50 r.p.m. w a s  

s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  in t h e  c e n t r e  of t h e  b o t t o m  of t h e  v e s s e l  in t h e  
R 

p a d d l e  a p p a r a t u s  a t  100 r.p.m., t h e  release of theophyl l ine  f rom T h e o g r a d  

t a b l e t s  h o w e v e r  w a s  m u c h  f a s t e r  in t h e  r o t a t i n g  b a s k e t  a p p a r a t u s  a t  50 r .p .m 

t h a n  in t h e  paddle  model  a t  100 r.p.m. Visual o b s e r v a t i o n  of  t h e  s u s t a i n e d  

r e l e a s e  t a b l e t  s h o w e d  t h a t  un l ike  t h e  s i t u a t i o n  in t h e  paddle  a p p a r a t u s  t h e  

t a b l e t s  g r a d u a l l y  e r o d e d  dur ing  t h e  d isso lu t ion  r a t e  d e t e r m i n a t i o n .  A f t e r  12 
h o u r s  t h e  t a b l e t  had  c o m p l e t e l y  d ispersed .  A suspens ion  of v e r y  smal l  p a r -  

ticles of  t h e  insoluble  m a t r i x  w a s  vis ible  a t  t h e  e n d  of t h e  e x p e r i m e n t .  An 

i n c r e a s e  of t h e  r o t a t i o n a l  s p e e d  of  t h e  b a s k e t  f rom 50 to 100 r.p.m. r e s u l t e d  

i n  a n  e n h a n c e m e n t  of t h e  r e l e a s e  r a t e  as wel l  as in a n  a c c e l e r a t i o n  of t h e  

e ros ion  process .  

When a t a b l e t  is  p laced  in  t h e  b a s k e t  a n d  r o t a t i o n  c o m m e n c e s ,  a t  a r o t a t i o n a l  

s p e e d  of t h e  b a s k e t  of 100 r.p.m. t h e  t a b l e t  wil l  normally pos i t ion  i t s e l f  on 

t h e  b a s e  of t h e  b a s k e t  a d j a c e n t  t o  t h e  b a s k e t  wal l .  H o w e v e r ,  a t  r e d u c e d  

r o t a t i o n a l  s p e e d  (e.g. 50 r.p.m.1, d u e  to t h e  r e d u c e d  c e n t r i f u g a l  f o r c e ,  it  is 

also possible  t h a t  t h e  t a b l e t  r e m a i n s  a t  t h e  c e n t r e  o f  t h e  b a s k e t  b a s e .  A s  

shown in f i g u r e  3 d i f f e r e n t  pos i t ions  of t h e  t a b l e t  in t h e  b a s k e t  p r o d u c e d  d r a -  

m a t i c  d i f f e r e n c e s  in r e l e a s e  r a t e  prof i les  o f  t h e  drug.  This  is c a u s e d  by d i f -  

f e r e n t  s o l v e n t  a g i t a t i o n  e x i s t i n g  in d i f f e r e n t  r e g i o n s  of t h e  baske t .15  T h e  

s o l v e n t  a g i t a t i o n  a t  t h e  b a s k e t  p e r i p h e r y  w a s  found to b e  s i g n i f i c a n t l y  

h i g h e r  t h a n  in t h e  c e n t r e  of t h e  b a s k e t .  C o n s e q u e n t l y  release r a t e s  f r o m  t a b -  

l e t s  pos i t ioned  a g a i n s t  t h e  b a s k e t  wal l  will b e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  

f rom t a b l e t s  p l a c e d  in t h e  c e n t r e  of t h e  b a s k e t .  
To e s t a b l i s h  w h e t h e r  t h e  t a b l e t s  e r o d e  as t h e  r e s u l t  of m e c h a n i c a l  a b r a s i o n  

c a u s e d  by  abras ion  o f  t h e  t a b l e t s  by t h e  g a u s e ,  or w h e t h e r  only t h e  l e a c h e d  

m a t r i x  d o e s  n o t  w i t h s t a n d  t h e s e  forces, e x p e r i m e n t s  w e r e  c a r r i e d  o u t  in w h i c h  

t h e  w e i g h t  losses of t h e  t a b l e t s  w e r e  m o n i t o r e d  as a f u n c t i o n  o f  t h e  t ime.  

D e t e r m i n a t i o n s  w e r e  c a r r i e d  o u t  in t h e  r o t a t i n g  b a s k e t  a p p a r a t u s  us ing  s a t u -  

19 
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percentage dissolved 

1 2 3 4 5 6 7 8 9 10 11 12 

hours 

FIGURE 2 
In-vitro release profile of t h e  theophylline sustained release tablet in  0.1 N 
HCI, determined i n  the rotating basket dissolution apparatus a t  different 
rotational speeds of the basket. Bars represent standard deviation. 

percentage dissolved 

100 

80 
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20 

1 2 3 4 5 6 7 8 9 10 11 12 
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FIGURE 3 
In-vitro release profiles of the theophylline sustained release tablet in  0.1 N 
HC1, determined in  the rotating basket dissolution apparatus, as a function 
of t h e  position of t h e  tablet i n  the basket, Bars represent standard deviation. 
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LAGAS AND JONKMAN 498 

r a t e d  so lu t ions  of theophyl l ine  m o n o h y d r a t e  as d isso lu t ion  medium. T h e  r o t a -  

t iona l  s p e e d  of  t h e  b a s k e t  w a s  100 r.p.m. 

It i s  r e p o r t e d  t h a t  below t h e  polymorphic  t r a n s i t i o n  t e m p e r a t u r e  o f  73' 

a n h y d r o u s  theophyl l ine  i s  m e t a s t a b l e  in  t h e  p r e s e n c e  o f  w a t e r .  T h i s  impl ies  

t h a t  when c r y s t a l s  of a n h y d r o u s  theophyl l ine  are s u s p e n d e d  in water or a 

s a t u r a t e d  so lu t ion  of t h e  m o n o h y d r a t e ,  a t  t e m p e r a t u r e s  below t h e  t r a n s i t i o n  

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

f a c e  of t h e  a n h y d r o u s  c r y s t a l s .  Recent ly  a m u c h  l o w e r  t r a n s i t i o n  t e m p e r a t u r e  

of 64O, found f o r  a polymorph of theophyl l ine  is r e p o r t e d . 2 1  We t h e r e f o r e  

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

in T h e o g r a d R  t a b l e t s ,  T h e  t r a n s i t i o n  t e m p e r a t u r e ,  w h i c h  w a s  c a l c u l a t e d  f r o m  

a Van ' t  Hoff  p lo t  c o n s t r u c t e d  f r o m  t h e  so lubi l i ty  d a t a  at d i f f e r e n t  t e m p e r a -  

t u r e s  for a n h y d r o u s  theophyl l ine  a n d  t h e  h y d r a t e  r e s p e c t i v e l y ,  w a s  found t o  

b e  65'. 
Figure 4 s h o w s  t h e  r e s u l t s  of t h e  e x p e r i m e n t s  in  which  t h e  w e i g h t  loss of 

T h e o g r a d R  as a f u n c t i o n  o f  t h e  t i m e  w a s  d e t e r m i n e d ,  using t h e  r o t a t i n g  bas-  

k e t  a p p a r a t u s  a t  100 r.p.m. S a t u r a t e d  s o l u t i o n s  of theophyl l ine  m o n o h y d r a t e  

w e r e  employed  as media .  A s  s e e n  f rom t h i s  f i g u r e ,  a t  t e m p e r a t u r e s  be low t h e  

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

T h e  w e i g h t  loss i n c r e a s e d  w i t h  i n c r e a s i n g  t e m p e r a t u r e ,  f rom 2.50/0 o b s e r v e d  

a t  25' to a b o u t  24% found a t  50'. A c c o r d i n g  t o  t h e  m e t a s t a b l e  c h a r a c t e r  of 

t h e  a n h y d r o u s  f o r m ,  t h e  w e i g h t  loss took  p l a c e  dur ing  t h e  f i r s t  f e w  h o u r s  of 

t h e  e x p e r i m e n t .  C r y s t a l l i z a t i o n  of  t h e  m o n o h y d r a t e  a t  t h e  s u r f a c e  o f  t h e  

solid p a r t i c l e s  t h e n  p r e v e n t e d  f u r t h e r  d i sso lu t ion  o f  t h e  drug .  I n t e r e s t i n g  

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

o f  65 ( t h e  t r a n s i t i o n  t e m p e r a t u r e ) .  A s  d e s c r i b e d  previous ly ,  a t  t h e  t r a n s i t i o n  

t e m p e r a t u r e  t h e  so lubi l i t i es  of  t h e  a n h y d r o u s  form a n d  t h e  m o n o h y d r a t e  are 
t h e  same. C o n s e q u e n t l y  t h e  a n h y d r o u s  form will n o t  d i sso lve  i n  a s a t u r a t e d  

so lu t ion  of t h e  h y d r a t e .  T h e  o b s e r v e d  small  w e i g h t  loss i s  d u e  t o  t h e  dissolu-  

t ion  of so luble  e x c i p i e n t s ,  p r e s e n t  in t h e  o u t e r m o s t  layer o f  t h e  t a b l e t s .  F r o m  

t h e  e x p e r i m e n t s  i t  i s  obvious  t h a t  t h e  p a r t  of  t h e  T h e o g r a d R  t a b l e t s ,  f rom 

which  t h e  d r u g  h a s  n o t  y e t  d i sso lved ,  will n o t  e r o d e .  

A n o t h e r  m e t h o d ,  which  c r e a t e s  e v e n  m o r e  r igorous  c o n d i t i o n s  t h a n  t h o s e  
e x i s t i n g  in  t h e  r o t a t i n g  b a s k e t  a p p a r a t u s ,  i s  t h e  modi f ied  d i s i n t e g r a t i o n  model. 

By means of  i n t r i n s i c  d i sso lu t ion  r a t e  d e t e r m i n a t i o n s  w i t h  n o n - d i s i n t e g r a t i n g  
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percentage weight loss 

0 

5 

10 

15 

20 

25 

1 2 3 4 5 6 7 8 12 (hours) 

FIGURE 4 
Weight  loss of t h e  theophyl l ine  s u s t a i n e d  r e l e a s e  t a b l e t  as a f u n c t i o n  of t h e  
t i m e ,  d e t e r m i n e d  in t h e  r o t a t i n g  b a s k e t  a p p a r a t u s  a t  d i f f e r e n t  t e m p e r a t u r e s .  
T h e  r o t a t i o n a l  s p e e d  of t h e  b a s k e t  w a s  100 r.p.m. S a t u r a t e d  s o l u t i o n s  of 
theophyl l ine  h y d r a t e  w e r e  used  as media .  B a r s  r e p r e s e n t  s t a n d a r d  d e v i a t i o n .  

theophyl l ine  t a b l e t s  i t  w a s  found t h a t  t h e  s o l v e n t  a g i t a t i o n  in t h e  d i s i n t e g r a -  

t ion a p p a r a t u s  is a b o u t  35% h i g h e r  t h a n  t h a t  o b s e r v e d  in t h e  r o t a t i n g  b a s k e t  

a t  100 r.p.m.15 T h e  r e s u l t s  o f  t h e  d isso lu t ion  r a t e  d e t e r m i n a t i o n s  a r e  s h o w n  

in f i g u r e  5. H y d r o c h l o r i c  a c i d  0.1 N a n d  p h o s p h a t e  b u f f e r  pH 6.8 w e r e  used  

as media .  As shown in t h e  a c i d  as wel l  as in t h e  p h o s p h a t e  b u f f e r  t h e  r e l e a s e  

rates w e r e  e x t r e m e l y  f a s t ;  w i t h i n  5 h o u r s  after t h e  s t a r t  of t h e  e x p e r i m e n t  

t h e  release w a s  c o m p l e t e d .  Al though t h e  r e l e a s e  r a t e  in t h e  p h o s p h a t e  b u f f e r  

w a s  s l igh t ly  h igher  t h a n  t h a t  i n  t h e  a c i d  medium,  t h e  d i f f e r e n c e s  w e r e  n o t  

s ign i f icant .  Visual o b s e r v a t i o n  o f  t h e  t a b l e t  s h o w e d  t h a t  in t h i s  model  also 

t h e  t a b l e t s  gradual ly  e r o d e d  dur ing  t h e  release process .  

To s t u d y  t h e  i n f l u e n c e  o f  t h e  s u r f a c e  tens ion  of  t h e  medium on  t h e  r e l e a s e  

rate of  t h e  d r u g ,  t h e  e x p e r i m e n t s  w e r e  r e p e a t e d  in t h e  p r e s e n c e  of  Polysor -  

b a t e  20. A t  a c o n c e n t r a t i o n  of 0.01% th is  s u r f a c t a n t  l o w e r s  t h e  s u r f a c e  

tens ion  of t h e  d isso lu t ion  medium t o  37 dyne.crn-' .  T h e  e x p e r i m e n t a l l y  

o b s e r v e d  d isso lu t ion  p r o f i l e s  c o i n c i d e d  e x a c t l y  w i t h  t h o s e  o b t a i n e d  in t h e  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
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percentage dissolved 

o--o phosphate buffer - 0.1 N HCI 

pH 6.8 

40 - 

2 0  - 

I , 
1 2 3 4 5 6 7 8 9 10 11 12 

hours 

FIGURE 5 
In-vitro release profiles of t h e  sustained release tablet in 0. I N HCI and in 
phosphate buffer pH 6 . 8 ,  determined in the modified disintegration apparatus. 
Bars represent standard deviation. 

absence of Polysorbate 20, which means that the release rate  of theophyl- 

line from TheogradR tablets is independent of the surface tension of the 

dissolution medium. 

To study the release rate  under non-eroding conditions the stationary basket- 

rotating paddle model was used. In this model the tablet is placed in  t h e  bas- 

ket,  which  is situated in  a region with non-turbulent circular flow. The e x -  

periments were carried out by using 0.1 N hydrochloric acid as medium. From 

t h e  results depicted in figure 6 it is shown that a t  rotational speeds of the 

paddle of 100 as well as 50 r.p.m. from 3 hours a rather constant release was 

observed. The release rate  slightly decreased w h e n  the rotational speed of t h e  

paddle decreased from 100 to 50 r.p.rn. Under 50 r.p.m. the release rate  was 

found to be independent of the rotational speed of the paddle, which  is char- 

acterist ic for a matrix type  of dosage form. This is endorsed by the observa- 

tion that the release profile found a t  50 r.p.rn. overlapped that observed in 

the paddle apparatus a t  the same rotational speed. Visual observation showed 
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percentage dissolved 

100 

ao 

80 

- 100 r.p.m. 
40 

20 - 30.40.50 r.p.m. 

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

hours 

F I G U R E  6 
In-vi t ro  r e l e a s e  p r o f i l e s  of t h e  s u s t a i n e d  r e l e a s e  t a b l e t  in  0.1 N HCI, d e t e r -  
mined in  t h e  s t a t i o n a r y  b a s k e t - r o t a t i n g  p a d d l e  a p p a r a t u s ,  a t  d i f f e r e n t  
r o t a t i o n a l  s p e e d s  of t h e  paddle .  B a r s  r e p r e s e n t  s t a n d a r d  d e v i a t i o n .  

t h a t  dur ing  t h e  release p r o c e s s  t h e  t a b l e t  in t h e  s t a t i o n a r y  b a s k e t  n e i t h e r  

d e f o r m e d  nor  e r o d e d  a n d ,  t h a t  no dis lodging p a r t i c l e s  of t h e  l e a c h e d  m a t r i x  

w e r e  suspended  in t h e  medium. When a b a s k e t  w i t h  a l e a c h e d  m a t r i x  w a s  

removed from t h e  medium,  t h e  m a t r i x  a p p e a r e d  t o  b e  s t r u c t u r a l l y  v e r y  w e a k .  

A f t e r  dry ing  a t  105' t h e  w e i g h t  of t h e  e m p t y  m a t r i x  w a s  found t o  b e  a b o u t  

15 mg. 
Based  on t h e  p r e c e d i n g  r e s u l t s  i t  w a s  now possible  t o  v isua l ize  t h e  p r o c e s s e s ,  

which took  p l a c e  dur ing  t h e  release (see f i g u r e  7). Under  r a t h e r  r igorous  

c o n d i t i o n s ,  which  for t h e  T h e o g r a d R  t a b l e t  e x i s t  in t h e  r o t a t i n g  b a s k e t  and  

in  t h e  d i s i n t e g r a t i o n  a p p a r a t u s ,  t h e  l e a c h e d  m a t r i x  of t h e  theophyl l ine  sus-  

t a i n e d  r e l e a s e  t a b l e t  e r o d e s .  A t  g e n t l e  s o l v e n t  a g i t a t i o n ,  which  is e x i s t i n g  in 

t h e  paddle  a p p a r a t u s  a t  low r o t a t i o n a l  s p e e d s  of t h e  p a d d l e  a n d  p a r t i c u l a r y  i n  

t h e  s t a t i o n a r y  b a s k e t - r o t a t i n g  paddle  a p p a r a t u s ,  dur ing  t h e  e n t i r e  r e l e a s e  

t h e  e m p t y  m a t r i x  r e m a i n s  unimpaired.  

T h e  r e s u l t s  of  t h e  in-v i t ro  release d e t e r m i n a t i o n s  w e r e  e v a l u a t e d  by c o m p a r -  

ing t h e s e  wi th  t h e  r e s u l t s  o b t a i n e d  f rom t h e  in-vivo a b s o r p t i o n  s tudies .  
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LAGAS A N D  JONKMAN 502  

0 0 0 

Oh 4 h  8 h  12h 

100 r.p.m. t3 
0 = 0 0 

FIGURE 7 
The sustained release tablet during the release process: non-matrix con- 
trolled release and matrix controlled release, respectively. 

By using the method of Wagner and Nelson17, the  percentage absorbed as a 

function of t h e  t ime was calculated (see figure 8). As shown rapid absorption 

was observed w h e n  t h e  tablet was taken in  the fasting s t a t e .  However the 

amount absorbed was found to be 54% af te r  12 hours and 65% after  30 hours. 

W h e n  t h e  tablet was taken af ter  a meal, the initial absorption rate  signifi- 

cantly decreased. This was probably due to the delayed gastric emptying ra te ,  

caused by food intake. Then t h e  absorption increased, resulting in  a bioavail- 

ability of 77% after  12 hours and 90% af te r  30 hours. 

W h e n  the mean percent absorbed-time profile, obtained on preprandial 

administration of TheogradR was compared with the  different in-vitro release 

curves, t h e n  the in-vivo absorption always appeared to be slower than t h e  

in-vivo release. The best in  vivo-in vitro correlation was found for t h e  paddle 

method and t h e  stationary basket-rotating paddle method, both a t  rotational 

speeds of the paddle up to 50 r.p.m. As described, a t  these low rotational 

speeds, t he  leached matrix of t h e  sustained release tablet  did not erode. 

This implies that  a t  these mild agitation conditions, small fluctuations in  the 

solvent flow did not i n f l u e n c e  the release rate  of the  drug. Consequenly t h e  

slightly smaller in-vivo release rate  must be due to physiological factors,  such 

as  different ionic strength,  viscosity and pH of t h e  gastro-intestinal fluid c o m -  
pared with 0. I N hydrochloric acid. The effect of t h e  pH on t h e  release rate  

of theophylline is illustrated in  figure 9. Due to the  amphoteric character 
of  the  drug w i t h  pK values of 0.2 and 8.8 respectively, t h e  lowest solubi- a 
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.- - 

ao - 

60 - 

40 - 

20- 

503  

M 100 r.p.rn., 0.1 N HCI 

100 r.p.m., water 

- 50 r.p.rn., 0.1 N HCI 
5 0  r.D.m.. water 

1 2 3 4 5 6 7 8 9 10 11 12 

hours 

FIGURE 8 
In-vivo absorption rate  of theophylline from t h e  sustained release tablet ,  on 
preprandial and postprandial administration of the tablets. 

percentage dissolved 

inn 

Y 

1 2 3 4 5 6 7 8 9 10 11 12 

hours 

FIGURE 9 
In-vitro release profiles of the sustained release tablet in  0.1 N HCI and in 
water respectively, determined in different dissolution apparatus. Bars 
represent standard deviation. 
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504 LAGAS AND J O N K M A N  

ty will  be found a t  a pH value of about 4.5, exhibited by a solution of the  

drug in  water. 

As described the in-vitro release appeared to relate wel l  with the in-vivo 

absorption. However from 4 to 5 hours af ter  administration of the tablets 

the absorption slightly lagged behind the in-vitro release. Although it is 

demonstrated that af ter  ingestion of a solution of the drug the absorption 

is completed within I hour 

solved drug from the more distal part of t h e  gastro-intestinal t ract  may be  

delayed. This is endorsed by similar observations for indomethacin from 

osmotically controlled oral delivery systems 

When the TheogradR tablet was taken af te r  a meal, due to the delayed gas- 

tric emptying rate  caused by food intake, the initial absorption rate  was 

found to be slow. However a f te r  I hour, the absorption rate  increased and 

became of the same order of magnitude as t h e  initial ra te  observed on pre- 

prandial administration of the drug. It is conspicuous that in the former case 

t h e  steep segment of t h e  absorption rate  profile was found to be t w i c e  as 

long as that of t h e  preprandial curve. So it is l i ke ly  that  the food induced 

increase i n  t h e  gastro-intestinal motility produced erosion of the leached 

matrix. This is endorsed by feacal examination by the volunteers: only on 

preprandial administration of the sustained release tablet a small remainder 

of the tablet was found occasionally i n  the feaces. After 5 to 6 hours the 

curve flattened. This together with the observation that a f te r  5 hours 55% 

of t h e  drug was released, indicated that further release was matrix controlled. 

In conclusion, on preprandial administration of a matrix type of sustained 

release theophylline tablet (Theograd ) it is l i ke ly  that the release of t h e  

drug is matrix controlled. After 12 hours 54% and af ter  30 hours 65% of the 

drug had been absorbed. The in-vivo release could succesfully be simulated 

by means of the  paddle method and the stationary basket-rotating paddle 

method, both a t  rotational speeds of the paddle u p  to 50 r.p.m. 

When  the TheogradR was taken af ter  a meal, the bioavailability of t h e  drug 

was found to be greatly enhanced: af ter  12 hours 77% and af te r  30 hours 90% 

of the drug was absorbed. In vitro release studies demonstrated that the empty 

matrix was structurally very weak. I t  is plausible that the food induced increase 

of the gastro-intestinal motility caused partial erosion of only the empty matrix,  

resulting in  a significant increase in the bioavailability of the drug. Because 

12 . . , it IS postulated that t h e  absorption of the dis- 

22 . 

R . .  . 
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DELIVERY MECHANISMS OF THEOPHYLLINE 505 

only t h e  empty matrix was found to erode and not that  part of the  tablet from 

which  the drug has not y e t  been dissolved, it is very un l ike ly  that  t h e  erosion 

will  lead to dose-dumping. 

ACKNOWLEDGEMENTS 

W e  are grateful to Abbott, The Netherlands for their financial support. 

REFERENCES 

1.  C. Bogentoft and J .  Sjogren, invowards Better Safety of Drugs and 

Pharmaceutical Products," D.D. Breirner ed., Elsevier, Amsterdam, 

1980, p. 229. 

2. P.G. Welling, Drug Dev. Ind. Pharm.,9, 1185 (1983). 

3. L Hendeles, M. Weinberger and G. Johnson, Clin. Pharmacokin., 3, 294 

(1978). 

4. L. Hendeles, R.P. lafrate  and M. Weinberger, Clin. Pharmacokin., 9 ,  

95 (1984). 

5. D.L. Sprangler, D.D. Kalof, F.L. Bloom and H.J.  Witting, Ann. Allergy 

40, 6 (1978). 

T. Mellstrand, N .  Svedrnyr and P. Fagerstrorn, Eur.  J .  Resp. Dis. Suppl. 

109,54 (1980). 

7. R.A. Upton, J .  Thiercelin, T.W. Guentert ,  L. Samsorn, J . R .  Powell ,  P.E. 

Coates and S. Riegelrnan, J .  Pharrnacokin. Biopharm., 8 ,  131 (1980). 

8. A.F. Isles, P.H. Scot t ,  E. Tabachnik, H. Levison, S.M. MacLeod, C. Newth, 

and M. Spino, in  "Drug Metabolism in t h e  Immature Human", L.F. Soyka and 

G.P. Redmond eds. Raven Press, N e y  York, 1981, p. 241. 

9. J.H.G. Jonkrnan, R. Schoenmaker, N .  Grimberg and R.A. De Zeeuw, Int. 

J .  Pharrn. 8 ,  153 (1981). 

10. S. Pedersen and J .  Moeller-Petersen, Allergy 37, 531 (1983). 

1 1 .  P .J .  Thopson, M.W. Kemp, W.A.C. McAllister and M. Turner-Warwick, 

Br. J .  Dis. Chest 77, 293 (1983). 

12. M. Lagas and J.H.G. Jonkrnan, Eur. J .  Clin. Pharrnac., 24, 761 (1983). 

13. M. Lagas and J.H.G. Jonkrnan, Accepted for publication in  Pharrn. 

Weekblad, Sci. Ed. 

6 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



LAGAS A N D  JONKMAN 506 

14. J.P. Crombeen and C.J .  De  Blaey, Pharm. Weeklblad Sci. Ed.,5,  65 (1983). 

15. C.F. Lerk and M. Lagas,  Pharm. Weekblad, 112, 925 (1977). 

16. J.H.G. Jonkrnan,  R .  Schoenmaker,  J .E. Greving and R.A. De Zeeuw,  Pharm. 

Weekblad Sci. Ed. 2 ,  19 (1980). 

17. J .  Wagner and E. Nelson, J .  Pharrn. Sci.,  58, 610 (1963). 

18. J.H.G. Jonkman, W.C. Berg and R.A. De  Zeeuw, in  'I Sustained Release 

Theophylline", F. W.H.M. Merkus and L. Hendeles eds. ,  Exce rp ta ,  Amsterdam, 

1983, p. 79. 

19. P. De  Haan and C.F. Lerk ,  Pharm. Weekblad Sci. Ed. 4, 191 (1982). 

20. E. She f t e r  and T. Higuchi, J ,  Pharm. Sci., 52, 781 (1963). 

21. J.C. Fokkens, J.G.M. van Amelsfoort ,  C. J .  De  Blaey, C.G. De  Kruyf and 

J .  Wilting, Int. J .  Pharm. 14, 79 (1983). 

22. J.D. Rogers,  Curren t  Med. Res. ,  8, 38 (1983). 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


