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A B S T R A C T  

The s t r o n g  i n f l u e n c e  e x e r t e d  by t h e  g r e a t l y  vary-  
i ng  normal g a s t r o i n t e s t i n a l  f u n c t i o n s  on t h e  the rapeu-  
t i c  va lue  of a c o n t r o l l e d - r e l e a s e  s i n g l e - u n i t  dose i s  
e l u c i d a t e d  by a review of t h e  l i t e r a t u r e .  In  t h i s  s e t -  
t i n g ,  t h e  mu1 t i p l e - u n i t s  dose compr is ing  hundreds of 
min i -depo t s  p r e s e n t s  a h i g h l y  p r e f e r a b l e  a l t e r n a t i v e  
which i s  due t o  a g r e a t e r  p r e d i c t a b i l i t y  and reprodu-  
c i b i l i t y  o f  i t s  t h e r a p e u t i c  e f f e c t  a s  wel l  a s  a lower-  
ed r i sk  of s i d e  e f f e c t s .  

INTRODUCTION 

S u s t a i n e d  r e l e a s e ,  prolonged a c t i o n ,  and r e p e a t  
a c t i o n  a r e  d e s i g n a t i o n s  t h a t  c h a r a c t e r i z e  o r a l  pharma- 
c e u t i c a l  f o r m u l a t i o n s ,  each wi th  a p a r t i c u l a r  kind of 
pro longed  and /o r  de layed  d r u g  r e l e a s e  ( 1 ) .  These de- 
s i g n a t i o n s  have,  however,  s i m i l a r  t o  s e v e r a l  o t h e r  l e s s  
c l e a r l y  c h a r a c t e r i z i n g  terms such a s  slow r e l e a s e ,  t i -  
med r e l e a s e ,  and de layed  r e l e a s e ,  been used i n d i s c r i -  
m i n a t e l y  f o r  s o  long t h a t  t hey  may be r e p l a c e d  by t h e  
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54 BECHGAARD AND NIELSEN 

common d e s i g n a t i o n  controZZed release w i t h o u t  f u r t h e r  

l o s s  o f  meaning. 

a s  much a s  i t  s o l v e s  t h e  problem of a confused  nomen- 
c l a t u r e ,  b u t  i t  d o e s ,  however,  no t  r e v e a l  whether  each 
dose i s  fo rmula t ed  t o  remain one u n d i s i n t e g r a t e d  u n i t ,  
o r  whether  i t  i s  composed o f  a l a r g e  number of min i -  
depo t s  ( s u b - u n i t s )  d i s p e n s e d  i n  a c a p s u l e  o r  a t a b l e t .  
In o u r  o p i n i o n ,  a c l e a r  d i s t i n c t i o n  must be made b e -  
tween t h e s e  two f o r m u l a t i o n s ,  a n d  t o  s e r v e  t h i s  purpose  
t h e  f u t u r e  use  of t h e  te rms  single-unit d o s e  a n d  muZ- 
t i p Z e - u n i t s  dose, r e s p e c t i v e l y ,  i s  proposed ( 2 ) .  

Mainly based on a rev iew of  t h e  l i t e r a t u r e ,  t h e  
d i f f e r e n c e s  between them, pha rmaceu t i ca l  a s  wel l  a s  
c l i n i c a l ,  w i l l  be po in ted  o u t ,  and i t  w i l l  be empha- 
s i z e d  t h a t  i n  many c a s e s  i t  i s  h i g h l y  impor t an t  t o  know 
whether  a p roduc t  i s  a s i n g l e - u n i t  o r  a m u l t i p l e - u n i t s  
formul a t i  on.  

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

DEFINITIONS A N D  PREREQUISITES FOR O R A L  DEPOTS 

A s i n g l e - u n i t  d o s e ,  e . g .  a m a t r i x  t a b l e t  o r  a t a b -  
l e t  enc losed  i n  a d i f f u s i o n  membrane, i s  a depo t  which 
r e l e a s e s  a d r u g  d u r i n g  t h e  pas sage  of t h e  e n t i r e  a l i -  
mentary cana l  w i t h o u t  d i s i n t e g r a t i n g .  The empty c o r e  
o r  s h e l l  i s  d i s c h a r g e d  ( 3 ) .  To r e t a i n  a depo t  e f f e c t  
i t  i s  i m p e r a t i v e  t h a t  t h e  dose  u n i t  i s  swallowed i n -  
t a c t  (4,5) a s  d i v i d i n g  i t  would r e s u l t  i n  an un in tend-  
ed r a p i d  d r u g  r e l e a s e  (6). 

A m u l t i p l e - u n i t s  dose c o n s i s t s  of many m i n i - d e p o t s ,  
e . g .  p e l l e t s  o r  mic roencapsu la t ed  c r y s t a l s  c o n t a i n e d  i n  
a c a p s u l e  o r  a t a b l e t .  These hundreds of min i -depo t s  
a r e  d i s p e r s e d  a n d  d i s t r i b u t e d  th roughou t  t h e  g a s t r o i n -  
t e s t i n a l  t r a c t  when the  c a p s u l e  o r  t a b l e t  d i s i n t e g r a t e s  
( 7 , 8 , 9 , 9 a ) .  A m u l t i p l e - u n i t s  t a b l e t  may t h u s  b e  d i v i d -  
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CONTROLLED-RELEASE DOSES 55 

ed a t  i n g e s t i o n  wi thou t  l o s s  of t h e  depot  e f f e c t ,  a s  
t h e  s u b - u n i t s  a c t  a s  s e l f - c o n t a i n e d  depo t s  ( l o ) ,  Table  
1 .  

Not every  a c t i v e  agen t  l ends  i t s e l f  t o  a c o n t r o l -  
l e d - r e l e a s e  f o r m u l a t i o n  ( 5 , l l  , l Z ) .  This  may be due ,  
p a r t l y  t o  phys ica l -chemica l  c o n d i t i o n s ,  p a r t l y  t o  p h a r -  
macok ine t i c ,  pha rmaco log ica l ,  o r  t o x i c o l o g i c a l  f e a t u r e s  
of t h e  d r u g ,  and t h e  c o n s i d e r a t i o n s  r e q u i r e d  i n  t h i s  
c o n t e x t  a r e  t o  a l a r g e  e x t e n t  independent  of whether  
t h e  depot  p r e p a r a t i o n  be ing  contempla ted  i s  of t h e  s i n -  
g l e - u n i  t o r  t h e  mu1 t i  p le -uni  t s  t ype .  

On t h e  o t h e r  h a n d ,  t h e  d i f f e r e n c e  a s  r e g a r d s  a t -  
t a i n i n g  a r e p r o d u c i b l e  t h e r a p e u t i c  e f f e c t  may be con- 
s i d e r a b l e ,  a s  t h e  e f f e c t s  of a s i n g l e - u n i t  a n d  a mul- 

T A B L  

SINGLE-UNIT D O S E  

D e f i i  

O r a l  p h a r m a c e u t i c a l  f o r m u l a -  

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

Exam 

E n t e r i c - c o a t e d  t a b l e t s  p a s -  

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

T i m e d - r e l e a s e  c o a t e d  t a b l e t s ,  

m a t r i x  t a b l e t s ,  e t c .  p a s s i n g  

t h r o u g h  t h e  e n t i  r e  a1 i m e n t a r y  

c a n a l .  

1 .  

MULTIPLE-UNITS D O S E  

t i o n s  

O r a l  p h a r m a c e u t i c a l  f o r m u l a -  

t i o n  c o n s i s t i n g  o f  a u n i t  

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

o f  s u b - u n i  t s .  

I es  

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

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

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

g r a t i o n .  

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

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

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

d i s i n t e g r a t i o n .  
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BECHGAARD AND NLELSEN 56 

t i p l e - u n i t s  dose a r e  not  e q u a l l y  dependent  on phys io-  
l o g i c a l  f u n c t i o n s  l i k e  g a s t r i c  emptying and i n t e s t i n a l  
m o t i l i t y .  

T H E  INFLUENCE OF GASTRIC EMPTYING A N D  I N T E S T I N A L  MOTI- 
LITY 

G a s t r i c  emptying i s  s u b j e c t  t o  b o t h  neu ra l  and h o r -  
monal r e g u l a t i o n  a p a r t  from be ing  i n f l u e n c e d  by f a c t o r s  
l i k e  t h e  deg ree  o f  d i s t e n s i o n ,  compos i t ion  and v i s c o s i -  
t y  o f  t h e  stomach c o n t e n t s  as wel l  a s  pH and tempera-  
t u r e  ( 1 3 , 1 4 ) .  

i n t e r - i n d i v i d u a l  v a r i a t i o n  i s  l a r g e .  Unaf fec t ed  by 
e x t e r n a l  i n f l u e n c e  g a s t r i c  emptyings may t a k e  p l a c e  a t  
i n t e r v a l s  of 3-10 hours ( 1 5 ) .  In  a d d i t i o n ,  d r u g  a c t -  
i ons  may come i n t o  p l a y .  Thus g a s t r i c  emptying i s  i n -  
h i b i t e d  by a n t i c h o l i n e r g i c s  and n a r c o t i c  a n a l g e t i c s  
w h i l e  enhanced by metoc lopramide  ( 1 6 ) .  

a d e l e t e r i o u s  i n f l u e n c e  o n  t h e  r e p r o d u c i b i l i t y  of t h e  
t h e r a p e u t i c  e f f e c t  o f  a d r u g  a s  r e p o r t e d  f o r  l -dopa  and 
d i g i t o x i n  ( 1 7 , 1 8 ) .  I n  many c a s e s  n o t  on ly  t h e  r a t e  b u t  
a l s o  t h e  e x t e n t  of b i o a v a i l a b i l i t y  i s  a f f e c t e d  ( 1 6 , 1 9 )  
and ,  of c o u r s e ,  t h e  more so when the  f o r m u l a t i o n  o f  t h e  
d r u g  r e q u i r e s  a p rope r  comple te  g a s t r i c  emptying f o r  
i t s  p y l o r i c  p a s s i n g ,  i . e .  w h e n  t h e  d r u g  can be p r e s e n t  
e i t h e r  i n  t h e  stomach or i n  t h e  sma l l  i n t e s t i n e  e x c l u -  
s i v e l y .  

Th i s  i s  e x a c t l y  the c a s e  of  the  c o n t r o l l e d - r e l e a s e  
s i n g l e - u n i t  dose  which having  c o n s i d e r a b l e  d imens ions  
(10-16 m m  i n  d i a m e t e r )  i s  unab le  t o  r each  t h e  smal l  i n -  
t e s t i n e  i n d e p e n d e n t l y  of g a s t r i c  emptying.  Accord ing ly  
the emptying of u n d i s i n t e g r a t e d  t a b l e t s  from t h e  stom- 
ach  shows v a r i a t i o n s  r ang ing  from l e s s  t han  3 t o  more 
than  7 hours  ( 2 0 , 2 1 ) .  

Due t o  t h e  m u l t i t u d e  of  c a u s e s ,  both t h e  i n t r a -  and 

The l a r g e  v a r i a b i l i t y  of g a s t r i c  emptying may have 
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As many d r u g s  show op t imum a b s o r p t i o n  i n  t h e  u p p e r  
s m a l l  i n t e s t i n e ,  a l a s t i n g  d e t e n t i o n  o f  t h e  dose  i n  t h e  
s tomach  m i g h t  i m p l y  a s e v e r e l y  d e l a y e d  a b s o r p t i o n .  Ac-  
c o r d i n g  t o  H e a d i n g  e t  aZ. t h e  r a t e  o f  a b s o r p t i o n  i n  man 
i s  d i r e c t l y  r e l a t e d  t o  t h e  g a s t r i c  e m p t y i n g  r a t e  ( 2 2 ) .  

An a d d i t i o n a l  d e l a y  may o c c u r  i f  t h e  amount o f  d r u g  r e -  

l e a s e d  i n  t h e  s tomach i s  d i l u t e d  b y  becoming  i n t i m a t e l y  
m i x e d  w i t h ,  and p o s s i b l y  a d s o r b e d  t o ,  t h e  b u l k  o f  f o o d  

( 2 3 ) .  

I f  t h e  d r u g  r e l e a s e  f r o m  t h e  d e p o t  i s  pH-dependen t ,  
e .g .  l o w  i n  an  a c i d  e n v i r o n m e n t ,  t h e  r e l e a s e  p r o c e s s  
w i l l  o n l y  g e t  p r o p e r l y  s t a r t e d  when t h e  d e p o t  i s  emp- 
t i e d  i n t o  t h e  i n t e s t i n e .  A l s o  i n  t h i s  c a s e  t h e  b i o -  
a v a i l a b i l i t y  r a t e  w i l l  depend c l o s e l y  o n  g a s t r i c  emp- 
t y i n g ,  and t h e  r e p r o d u c i b i l i t y  o f  t h e  e f f e c t  i s  r e n -  
d e r e d  q u e s t i o n a b l e  ( 2 4 ) .  

A p a r t i c u l a r  d i s a d v a n t a g e  c o n n e c t e d  w i t h  t h e  i n -  
c l i n a t i o n  o f  s i n g l e - u n i t  d e p o t s  t o  b e  t r a p p e d  i n  a n a r -  
row  passage  i s  c o n s t i t u t e d  b y  t h e  r i s k  o f  l o c a l  i r r i t a -  
t i o n  o r  e r o s i o n  when t h e  r e l e a s e d  a g e n t  c o n c e n t r a t e s  a t  
t h e  s i t e  o f  t h e  t r a p .  T h i s  r i s k  a t t r a c t e d  s p e c i a l  no -  
t i c e  i n  t h e  c a s e  o f  p o t a s s i u m  c h l o r i d e  (25 ,26 ,27 ) ,  and  

i t  s h o u l d  now p r e s e n t  a s i g n i f i c a n t  r e a s o n  f o r  r e f r a i n -  
i n g  f r o m  f o r m u l a t i n g  l o c a l  i r r i t a n t s  as  s i n g l e - u n i t  de-  

p o t s .  
A p p l i c a t i o n  o f  t h e  m u l t i p l e - u n i t s  dose  p r i n c i p l e  

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

f i c i e n t l y  s m a l l  ( d i a m e t e r  c 1  mm) t o  make p o s s i b l e  t h e i r  
p a s s a g e  t h r o u g h  t h e  p y l o r u s  even  be tween  i t s  a c t u a l  

o p e n i n g s  (7,8,9). 

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

ii) h i g h  l o c a l  d r u g  c o n c e n t r a t i o n  i s  a v o i d e d  s i n c e  t h e  

As a r e s u l t  o f  t h i s ,  i )  t h e  d r u g  may r e a c h  t h e  s i t e  
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58 BECHGAARD AND NIELSEN 

min i -depo t s  a r e  d i s p e r s e d  a n d  d i s t r i b u t e d  ove r  l a r g e  
s u r f a c e s ,  r educ ing  t h e  r i s k  o f  mucous i r r i t a t i o n ,  T a b -  
l e  2 .  

A n  a d j u s t m e n t  of t h e  r e l e a s e  r a t e  of t h e  depot  ac -  
co rd ing  t o  i t s  t r a n s i t  t ime through t h e  smal l  i n t e s t i n e  
i s  e s s e n t i a l  t o  t h e  achievement  o f  a s a t i s f a c t o r y  b i o -  
a v a i l a b i l i t y ,  a s  the  g r e a t e s t  a b s o r p t i o n  c a p a c i t y  i s  
g e n e r a l l y  posses sed  by t h i s  p a r t  o f  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 a r t i c u l a r l y  t h e  je junum and t h e  proximal  i l eum.  

S i n g l e - u n i t  p r e p a r a t i o n s  t end  t o  f o l l o w  t h e  food 
having a normal t r a n s i t  t ime  through t h e  smal l  i n t e s -  
t i n e  t h a t  v a r i e s  between 3 and 8 hours  ( 2 9 ) .  Accord- 

C h a r a c t e r 1  s t i  c s  

I 7 r a r s p n t - t  d e p e n d e n t  o n  

; a s  t c i  i e - i p t i i  n g .  

T r a n s o o r t  s t r o n g l y  i n -  

f l u e n c e d  by i n t e s t i n a l  

m o t i l i t y  a n d  t r a n s i t  t i m e  
o f  f o o d .  

V a r y i n g  r a t e  and  e x -  

t e n t  o f  b i o a v a i l a b i -  

l i t y .  

R i sk  o f  a c c u m u l a t i o n  

o f  d o s e s .  

R i sk  o f  h i g h  l o c a l  

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

R i sk  o f  l o c a l  i r r i t a -  
t i o n .  

m T a b l e t s  n o n - d i v i d a b l e  

I T r a n s p o r t  v i r t u a l l y  i n d e -  

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

I T r a n s p o r t  o n l y  m o d e r a t e l y  
a f f e c t e d  by i n t e s t i n a l  

m o t i l i t y  and  t r a n s i t  t i m e  

o f  f o o d .  

R e p r o d u c i b l e  b i o a v a i l -  

a b i l i t y .  

No r i s k  o f  a c c u m u l a t i o n  

o f  d o s e s  and  i t s  c o n -  

s e q u e n c e s .  

I T a b l e t s  d i v i d a b l e  
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i n g l y ,  6-10 hours i s  recommended by many a u t h o r s  a s  
t h e  maximum d u r a t i o n  of in v i t r o  r e l e a s e  from s i n g l e -  
u n i t  depo t s  ( 5 , 3 0 ) .  

a r e  d i s t r i b u t e d  f r e e l y  throughout  t h e  g a s t r o i n t e s t i n a l  
t r a c t ,  t h e i r  t r a n s p o r t  i s  t o  a g r e a t e r  e x t e n t  indepen-  
den t  of t h e  t r a n s i t  t ime of t h e  food .  Hence t h e  b io -  
a v a i l a b i l i t y  of t h e s e  products  i s  l e s s  s u b j e c t  t o  v a r i -  
a t i o n s  i n  b o t h  g a s t r i c  emptying and i n t e s t i n a l  t r a n s i t  
t ime ( 3 1 ) ,  p rovid ing  a more s e c u r e  i n t e r a c t i o n  between 
in v i t r o  r e l e a s e  a n d  b i o a v a i l a b i l i t y  and thus  a more 
r e p r o d u c i b l e  e f f e c t .  

F i n a l l y ,  t h i s  t ype  of fo rmula t ion  f a c i l i t a t e s  a 
b e t t e r  l o c a l i s a t i o n  of t h e  depot  t o w a r d s  t h e  optimum 
a b s o r p t i o n  s i t e  a s  a n  ad jus tment  of t h e  s i z e  and s p e c i -  
f i c  g r a v i t y  of t h e  mini -depots  may be used t o  i n f l u e n c e  
- e s p e c i a l l y  reduce - t h e i r  t r a n s i t  t ime ( 3 2 ) .  

A s  t h e  s u b - u n i t s  of t h e  m u l t i p l e - u n i t s  f o r m u l a t i o n s  

P L A S M A  CONCENTRATION 

Depending o n  t h e  o v e r - a l l  a b s o r b a b i l i t y  of t h e  ac -  
t i v e  agen t  t h e  plasma c o n c e n t r a t i o n / t i m e  curve  w i l l  
s h o w  a c e r t a i n  degree  of i n t r a -  and i n t e r - i n d i v i d u a l  
v a r i a t i o n s .  Changing from i n s t a n t  r e l e a s e  t o  timed r e -  
l e a s e  w i l l  u s u a l l y  produce an i n c r e a s e  i n  t h i s  v a r i a -  
t i o n ,  because a n  e x t e r n a l  f a c t o r  i s  added t o  t h e  phy- 
s i o l o g i c a l  f a c t o r s  governing t h e  a b s o r p t i o n ,  d i s t r i b u -  
t i o n ,  and e l i m i n a t i o n  of t h e  d r u g  ( 3 3 ) .  

The fo rmula t ion  of t h e  product  i s  e s s e n t i a l  t o  t h e  
i n f l u e n c e  on t h e  v a r i a n c e  by t h i s  new f a c t o r .  The p re -  
v ious  c o n s i d e r a t i o n s  sugges t  t h a t  by f a r  t h e  l a r g e s t  
c o n t r i b u t i o n  t o  t h e  v a r i a t i o n  w i l l  be supp l i ed  by t h e  
s i n g l e - u n i t  dose.  The easy  passage  through t h e  pylorus  
a n d  t h e  d i s p e r s a l  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  of t h e  
mini -depots  from a m u l t i p l e - u n i t s  dose sugges t  a more 
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60 BECHGAARD AND NIELSEN 

u n i f o r m  a b s o r p t i o n  and c o n s e q u e n t l y  f a v o u r s  a r ep rodu-  
c i b i l i t y  of plasma c o n c e n t r a t i o n  a n d  e f f e c t  t h a t  i s  
comparable  t o  t h a t  of a n  i n s t a n t - r e l . e a s e  dose .  

e a s i l y  o b t a i n e d  from the  l i t e r a t u r e .  I n  t h e  r e p o r t e d  
s t u d i e s ,  c o n v e n t i o n a l  t a b l e t s  o r  s o l u t i o n s  have been 
compared w i t h  e i t h e r  a s i n g l e - u n i t  p r e p a r a t i o n  o r  a 
m u l t i p l e - u n i t s  p r e p a r a t i o n  w h i l e  a d i r e c t  comparison 
between t w o  such p r e p a r a t i o n s  having  i d e n t i c a l  in u i t -  
r o  r e l e a s e  p r o f i l e s  has  n o t  y e t  been r e p o r t e d .  

A few d r u g s  a s  f o r  i n s t a n c e  a c e t y l s a l i c y l i c  a c i d  
( A S A )  have ,  however,  d u r i n g  t h e  y e a r s  been f o r m u l a t e d  
acco rd ing  t o  both the s i n g l e -  and t h e  m u l t i p l e - u n i t s  
p r i n c i p l e ,  i n  e n t e r i c - c o a t e d  a s  wel l  a s  i n  t r u e  con-  
t r o l l e d - r e l e a s e  f o r m u l a t i o n s .  Comparisons between t h e  
i n d i v i d u a l  s t u d i e s  performed may a l l o w  a t  l e a s t  c a u t -  
i o u s  c o n c l u s i o n s .  

C o r r o b o r a t i o n  of t h e s e  a s s u m p t i o n s ,  however,  i s  no t  

En te r i c -Coa ted  A S A  

Leonards & Levy ( 1 9 )  compared A S A  i n  a s o l u t i o n  wi th  
e n t e r i c - c o a t e d  s i n g l e - u n i t  A S A  t a b l e t s  and found t h a t  
t h e  r e p r o d u c i b i l i t y  o f  t h e  s a l i c y l a t e  plasma concen-  
t r a t i o n  o b t a i n e d  wi th  t h e  l a t t e r  was by f a r  t h e  p o o r -  
e s t ,  i n  p a r t i c u l a r  a s  r e g a r d s  t h e  t ime of maximum con- 
c e n t r a t i o n  w h i l e  t h e  l e v e l  was g e n e r a l l y  lower .  I n  
commenting on t h e i r  r e s u l t s  t h e  a u t h o r s  ment ion  t h a t  
a s  t h e  t r a n s p o r t  o f  s o l i d  o b j e c t s  from t h e  stomach t o  
t h e  i n t e s t i n e  i s  e s s e n t i a l l y  a random p r o c e s s ,  t h e  v a r -  
i a t i o n  would,  i n  a l l  p r o b a b i l i t y ,  have become even l a r -  
g e r  i f  the  dose  of t h e  e n t e r i c - c o a t e d  p r e p a r a t i o n  had 
c o n s i s t e d  of  one t a b l e t  i n s t e a d  o f  t h r e e .  Green ( 3 4 ) ,  
on t h e  o t h e r  h a n d ,  comparing o r d i n a r y  A S A  t a b l e t s  w i th  
t a b l e t s  of e n t e r i c - c o a t e d  A S A  m i c r o s p h e r u l e s ,  i . e .  a 
m u 1  t i p l e - u n i  t s  p r e p a r a t i o n ,  found plasma c o n c e n t r a t i o n s  
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CONTROLLED-RELEASE DOSES 6 1  

va ry ing  among a n d  w i t h i n  s u b j e c t s  t o  t h e  same magnitude 
f o r  both p r e p a r a t i o n s  and which were ,  moreover ,  s i m i l a r  
t o  t h e  v a r i a t i o n s  o b t a i n e d  wi th  A S A  s o l u t i o n s  i n  t h e  
s t u d y  by Leonards & Levy. 

C o n t r o l l e d - R e l e a s e  ASA 

Wiik e t  aZ. ( 3 5 )  compared t h e  plasma c o n c e n t r a t i o n s  
a f t e r  a d m i n i s t r a t i o n  of f o u r  t y p e s  of ASA p r e p a r a t i o n s ,  
Conven t iona l ,  s o l u b l e ,  and e n t e r i c - c o a t e d  t a b l e t s  a s  
wel l  a s  mic roencapsu la t ed  ASA t a b l e t s  w i th  a r e l e a s e  
r a t e  o f  approx ima te ly  20-25 % per  hour .  The a u t h o r s  
found t h e  l a r g e s t  v a r i a t i o n  i n  plasma c o n c e n t r a t i o n  
f o r  t h e  e n t e r i c - c o a t e d  t a b l e t s  w h i l e  t h e  deg ree  of 
v a r i a t i o n  f o r  microencapsu la t ed  ASA was comparable  t o  
t h a t  o f  p l a i n  t a b l e t s ,  whereas  t h e  s o l u b l e  t a b l e t s  pro-  
duced t h e  l e a s t  v a r i a t i o n .  

A l t o g e t h e r  t h e s e  r e s u l t s  s u g g e s t  t h a t  a d i r e c t  com- 
p a r i s o n  between a s i n g l e - u n i t  and a m u l t i p l e - u n i t s  dose  
wi th  i d e n t i c a l  in v i t r o  r e l e a s e  p r o f i l e s  w i l l  r e v e a l  a 
v a r i a t i o n  i n  plasma c o n c e n t r a t i o n  t h a t  i s  s m a l l e s t  f o r  
t h e  m u l t i p l e - u n i t s  d o s e ,  b u t  t h e r e  i s  a n  obvious  need 
f o r  a c t u a l  i n v e s t i g a t i o n s  i n  order t o  v e r i f y  t h e  t r u t h  
of t h i s  t h e o r y .  

TOXICOLOGICAL ASPECTS 

The t o x i c o l o g i c a l  impor tance  of i n c o r p o r a t i n g  a d r u g  
i n t o  one of t h e  t w o  d e s c r i b e d  t y p e s  of c o n t r o l l e d - r e -  
l e a s e  forms must be judged by e x p e r i e n c e s  from normal 
t h e r a p e u t i c  use  a s  wel l  a s  from overdosage  ( 4 ) .  

In  t h e r a p e u t i c  use  t h e  m u l t i p l e - u n i  t s  t a b l e t  h a s  
t h e  g r e a t  advantage  of be ing  d i v i d a b l e  w i t h o u t  t h e  
depo t  e f f e c t  be ing  des t royed  ( 1 0 ) .  A f l e x i b i l i t y  o f  
a d m i n i s t r a t i o n  s i m i l a r  t o  t h a t  of i n s t a n t - r e l e a s e  pro-  
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62 BECHGAARD AND NIELSEN 

d u c t s  i s  t h u s  p rov ided ,  and t h e  p o s s i b i l i t i e s  of a n  i n -  
d i v i d u a l l y  a d j u s t e d  dosage  i n  long- t e rm t r e a t m e n t  a r e  
i n c r e a s e d .  Consequen t ly ,  t h e  p a t i e n t  may b e n e f i t  from 
the advan tages  o f  a c o n t r o l l e d - r e l e a s e  f o r m u l a t i o n ,  i n -  
c l u d i n g  a reduced dosage  f r e q u e n c y ,  w i t h o u t  be ing  con- 
t i n u o u s l y  exposed t o  doses  i n  e x c e s s  of w h a t  i s  t h e r a -  
p e u t i c a l l y  r e q u i r e d  a s  may be t h e  c a s e  wi th  s i n g l e - u n i t  
d e p o t s .  

be more f i n e l y  p a r t i t i o n e d  w i t h o u t  t h e  r e l e a s e  r a t e  be- 
i n g  a l t e r e d .  Thus,  p a t i e n t s  who t r a d i t i o n a l l y  have 
c rushed  o r  chewed t h e i r  t a b l e t s  a t  i n g e s t i o n  may con-  
t i n u e  t o  d o  s o  w i t h o u t  r i s k i n g  a n  un in t ended  sudden r e -  
l e a s e  of a l a r g e  amount of drug c a u s i n g  a t o x i c  r e a c t -  
i o n .  

vo lves  s p e c i a l  problems.  O n  one hand t h e  s low r e l e a s e  
and consequen t ly  slow a b s o r p t i o n  i m p l i e s  a lower a c u t e  
t o x i c i t y ,  on t h e  o t h e r  hand t h e  l e s s  d r a m a t i c  appea ran -  
c e  of t h e  symptoms may r e s u l t  i n  an ove rdosage  be ing  
recognized  t o o  l a t e  and t h u s  r e n d e r  more d i f f i c u l t  t h e  
t r e a t m e n t  of po i son ing  ( 4 , 3 6 ) .  

A p a r t i c u l a r  problem of some of t h e s e  p r e p a r a t i o n s  
i s  posed b y  t h e  l a r g e r  amount o f  a c t i v e  i n g r e d i e n t  pe r  
dose  u n i t ,  a t  t imes  co r re spond ing  t o  s e v e r a l  doses  of  
u n r e t a r d e d  d r u g  which means t h a t  fewer  dose  e n t i t i e s  
a r e  r e q u i r e d  f o r  an ove rdosage .  Both by a c c i d e n t a l  
i n t a k e ,  e . g .  by c h i l d r e n  a n d  by in t ended  ove rdosage  
( s u i c i d e  a t t e m p t s )  such p roduc t s  a r e  dange rous ,  p a r t i -  
c u l a r l y  t h e  s i n g l e - u n i t  t y p e  due t o  t h e  r i s k  o f  a sud-  
den i n c r e a s e  of t h e  r e l e a s e  r a t e  caused  by a p h y s i c a l  
i n f l u e n c e  l i k e  chewing (5,6). 

D i s c u s s i o n s  conce rn ing  t h e  dange r  of depo t  p r e p a r a -  
t i o n s  t e n d ,  however,  t o  ove r look  t h e  f a c t  t h a t  t h e  pos- 

Bes ides  d i v i d i n g ,  a m u l t i p l e - u n i t s  t a b l e t  may a l s o  

Overdosage wi th  c o n t r o l l e d - r e l e a s e  p r e p a r a t i o n s  i n -  
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s i b i l i t y  of p reven t ing  a f a t a l  outcome of an overdosage  
may a t  t imes  be g r e a t e r  f o r  depot  p r e p a r a t i o n s  of t h e  
m u l t i p l e - u n i t s  type  than  f o r  i n s t a n t - r e l e a s e  p repa ra -  
t i o n s .  By e a r l y  r e c o g n i t i o n  o f  t h e  s i t u a t i o n  t h e  a b -  
s o r p t i o n  of some of t he  i n g e s t e d  d r u g  may be i n h i b i t e d  
by g a s t r i c  l a v a g e ,  a s  no t  on ly  a p a r t  of t h e  a l r e a d y  r e -  
l ea sed  d r u g  b u t  a l s o  t h e  min i -depo t s  can be r e t r i e v e d  
through t h e  tube  ( 4 ) .  S i n g l e - u n i t  t a b l e t s ,  on t h e  o t h e r  
hand, cannot  be r e t r i e v e d  i n  t h i s  f a s h i o n  ( 3 7 ) .  

L O C A L L Y  IRRITATING D R U G S  

There i s  gene ra l  agreement  t h a t  t o  p reven t  d r u g  r e -  
l a t e d  l o c a l  i r r i t a t i o n  and /o r  a n a e s t h e s i a  of mucous mem- 
b r a n e s ,  a h igh  l o c a l  d r u g  c o n c e n t r a t i o n  must be avoided 
anywhere i n  t h e  a l i m e n t a r y  c a n a l ,  be i t ,  Mouth, oeso-  
p h a g u s ,  s tomach,  or  i n t e s t i n e  ( 2 5 , 2 6 ) .  

A t  f i r s t  a t t e n t i o n  was main ly  pa id  t o  stomach i r r i -  
t a t i o n ,  a n d  e n t e r i c  c o a t i n g  became wide ly  adopted  a s  
t h e  s o l u t i o n  t o  t h i s  problem. F o r  some d rugs ,  however,  
t h i s  s o l u t i o n  o u g h t  t o  be cons ide red  o b s o l e t e ,  p a r t l y  
because  o f  t h e  e r r a t i c  o n s e t  of a c t i o n  ( 1 9 , 3 8 )  a n d ,  
p a r t l y  because  o f  t h e  not  so  i n f r e q u e n t  c a s e s  o f  s e v e r e  
mucous i r r i t a t i o n  o c c u r r i n g  i n  t h e  smal l  i n t e s t i n e  
where - due t o  t h e  i n s t a n t  d r u c  r e l e a s e  i n  t h i s  e n v i r o n -  
ment - t h e  l o c a l  d r u g  c o n c e n t r a t i o n  a c t u a l l y  may become 
very  l a r g e  ( 3 9 ) .  

In comparison t h e  c o n t r o l l e d - r e l e a s e  s i n g l e - u n i t  
p r o d u c t s ,  which r e t a i n  t h e i r  c o n t r o l  of t h e  d r u g  r e -  
l e a s e  du r ing  t h e  whole passage  t h r o u g h  t h e  body, do 
r e p r e s e n t  a s tep  forward w h e n  c o r r e c t l y  a p p l i e d  ( 4 0 , 4 1 ) .  
B u t  they  cannot  be cons ide red  comple t e ly  wi thou t  hazard  
because t h e i r  passage  l i k e  t h a t  of t h e  e n t e r i c - c o a t e d  
t a b l e t s  may be de layed  u n p r e d i c t a b l y  by t r a p p i n g  i n  t h e  
oesophagus ,  a t  t h e  p y l o r u s ,  or i n  i n t e s t i n a l  f o l d s  and 
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d i v e r t i c l e s  where e v e n t u a l l y  a s i g n i f i c a n t  amount of 
d r u g  may accumula t e  ( 4 2 - 5 3 ) .  

There i s  eve ry  r eason  t o  b e l i e v e  t h a t  c o n t r o l l e d  
r e l e a s e  a c c o r d i n g  t o  t h e  m u l t i p l e - u n i t s  p r i n c i p l e  i s  
by f a r  t h e  s u p e r i o r  s o l u t i o n .  The m i n i - d e p o t s  t h a t  
a r e  r e l e a s e d  u p o n  d i s i n t e g r a t i o n  of the c a p s u l e  or t a b -  
l e t  and d i s p e r s e d  s o l e l y  a s  a f u n c t i o n  o f  t ime a r e  d i s -  
t r i b u t e d  ove r  an a d e q u a t e l y  l a r g e  s u r f a c e  t o  p r e c l u d e  
a h igh  l o c a l  d r u g  c o n c e n t r a t i o n  anywhere.  N e i t h e r  do 
conv inc ing  r e p o r t s  e x i s t  d e s c r i b i n g  c a s e s  of i r r i t a -  
t i o n  o r  u l c e r a t i o n  of t h e  mucous membranes caused  by 
such p r e p a r a t i o n s ,  and they  a r e  recommended by s e v e r a l  
a u t h o r s  a s  a means of  p r e v e n t i n g  t h i s  r i s k  ( e . g . 4 8 , 5 0 ) .  
B e s i d e s ,  both c l i n i c a l  t r i a l s  and animal  expe r imen t s  
w i th  well-known i r r i t a n t s  l i k e  po ta s s ium c h l o r i d e  and 
A S A  conf i rm t h a t  m u l t i p l e - u n i t s  p r o d u c t s  a r e  t o l e r a t e d  
s i g n i f i c a n t l y  b e t t e r  t han  s i n g l e - u n i t  p r o d u c t s  such a s  
e n t e r i c - c o a t e d  t a b l e t s  and m a t r i x  t a b l e t s  ( 5 4 , 5 5 ) .  

C O N C L U S I O N  

R e p r o d u c i b i l i t y  w i t h  r e s p e c t  t o  t h e r a p e u t i c  e f f e c t  
a s  wel l  a s  the  lowes t  p o s s i b l e  r i s k  of s i d e  e f f e c t s  
a r e  demands t h a t  any modern pha rmaceu t i ca l  f o r m u l a t i o n  
should  f u l f i l ,  e s p e c i a l l y  w h e n  i n t e n d e d  f o r  long- te rm 
t r e a t m e n t  which a p p l i e s  t o  most c o n t r o l l e d - r e l e a s e  p re -  
p a r a t i o n s .  

The p r e s e n t  knowledge s u g g e s t s  t h a t  t h e  meet ing  of  
t h e  demands v a r i e s  c o n s i d e r a b l y  i n  e x t e n t  a c c o r d i n g  t o  
whether  t h e  s i n g l e - u n i t  dose  p r i n c i p l e  o r  t h e  m u l t i p l e -  
u n i t s  dose  p r i n c i p l e  i s  a p p l i e d .  

o f  s i d e  e f f e c t s  t h e  l a t t e r  a p p e a r s  p r e f e r a b l e .  The 
main r e a s o n s  f o r  t h i s  s u p e r i o r i t y  a r e ,  i )  t h a t  t h e  pas-  

Both w i t h  r e s p e c t  t o  r e p r o d u c i b i l i t y  and low r i s k  D
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sage  o f  t h e  d r u g  t h r o u g h  t h e  a l i m e n t a r y  c a n a l  has  a h i g h  
d e g r e e  o f  i ndependence  o f  t h e  mechanisms d e t e r m i n i n g  t h e  
r h y t h m  o f  f o o d  t r a n s p o r t ,  i n  p a r t i c u l a r  o p e n i n g  o f  t h e  
p y l o r u s ,  and ii) t h a t  t h e  d r u g  i s  r a p i d l y  d i s t r i b u t e d  

o v e r  a l a r g e  s u r f a c e  w h i c h  s e c u r e s  op t imum u t i l i z a t i o n  
o f  t h e  a b s o r p t i o n  c a p a c i t y  a l o n g  w i t h  a r e d u c e d  o r  e l i -  

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