
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 10(10), 1757-1775 (1984)  

SU ST A 1  N E D ABS 0 RP T I ON 

DOES NOT NECESSARILY REDUCE 

THE SYSTEMIC A V A I L A B l L I T Y  OF PROPRANOLOL 

P.  B.  B o t t i n i ’ ,  J. G. Devane’ ,  and 0. I .  C o r r i y a n  2 

’ E l a n  C l i n i c a l  Pharmacology C e n t r e ,  

E l a n  C o r p o r a t i o n ,  Monksland, A t h l o n e ,  

and 2 S c h o o l  of Pharmacy , T r i n i t y  C o l l e g e  , D u b l i n  

R e p u b l i c  of I re la-nd 

AH ST RACT 

The i n  v i t r o  d i s s o l u t i o n  and i n  v i v o  p h a r m a c o k i n e t -  

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

D u r a n o l  (D) and I n d e r a l  LA ( L A )  were examined .  

D i s s o l u t i o n  r a t e s  were o b t a i n e d  u s i n g  t h e  USP r o t a t i n g  

b a s k e t  methoci, w h i l e  t h e  r e l a t i v e  b i o a v a i l a b i l i t i e s  of 

t h e  p r o d u c t s  were e v a l u a t e d  i n  normal  v o l u n t e e r s  u n d e r  

s i n g l e - d o s e  ( 6  s u b j e c t s )  and s t e a d y - s t a t e  ( 1 1  s u b j e c t s )  

c o n d i t i o n s  i n  t w o  s e p a r a t e  c r o s s o v e r  s t u d i e s .  Both LA 

and D d e m o n s t r a t e d  pH- independent  d i s s o l u t i o n  p r o f i l e s  

1757 

Copyright 0 1985 by Marcel Dekker, Inc. 036 3-904518 5 / 1 0 10- 1 7 5 7 S 3.5 010 

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.



1758 BOTTINI, DEVANE, AND CORRIGAN 

w i t h  T 5 0  v a l u e s  o f  4 and 6 h o u r s ,  r e s p e c t i v e l y .  

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

i n  1 2  h o u r s ,  d a t a  f o r  LA s u g g e s t e d  a l o g - l i n e a r  p r o f i l e  

and  i n d i c a t e d  o n l y  85% d i s s o l u t i o n  a t  1 2  h o u r s .  I n  

p h a r m a c o k i n e t i c  s t u d i e s  t h e  tmax was a c h i e v e d  i n  7 t o  8 

h o u r s  f o r  b o t h  p r o d u c t s ;  however ,  Cmax v a l u e s  f o r  D v s  LA 

were 8 0 . 4  v s  49.9 ny/ml ( p  < 0 . 0 5 )  a f t e r  a s i n g l e  d o s e  

and  7 6 . 6  v s  52.6 ng/ml ( p  < 0 . 0 1 )  a t  s t e a d y - s t a t e  d r u g  

a d m i n i s t r a t i o n .  The b i o a v a i l a b i l i t y  of D was 55% and 4 4 %  

g r e a t e r  t h a n  t h a t  of LA d u r i n g  s i n g l e - d o s e  and s t e a d y - s t a t e  

s t u d i e s ,  r e s p e c t i v e l y .  I n t e r s u b j e c t  v a r i a b i l i t y  was 

lower f o r  D t h a n  f o r  LA d u r i n g  b o t h  s t u d i e s .  The  a a t a  

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

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

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

t o  t h e  l o w  b i o a v a i l a b i l i t y  o f  LA. The s u p e r i o r  b i o a v a i l -  

a b i l i t y  and lower i n t e r s u b j e c t  v a r i a b i l i t y  a c h i e v e d  w i t h  

D compared t o  LA s u g g e s t  t h a t  D s h o u l d  b e  a t  l e a s t  a s  

e f f e c t i v e  a s  LA i n  t h e  t r e a t m e n t  of c a r d i o v a s c u l a r  

d i s o r d e r s .  

Whi le  

INTRODUCTION 

Because ok t h e  a n a t o m i c a l  a r r a n g e m e n t  and p h y s i o -  

l o g i c a l  r o l e  of t h e  h e p a t i c  p o r t a l  c i r c u l a t i o n ,  a 

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

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

c i r c u l a t i o n .  P r e s y s t e m i c  h e p a t i c  d r u g  e l i m i n a t i o n ,  
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THE SYSTEMIC AVAILABILITY OF PROPRANOLOL 1759 

1 commonly r e f e r r e d  t o  a s  t h e  " f i r s t - p a s s  e f f e c t "  , 
is  p a r t i c u l a r l y  s i g n i f i c a n t  f o r  d r u g s  s u c h  a s  p r o p r a n o l o l  

which a r e  a v i d l y  e x t r a c t e d  by t h e  l i v e r  . Thus ,  

d e s p i t e  complete a b s o r p t i o n  from t h e  g u t  , pro- 

p r a n o l o l ' s  s y s t e m i c  a v a i l a b i l i t y  is l o w ,  and  dose-  

2 

3 

d e p e n d e n t .  Ora l  a d m i n i s t r a t i o n  of  a s i n g l e  80  mg d o s e  t o  

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

of  2 2 %  , which i n c r e a s e d  t o  a p p r o x i m a t e l y  35% d u r i n g  

c h r o n i c  a d m i n i ~ t r a t i o n ~ ' ~ .  I n d e r a l  LA ( A y e r s t ,  I C I )  is 

4 

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

c l i n i c a l  e f f i c a c y  when g i v e n  once  d a i l y  i n  t h e  t r e a t m e n t  

of h y p e r t e n s i o n 6 - '  and a n g i n a  p e c t o r i s l  O-". However, 

I n d e r a l  LA s u f f e r s  f rom a s i g n i f i c a n t  b i o a v a i l a b i l i t y  

problem.  The amount o f  s y s t e m i c a l l y  a v a i l a b l e  pro- 

p r a n o l o l  f rom t h e  l o n g - a c t i n g  p r e p a r a t i o n  is r e p o r t e d  

t o  b e  56% lower d u r i n g  s i n g l e  d o s e  s t u d i e s 1 3  and 

3 1 %  lower a f t e r  c h r o n i c  a d m i n i s t r a t i o n '  

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

t h a n  t h a t  

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

t h e  LA p r o d u c t  compared t o  c o n v e n t i o n a l  p r o p r a n o l o l  

t a b l e t s ,  j u s t i f i c a t i o n  for t h e  r o u t i n e  u s e  of I n d e r a l  LA 

is d e b a t a b l e  15-1 9 

R e c e n t l y ,  a new c o n t r o l l e d  a b s o r p t i o n  p r o p r a n o l o l  

f o r m u l a t i o n  ( D u r a n o l ,  E l a n  C o r p o r a t i o n )  h a s  r e c e i v e d  

m a r k e t i n g  a p p r o v a l  i n  I r e l a n d .  Data from t h i s  l a b o r a t o r y  

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

f o l l o w i n g  a s i n g l e  160 mg D u r a n o l  c a p s u l e  or 80 mg 
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1760 BOTTINI ,  DEVANE, ANTI CORRIGAN 

o f  c o n v e n t i o n a l  p r o p r a n o l o l  t a b l e t s  g i v e n  a t  12-hour 

i n t e r v a l s  a re  e q u i v a l e n t ,  d e s p i t e  a s i g n i f i c a n t  d i f -  

f e r e n c e  i n  a b s o r p t i o n  rates2'. W e  now e x t e n d  t h e s e  

o b s e r v a t i o n s  w i t h  Duranol  ( D )  i n  compara t ive  s i n g l e - d o s e  

and s t e a d y - s t a t e  b i o a v a i l a b i l i t y  s t u d i e s  u s i n g  I n d e r a l  LA 

( L A )  as t h e  r e f e r e n c e  f o r m u l a t i o n .  The r e s u l t s  i n d i c a t e  

t h a t  w h i l e  Duranol  h a s  a s imilar  a b s o r p t i o n  p r o f i l e ,  i t  

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

a v a i l a b i l i t y  t h a n  does t h e  LA f o r m u l a t i o n .  

METHODS 

I n  V i t r o  D i s s o l u t i o n  S t u d i e s  

The d i s s o l u t i o n  r a t e s  of  t h e  f o r m u l a t i o n s  were 

measured a t  h o u r l y  i n t e r v a l s  by 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 t  75  rpm u s i n g  d i s s o l u t i o n  medium m a i n t a i n e d  

a t  pH l e v e l s  r a n g i n g  from 1.5 t o  7 . 5 .  Drug c o n t e n t  was 

de te rmined  by u l t r a v i o l e t  a b s o r p t i o n  a t  290 nm. 

I n  Vivo B i o a v a i l a b i l i t y  S t u d i e s  

Two s e p a r a t e  t r i a l s  were conducted :  one  t r i a l  

required t h e  a d m i n i s t r a t i o n  of a s i n g l e  160 mg p ropran -  

0101 capsule ( s i n g l e - d o s e  s t u d y ) ;  i n  t h e  second s t u d y ,  

160 mg p r o p r a n o l o l  was a d m i n i s t e r e d  e v e r y  2 4  h o u r s  f o r  

5 d a y s  ( s t e a d y - s t a t e  s t u d y ) .  

S u b j e c t s .  A l l  p a r t i c i p a n t s  were males between t h e  

a g e s  of 18 and 40  y e a r s  and w i t h i n  10% of t h e i r  i d e a l  

body we igh t  who were documented t o  be h e a l t h y  d u r i n g  a 

p r e - t r i a l  med ica l  examina t ion .  A f t e r  r e c e i v i n g  
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THE SYSTEMIC AVAILABILITY OF PROPRANOLOL 1761 

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

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

i n  t h e  i n v e s t i g a t i o n .  S i x  s u b j e c t s  w i t h  a n  a v e r a g e  

a g e  of 29 y e a r s  ( r a n g e :  20-34 y e a r s )  and  mean w e i g h t  of 

79 kg ( r a n g e :  70 t o  87 k g )  pa r t i c ipa t ed  i n  t h e  s i n g l e -  

d o s e  s t u d y .  Twelve v o l u n t e e r s  were se lec ted  f o r  

p a r t i c i p a t i o n  i n  t h e  s t e a d y - s t a t e  s t u d y .  However, 

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

and was removed f r o m  f u r t h e r  p a r t i c i p a t i o n  d u r i n g  t h e  

i n i t i a l  5-day t r e a t m e n t  period. Thus ,  1 1  sub jec ts  w i t h  

a n  a v e r a g e  a g e  of 22 y e a r s  ( r a n g e :  20 t o  2 3  y e a r s )  a n d  

mean w e i g h t  o f  7 3  kg ( r a n g e :  57 t o  84  k g )  completed 

t h e  s t e a d y - s t a t e  t r i a l .  

T r e a t m e n t s .  The  f o l l o w i n g  p r o p r a n o l o l  p r o d u c t s  

were used :  

( a )  C o m m e r c i a l l y - a v a i l a b l e  I n d e r a l  LA ( I C I  L o t  N I  

5 3 7 )  160  mg c a p s u l e s .  

( b )  D u r a n o l  (ECL T r i a l  B a t c h  229 /2 )  1 6 0  mg c a p s u l e s .  

E x p e r i m e n t a l  D e s i g n .  B o t h  s t u d i e s  were c o n d u c t e d  

u n d e r  medical s u p e r v i s i o n  u s i n g  a b a l a n c e d  two-period 

c r o s s o v e r  d e s i g n  w i t h  a t  l eas t  5 d a y s  b e t w e e n  t r e a t m e n t  

periods.  The s t u d y  protocols were a p p r o v e d  by a n  

i n t e r n a l  e t h i c a l  r e v i e w  committee, and  a l l  s u b j e c t s  

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

A l l  m e d i c a t i o n  was a d m i n i s t e r e d  a f t e r  a n  8 h o u r  

f a s t  w i t h  a p p r o x i m a t e l y  8 oz water. A f t e r  d o s i n g ,  
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1762 BOTTINI, DEVANE, AND CORRIGAN 

b l o o d  was a s e p t i c a l l y  o b t a i n e d  by v e n e p u n c t u r e  from a n  

a n t e c u b i t a l  v e i n  u s i n g  B e c t o n - D i c k i n s o n  ( B D - P l a s t i p a k  

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

21 g a u g e ,  1 .5  i n c h  n e e d l e .  I m m e d i a t e l y  a f t e r  c o l l e c t i o n ,  

b l o o d  was t r a n s f e r r e d  i n t o  1 0  m l  t u b e s  c o n t a i n i n g  

l i t h i u m  h e p a r i n  a s  a n t i c o a g u l a n t  (Medlabs  10 m l  l i t h i u m  

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

was e x t r a c t e d  a f t e r  c e n t r i f u g a t i o n  ( 1 5 0 0  g x 10-15 

m i n u t e s )  and  p l a c e d  i n  1 0  m l  t u b e s  (Medlabs  p o l y s t e r e n e  

t u b e s )  f o r  s t o r a g e  a t  - 2OoC u n t i l  a n a l y s i s .  

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

t h e  f o l l o w i n g  times a f t e r  a d m i n i s t r a t i o n  o f  a s i n g l e  

160 mg p r o p r a n o l o l  d o s e :  0 ,  1 ,  2 ,  3 ,  4 ,  6 ,  8 ,  12 and 

24  h o u r s .  

D u r i n g  t h e  s t e a d y - s t a t e  t r i a l ,  s u b j e c t s  were ad- 

m i n i s t e r e d  160 mg p r o p r a n o l o l  a t  8 a.m. f o r  5 d a y s .  

Plasma was o b t a i n e d  b e f o r e  t h e  morning  d o s e  on d a y s  1 ,  

4 ,  and 5 ,  and a t  t h e  f o l l o w i n g  t i m e s  a f t e r  d o s i n g  on 

d a y  5: 1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  7 ,  8 ,  9 ,  1 0 ,  1 2 ,  16 and  24 

h o u r s .  

Plasma P r o p r a n o l o l  L e v e l s  

C o n c e n t r a t i o n s  of  p r o p r a n o l o l  i n  h e p a r i n i z e d  

plasma samples were d e t e r m i n e d  by h i g h - p r e s s u r e  l i q u i d  

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

t o  p u b l i s h e d  methods21.  The minimum c o n c e n t r a t i o n  of  

p r o p r a n o l o l  t h a t  c o u l d  be q u a n t i t a t e d  was 0.8 ng/ml. 
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THE SYSTEMIC AVAILABILITY OF PROPRANOLOL 1763 

C a l c u l a t i o n s  

Area u n d e r  t h e  plasma c o n c e n t r a t i o n  v e r s u s  t i m e  

c u r v e  from z e r o  t h r o u g h  2 4  h o u r s  ( 0 - 2 4  AUC)  was d e t e r -  

mined f o r  e a c h  i n d i v i d u a l  u s i n g  t h e  t r a p e z o i d a l  r u l e .  

S t a t i s t i c a l  A n a l y s i s  

A two-way a n a l y s i s  of v a r i a n c e  p r o c e d u r e  was u s e d  

t o  assess  d i f f e r e n c e s  b e t w e e n  t h e  t w o  p r o d u c t s  i n  terms 

of :  ( a )  peak  plasma c o n c e n t r a t i o n s  (Cmax);  ( b )  mean 

AUC v a l u e s ;  ( c )  p r o p r a n o l o l  l e v e l s  a t  e a c h  d i s s o l u t i o n  

and blood s a m p l i n g  p o i n t ;  ( d )  d u r a t i o n  of time ( i . e .  

time c o v e r a g e )  a t  d e s i g n a t e d  plasma l e v e l s ;  ( e )  t r o u g h  

plasma l e v e l s  o n  Days 4 ,  5 and  6 f o r  e a c h  p r o d u c t  o n  

t h e  m u l t i p l e  dose s c h e d u l e .  R e s u l t s  a r e  e x p r e s s e d  a s  

mean + s.e.m. u n l e s s  o t h e r w i s e  s t a t e d .  - 
RESULTS 

I n  V i t r o  D i s s o l u t i o n  P r o f i l e s  

Because d i s s o l u t i o n  r a t e s  o f  I n d e r a l  LA and Dura- 

n o 1  were pU- independen t ,  mean resu l t s  a re  p r e s e n t e d  i n  

F i g u r e  1 .  The d i s s o l u t i o n  o f  I n d e r a l  LA was a p p a r e n t l y  

l o g - l i n e a r ,  a n d  i n c o m p l e t e  a f t e r  1 2  h o u r s .  I n  c o n t r a s t ,  

t h e  d i s s o l u t i o n  o f  D u r a n o l  was s i g m o i d a l  i n  s h a p e  and  

was complete by 12 h o u r s .  The times f o r  50% d i s s o l u t i o n  

( i . e . ,  T s o )  f o r  I n d e r a l  LA and D u r a n o l  were a p p r o x i m a t e l y  

4 and 6 h o u r s ,  r e s p e c t i v e l y .  Compared t o  I n d e r a l  LA 

r e s u l t s ,  D u r a n o l ' s  d i s s o l u t i o n  r a t e  was i n i t i a l l y  slower 

from 0 t o  4 h o u r s ,  and  f a s t e r  d u r i n g  4 t o  9 h o u r s  ( F i g u r e  

1 ) .  
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1764 B O T T I N I ,  DEVANE, AND CORRIGAN 

Duranol 0 
lnderal LA o 

Dissolution Time (Hours) 

FIGURE 1 

I n  v i t r o  d i s s o l u t i o n  p r o f i l e s  f o r  I n d e r a l  L A  a n d  D u r a n o l  

(mean - + s.d.1 

I n  V i v o  R e s u l t s  

Plasma p r o p r a n o l o l  c o n c e n t r a t i o n s :  Mean plasma 

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

a n d  mul t ip le -dose  s t u d i e s  are  l i s t e d  i n  T a b l e  1 and  

g r a p h i c a l l y  d i s p l a y e d  i n  F i g u r e  2 .  A f t e r  a d m i n i s t r a t i o n  

of a s i n g l e  160  mg p r o p r a n o l o l  dose ( T a b l e  1 ,  F i g u r e  
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TABLE 1 

Summary of Plasma Propranolol Concentrations and % CV 

(in parentheses) After Administration of Duranol (D) 

and Inderal LA (LA) 

Plasma Propranolol Concentrations (ng/ml) 

Time After 
Dosing 
( h )  

Baseline 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

16 

24 

Single-Dose (N=6) 

D LA 

ND ND 

10.8 5 2.5 11.6 + 6.8 
(57.3) (1 43T3) 

17.1 + 3.6 28.4 + 11.1 
(5171 ) ( 95T4) 

(5375) ( 75,9) 
23.0 t 5.0 33.0 + 10.2 

24.3 + 4.6 32.7 + 10.4 
(46y3) (78,l) 

48.4 + 4.4 39.9 f. 11.2 
( 22T3 (68.9) 

80.4 + 13* 38.2 5 7.6 
(39T6) (48.5) 

62.7 + 11.3 35.4 + 9.2 
(44,4 1 (63T8 

27.0 + 3.3 16.9 + 7.2 
( 30T4) (104T9) 

Day 5 

Steady-State (N=ll) 

D 

13.9 + 1.2 
(28T6) 

18.3 + 2.8 
(50TO) 

21.8 + 2.9 
(4472) 

23.3 + 3.0 
(43T4) 

33.9 + 5.4 
(5276) 

38.5 + 4.9 
( 4 178) 

52.1 + 5.4 
( 34T2) 

57.3 + 5.2 
(3072) 

57.3 5 4.2* .  
(24.2) 

68.9 + 5.5* 
(2672) 

61.5 + 5.1* 
( 2777) 

52.5 + 4.6* 
( 2972 

37.0 + 4.8* 
(4277) 

15.4 + 1.2 
( 26T2) 

LA 

12.8 + 2.1 
(53T1) 

18.5 + 2.8 
(5170) 

24.7 + 3.3 
(4471 ) 

28.6 + 3.8 
(43,9 

37.9 + 4.6 
(40T4) 

37.8 + 5.2 
(45,s) 

( 34,s) 

(3473) 

( 3577) 

44.4 + 4.6 

44.6 + 4.6 

38.7 + 4.2 

34.1 + 3.9 
(38T2) 

31.3 + 3.3 
(34T7) 

30.0 + 3.3 
(36TO) 

21.3 + 3.1 
(48:s) 

13.3 + 1.9 
(47T6) 

* p < 0.05, D vs LA; within-study comparison. 
ND - N o t  Detected. 
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o L , , * t r , , r  , , , .  I 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Time (h) 

F I G U R E  2 

Plasma l e v e l s  o f  p r c p r a n o l o l  f o l l o w i n g  a d m i n i s t r a t i o n  

o f  I n d e r a l  LA 160 mg (0---0) and D u r a n o l  160 mg 

2 a ) ,  Duranol  p r o d u c e d  mean p l a s m a  l e v e l s  f rom 1 t o  4 

h o u r s  t h a t  were lower t h a n  t h o s e  of  I n d e r a l  L A ,  a l t h o u g h  

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

s i g n i f i c a n t .  However, p lasma c o n c e n t r a t i o n s  r e c o r d e d  a t  

s u b s e q u e n t  times were c o n s i s t e n t l y  h i g h e r  f o r  D u r a n o l  

compared t o  I n d e r a l  LA v a l u e s ,  and  a s i g n i f i c a n t  d i f f e r -  

e n c e  i n  mean 8-hour v a l u e s  was n o t e d  (p < 0 . 0 5 )  ( F i g u r e  

2 )  

A d m i n i s t r a t i o n  o f  160 mg e v e r y  2 4  h o u r s  f o r  5 d a y s  

a c h i e v e d  s t e a d y - s  t a t e  p lasma l e v e l s  f o r  e a c h  of  t h e  

p r o p r a n o l o l  f o r m u l a t i o n s .  P lasma l e v e l s  r e c o r d e d  b e f o r e  

d o s i n g  on d a y s  4 and 5 and 24 h o u r s  a f t e r  t h e  l a s t  d o s e  

on  day  5 ,  were s i m i l a r  f o r  b o t h  p r o d u c t s  ( T a b l e  2 ) .  
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THE SYSTEMIC AVAILABILITY OF PROPRANOLOL 

TABLE 2 

1767 

Trough P la sma  P r o p r a n o l o l  C o n c e n t r a t i o n s  ( n g / m l )  

I n  1 1  S u b j e c t s  R e c e i v i n g  160 mg/day P r o p r a n o l o l  

D a i l y  

Day 4 Day 5 Day 5 p v a l u e  
0 H r  0 H r  2 4  Hr 

I n d e r a l  LA 12.2 - + 2.2 12.8 - + 2.1 13 .3  - + 1.9 NS 

18.4 + 2.9 13.9 + 1.2 15.4 - + 1.2 N S  D u r a n o l  - - 

Dur ing  s t e a d y - s t a t e ,  plasma p r o p r a n o l o l  c o n c e n t r a -  

t i o n s  r e c o r d e d  f o r  D u r a n o l  f rom 8 t o  16 h o u r s  a f t e r  

d o s i n g  were s i g n i f i c a n t l y  h i g h e r  ( p  < 0 . 0 5 )  t h a n  t h o s e  o f  

I n d e r a l  LA ( T a b l e  1 ,  F i g u r e  2 b ) .  

A b s o r p t i o n  v a r i a b i l i t y .  C o n s i s t e n c y  i n  d r u g  

a b s o r p t i o n  was e s t i m a t e d  by compar ing  t h e  c o e f f i c i e n t s  

o f  v a r i a t i o n  ( C V )  of mean plasma l e v e l s  a t  e a c h  

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

s i n g l e - d o s e  and  s t e a d y - s t a t e  s t u d i e s  ( T a b l e  l ) ,  D u r a n o l  

d e m o n s t r a t e d  a s i g n i f i c a n t l y  lower 8 CV ( p  < 0 . 0 5 )  when 

compared t o  I n d e r a l  LA d a t a .  A g r a p h i c a l  d i s p l a y  of 

i n d i v i d u a l  plasma c o n c e n t r a t i o n - t i m e  c u r v e s  o b t a i n e d  i n  

t h e  s i n g l e - d o s e  s t u d y  i l l u s t r a t e s  t h e  absorpt ion 

v a r i a b i l i t y  o b t a i n e d  w i t h  e a c h  p r o d u c t  ( F i g u r e  3 ) .  

Maximum plasma c o n c e n t r a t i o n s  were a c h i e v e d  a t  8 h o u r s  

a f t e r  a d m i n i s t r a t i o n  of D u r a n o l  i n  a l l  6 s u b j e c t s ,  w h i l 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.



1768 BOTTINI, DEVANE AND CORRIGAN 

FIGURE 3 

I n d i v i d u a l  plasma p r o p r a n o l o l  l e v e l s  i n  s i x  s u b j e c t s  

f o l l o w i n g  a d m i n i s t r a t i o n  of a s i n g l e  1 6 0  mg d o s e  o f  

I n d e r a l  L A  ( a )  a n d  D u r a n o l  ( b )  

i n d i v i d u a l  tmax v a l u e s  r a n g e d  f r o m  3 t o  1 2  h o u r s  a f t e r  

I n d e r a l  LA d o s i n g  ( F i g u r e  3 ) .  

P h a r m a c o k i n e t i c  comparison. Peak  plasma c o n c e n t r a -  

t i o n s  (Cmax) r e c o r d e d  a f t e r  D u r a n o l  a d m i n i s t r a t i o n  were 

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

times t o  p e a k  l e v e l s  ( t m a x )  were s imi l a r  ( T a b l e  3 ) .  

I d e n t i f i c a t i o n  o f  a t e r m i n a l  l o g - l i n e a r  e l i m i n a -  

t i o n  p h a s e  was n o t  p o s s i b l e  b e c a u s e  c o n t i n u e d  ab- 

s o r p t i o n  masked t h e  t r u e  e l i m i n a t i o n  o f  p r o p r a n o l o l .  

T h u s ,  t h e  r e l a t i v e  b i o a v a i l a b i l i t y  of D u r a n o l  compared  

t o  I n d e r a l  LA i n  e a c h  s t u d y  was e s t i m a t e d  from t h e  

a r ea  u n d e r  t h e  plasma c o n c e n t r a t i o n  v e r s u s  t i m e  p r o f i l e  
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THE SYSTEMIC AVAILABILITY OF PROPRANOLOL 1769 

Crnax ( n g / m l )  

t m a x  ( h r s )  

(ng/ml x h )  

F r e l  

0-24 AUC 

* p < 0 .05  

TABLE 3 

Summary o f  P h a r m a c o k i n e t i c  Parameters 

S i n g l e  160 mg 1 6 0  mg/day x 5 d a y s  

( n  = 6 )  ( n  = 1 1 )  

I n d e r a l  LA D u r a n o l  I n d e r a l  LA D u r a n o l  

49.9+ - 8.5 80.4+ - 13.0* 52.6+ - 4.9 76.6+ - 4.7** 

8.0+ 0.0 7.3+ - 0.8 8.3+ - 0.4 - 6.7+ 1.4 - 

700.8+179.5 - 1088.0+162.9 - 633.7+63.5 - 911.4+67.1* - 

1 0 0 %  1 5 5 %  1 0 0 %  1 4 4 %  

* *  p < 0.01 F r e l  = r e l a t i v e  b i o a v a i l a b i l i  t y  

f rom 0 t o  24  h o u r s  ( 0 - 2 4  A U C ) .  C a l c u l a t e d  i n  t h i s  way, 

t h e  b i o a v a i l a b i l i t y  o f  D u r a n o l  was 5 5 %  g r e a t e r  i n  t h e  

s i n g l e - d o s e  s t u d y  and 4 4 %  g r e a t e r  d u r i n g  c h r o n i c  d o s i n g  

t h a n  t h a t  o f  I n d e r a l  LA. 

T i m e  c o v e r a g e  a t  d e s i g n a t e d  plasma c o n c e n t r a t i o n s .  

A l t h o u g h  t h e  r e l a t i o n s h i p  be tween  plasma p r o p r a n o l o l  

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

q u e s t i o n ,  w e  examined t h e  l e n g t h  of t i m e  p r o p r a n o l o l  

blood l e v e l s  r ema ined  a t  v a r i o u s  c o n c e n t r a t i o n s  d u r i n g  

a d m i n i s t r a t i o n  of b o t h  l o n g - a c t i n g  f o r m u l a t i o n s  ( T a b l e  

4 ) .  A f t e r  a s i n g l e  1 6 0  mg d o s e ,  t h e  a v e r a g e  time c o v e r a g e  

was g r e a t e r  f o r  D u r a n o l  t h a n  f o r  I n d e r a l  L A ,  a l t h o u g h  t h e r e  

were 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  d e t e c t e d  
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THE SYSTEMIC AVAILABILITY OF PROPRANOLOL 1771  

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

c o n c e n t r a t i o n s  . D u r i n g  s t e a d y - s t a t e  d r u g  a d m i n i s t r a t i o n ,  

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

3 0 ,  4 0 ,  5 0  a n d  60  ng/ml l e v e l s  t h a n  d i d  I n d e r a l  LA 

DISCUSSION 

C o n t r o l l e d - r e l e a s e  m e d i c a t i o n s  o f f e r  a number o f  

p o t e n t i a l  t h e r a p e u t i c  a d v a n t a g e s :  improved  p a t i e n t  com- 

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

s i d e  e f f ec t s .  However, r e g u l a t o r y  m a r k e t i n g  a p p r o v a l  

h a s  b e e n  d i f f i c u l t  to o b t a i n  f o r  many c o n t r o l l e d - r e l e a s e  

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

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

p r o d u c t .  

I n d e r a l  LA ( A y e r s t ,  I C I )  was t h e  f i r s t  l o n g - a c t i n g  

p r o p r a n o l o l  f o r m u l a t i o n  to receive m a r k e t i n g  a p p r o v a l  i n  

t h e  U n i t e d  S t a t e s  and many E u r o p e a n  c o u n t r i e s ,  p r i m a r i l y  

( i f  n o t  e x c l u s i v e l y )  b e c a u s e  o f  c l i n i c a l  e f f i c a c y  

d a t a  6-1 ’. 
b i o a v a  il a b i  1 i t y  p r o b l e m  l 3  l 4  which  may i n f l u e n c e  

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

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

requi red  when s u b s t i t u t i n g  I n d e r a l  LA f o r  c o n v e n t i o n a l  

t a b l e t s  ( A y e r s t  P r o d u c t  I n f o r m a t i o n ) .  R e s u l t s  o f  a 

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

f o r  l a r g e  doses ( 4 5 7  - + 1 4 4  mg; n = 7 )  o f  slow-release 

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

N e v e r t h e l e s s ,  I n d e r a l  LA h a s  a s i g n i f i c a n t  
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1772 BOTTINI ,  DEVANE, AND CORRIGAN 

9 m o d e r a t e  h y p e r t e n s i o n  . I t  h a s  been s u g g e s t e d  t h a t  

L A  p r o p r a n o l o l  may be 20-30% more c o s t l y  to  p a t i e n t s  

t h a n  c o n v e n t i o n a l  t a b l e t s  or o t h e r  s i m i l a r  p r e p a r a -  

t i o n s ,  p a r t l y  as  a r e s u l t  o f  i t s  p o o r  b i o a v a i l a b i l i t y  1 7 , 1 8  

I n d e e d ,  o n e  r e v i e w e r  h a s  f a i l e d  t o  recommend I n d e r a l  LA 

as  a n  a d d i t i o n  t o  h i s  h o s p i t a l  f o r m u l a r y  . 19 

Duranol  i s  a new c o n t r o l l e d  a b s o r p t i o n  f o r m u l a t i o n  

of  p r o p r a n o l o l .  P r e v i o u s l y ,  a s i n g l e  dose of  D u r a n o l  

h a s  been  shown t o  p r o v i d e  a s  much s y s t e m i c a l l y  a v a i l a b l e  

p r o p r a n o l o l  a s  t w o  d o s e s  of  c o n v e n t i o n a l  t a b l e t s  . 
I n  t h e  p r e s e n t  r e p o r t  w e  e x t e n d  t h i s  i n f o r m a t i o n  on 

Duranol  t o  i n c l u d e  c o m p a r i s o n s  w i t h  I n d e r a l  LA. The 

s y s t e m i c  a v a i l a b i l i t y  of Duranol  was 55% and 4 4 %  g r e a t e r  

t h a n  t h a t  of I n d e r a l  LA u n d e r  s i n g l e - d o s e  and s t e a d y -  

s t a t e  c o n d i t i o n s ,  r e s p e c t i v e l y .  The i n c r e a s e  i n  D u r a n o l ' s  

r e l a t i v e  b i o a v a i l a b i l i t y  c a n  b e  c o r r e l a t e d  w i t h  peak  

p r o p r a n o l o l  c o n c e n t r a t i o n s .  Cmax v a l u e s  f o r  I l u r a n o l  

were 6 1 %  and 4 1 %  g r e a t e r  t h a n  t h o s e  f o r  I n d e r a l  LA 

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

r e s p e c t i v e l y .  Moreover ,  t h e  s i g n i f i c a n t l y  lower c o e f -  

f i c i e n t  o f  v a r i a t i o n  €or D u r a n o l  i n d i c a t e s  a r e d u c t i o n  

i n  i n t e r s u b j e c t  v a r i a b i l i t y  r e l a t i v e  t o  LA p r o p r a n o l o l .  

20 

Many d r u g s  which s u f f e r  f rom p o o r  b i o a v a i l a b i l i t y  

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

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

w o r k e r s '  c o n c l u d e d  t h a t  t h e  l o w  b i o a v a i l a b i l i t y  of LA 
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THE SYSTEMIC A V A I L A B I L I T Y  OF PROPRANOLOL 1 7 7 3  

p r o p r a n o l  i s  c a u s e d  by i t s  l o w e r e d  a b s o r p t i o n  r a t e  

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

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

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

d i s p u t e  t h i s  premise. T h e  i n  v i t r o  T50 a n d  i n  v i v o  tmax 

v a l u e s  f o r  D u r a n o l  and  I n d e r a l  LA were s i m i l a r ;  h o w e v e r ,  

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

t o  t h a t  of LA p r o p r a n o l o l .  I t  is p o s s i b l e  t h a t  t h e  low 

r e l a t i v e  b i o a v a i l a b i l i t y  o f  I n d e r a l  LA is r e l a t e d  t o  

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

T h u s ,  t h e  i n  v i t r o  re lease  r a t e  of LA was s u c h  t h a t  o n l y  

85% was d i s s o l v e d  i n  1 2  h o u r s .  I n  c o n t r a s t ,  D u r a n o l  was 

c o m p l e t e l y  d i s s o l v e d  i n  1 2  h o u r s .  

The  g r e a t e r  b i o a v a i l a b i l i t y  and  more c o n s i s t e n t  

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

D u r a n o l  s h o u l d  be a t  l e a s t  a s  e f f e c t i v e  a s  I n d e r a l  LA i n  

t h e  t r e a t m e n t  o f  c a r d i o v a s c u l a r  a i sorders .  R e c e n t  d a t a  

by  M u l l a n e  and  c o - w o r k e r s 2 2  i n d i c a t e  t h a t  p r o p r a n o l o l  

l e v e l s  a b o v e  20  ng/ml i n a u c e  s i g n i f i c a n t  b e t a  b l o c k a d e .  

T h e s e  a u t h o r s  recommend a d j u s t m e n t  o f  p r o p r a n o l o l  

t h e r a p y  t o  m a i n t a i n  p l a s m a  c o n c e n t r a t i o n s  i n  t h e  2 0  

t o  50 ng/ml r a n g e .  C u r r e n t  r e s u l t s  i n d i c a t e  t h a t  D u r a n o l  

p r o v i d e s  more s u s t a i n e d  plasma p r o p r a n o l o l  l e v e l s  w i t h i n  

t h e  r a n g e  q u o t e u  by  M u l l a n e  e t  a1  t h a n  does I n d e r a l  

LA. 

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

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



1 7 7 4  B O T T I N I ,  DEVANE, AND CORRIGAN 

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

a n d  tmax v a l u e s  ( a  r e f l e c t i o n  of i n  v i t r o  a n d  i n  v i v o  

a b s o r p t i o n  r a t e s )  were s imi la r  f o r  b o t h  p r o d u c t s ,  t h e  

r e l a t i v e  b i o a v a i l a b i l i t y  o f  D u r a n o l  was g r e a t e r  t h a n  t h a t  

of I n d e r a l  LA. I n  t h e  a b s e n c e  of metabol i te  d a t a , t h e  poor 

s y s t e m i c  a v a i l a b i l i t y  of I n d e r a l  LA c a n  be e x p l a i n e d  by  

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

e l i m i n a t i o n .  The  da t a  a l s o  s u g g e s t  t h a t  D u r a n o l  s h o u l d  be 

a t  l e a s t  as e f f e c t i v e  as  I n d e r a l  LA i n  t h e  t r e a t m e n t  of 

A l t h o u g h  T50 

c a r d i o v a s c u l a r  d i s o r d e r s .  
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