
43P 

Q U A N T I T A T I V E  STRUCTURE PHARMACOKINETIC A C T I V I T Y  RELATIONSHIPS WITH 
SOME TETRACYCLINES 

Toon, S .  and Rowland, M . ,  Department o f  Pharmacy, U n i v e r s i t y  o f  Manchester ,  
Manchester ,  M13 ~ P L .  

Cons ide rab le  s u c c e s s  h a s  been ach ieved  i n  QSK?.  (Hansch 1969) .  Ex tens ion  o f  
t h i s  approach t o  q u a n t i t a t i v e  s t r u c t u r e  pha rmacok ine t i c  a c t i v i t y  r e l a t i o n s h i p s  
(QSPAR) has  been more l i m i t e d  ( N o t a r i  1975) .  We have examined QSPAR i n  a s e r i e s  
o f  t e t r a c y c l i n e s ;  t h i s  a n a l y s i s  e n l a r g e s  and ex tends  t h a t  of  Green e t  a 1  (1976) .  
The r e l e v a n t  pa rame te r s  (Table  1 )  were o b t a i n e d  e i t h e r  d i r e c t l y  from l i t e r a t u r e  
v a l u e s ,  o r  i n d i r e c t l y  by a n a l y s i s  o f  a v a i l a b l e  d a t a .  

Table 1. Composite of pharmco&.inetic parameters of some tetracyclines in The f r a c t i o n  of drug 
unbound i n  plasma ( f u )  

Compound Partition Fraction Half-life Renal NOn volume v a r i e s  w i t h i n  t h e  series. 
Coefficient unbound (ti) clearance C l e a r a n c e .  of 
oc tan01 I in hours (mR)L/hr ( c I . ~ ~ ) L / ~ ~  distribution Log ( l / f u ) ,  a measure of 

t h e  a f f i n i t y  o f  drug f o r  (V) l i t r e p  water (pH7.5) Plasrnacfu) 

0.025 0.6’10 9.2 5.92 2 . 5 4  1 1 2 , 3 L  p r o t e i n ,  t ends  t o  
oxy te tracy- 
cline 

Tetracycline 0.036 0.405 9.0 4.41 2.94 95.45 i n c r e a s e  l i n e a r l y  wi th  
118.99 l o g  p ( o c t a n o l / w a t e r ) ,  

0.13 0.300 5.6 1.93 8.79 86.62 i c i e n t  ( r 2  = 0.524, P <  

1 4 . 0  2.12 3.77 Dcmc rhylchlor- 

Chlortetrncyc- 
l l”e  

pH 7.5 p a r t i t i o n  coe f f -  tetracyclrne 0.050 o.250 

Hrthacycline 0.43 0.220 11.1 2.73 6.37 145.76 0 . 0 5 ) .  E l i m i n a t i o n  
Doxyeycline 0.60 0.125 22.0 1.10 1.40 79.37 h a l f - l i f e  ( t i )  c o r r e l a -  
hinoeycline 1.10 0.240 16.0 0.90 7.28 188.86 t e d  p o o r l y  w i t h  degree 

(1-fu) ( r 2  = 0.335,P> 0 . 2 ) .  
a t i n g  t i  i n t o  t o t a l  c l e a r a n c e  (CL) and volume o f  d i s t r i b u t i o n  ( V ) ,  and by f u r t h e r  
d i v i d i n g  CL i n t o  r e n a l  c l e a r a n c e  (CLR) and non-renal ( h e p a t i c )  c l e a r a n c e  (CLNR) 
and by c o r r e c t i n g  f o r  plasma b i n d i n g .  

A poor  c o r r e l a t i o n  e x i s t s  between V and e i t h e r  P o r  l o g  P ( r 2  = 0.223,  P> 0 . 3 ) .  
However, when c o r r e c t i n g  f o r  d i f f e r e n c e s  i n  f u ,  a h i g h l y  s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n  e x i s t s  between volume o f  d i s t r i b u t i o n  based on unbound d rug ,  and l o g  
P ( r 2  = 0.828, P < o . o 0 1 ) , i n d i c a t i n g  t h a t  a s  i n  plasma, d rug  b i n d i n g  t o  t i s s u e  
components i n c r e a s e s  w i t h  l i p o p h o l i c i t y  . 

of plasma b i n d i n g  
A more meaningful unde r s t and ing  i s  ga ined  by sepa r -  

Although CL i s  p o o r l y  c o r r e l a t e d  w i t h  l i p o p h i l i c i t y ,  l o  
r e n a l  c l e a r a n c e  (CLR) i s  d i r e c t l y  p r o p o r t i o n a l  t o  f u  ( rp  = 0 .836 ,  PcC.001) .  lJhen 
c o r r e c t e d  f o r  f u  however, t h e  r e n a l  c l e a r a n c e  based on unbound d rug  i s  r e l a t i v e l y  
c o n s t a n t  (8 .47 L / h r )  f o r  a l l  compounds; t h i s  va lue  i s  c l o s e  t o  t h e  g lomeru la r  
f i l t r a t i o n  r a t e ,  implying f i l t r a t i o n  occur s  w i t h o u t  f u r t h e r  s u b s t a n t i a l  s e c r e t i o n  
o r  r e a b s o r p t i o n .  

P ( r L  = 0 . 0 2 ,  P >  0 . 8 ) ,  

No c o r r e l a t i o n  e x i s t s  between non-renal  c l e a r a n c e  (CLNR) and l o g  P ( r L  = 0.187; 
P >  0 . 4 ) ,  b u t  s i n c e  the  v a l u e  o f  CLNR i s  l o w  f o r  a l l  compounds c o r r e c t i o n  f o r  
plasma b i n d i n g  must be made t o  a s s e s s  e v e n t s  w i t h i n  t h e  l i v e r .  The non-renal  
c l e a r a n c e  based on unbound d rug  (CLU,NR) v a r i e s ;  t h e  f a i l u r e  of l i p h o p i l i c i t y  t o  
accoun t  f o r  a l l  t h i s  v a r i a b i l i t y  ( C L U , ~ ~  v l o g  P ,  r 2  = 0.497; P < 0 . 0 5 )  i n d i c a t e s  
t h a t  o t h e r  f a c t o r s ,  p o s s i b l y  s t e r i c  and i o n i c ,  a r e  a l s o  l a r g e l y  r e s p o n s i b l e  f o r  
d i f f e r e n c e s  i n  e f f i c i e n c y  of t h e  l i v e r  t o  handle  t h e s e  t e t r a c y c l i n e s .  

The p r e s e n t  a n a l y s i s  i l l u s t r a t e s  t h e  need t o  r e s o l v e  pha rmacok ine t i c  pa rame te r s  
i n t o  component p a r t s ,  b e f o r e  a t t e m p t i n g  t o  r e l a t e  t h e  i n f l u e n c e  of s t r u c t u r a l  
m o d i f i c a t i o n  on pha rmacok ine t i c s .  
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