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A PHYSIOLOGICALLY-BASED PHARMACOKINETIC MODEL FOR ABSORPTION OF 
ORAL PARACETAMOL IN MAN 
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I n  convent iona l  pharmacokinet ic  models of  drug a b s o r p t i o n  of  ora l ly-adminis te red  
p r e p a r a t i o n s  t h e  g a s t r o i n t e s t i n a l  t rac t  i s  commonly t r e a t e d  a s  a s i n g l e  e n t i t y .  
T h i s  i s  c l e a r l y  a t  var iance  w i t h  t h e  p h y s i o l o g i c a l  s t r u c t u r e  o f  the g a s t r o -  
i n t e s t i n a l  tract. and r e c e n t  s t u d i e s  have shown t h a t  g a s t r i c  emptying r a t e  i s  an 
impor tan t  determinant  of a b s o r p t i o n  of drugs such a s  paracetamol  (Nimmo and 
o t h e r s ,  1975) .  

W e  propose a model t o  d e s c r i b e  the k i n e t i c s  of  a b s o r p t i o n  of  ora l ly-adminis te red  
paracetamol  i n  man wi th  s e p a r a t e  compartments r e p r e s e n t i n g  the stomach and small  
i n t e s t i n e .  Absorption ( f i r s t - o r d e r )  w a s  assumed t o  occur  o n l y  from the s m a l l  
i n t e s t i n e  wi th  subsequent  d i s t r i b u t i o n  i n t o  convent iona l  c e n t r a l  and p e r i p h e r a l  
body compartments. 

paracetamol  s o l u t i o n  (20mg/kg) c o n t a i n i n g  113mIn d i e t h y l t r i a m i n e  p e n t a a c e t i c  
a c i d  (DTPA) (300pCi) a s  a non-absorbable i s o t o p i c  marker w a s  i n g e s t e d  by h e a l t h y  
f a s t i n g  s u b j e c t s .  The g a s t r i c  emptying p a t t e r n  w a s  o b t a i n e d  from t h e  ser ia l  
s c i n t i s c a n s  of t h e  abdomen (Heading and o t h e r s ,  1971) .  Frequent  blood samples 
w e r e  taken concurren t ly  and paracetamol  c o n c e n t r a t i o n s  i n  plasma were measured 
by g.1.c .  ( P r e s c o t t ,  1971) .  I n  r e p e a t  s t u d i e s  i n  some s u b j e c t s  p e t h i d i n e  
(150mg) o r  pentazocine (60mg) was given in t ramuscular ly  30 min p r i o r  t o  
i n g e s t i n g  t h e  paracetamol  and i s o t o p e  s o l u t i o n .  Only 6 of 19 s t u d i e s  showed 
a s i n g l e  monoexponential g a s t r i c  emptying p a t t e r n  (Type I ) .  In e i g h t  s t u d i e s  
t h e r e  was a very f a s t  i n i t i a l  emptying of t h e  s o l u t i o n  fol lowed by mono- 
exponent ia l  emptying of the remainder (Type XI). Other  s t u d i e s  showed two 
p e r i o d s  of  monoexponential emptying s e p a r a t e d  by a q u i e s c e n t  i n t e r v a l  (Type 111). 
Plasma paracetamol c o n c e n t r a t i o n  d a t a  were analysed by t h e  proposed model and 
(where p o s s i b l e )  by t h e  convent iona l  model using non- l inear  o p t i m i s a t i o n  (Nelder 

& Mead, 1965) .  I n  a l l  c a s e s  t h e  proposed model gave good agreement between 
measured and c a l c u l a t e d  v a l u e s ,  and y i e l d e d  an estimate of  t h e  r a t e  c o n s t a n t  
(KA*) f o r  absorp t ion  from t h e  small i n t e s t i n e ;  t h e  mean ha l f - t ime f o r  
a b s o r p t i o n  was 6.8 2 0.9 (5.d.) mins. 

O v e r a l l ,  t h e r e  was no c o r r e l a t i o n  between t h e  g a s t r i c  emptying r a t e  c o n s t a n t  
(Q) dur ing  the exponent ia l  phase and t h e  apparent  a b s o r p t i o n  ra te  c o n s t a n t  (KA) 
f o r  t h e  convent ional  model (F igure  1). However, t h e s e  v a r i a b l e s  were 
approximately equal  i n  va lue  where Type I emptying w a s  observed.  A s  expected 
KA* w a s  l a r g e r  than e i t h e r  KA o r  KG and t h e r e  was 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  
c o r r e l a t i o n  between KA* and KA.  
t h e r e f o r e  a hybr id  c o n s t a n t  and cannot  be used t o  c a l c u l a t e  e i t h e r  KA* o r  KG. 
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The apparent  absorp t ion  ra te  c o n s t a n t  KA i s  

r A  
Fig .  1. Apparent a b s o r p t i o n  ra te  
c o n s t a n t  (KA) vs. g a s t r i c  emptying 
r a t e  c o n s t a n t  (KG) f o r  Type I (A) 
and Type I1 (A) emptying p a t t e r n s .  
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