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L I P O P H I L I C I T Y  IS THE MAJOR DETERMINANT OF PERMEABIL ITY  TO A 
RANGE OF BETA-ADRENOCEPTOR ANTAGONISTS I N  THE FETALLY- 
PERFUSED GUINEA-P IG PLACENTA 
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Beta-adrenoceptor a n t a g o n i s t s  a r e  being used i n c r e a s i n g l y  f o r  t h e  t h e r a p e u t i c  
management of hypertension i n  t h e  l a s t  t r i m e s t e r  of pregnancy. This  s tudy 
examines t h e  r e l a t i o n  between t h e  d i f f e r i n g  degrees  of l i p o p h i l i c i t y  of s e v e r a l  
of t h e  beta-adrenoceptor  a n t a g o n i s t s  and t h e i r  p l a c e n t a l  p e r m e a b i l i t i e s .  The 
experimental  model w a s  t h e  a n a e s t h e t i s e d  (pentobarb i tone  IV) pregnant  guinea-pig 
w i t h  t h e  f e t a l  c i r c u l a t i o n  of t h e  p l a c e n t a  perfused i n - s i t u  wi th  t i s s u e  c u l t u r e  
m e d i u m  conta in ing  bovine serum albumin. An i n d i c a t o r  d i l u t i o n  method ( 14C-drug 
+ 3H-sucrose) w a s  used t o  estimate f i r s t -  ass e x t r a c t i o n  of drug i n  t h e  f e t a l  
c i r c u l a t i o n  ( e x t r a c t i o n  = ( 1 - ( i 4 ~ / 3 ~ 0 u t ) / (  P4 C/ 3 H ~ ~ ) ) )  (Day e t  a] 1982). 

The experiments  involved comparison of s e v e r a l  drugs w i t h i n  t h e  same animal t o  
make a comparative assessment of p l a c e n t a l  t r a n s p o r t  under t h e  same condi t ions .  
A l l  t h e  experiments  used c o n c e n t r a t i o n s  of m ~ l . d m - ~ .  The f i r s t - p a s s  
e x t r a c t i o n  of a t e n o l o l  was t h e  lowest of t h e  drugs so f a r  s t u d i e d ,  wi th  a n  
e x t r a c t i o n  of 0.0647 _tO.O218 (mean 2 s . d . ) .  Acebutolol  showed an i n t e r m e d i a t e  
e x t r a c t i o n  of 0.433 20 .080 ,  w h i l s t  t h e  remaining drugs a l l  showed a much h igher  
e x t r a c t i o n ,  wi th  a much lower c o e f f i c i e n t  of v a r i a t i o n ;  l a b e t a l o l  (0.864 
- +0.082), t i m o l o l  (0.933 20.049) ,  metoprolol  (0.940 20.004) ,  oxprenolo l  (0.979 
+0.002) and propranolo l  (0.983 20.004). This  c l o s e l y  r e f l e c t s  t h e  o r d e r  of 
l i p o p h i l i c i t y  of t h e  drugs a s  measured by t h e i r  octanol-water  p a r t i t i o n  
c o e f f i c i e n t s  a t  pH 7.40 and 37OC (Woods & Robinson 1981) (Kendal l  rank 
c o r r e l a t i o n  c o e f f i c i e n t  T =0.619, p=O.O35). The g r e a t e r  var iance  i n  t h e  
poorly-extracted drugs w a s  probably due t o  t h e  e f f e c t  of small changes i n  
u te ro-p lacenta l  blood flow and p e r f u s a t e  flow; h ighly-ext rac ted  drugs were 
r e l a t i v e l y  unaffected.  

- 

I t  would be  expected t h a t  a drug such a s  a t e n o l o l  which has  1cw p r o t e i n  binding 
(5%) ( R i t s c h e l  1980), would be h ighly  e x t r a c t e d ,  whereas a drug such as 
propranolo l  which i s  h ighly  p r o t e i n  bound ( g o % ) ,  would be poorly e x t r a c t e d .  
From t h e  data presented  t h i s  i s  n o t  t rue .  A l l  t h e  drugs with t h e  except ion  of 
l a b e t a l o l  (49%) a r e  more t h a n  99% ionized  a t  pH 7.40; it would t h e r e f o r e  be 
expected t h a t  l a b e t a l o l  would have a n  enhanced e x t r a c t i o n ,  b u t  a l though it has 
t h e  second h i g h e s t  l i p o p h i l i c i t y ,  i t  i s  f i f t h  i n  t h e  o r d e r  of e x t r a c t i o n .  

W e  t h e r e f o r e  conclude t h a t  t h e  e q u i l i b r i a  involved i n  p r o t e i n  binding and 
i o n i z a t i o n  can be e s t a b l i s h e d  a t  a r a t e  t h a t  does not  a f f e c t  t h e  f i r s t - p a s s  
e x t r a c t i o n  of beta-adrenoceptor  a n t a g o n i s t s  i n  t h e  f e t a l l y - p e r f u s e d  guinea-pig 
p l a c e n t a ;  under such condi t ions ,  l i p o p h i l i c i t y  i s  t h e  major f a c t o r  i n  
determining t h e  degree of e x t r a c t i o n .  
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