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

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

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

a l o n g e r  t ime b y  t h e  f o o d  i n  t h e  u p p e r  p a r t s  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 ,  w h i c h  f a v o u r  d r u g  a b s o r p t i o n .  
I t  i s  c o n c l u d e d  t h a t  a b s o r p t i o n  of v e r a p a m i l  f r o m  t h e  
c o l o n  i s  a l s o  e f f e c t i v e  a n d  c a n  b e  u t i l i z e d  i n  s u s t a i n e d -  
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1594 MARVOLA ET AL. 

r e l e a s e  f o r m u l a t i o n s .  The r a t i o  o f  AUC v a l u e s  o f  

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

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

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

mos t  o f  t h e  d r u g  i n t o  t h e  c o l o n .  

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

I n  t h e  deve lopmen t  o f  s u s t a i n e d - r e l e a s e  f o r m u l a -  

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

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

a b s o r p t i o n  i n  v a r i o u s  r e g i o n s  o f  t h e  G . I .  t r a c t .  Our 

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

t i o n  o f  v e r a p a m i l  h y d r o c h l o r i d e  ( 9 0  mg) showed sub-  

s t a n t i a l l y  p r o l o n g e d  d r u g  a b s o r p t i o n  (1). A f t e r  a 

s i n g l e  dose i n  h e a l t h y  v o l u n t e e r s  t h e  mean v e r a p a m i l  

serum l e v e l s  between 4 and 24  h r a n g e d  f r o m  11 t o  1 6  

n g a m l - l .  I t  has  been c l a i m e d  t h a t  d r u g  r e l e a s e d  more 

t h a n  8 t o  12 h a f t e r  o r a l  a d m i n i s t r a t i o n  c a n n o t  be 

u t i l i z e d  ( 2 - 3 ) .  However, p h a r m a c o k i n e t i c  c a l c u l a t i o n s  

based on o u r  r e s u l t s  showed t h a t  a b s o r p t i o n  mus t  a l s o  

have o c c u r r e d  8 and even  1 2  h a f t e r  d o s i n g .  I f  t h i s  

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

plasma a t  1 2  and 2 4  h w o u l d  have been much l o w e r  

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

5 t o  6 h. However, w i t h  t h e  p r o c e d u r e  used  i n  o u r  

p r e v i o u s  s t u d y  i t  was n o t  p o s s i b l e  t o  d e t e r m i n e  f r o m  

w h i c h  p a r t  o f  t h e  G . I .  t r a c t  a b s o r p t i o n  had  o c c u r r e d .  

The t r a n s i t  o f  d r u g  p r e p a r a t i o n s  i n  t h e  G . I .  

t r a c t  has u s u a l l y  been s t u d i e d  by  two  d i f f e r e n t  

methods. The f i r s t  i n v o l v e s  i n c l u s i o n  o f  a r a d i o -  

opaque m a t e r i a l  i n t o  t h e  p r o d u c t ,  e n a b l i n g  i t  t o  be 

v i s u a l i z e d  on r a d i o g r a p h s .  The second method i s  t o  

i n c l u d e  a gamma-emi t t i ng  r a d i o n u c l i d e  i n  t h e  f o r m u l a -  

t i o n ,  a l l o w i n g  e x t e r n a l  o b s e r v a t i o n  w i t h  a gamma 
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TRANSIT AND ABSORPTION OF VERAPAMIL 1595 

camera  o r  s c i n t i s c a n n e r .  These  two  methods  a r e  r e -  

v i e w e d  b y  F e l l  and  D i g e n i s  ( 4 ) .  B o t h  m e t h o d s  a r e  u s u -  

a l l y  a p p l i e d  t o  e x p e r i m e n t a l  f o r m u l a t i o n s  c o n t a i n i n g  
a m o d e l  s u b s t a n c e  (e.g.  b a r i u m  s u l p h a t e  o r  99mTc- 

l a b e l l e d  diethylenetriaminepenta-acetic a c i d ) ,  n o t  a 

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

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

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

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

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

m o n i t o r e d  u s i n g  a s c i n t i g r a p h i c  me thod  ( 5 )  and  a new 

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

c o n v e n t i o n a l  f o r m u l a t i o n s  ( 6 ) .  
The a i m  o f  t h e  p r e s e n t  s t u d y  was t o  d e v e l o p  a 

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

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

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

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

t i m e  was a l s o  s t u d i e d .  

MATERIALS AND METHODS 

D r u g  p r o d u c t  

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

a r e  shown i n  F i g .  1. The t a b l e t  was a n a l o g o u s  t o  t h a t  

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

s t a i n l e s s  s t e e l  b a l l  i n  t h e  c o r e .  The b a l l  was a d d e d  

d u r i n g  m a n u a l  t a b l e t i n g  once  h a l f  t h e  g r a n u l e s  h a d  

b e e n  w e i g h e d  i n  t h e  d i e .  The s t a i n l e s s  s t e e l  b a l l  d i d  

n o t  s i g n i f i c a n t l y  change  t h e  i n - v i t r o  r e l e a s e  p a t t e r n  

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

USP p a d d l e  method ( t s o %  v a l u e  4.3 h ) .  More d e t a i l e d  

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

p e r t i e s  o f  t h e  t a b l e t  i s  g i v e n  e l s e w h e r e  ( 7 ) .  
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1596 MARVOLA ET AL. 

ETHYLCELLULOSE/HYDROXYPROPYL METHYLCELLULOSE C O A T  

V e r a p a m i l  
h y d r o c h l o r i d e  i: ;; S t a i n l e s s  s t e e l  

L a c t o s e  b a l l  6 2 mm 

G e l a t i n  q.s. 

FIGURE 1 
F i l m - c o a t e d  s u s t a i n e d - r e l e a s e  v e r a p a m i l  t a b l e t  c o n t a i n i n g  
a s t a i n l e s s  s t e e l  b a l l  f o r  r a d i o g r a p h i c  v i s u a l i z a t i o n .  

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

Seven h e a l t h y  ma le  v o l u n t e e r s ,  aged 20 t o  44 y 

(mean 26 y), w e i g h i n g  65  t o  80 k g  (mean 73 k g )  were 

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

t h e  s t u d y  and t h e i r  w r i t t e n  c o n s e n t  was o b t a i n e d .  

R o u t i n e  c l i n i c a l  t e s t s  showed t h a t  a l l  s u b j e c t s  had  

v a l u e s  w i t h i n  n o r m a l  r a n g e s .  The E t h i c a l  Commi t tee  o f  

t h e  H o s p i t a l  o f  H e l s i n k i  Deaconess I n s t i t u t e  a p p r o v e d  

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

I n i t i a l l y ,  a p i l o t  t e s t  was c a r r i e d  o u t  o n  one 

v o l u n t e e r  u s i n g  d r u g  a d m i n i s t r a t i o n  a t  0 and 6 h. 

S u b s e q u e n t l y  t h e  m a i n  c r o s s - o v e r  s t u d y  was c a r r i e d  

o u t  on s i x  v o l u n t e e r s .  I n  t h e  f i r s t  p a r t  f a s t i n g  con -  

d i t i o n s  ( o v e r n i g h t  f a s t )  were used.  I n  t h e  m o r n i n g  a t  

8 a.m. each s u b j e c t  t o o k  one t a b l e t  w i t h  100  m l  o f  t a p  

w a t e r .  Food was s u b s e q u e n t l y  w i t h h e l d  f o r  3 h, f o l l o w -  

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

sampled ( 1 0  m l )  j u s t  b e f o r e  and 2, 4,  8 ,  1 2 ,  24 and 
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TRANSIT AND ABSORPTION OF VERAPAMIL 1597 

F I G U R E  2 
P o s i t i o n s  o f  two s u s t a i n e d -  
r e l e a s e  f i l m - c o a t e d  t a b l e t s  
a d m i n i s t e r e d  ( A )  8 h a n d  ( B )  
2 h b e f o r e  X-ray ( f a s t i n g  
c o n d i t i o n s ) .  

32 h a f t e r  d o s a g e .  I m m e d i a t e l y  f o l l o w i n g  e a c h  b l o o d  
s a m p l e  ( e x c e p t  a t  0 and  32  h )  a n  X-ray  was t a k e n  t o  
d e t e r m i n e  t h e  p o s i t i o n  o f  t h e  t a b l e t  i n  t h e  G . I .  t r a c t .  

One w e e k  l a t e r  t h e  t e s t  was r e p e a t e d  u s i n g  non-  

f a s t i n g  c o n d i t i o n s .  g u s t  p r i o r  t o  d r u g  a d m i n i s t r a t i o n  
a s t a n d a r d  h e a v y  b r e a k f a s t  was s e r v e d  c o n s i s t i n g  o f  
o a t  p o r r i d g e  (400 g ) ,  m i l k  (200  m l ) ,  o n e  e g g ,  two 
w h e a t  r o l l s ,  b u t t e r  ( 1 0  g ) ,  cheese ( 4 0  g ) ,  o r a n g e  j u i c e  
(100 m l )  a n d  c o f f e e  o r  t e a  (200  m l ) .  A s t a n d a r d  l u n c h  
was s e r v e d  3 h l a t e r .  

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.



1598 MARVOLA ET AL. 

FIGURE 3 
G a s t r o i n t e s t i n a l  t r a n s i t  o f  t w o  
s u s  t a  i n e d - r e l e a s e  f i l m - c o a  t e d  
t a b l e t s  u n d e r  n o n - f a s t i n g  c o n d i -  
t i o n s .  D r u g  d o s i n g  ( A )  a t  8 a.m. 
a n d  (6) a t  2 p.m. T i m i n g  o f  t h e  
X - r a y s :  2,4 , 8 ,  1 2  a n d  24 h 
a f t e r  i n g e s t i o n  o f  T a b l e t  A .  

V e r a p a m i l  a n d  i t s  a c t i v e  m e t a b o l i t e  n o r v e r a p a m i l  
0 were a s s a y e d  f r o m  serum ( f r o z e n  a t  -18 c )  u s i n g  a 

g a s  c h r o m a t o g r a p h i c / m a s s  s p e c t r o m e t r i c  m e t h o s  ( 1 ) .  T h e  
d e t e c t i o n  l i m i t  o f  t h e  m e t h o d  w a s  0.1 n g - m l - l .  T h e  

a r e a s  u n d e r  t h e  c o n c e n t r a t i o n - t i m e  c u r v e s  (AUCo-32h 1 
were c a l c u l a t e d  by  t h e  t r a p e z o i d a l  m e t h o d .  S t a t i s t i c a l  
e v a l u a t i o n s  were c a r r i e d  o u t  u s i n g  t h e  p a i r e d  W i l c o x o n  
t e s t  a n d  p a i r e d  S t u d e n t  t - t e s t .  

RESULTS 

Tes ts  were c a r r i e d  o u t  i n  o n e  v o l u n t e e r  t o  d e t e r -  
m i n e  w e a t h e r  t r a n s i t  o f  t h e  f o r m u l a t i o n  c o u l d  b e  f o l l o w -  
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TRANSIT AND ABSORPTION OF VERAPAMIL 1599 

FIGURE 3 CONTINUED 

e d  r a d i o g r a p h i c a l l y  f o r  up  t o  2 4  h .  The f i r s t  t e s t  w a s  

c a r r i e d  o u t  u n d e r  f a s t i n g  c o n d i t i o n s .  The d r u g  w a s  a d -  
min i s tered  a t  8 a . m .  a n d  2 p.m.  The X - r a y  t a k e n  a t  4 p . m .  
s h o w e d  b o t h  t a b l e t s  t o  b e  s i t u a t e d  i n  t h e  t e r m i n a l  
i l e u m  ( F i g .  2 ) .  The s e c o n d  t e s t  w a s  p e r f o r m e d  w i t h  t h e  
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same v o l u n t e e r  u n d e r  n o n - f a s t i n g  c o n d i t i o n s  a n d  u s i n g  
t h e  o r d i n a r y  p r o c e d u r e  c o n t a i n i n g  a l l  f i v e  X - r a y s  
( F i g .  3 ) .  T a b l e t  A was g i v e n  a t  8 a.m. a n d  T a b l e t  B 

( h a v i n g  a sma l l  n o t c h  f o r  i d e n t i f i c a t i o n )  a t  2 porn.  
T a b l e t  A r e m a i n e d  i n  t h e  s t o m a c h  f o r  a t  l e a s t  1 2  h ,  
T a b l e t  B o n l y  f o r  a b o u t  4 h .  T h e  r a d i o l o g i s t  i n  o u r  
g r o u p  h a d  n o  d i f f i c u l t y  l o c a t i n g  t h e  t a b l e t s  o n  t h e  
X - r a y s .  

c r o s s - o v e r  t e s t  u n d e r  b o t h  f a s t i n g  a n d  n o n - f a s t i n g  
c o n d i t i o n s .  P o s i t i o n s  o f  t h e  t a b l e t s  o n  e a c h  X - r a y  a r e  
s u m m a r i z e d  i n  F i g .  4. F o o d  d e l a y e d  t r a n s i t ,  e s p e c i a l l y  
i n  t h e  u p p e r  p a r t  o f  t h e  G . I .  t r a c t ;  g a s t r i c  e m p t y i n g  
was d e l a y e d  i n  a l l  cases  b u t  o n e .  T h e  t ime of t r a n s i t  
from t h e  m o u t h  t o  t h e  t e r m i n a l  i l e u m  was 2 t o  4 h u n d e r  
f a s t i n g  c o n d i t i o n s  b u t  4 t o  2 4  h i n  t h e  n o n - f a s t e d  
s t a t e .  T h e  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  
( p  < 0.05)  a t  4 h .  

were m e a s u r e d  f r o m  t h e  b l o o d  s a m p l e s  a n d  t h e  r e s u l t s  
a r e  g i v e n  i n  F i g s  5 a n d  6 .  T h e  A U C 0 _ 3 2 h  v a l u e s  f o r  
v e r a p a m i l  were 333 - 9 2  n g * m l - l * h  ( f a s t e d  s t a t e )  a n d  
2 8 7  - 7 8  ngmml-'oh ( n o n - f a s t e d  s t a t e ) .  T h e  r e s p e c t i v e  
v a l u e s  f o r  n o r v e r a p a m i l  were 349 - 81 n g . r n 1 - l . h  a n d  
4 2 1  - 1 0 2  n g - m l - l - h  ( m e a n s  - S . D . ) .  No s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  were n o t e d  b e t w e e n  t h e  n o n -  
f a s t e d  a n d  f a s t e d  g r o u p s .  H o w e v e r ,  t h e  r a t i o  o f  t h e  

v a l u e  o f  v e r a p a m i l  t o  t h a t  o f  n o r v e r a p a m i l  
was 0 .95  - 0.15 u n d e r  f a s t i n g  c o n d i t i o n s  a n d  0.68 - 
0 . 0 9  u n d e r  n o n - f a s t i n g  c o n d i t i o n s .  T h i s  d i f f e r e n c e  i s  
s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  4 0 . 0 1 ) .  

F i g s .  7 a n d  8 s h o w  v e r a p a m i l  l e v e l s  a t  b l o o d  
s a m p l i n g  a n d  t h e  c o n c o m i t a n t  p o s i t i o n s  o f  t h e  t a b l e t s  
i n  e a c h  v o l u n t e e r .  

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

B o t h  v e r a p a m i l  a n d  n o r v e r a p a m i l  s e r u m  l e v e l s  

+ 
i 

+ 
i + 

A U C 0 - 3 2 h  -+ + 
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TRANSIT AND ABSORPTION OF VERAPAMIL 

n 
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3 1  1 

3 1  1 

3i 1 

, , , 1 1 2 4 .  

,, , , h 1 , 1 2 h  

n 

n 

G a s t r o i n t e s t  i n a  1 
t a b l e t s  d e t e c t e d  

FIGURE 4 
t r a n s i t  o f  s u s t a i n e d - r e l e a s e  v e r a D a m i l  
b y  X - r a y s ,  = n o n - f a s t i n g  a n d  0 = f a s t i n g  

c o n d i t i o n s .  P o s i t i o n s :  S = s t o m a c h ,  D = d u o d e n u m ,  S I  = s m a l l  
i n t e s t i n e ,  T I  = t e r m i n a l  i l e u m ,  C = c o l o n ,  R = r e c t u m  a n d  
F = d e f a e c a t e d .  

DISCUSSION 

T h e  m e t h o d  d e s c r i b e d  h e r e  i s  s u i t a b l e  for s t u d y i n g  
t h e  g a s t r o i n t e s t i n a l  t r a n s i t  o f  a s i n g l e - u n i t  n o n - d i s -  
i n t e g r a t i n g  s u s t a i n e d - r e l e a s e  f o r m u l a t i o n .  

I t  was p o s s i b l e  t o  d e t e r m i n e  s i m u l t a n e o u s l y  t h e  
p o s i t i o n  o f  t h e  t a b l e t  r e s u l t i n g  d r u g  s e r u m  l e v e l  r i g h t  
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Q 
P 
m 

E 
a 

0 2 4  8 12 Time h 
24 32 

FIGURE 5 
E f f e c t  o f  food on t h e  a b s o r p t i o n  o f  v e r a p a m i l  f r o m  f i l m -  
c o a t e d  s u s t a i n e d - r e l + e a s e  t a b l e t s  ( 9 0  mg).  0 = f a s t i n g ,  @ = 
n o n - f a s t i n g  (means - S . E . M . ,  n = 6 ) .  + =  p c 0.05. 

30 1 

0 
C 

20 

L. 

al 
W 

k 10 
C 

0 2 4  8 12 24 32 
Time h 

FIGURE 6 
E f f e c t  o f  f o o d  on serum n o r v e r a p a m i l  l e v e l s  a f t e r  ad-  
m i n i s t r a t i o n  o f  v e r a p a m i l  h y d r o c h l o r i d e  (90 mg) i n  s u s t a i n e d -  
r e l e a s e + t a b l e t s ,  0 = f a s t i n g ,  @ = n o n - f a s t i n g  c o n d i t i o n s  
(means - S.E.M. ,  n = 6 ) . +  = p < 0.05 .  
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M K  

20 

l 0 l o  
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FIGURE 7 
A b s o r p t i o n  o f  v e r a p a m i l  a f t e r  a s i n g l e  d o s e  o f  a s u s t a i n e d -  
r e l e a s e  t a b l e t  i n  s i x  h e a l t h y  v o l u n t e e r s  u n d e r  f a s t i n g  c o n d i -  
t i o n s .  The  p o s i t i o n  o f  t h e  t a b l e t  a t  e a c h  b l o o d  s a m p l i n g  w a s  
d e t e c t e d  b y  X - r a y s .  S = s t o m a c h ,  D = d u o d e n u m ,  S I  = s m a l l  
i n t e s t i n e ,  T I  = t e r m i n a l  i l e u m ,  C = c o l o n ,  R = r e c t u m  a n d  
F = d e f a e c a t e d .  
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F IGURE 8 
A b s o r p t i o n  o f  v e r a p a m i l  a f t e r  a s i n g l e  d o s e  o f  a s u s t a i n e d -  
r e l e a s e  t a b l e t  i n  s i x  h e a l t h y  v o l u n t e e r s  u n d e r  n o n - f a s t i n g  
c o n d i t i o n s .  T h e  p o s i t i o n  o f  t h e  t a b l e t  a t  e a c h  b l o o d  s a m p l i n g  
was d e t e c t e d  b y  X - r a y s .  S = s t o m a c h ,  D = d u o d e n u m ,  S I  = s m a l l  
i n t e s t i n e ,  T I  = t e r m i n a l  i l e u m ,  C = c o l o n ,  R = r e c t u m  a n d  
F = d e f a e c a t e d .  
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TRANSIT AND ABSORPTION OF VERAPAMIL 1605 

t h r o u g h  t o  d e f a e c a t i o n  o f  t h e  p r e p a r a t i o n .  I n  t h i s  
r e s p e c t  t h e  p r e s e n t  p r o c e d u r e  d i f f e r s  from most  of  t h e  

p r e v i o u s  s t u d i e s ,  i n  w h i c h  o n l y  t h e  p o s i t i o n  o f  t h e  
p r e p a r a t i o n  h a s  b e e n  l o c a l i z e d ,  u s u a l l y  o n l y  f o r  u p  t o  
1 2  h b e c a u s e  i n s u f f i c i e n t  i s o t o p e  t r a c e r  r e m a i n e d  a s -  
s o c i a t e d  w i t h  t h e  d e v i c e  t o  a s c e r t a i n  t h e  e x a c t  p o s i -  
t i o n  o f  t h e  u n i t  ( 5 ,  8 - 9 ) .  

G a s t r i c  e m p t y i n g  u n d e r  f a s t i n g  c o n d i t i o n s  t o o k  

p l a c e  w i t h i n  2 h i n  f i v e  o f  t h e  s i x  v o l u n t e e r s  ( F i g .  4 ) .  
T h i s  i s  i n  a c c o r d a n c e  w i t h  p r e v i o u s  r e s u l t s  w i t h  s i m i l a r  
f o r m u l a t i o n s .  T h e  g a s t r i c  e m p t y i n g  time f o r  m a t r i x  
t a b l e t s  i n  y o u n g  f a s t e d  men h a s  b e e n  r e p o r t e d  t o  b e  
0 .64  - 0 . 1 2  h ( m e a n  - S . E . M . )  ( 9 )  a n d  t h a t  o f  a n o n -  
d i s i n t e g r a t i n g  c a p s u l e  0 . 2 5  t o  3 .5  h (10). I n  t h e  
p r e s e n t  s t u d y  t r a n s i t  t h r o u g h  t h e  s m a l l  i n t e s t i n e  was 
r a p i d  u n d e r  f a s t i n g  c o n d i t i o n s .  A t  4 h a l l  t a b l e t s  
were i n  t h e  t e r m i n a l  i l e u m ,  e x c e p t  f o r  o n e  w h i c h  w a s  
a l r e a d y  i n  t h e  c o l o n .  D a v i s  e t  a l .  ( 9 )  h a v e  f o u n d  t h e  

+ + 

+ s m a l l  i n t e s t i n a l  t r a n s i t  t ime t o  b e  3 .2  - 0.6 h ( m e a n  
- S.E.M.) f o r  m a t r i x  t a b l e t s .  + 

T h e  p r e s e n t  r e s u l t s  c o n f i r m  p r e v i o u s  s t u d i e s  i n  
w h i c h  f o o d  i n t a k e  h a s  c l e a r l y  p r o l o n g e d  t h e  g a s t r i c  
r e s i d e n c e  t ime. T h e  f i n d i n g  t h a t  i n  t w o  n o n - f a s t e d  
v o l u n t e e r s  ( o n e  i n  t h e  m a i n  s t u d y  a n d  t h e  v o l u n t e e r  
u s e d  f o r  t e s t i n g  t h e  m e t h o d ,  F i g s .  3 a n d  4 )  t h e  t a b l e t  
r e m a i n e d  i n  t h e  s t o m a c h  f o r  a t  l e a s t  1 2  h i s  s i m i l a r  t o  
e a r l i e r  f i n d i n g s  t h a t  f o o d  o c c a s i o n a l l y  c a u s e s  g r e a t l y  

p r o l o n g e d  g a s t r i c  r e t e n t i o n  ( 8 ,  1 1 - 1 3 ) .  I t  h a s  b e e n  
s h o w n  t h a t  t h e  s i z e s  o f  n o n - d i s i n t e g r a t i n g  p a r t i c l e s  
m u s t  b e  l e s s  t h a n  2 m m  i f  t h e y  a r e  t o  e n t e r  t h e  d u o -  
denum d u r i n g  t h e  d i g e s t i v e  mode o f  t h e  g a s t r o i n t e s t i n a l  

c a n a l  ( 1 4 - 1 5 ) .  
I n  f i v e  cases  of  t h e  t w e l v e  i n  t h e  p r e s e n t  s t u d y  

a d e l a y  o r  s t o p  i n  t a b l e t  t r a n s i t  was n o t e d  i n  t h e  
t e r m i n a l  i l e u m  ( F i g .  7:  HM, AP a n d  R S  a n d  F i g .  8 :  HM 
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1606 MARVOLA ET AL. 

a n d  AP) .  A l s o  i n  F i g  2 . b o t h  t a b l e t s ,  a l t h o u g h  a d -  
m i n i s t e r e d  a t  a s i x  h o u r  i n t e r v a l ,  a r e  s i t u a t e d  i n  t h e  
t e r m i n a l  i l e u m ,  i n d i c a t i n g  a d e l a y  i n  t h e  t r a n s i t  of 
T a b l e t  A. T h u s  t h e  i l e o - c a e c a l  v a l v e  may a l s o  f u n c t i o n  
a s  a r e g u l a t o r  f o r  d r u g  t r a n s i t  i n  t h e  G . I .  t r a c t .  T h i s  

p o s s i b i l i t y  h a s  b e e n  d i s c u s s e d  by  W i l s o n  a n d  W a s h i n g t o n  

( 1 6 )  
T h e  p r e s e n t  r e s u l t s  c o n f i r m  t h a t  u n d e r  f a s t i n g  

c o n d i t i o n s  a n  e s s e n t i a l  p a r t  of  t h e  v e r a p a m i l  a b s o r p -  
t i o n  t a k e s  p l a c e  i n  t h e  c o l o n  ( F i g .  7 ) .  I t  h a s  b e e n  
b e l i e v e d  f o r  f a r  t o o  l o n g  t h a t  a b s o r p t i o n  t a k e s  p l a c e  
i n  t h e  d u o d e n u m  o r  s m a l l  i n t e s t i n e  a n d  n o t  i n  t h e  

c o l o n .  I t  i s  o b v i o u s  t h a t  r e l a t i v e l y  few d r u g  s u b -  
s t a n c e s  h a v e  s o - c a l l e d  a b s o r p t i o n  w i n d o w  ( 1 7 ) .  I f  a b -  
s o r p t i o n  i s  c a r e f u l l y  e x a m i n e d ,  s e v e r a l  d r u g s  ( e . g .  
5 - a m i n o s a l i c y l i c  a c i d ,  m e t o p r o l o l  a n d  o x p r e n o l o l )  a l s o  

s h o w  m a r k e d  a b s o r p t i o n  f r o m  t h e  c o l o n  ( 1 8 - 2 0 ) .  
F o o d  a f f e c t s  b o t h  t h e  g a s t r o i n t e s t i n a l  t r a n s i t  o f  

t h e  t a b l e t  and t h e  a b s o r p t i o n  r a t e  o f  v e r a p a m i l .  T h e  
c o m m e n c e m e n t  o f  a b s o r p t i o n  was d e l a y e d ,  a s  s h o w n  b y  
t h e  v a l u e s  a t  2 h ( F i g .  51, w h i l e  s u b s e q u e n t l y  a b s o r p -  
t i o n  w a s  c l e a r l y  f a s t e r  t h a n  u n d e r  f a s t i n g  c o n d i t i o n s .  
T h e  r e a s o n  f o r  t h e  s h o r t e r  tmax v a l u e  i s  t h a t  f o o d  r e -  
t a i n e d  t h e  t a b l e t  f o r  l o n g e r  i n  t h e  u p p e r  p a r t s  o f  t h e  
G . I .  t r a c t  w h e r e  c o n d i t i o n s  a r e  more f a v o u r a b l e  f o r  
d r u g  a b s o r p t i o n .  I f  t h e  s i t e  o f  t h e  t a b l e t  a t  2 o r  4 h 
was i n  t h e  d u o d e n u m ,  h i g h  p e a k  c o n c e n t r a t i o n s  a t  4 o r  
8 h were o b t a i n e d  ( F i g .  8: A M ,  3s a n d  R S ) .  T h i s  p h e n o -  
menon c o u l d  a l s o  e x p l a i n  t h e  e n h a n c e d  b i o a v a i l a b i l i t y  
o f  t h e o p h y l l i n e  o n  p o s t p r a n d i a l  a d m i n i s t r a t i o n  o f  
s u s t a i n e d - r e l e a s e  m a t r i x  t a b l e t s  f o u n d  b y  L a g a s  a n d  
3onkman  ( 2 1 ) .  

F o o d  a n d  t h e  c o n c o m i t a n t  c h a n g e  i n  t h e  m a i n  a b -  
s o r p t i o n  s i t e  m a r k e d l y  ( p  < 0 . 0 1 )  a l t e r e d  t h e  r a t i o  o f  
v e r a p a m i l  t o  i t s  m e t a b o l i t e ,  n o r v e r a p a m i l  ( F i g s .  5-61. 
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T h e  h i g h e r  r e l a t i v e  a m o u n t  o f  t h e  m e t a b o l i t e  a f t e r  
f o o d  i n g e s t i o n  may be  d u e  t o  t h e  r e l e a s e  o f  t h e  d r u g  i n  
t h e  u p p e r  p a r t s  o f  t h e  G . I .  t r a c t ,  w h e r e  m e t a b o l i c  

a c t i v i t i e s  may b e  h i g h e r .  A c h a n g e  i n  t h e  r a t i o  o f  
v e r a p a m i l  t o  n o r v e r a p a m i l  h a s  a l s o  be  b e e n  o b s e r v e d  
w h e n  v e r a p a m i l  s o l u t i o n  a n d  a s u s t a i n e d - r e l e a s e  p r o d u c t  
h a v e  b e e n  s t u d i e d  i n  t h e  same s u b j e c t s  ( 2 2 ) .  T h u s ,  e n -  

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

CONCLUSIONS 

I t  i s  c o n c l u d e d  t h a t  v e r a p a m i l  is e f f e c t i v e l y  
a b s o r b e d  f r o m  t h e  c o l o n  a n d  t h a t  i t  c a n  b e  u t i l i z e d  i n  
s u s t a i n e d - r e l e a s e  f o r m u l a t i o n s ,  a l t h o u g h  a b s o r p t i o n  
f r o m  t h e  d u o d e n u m  i s  s t i l l  b e t t e r .  I t  is  i m p o r t a n t  
t h a t ,  i n  t h e  d e v e l o p m e n t  o f  m o d i f i e d - r e l e a s e  f o r m u l a -  
t i o n s ,  b i o a v a i l a b i l i t y  s t u d i e s  a r e  c a r r i e d  o u t  u n d e r  
c o n d i t i o n s  a s  c l o s e  a s  p o s s i b l e  t o  t h o s e  e x i s t i n g  i n  
t h e  t h e r a p e u t i c  s i t u a t i o n .  T h e  u s e  o f  f a s t i n g  c o n d i -  
t i o n s  o n l y  i s  i n a d e q u a t e .  Many p a t i e n t s  t a k e  t h e i r  
m e d i c i n e  w i t h  a meal t o  a v o i d  g a s t r i c  i r r i t a t i o n  o r  
j u s t  t o  r e m e m b e r  w h e n  t h e y  t o o k  t h e  d r u g .  A s  s h o w n  i n  
t h i s  a n d  m a n y  o t h e r  s t u d i e s  f o o d  may  c o n s i d e r a b l y  
c h a n g e  t h e  a b s o r p t i o n  p r o f i l e  o f  a d r u g .  A c c o r d i n g  t o  
t h e  r e s u l t s  o f  a b s o r p t i o n  s t u d i e s ,  p a t i e n t s  m u s t  a l s o  
b e  i n f o r m e d  o n  t h e  p r o p e r  t i m i n g  of  d r u g  a d m i n i s t r a -  
t i o n  i n  r e l a t i o n  t o  meals.  
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