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ABSTRACT 

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

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

l y  p r e p a r e d  s u p p o s i t o r i e s  a n d  s u p p o s i t o r i e s  s t o r e d  f o r  f o u r  years.  

Aging m a r k e d l y  a f f e c t e d  t h e  a b s o r p t i o n  f r o m  f a t t y  s u p p o s i t o r i e s  de-  

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

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

t h e  n a t u r e  of t h e  c h a n g e s  wh ich  o c c u r e d  d u r i n g  s t o r a g e .  

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

t i o n  i n  t h e  r e c t u m .  They  u s u a l l y  e i t h e r  melt a t  body t e m p e r a t u r e  or  

d i s s o l v e  i n  a n o r e c t a l  f l u i d s .  When a systemic t h e r a p e u t i c  e f f e c t  is de-  

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

a b s o r b .  

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

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

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

u c t ,  e i t h e r  a s u p p o s i t o r y  or a n  o r a l  d o s a g e  fo rm.  However ,  as i n  a n y  

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

c r i t i c a l .  I t  is p o s s i b l e  t h a t  s t o r a g e  c o u l d  i n f l u e n c e  - among o t h e r  
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214 KAHELA, L A I N E ,  AND A N T T I L A  

fac tors  - t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  p r o d u c t .  Any s u c h  c h a n g e s  

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

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

i s  well  e s t a b l i s h e d  (1). It  h a s  b e e n  s u g g e s t e d  many times t h a t  s u c h  

c h a n g e s  may r e s u l t  i n  d e c r e a s e d  b i o a v a i l a b i l i t y .  However ,  o n l y  a few 

p a p e r s  d e s c r i b i n g  s t u d i e s  i n  humans i n  wh ich  s u c h  c h a n g e s  i n  b i o a v a i l -  

a b i l i t y  were o b s e r v e d  h a v e  been  p u b l i s h e d .  S t u d i e s  i n  h e a l t h y  v o l u n -  

teers were t h e r e f o r e  p l a n n e d  i n  o r d e r  t o  i n v e s t i g a t e  p o s s i b l e  d i f f e r -  

e n c e s  i n  t h e  r a t e  and  e x t e n t  o f  a b s o r p t i o n  of p a r a c e t a m o l .  b e t w e e n  

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

s p o n d i n g  f o u r  years o l d  p r o d u c t s .  Some o b s e r v a t i . o n s  on t h e  p h y s i c a l  

p r o p e r t i e s  o f  t h e  f a t t y  b a s e  were a l s o  made. 

EXPERIMENTAL 

P r e p a r a t i o n  o f  t h e  s u p p o s i t o r i e s  

S u p p o s i t o r i e s  c o n t a i n i n g  100 mg o f  p a r a c e t a m o l  ( m i c r o n i z e d ,  Ph. 

E u r . )  were p r e p a r e d  w i t h  two d i f f e r e n t  b a s e s :  

A .  A f a t t y  b a s e  ( N o v a t a  E ,  Degussa, F r a n k f u r t )  c o n s i s t i n g  of a mix- 

t u r e  o f  mono-, d i -  a n d  t r i g l y c e r i d e s  o f  n a t u r a l  s a t u r a t e d  f a t t y  a c i d s  

w i t h  c h a i n  l e n g t h s  o f  C12 - C18 a n d  0.8 p e r  c e n t  o f  p o l y s o r b a t e  80 and  

B. A water s o l u b l e  b a s e  c o n s i s t i n g  of a m i x t u r e  o f  c a r b o w a x e s  4000 

(B .P . )  a n d  6000 (Ph .Nord . )  a n d  g l y c e r o l  (Ph .Eur . )  i n  a r a t i o  o f  8:l:l. 
0 T h e  b a s e s  were m e l t e d  i n  a water b a t h  a t  50 C and p a r a c e t a m o l  a d d e d  

t o  g e n t l y  

s t i r r i n g ,  p o u r e d  i n t o  m o l d s  and  a l l o w e d  t o  s o l i d i f y  a t  room t e m p e r a -  

t u r e .  

f o r m  a s u s p e n s i o n .  The  masses were c o o l e d  t o  36 - 38OC w i t h  

A b s o r p t i o n  s t u d i e s  

A b s o r p t i o n  s t u d i e s  were p e r f o r m e d  u s i n g  s u p p o s i t o r i e s  w h i c h  had 

b e e n  s t o r e d  f o r  f o u r  years a t  room t e m p e r a t u r e  a n d  f r e s h l y  p r e p a r e d  

s u p p o s i t o r i e s .  P a r a c e t a m o l  a s  a n  o ra l  s o l u t i o n  ( P o l a r f e n  25 mg/ml, Me- 

d i p o l a r ,  Oulu, F i n l a n d )  s e r v e d  as  t h e  r e f e r e n c e  f o r m u l a t i o n .  

T h e  s t u d i e s  were c a r r i e d  o u t  i n  10 h e a l t h y  a m b u l a t o r y  v o l u n t e e r s ,  9 

f e m a l e s  a n d  o n e  male. T h e  s u b j e c t s  were shown by m e d i c a l  e x a m i n a t i o n ,  

b l o o d  c h e m i s t r y  and  h a e m a t o l o g y  t o  be  i n  good p h y s i c a l  c o n d i t i o n .  They  

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

a l  had been  e x p l a n e d  t o  them. No o t h e r  d r u g s  and  a l c o h o l  were p e r -  
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BIOAVAILABILITY OF PARACETAMOL 215 

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

l o w i n g  a r a n d o m i z e d  c r o s s - o v e r  d e s i g n  w i t h  o n e  w e e k ' s  wash-out  p e r i o d  

be tween  t h e  e x p e r i m e n t s .  

The  s u b j e c t s  r e c e i v e d  100 mg d o s e s  o f  p a r a c e t a m o l  a t  8 0' c l o c k  

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

t h e y  were a s k e d  t o  empty t h e i r  b o w e l s  a n d  n o t  t o  d e f e c a t e  f o r  a t  l ea s t  

5 h o u r s  a f t e r  d o s i n g .  E a t i n g  was n o t  a l l o w e d  u n t i l 1  4 h pos t - admin-  

i s t r a t i o n .  

P a r a c e t a m o l  l e v e l s  i n  s e r u m  were f o l l o w e d  by t a k i n g  b l o o d  s a m p l e s  

b e f o r e  a d m i n i s t r a t i o n  a n d  a t  0.33, 0 . 6 7 ,  1,  1.5,  2 ,  3 ,  4 ,  6,  a n d  8 

h o u r s  a f t e r  d o s i n g .  Serum was s e p a r a t e d  by c e n t r i f u g a t i o n  a n d  s t o r e d  

f r o z e n  (-20°C) u n t i l  a n a l y z e d .  

D e t e r m i n a t i o n  o f  p a r a c e t a m o l  i n  s e r u m  

Serum p a r a c e t a m o l  c o n c e n t r a t i o n s  were d e t e r m i n e d  by a method b a s e d  

o n  q u a n t i t a t i v e  t h i n  l a y e r  c h r o m a t o g r a p h y  as  f o l l o w s .  

One m l  o f  s e r u m  was t a k e n  i n t o  a tes t  t u b e  f o l l o w e d  by a d d i t i o n  of 

5 m l  o f  d i e t h y l e t h e r  a n d  N-butyl-p-aminophenol  (1  pg)  as i n t e r n a l  

s t a n d a r d .  A f t e r  s h a k i n g  f o r  15 m i n u t e s  t h e  c o n t e n t  o f  t h e  t u b e  was c e n -  

t r i f u g e d .  4 m l  of t h e  o r g a n i c  p h a s e  was t r a n s f e r r e d  t o  a n o t h e r  t u b e  

a n d  t h e  s o l v e n t  e v a p o r a t e d .  T h e  r e s i d u e  was d i s s o l v e d  i n t o  45 p1 o f  

e t h y l a c e t a t e .  U s i n g  a n  a u t o m a t e d  l i n e - a p p l i c a t o r  ( L i n o m a t  111, Camag) 

30 p 1  o f  t h i s  s o l u t i o n  was a p p l i c a t e d  t o  a TLC p l a t e  ( S i l i c a  ge l  60, 

M e r c k ) .  C h l o r o f o r m - a c e t o n e  ( 3 + 2 )  was u s e d  as m o b i l e  p h a s e .  P a r a c e t a m o l  

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

a chromatogramspectrophotometer ( Z e i s s  K M 3 )  i n  t h e  r e f l e c t a n c e  mode a t  

247 nm. P a r a c e t a m o l  c o n c e n t r a t i o n s  were c a l c u l a t e d  f r o m  t h e  r a t i o s  o f  

t h e  p e a k  h e i g h t s  ( p a r a c e t a m o l / i n t e r n a l  s t a n d a r d ) .  A ser ies  of s e r u m  

s a m p l e s  t o  w h i c h  v a r i o u s  c o n c e n t r a t i o n s  o f  p a r a c e t a m o l  (0-2 p g / m l )  had  

b e e n  a d d e d  were p r e p a r e d  s i m u l t a n e o u s l y ,  t r e a t e d  s i m i l a r l y  a n d  u s e d  t o  

c o n s t r u c t  a c a l i b r a t i o n  c u r v e .  

T h e  method m e a s u r e s  unchanged  p a r a c e t a m o l .  The  lower l i m i t  of d e t e c -  

t i o n  was a b o u t  50 p g / l  and  t h e  r e p r o d u c t i b i l i t y  was 3.9 p e r  c e n t  a n d  

5.7 p e r  c e n t  (RSD) a t  1.5 and  0.3 m g / l ,  r e s p e c t i v e l y .  

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

I n  t h e  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  t h e  o n e  c o m p a r t m e n t  o p e n  mode l  

w i t h  a l a g  t i m e  a n d  f i r s t  o r d e r  k i n e t i c s  were u s e d .  Almost i n  a l l  

cases t h e  d a t a  f i t t e d  t h e  mode l  well ( F i g . l ) .  The  f i t t i n g  was u n s a t i s -  
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a 

b 

C 

FIGURE 1. 
Paracetamol Concentrations in Serum for a Volunteer (ML). Observed 

points and Calculated Lines. a. Oral Solution, b. Hydrous Supposito- 

ries and c.Patty Suppositories. Solid Circles and Dotted Lines Fresh 

Preparations, Open Circles and Solid LinesFour Years Stored Supposi- 

tories. 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BIOAVAlLABILITY OF PARACETAMOL 21 7 

f a c t o r y  f o r  t h e  c u r v e s  o f  K U ,  TN, a n d  T J  when t h e y  r e c e i v e d  s t o r e d  

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

e d  f a t t y  s u p p o s i t o r i e s ,  r e s p e c t i v e l y .  

T h e  e l i m i n a t i o n  r a t e  c o n s t a n t  ( k e )  was d e t e r m i n e d  by t h e  u s e  of t h e  

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

T h e  a b s o r p t i o n  r a t e  c o n s t a n t s  ( k a )  were e s t i m a t e d  by t h e  Wagner-Nel.son 

method ( 2 ) .  The  v a l u e s  o f  p e a k  c o n c e n t r a t i o n s  (Cmax) and  t h e  times t o  

c o n c e n t r a t i o n  maxima ( t m a x )  were c a l c u l a t e d  u t i l i z i n g  t h e  f o r m u l a  

g i v e n  by G i b a l d i  a n d  P e r r i e r  (3 ) .  T h e  a r e a - u n d e r - t h e - c u r v e  (AUC) was 

d e t e r m i n e d  by t h e  t r a p e z o i d a l  a p p r o x i m a t i o n  w i t h  e x t r a p o l a t i o n  t o  i n -  

f i n i t y .  

The  s t a t i s t i c a l  s i g n i f i c a n c e  of d i f f e r e n c e s  was d e t e r m i n e d  by S t u d -  

e n t ' s  t-test f o r  p a i r e d  d a t a .  

P h y s i c a l  s t u d i e s  

D i f f e r e n t i a l  s c a n n i n g  calorimetric and  X-ray d i f f r a c t i o n  m e a s u r e -  

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

D i f f e r e n t i a l  s c a n n i n g  calor imetr ic  measu remen t  c o n d i t i o n s  were a s  

45 f o l l o w s :  Mettler 3000 s y s t e m ,  a h e a t i n g  r a t e  o f  2'C/min f r o m  25 t o  

O C  . 
X-ray d i f f r a c t i o n  measu remen t  c o n d i t i o n s  were: P h i l i p s  PW 1130, ra- 

d i a t i o n  N i - f i l t e r e d  Cu v o l t a g e / c u r r e n t  r a t i o  44 kV/16 A ,  s c a n n i n g  

s p e e d  1°C/min, d i v e r g e n c e / r e c e i v i n g  s l i ts  0.5/0.3 mm. 
2a' 

RESULTS 

A b s o r p t i o n  s t u d i e s  

Mean s e r u m  l e v e l s  a n d  c a l c u l a t e d  p h a r m a c o k i n e t i c  p a r a m e t e r s  are col-  

l e c t e d  i n  T a b l e s  1 a n d  2 ,  r e s p e c t i v e l y .  A s  e x p e c t e d ,  a d m i n i s t r a t i o n  o f  

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

time t h a n  d i d  t h e  rec ta l  r o u t e  o f  a d m i n i s t r a t i o n .  T h i s  d i d  n o t  d e p e n d  

so much o n  t h e  o n s e t  o f  a b s o r p t i o n  i . e .  l a g  time as  on t h e  a b s o r p t i o n  

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

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

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

t e n t  o f  b i o a v a i l a b i l i t y  was n o t  d e p e n d e n t  on t h e  r o u t e  o f  administra- 

tion. 
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TABLE 1. 
Mean Se rum P a r a c e t a m o l  L e v e l s  ( m g / 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  a S i n g l e  100 mg Dose a s  D i f -  

f e r e n t  P r e p a r a t i o n s .  SD i n  P a r e n t h e s e s .  

Time a f t e r  S u p p o s i t o r i e s  

d o s i n g  

( h )  
0.33 

0.67 
1 
1.5 
2 
3 
4 

6 
8 

Oral 

s o l u t i o n  

1.04(0.57) 
1.36(0.73) 
1.04(0.36) 
0.90(0.25) 
0.73(0.22) 
0.52(0.24) 
0.40(0.25) 

0.21(0.15) 
0.12(0.10) 

H y d r o u s  

f r e s h  s t o r e d  

0.29(0.20) 0.24(0.32) 
0.74(0.28) 0.42(0.32) 
1.05(0.54) 0.71(0.38) 
1.13(0.59) 0.85(0.55) 
0.94(0.48) 0.85(0.43) 
0.72(0.29) 0.63(0.24) 
0.60(0.37) 0.42(0.14) 

0.27(0.16) 0.18(0.06) 
0.15(0.09) O.ll(0.06) 

F a t t y  

f r e s h  s t o r e d  

0.24(0.07) 0.28(0.15) 

0.54(0.27) 0.54(0.21) 
0.60(0.20) 0.81(0.61) 
0.80(0.36) 0.73(0.28) 
0.79(0.27) 0.79(0.32) 

0.72(0.27) 0.63(0.27) 
0.53(0.19) 0.45(0.24) 

0.31(0.12) 0.27(0.18) 
0.16(0.09) 0.16(0.11) 

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

r ies  was f a s t e r  t h a n  f rom e i t h e r  o f  t h e  h y d r o u s  o n e s .  T h i s  l e d  t o  h i g h -  

er p e a k  c o n c e n t r a t i o n s  i n  a s h o r t e r  time e v e n  t h o u g h  t h e  l a g  time f o r  

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

t h a t  f o r  t h e  s t o r e d  h y d r o u s  o n e s .  No s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

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

s o r b e d .  

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

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

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

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

t h e  f r e s h l y  p r e p a r e d  compared  t o  t h e  f o u r  year o l d  f a t t y  s u p p o s i t o r i -  

es. T h e  r a t e  o f  a b s o r p t i o n  was, h o w e v e r ,  u n a f f e c t e d .  T h e  a b s o r p t i o n  

ra te  c o n s t a n t s  a n d  t h e  times t o  peak  c o n c e n t r a t i o n  were s imi la r .  T h e  

l a g  time almost d o u b l e d  d u r i n g  t h e  s t o r a g e  b u t  t h e  d i f f e r e n c e  was 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 .  
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BIOAVAILABILITY OF PARACETAMOL 21 9 

TABLE 2 .  

C a l c u l a t e d  P h a r m a c o k i n e t i c  P a r a m e t e r s  (Means) f o r  Parace tamol  

a f t e r  a S i n g l e  100 mg Dose a s  D i f f e r e n t  P r e p a r a t i o n s .  SD i n  

P a r e n t h e s e s .  

Oral 7.716 0.57 0.03 1.35 

s o l u t i o n  (6.463) (0 .44 )  ( 0 . 0 7 )  (0 .49 )  

f r e s h  2.436 1.05 0.18 1.20 

F a t t y  (0.999) (0 .16)  (0 .17)  (0 .61)  

b a s e  1.969 1.14 0.34 0.96 

s t o r e d  (1.035) (0 .29)  (0 .22)  (0 .49)  

f r e s h  1.153 1.61 0.13 0.80 

Hydrous (0.401) (0 .19)  (0.08) (0 .34)  

base 1.155 1.49 0.07 0.82 

s t o r e d  (0 .287)  (0 .42)  (0 .11 )  (0 .46)  

S i g n i f i c a n c e  M>FS M<FS M<FS M>FS 

o f  d i f f e r -  M>HF M<FS M<HF M>HF 

e n c e s  M>HS M<HF FS>HS M>HS 

p<0.05 FF>HF M<HS FF<FS 

FF>HS FF<HF FF>HF 

FF<HS FF>HS 

FS<HF 

FS<HS 

4.145 

(1 .80)  

4.92 

(2 .27 )  

3.64 

( I  .27) 

4.37 

(1 .68)  

4.12 

(2 .33 )  

FF>FS 

0.431 

(0.131) 

0.352 

(0.094) 

0.473 

(0.198) 

0.312 

(0 .088)  

0.350 

(0.093 ) 

M>HF 
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TABLE 3. 
T h e  E f f e c t  of S t o r a g e  Time a t  Room T e m p e r a t u r e  o n  t h e  L i q u i d  

F r a c t i o n  and  t h e  M e l t i n g  P o i n t  of t h e  F a t t y  S u p p o s i t o r y  Base 

d e t e r m i n e d  by DSC. 
S t o r a g e  t ime L i q u i d  f r a c t i o n  M e l t i n g  p o i n t  

( d a y s )  a t  36OC ( X )  ( O C )  

1 89.7 33.3 
15 78.8 36 .O 
90 57.9 36.7 
430 51.5 36.6 
480 48.8 36.7 
1779 30.3 37.9 

Ph v s i ca 1 s t L i d  i es  

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

b a s e  o c c u r e d  d u r i n g  s t o r a g e ,  a s . s h o w n  i n  T a b l e  3. The  m e l t i n g  p o i n t  o f  

t h e  b a s e  i n c r e a s e d  d u r i n g  s t o r a g e  f rom 33.3 t o  37.9 C. 
0 

X-ray d i . f f r a c t L o n  m e a s u r e m e n t s  showed t h a t  t h e  s t r u c t u r e  o f  t h e  

b a s e  i n  t h e  f r e s h  f a t t y  s u p p o s i t o r y  is o n l y  p a r t i a l l y  c r y s t a l . 1 i . n e .  The  

c r y s t a l l i z a t i o n  s t a g e  i n c r e s e d  d u r i n g  s t o r a g e .  The c r y s t a l .  s t r u c t u r e  

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

DISCUSSION 

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

w h e t h e r  i t  is a d m i n i s t e r e d  o r a l l y  or  r ec t a l ly  (4). When s u p p o s i t o r i e s  

a re  u s e d  t h e  release of t h e  d r u g  h a s ,  h o w e v e r ,  t o  be c o n s i d e r e d .  T h e s e  

two p r o c e s s e s  - a b s o r p t i o n  and  re lease - h a v e  t o  h e  d i s t i n g u i s h e d .  T h e  

s l o w e r  r ec t a l  a b s o r p t i o n  a s  compared  w i t h  t h e  o ra l  d o s i n g  f o u n d  i.n t h e  

p r e s e n t  s t u d y  c a n  b e  a t t r i b u t e d  t o  t h e  slower release r a t e  o f  p a r a c e t -  

amol  f r o m  t h e  s u p p o s i t o r i e s .  No e v i d e n c e  f o r  t h e  b i p h a s i c  a b s o r p t i o n  

of p a r a c e t a m o l  f r o m  s u p p o s i t o r i e s  s u g g e s t e d  by S a a n o  e t  a1.(5) were 

f o u n d  . 
The  e x t e n t  of a b s o r p t i o n  f rom s u p p o s i t o r i e s  h a s  b e e n  q u e s t i o n e d  

(6,7) and  t h e  b i o a v a i l a b i l i t y  o f  p a r a c e t a m o l  f r o m  t h i s  d o s a g e  f o r m  h a s  

b e e n  shown t o  be  lower t h a n  t h a t  f rom oral  f o r m u l a t i a n s  i n  some stu- 
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BIOAVAILABILITY OF PARACETAMOL 221 

dies (8). More often, however, the bioavailability of properly formu- 

lated suppositories has been found to be comparable with oral. adminis- 

tration of equal doses, and differences observed have been considered 

clinically unimportant (9-11). On the other hand, it is also not 

possible to avoid the first pass metabolism of paracetamol by rectal 

administration ( 4 ) .  The results of the present study are in agreement 

with the two last mentioned statements. 

Formulation of a suppository with good bioavailability requires a 

suitable base which melts at temperatures well below the body tempera- 

ture and spreads readily in the anorectal region or dissolves in the 

fluids present in the rectum. Differences i.n the paracetamol release 

rates and absorption from various suppository bases have been recorded 

many times (7,ll-14). The reasons for the differences may lie in the 

different particle sizes of the drug or the volume of the vehicle 

(15). Particle size may even change during storage (16). 
Another important Eactor is the solubility of the drug in the vehi- 

cle used. The importance of the vehicle dielecLric properties has been 

studied by Pagany et a1.(17) and by Stavchansky et al.(l8). Polyethyl- 

ene glycol bases with a l.ow solubility for paracetamol release the 

drug more rapid and have a better bioavailability than bases in which 

the drug dissolves more completely. The release and absorption rates 

also tend to decrease with increasing solubility of the drug in the 

vehicle when fatty bases are used (19). 
Differences in the solubility of paracetamol in the bases may be an 

explanation for the observed differences found in the present study be- 

tween the freshly prepared fatty suppositories and the hydrous supposi- 

tories. Particle size effects can not be excluded because, although 

the suppositories were prepared using the same batch of paracetamol, 

owing to differences in solubil.ity differences in the particle size 

may appear. However, if this were a dominating factor the absorption 

from hydrous base should have been faster than from fatty base. An 

additional factor might be faster spreading of the freshly prepared 

fatty suppositories in the anorectal region. This wou1.d enhance ab- 

sorption considerably (20). 
No alteration in the absorption profile from hydrous base after 

four years storage were observed in the present study. No attempts 

were, therefore, made to find out whether physical changes had occur- 
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e d .  T h i s  d o e s  n o t  e x c l u d e  t h e  p o s s i b i l i t y  o f  a g i n g  o f  p o l y e t h y l e n e  g l y -  

c o l  s u p p o s i t o r i e s  wh ich  may l e a d  t o  d e c r e a s e d  d i s s o l u t i o n  ra tes  f o r  

d r u g s  ( 2 1 . 2 2 ) .  

The  a g i n g  e f f e c t  i n  t h e  f a t t y  b a s e  u s e d  was marked .  I n  t h i s  r e s p e c t  

t h e s e  s u p p o s i t o r i e s  were n o t  u n u s u a l .  T h e r e  are many r e p o r t s  o f  

c h a n g e s  i n  t h e  m e l t i n g  b e h a v i o u r  a n d  d r u g  re lease o f  s u p p o s i t o r i e s  & 
v i t r o  (23 -29) .  Though i t  c a n  be  s a i d  t h a t  t h e  i n  v i t r o  r e s u 1 . t ~  d o  n o t  

r e f l e c t  t h e  b i o a v a i l . a b i l i t y ,  t h e  r e s u l t s  o b t a i n e d  by E c k e r t  e t  a l . ( 3 0 )  

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

a n y  d e c r e a s e  i n  d r u g  release r a t e  most p r o b a b l y  w i l l  r esu l t  i n  d e c r e a s -  

e d  ra te  or  e v e n  d e c r e a s e d  e x t e n t  of  a b s o r p t i o n .  

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

b e e n  s t u d i e d  by Moes (31) a n d  E c k e r t  e t  a 1 . ( 3 2 ) .  A c c o r d i n g  t o  t h e s e  a u -  

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

n o t  b e  p r e p a r e d  f rom f a t t y  b a s e s  i n  wh ich  i m p o r t a n t  m o d i f i c a t i o n s  i n  

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

t h i s  v i ew.  

T h e  c h a n g e s  w h i c h  o c c u r  o n  a g i n g  o f  s u p p o s i t o r i e s  may b e  e i t h e r  

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

been  s t u d i e d  by Moes ( 2 3 ) ,  Ruehlow a n d  Neuwald ( 3 3 ) ,  a n d  Thoma e t  a l .  

( 3 4 ) .  T h e  r e s u l t s  are r a t h e r  c o n t r a d i c t o r y ,  wh ich  i s  n o t  s u r p r i s i n g  

when t h e  many p o s s i b i l i t i e s  f o r  i n t e r a c t i o n s  b e t w e e n  t h e  c o m p o n e n t s  i n  

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

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

i n g  o f  f a t t y  s u p p o s i t o r y  b a s e s  ( 2 5 , 2 9 , 3 5 - 4 0 ) .  

T h e  i n f o r m a t i o n  o b t a i n e d  f rom t h e  X-ray d i f f r a c t i o n  m e a s u r e m e n t s  i n  

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

e n t  p h a s e s  t h a n  p o l y m o r p h i c  t r a n s i t i o n s .  T h i s  d o e s  n o t  mean t h a t  p o l y -  

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

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

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

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

t h i s  s t u d y .  

REFERENCES 

1. R . V o i g t ,  M.Bornsche in ,  a n d  A.Grohman, P h a r m a z i e  3 7 , 5 2 9  ( 1 9 6 1 ) .  

2 .  J .G.Wagner,  " F u n d a m e n t a l s  o f  C l i n i c a l  P h a r m a c o k i n e t i c s " ,  Drug 

I n t e l l i g e n c e  P u b l i c a t i o n s  I n c . ,  H a m i l t o n ,  I l l .  1975 .  

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BIOAVAILABILITY OF PARACETAMOL 223 

3. M.Gibaldi and D.Perrier, "Pharmacokinetics", 2nd Ed., Marcel 

Decker I n c . ,  New York 1982 
4. F.Moolenaar and L.Olthof, Pharm.Weekbl., Sci.Ed., 1,25 (1979). 
5. V.Saano, J.Koskiniemi, J.Tuomisto, and M.Airaksinen, Acta 

Pharm.Fenn., 92,259 (1983). 
6. J.G.Wagner, "Biopharmaceutics and Relevant Pharmacokinetics", Drug 
Itelligence Publications Inc., Hamilton, Ill., 1971 
7. S.Fel.dman, Am.J.Hosp.Pharm., 32,1173 (1975). 
8. P. Seideman, G.Alvan, R.S.Andrews, and A.Labross, Eur.J.Clin.Phar- 

macol., 17,465 (1980) 
9. S.Keinanen, M.Hietula, S.Simila, and K.Kouvalainen, Ibid., 12, 77 
(1977). 
10. R.Liedtke, G.Berner, W.Haase, W.Nicolai, R.Staab, and H.H.Wagner, 

Arzneim.-Forsch., 29,1607 (1979). 
11. A.Abd Elbary, S.A.Ibrahim, H.Elsorady, and H.Abd Elmonem, Pharm. 
Ind., 45,307 (1983). 
12. A.Abd Elbary, S.A.Ibrahim, H.Elsorady, and H.Abd Elmonem, Ibid. 
45,87 (1983). 
13. J.Degen, H.Meier-Lenz, and A.Windorfer, Arzneim.-Forsch., 32,420 

(1982). 
14. A.Palrnier, Pharm.Technol., 6,70 (1980). 
15. F.Moolenaar, A.J.M.Schoonen, A.Everts, and T.Huizinga, Pharm. 
Weekbl., Sci .Ed., 1,89 (1979). 
16. T.Homan and G.Schneidewind, Pharmazie, 37,809 (1982). 
17. S.N.Pagay, R.J.Proust, and J.L.Colaizzi, J.Pharm.Sci., 63,44 

(1974). 
18. S.Stavchansky, M.Garabedian, P.Wu, and A.Maertin, Drug Dev.Ind. 
Pharm., 5,507 (1979). 

19. G.G.Liversidge and D.J.W.Grant, Ibid., 9,223 (1983). 
20. G.G.Livorsidge and D.J.W.Grant, Int.J.Pharm., 13,243 (1983). 
21. S.H.A.Khali1 and L.M.Mortada, J.Drug Res., 10,141 (1978). 

22. K.H.Fromming, B.Simons, J.Haase, and R.Hosemann, Pharm.Ind., 40, 
967 (1978). 
23. A.J.Moes, Pharm.Acta Helv., 55,307 (1980). 
2 4 .  T.Eckert, U.Knie, and W.Heers, Pharrn.Ind., 44,622 (1982). 

25. K.Thoma and P.Serno, Pharrn.Ztg., 127,980 (1982). 
26. C.J.DeBlaey and J.J.Ruten-Kingma, Pharm.Acta Helv., 52,ll (1977). 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



224 KAHELA, LAINE, AND ANTTILA 

27. R.Voigt, A.Grohmann, and M,Bxnschein, Pharrnazie, 44,1074 (198.1). 
28. K.Thoma and P.Serno, Pharn.Ind., 44,1074 (198>!). 
29. K .Th m i  and P.Serno, Ibid., 4?,192 (1983). 
30. ?'.I:cker-t I lhid., 41,1070 (1975). 
31. X.%es an(! ':.Jaminet, Pharm.Acta Helv., 51,119 (1977). 
32. T.Eckert, U.Knie, H.VanHusen, and W.Heers, Pharm.Ind., 44,927 

(1982). 
33. J.Ruehlow and W.Neuwald, Ibid., 42,837 (1980). 
34. K.Thoma, D.Precht, and P.Serno, Arch.Pharm., 315,729 (1982). 
35. L.J.Cohen and N.G.Lordi, J.Pharrn.Sci., 69,955 (1982). 
36. G.Liversidge, D.J.W.Grant, and J.M.PadEield, Int.J.Pharm., 7,211 

( 1981). 
37. R.Voigt, A.Grohmann, W.Wilde, and M.Bornschein, Pharmazie, 37,527 

(1982). 
38. H.Yoshino, M.Kobayashi, and M.Samejima, Chem.Pharrn.Bull., 30,992 
(1982). 
39. Il.Yoshino, M.Kobayashi, and M.Semejima, Ibid., 30,2941 (1982). 
40. H.Yoshino, M.Kobayashi, and M.Samejima, Ibid., 31,237 (1983). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


