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JOURNAL OF DIALYSIS, 1(4), 313-318 (1977) 

EDITORIAL 

DRUG METABOLISM AND ACTIVE DRUG METABOLITES 
IN RENAL FAILURE 

A r e l a t i v e l y  small number of drugs are e l i m i n a t e d  

from t h e  body by r e n a l  e x c r e t i o n  of t h e  drug i t s e l f .  

Some of these drugs are: 

c o l i s t i n  

p e n i c i l l i n  

procainamide 

d i  goxin 

aminoglucoside a n t i b i o t i c s  

c y c l o s e r i n e  

ethambutol  

methotrexate 

t e t r a c y c l i n e  

Methods f o r  r educ ing  the  u s u a l  doses of these d rugs  for 

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

i n  v a r i o u s  p l a c e s  and are now s t a n d a r d  p r a c t i c e  (1-4). 
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314 REIDENBERG AND DRAYER 

Most d r u g s ,  however,  are n o t  excreted unchanged.  

They a re  b i o t r a n s f o r m e d  i n  t h e  body t o  v a r i o u s  metabo- 

l i t e s  which are  e v e n t u a l l y  excreted. The major p a t h -  

ways of drug  b i o t r a n s f o r m a t i o n ,  o x i d a t i o n  and  g lucu-  

r o n i d e  c o n j u g a t i o n ,  a p p e a r  t o  be normal  i n  r e n a l  

f a i l u r e .  S e v e r a l  minor pa thways ,  i n c l u d i n g  ester 

h y d r o l y s i s  a n d  r e d u c t i o n ,  seem s low (5). However, 

i r r e s p e c t i v e  of whether  t h e  b i o t r a n s f o r m a t i o n  pathway 

is normal o r  slow, t h e  end  metabolic p r o d u c t s  of t h e  

d rug  w i l l  a ccumula t e  i n  t h e  p a t i e n t  w i t h  r e n a l  f a i l u r e .  

T r a d i t i o n a l l y ,  t h e s e  b i o t r a n s f o r m a t i o n  pathways 

have been c o n s i d e r e d  d e t o x i c a t i o n  pa thways .  The f i n a l  

metabolites of drugs have  been  c o n s i d e r e d  pharmaco- 

l o g i c a l l y  i n e r t ,  a n d  t h e i r  bu i ld -up  i n  p a t i e n t s  w i t h  

end  stage r e n a l  disease h a s  been  i g n o r e d .  Y e t ,  r e c e n t  

s t u d i e s  have d e m o n s t r a t e d  pharmacologic  a c t i v i t y  of 

many d rug  m e t a b o l i t e s ,  and  t h e i r  a c c u m u l a t i o n  i n  r e n a l  

f a i l u r e  can  lead t o  u n a n t i c i p a t e d  e f f e c t s .  

Muscle weakness  and  t e n d e r n e s s  t o g e t h e r  w i t h  a 

rise i n  serum c r e a t i n e  k i n a s e  were n o t e d  i n  5 uremic  

p a t i e n t s  b e i n g  treated w i t h  1-2g of c l o f i b r a t e  d a i l y .  

Marked a c c u m u l a t i o n  of  b o t h  f r e e  and t o t a l  c h l o r o -  

p h e n o x y i s o b u t y r i c  ac id ,  t h e  a c t i v e  metabolite of clo- 

f i b r a t e ,  was found i n  t h e  serum of 3 p a t i e n t s  i n  w h o m  

it was s o u g h t .  When c l o f i b r a t e  was s t o p p e d ,  t h e  musc le  

symptoms and  c r e a t i n e  k i n a s e  e l e v a t i o n  s u b s i d e d  (6). 
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EDITORIAL 315 

Oxypur inol  is a n  a c t i v e  metabolite o f  a l l o p u r i n o l  

t h a t  is normal ly  excreted i n  t h e  u r i n e .  Plasma l e v e l s  

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

t a k i n g  a l l o p u r i n o l  a r e  several f o l d  h i g h e r  t h a n  t h e  

o x y p u r i n o l  l e v e l s  i n  s u b j e c t s  w i t h  normal k i d n e y s .  

T h i s  h a s  been correlated w i t h  a h i g h e r  i n c i d e n c e  of 

s i d e  effects i n  r e n a l  f a i l u r e  p a t i e n t s  g i v e n  a l l o p u r i -  

no1 t h a n  i n  p a t i e n t s  w i t h  h e a l t h y  k i d n e y s  ( 7 ) .  

Sulfonamides  are b o t h  e x c r e t e d  unchanged and  

b i o t r a n s f o r m e d  by  a c e t y l a t i o n  w i t h  subsequen t  u r i n a r y  

e x c r e t i o n  of  t h e  a c e t y l a t e d  m e t a b o l i t e .  While r educ -  

t i o n  of  u s u a l  su l fonamide  dosage  c a n  keep  t h e  plasma 

su l fonamide  l e v e l  i n  t h e  u s u a l  r a n g e  i n  p a t i e n t s  w i t h  

poor  r e n a l  f u n c t i o n ,  it canno t  p r e v e n t  t h e  plasma 

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

u s u a l  l e v e l s .  Adam and Dawborn obse rved  h i g h  ace ty l -  

su l fonamide  l e v e l s  i n  a l l  4 p a t i e n t s  w i t h  ve ry  poor  

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

d r u g - r e l a t e d  nausea  a n d  vomi t ing  i n  three of t he  

p a t i e n t s  (8). 

Meperidine is normal ly  me tabo l i zed  t o  normeperi-  

d i n e  which may t h e n  be e i ther  e x c r e t e d  i n  t h e  u r i n e  or 

f u r t h e r  me tabo l i zed .  Normeperidine has  been shown i n  

a n i m a l s  t o  have less a n a l g e s i c  potency  b u t  more con- 

v u l s a n t  po tency  t h a n  meper id ine .  P a t i e n t s  w i t h  r e n a l  
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316 REIDENBF3G AND DRAYER 

f a i l u r e  g iven  meperidine f o r  p o s t - t r a n s p l a n t a t i o n  

a n a l g e s i a  have marked accumulat ion of normeperidine 

a f t e r  a f e w  doses  of t h e  pa ren t  drug.  Two p a t i e n t s  

w i th  poor r e n a l  f u n c t i o n  r e c e i v i n g  meperidine and 

having s i g n s  and symptoms of c e n t r a l  nervous s y s t e m  

i r r i t a b i l i t y  had h igh  normeperidine l eve l s .  The meper- 

i d i n e  was s topped ,  and t h e  c e n t r a l  nervous s y s t e m  

i r r i t a b i l i t y  subs ided .  T h i s  d e c l i n e  i n  CNS i r r i t a b i l i t y  

seemed t o  p a r a l l e l  t h e  f a l l  of normeperidine l e v e l s  in 

t h e  one p a t i e n t  i n  whom i t  was measured (9) .  

Procainamide is e x c r e t e d  unchanged or a c e t y  a t e d  

to N-acetylprocainamide which is t h e n  e l i m i n a t e d  from 

t h e  body by u r i n a r y  e x c r e t i o n .  N-Acetylprocainamide 

has  a n  a c t i o n  on t h e  h e a r t  t h a t  is similar t o  procain-  

amide (10-12). P a t i e n t s  w i th  r e n a l  f a i l u r e  r e c e i v i n g  

procainamide a t  dosages a p p r o p r i a t e l y  reduced t o  c o r r e c t  

for t h e  s lower t h a n  normal e l i m i n a t i o n  of procainamide 

s t i l l  had marked accumulat ion of N-acetylprocainamide. 

The i n t e n s i t y  of e f f e c t  observed,  both t h e r a p e u t i c  and 

t o x i c ,  w a s  c l ea r ly  r e l a t e d  t o  t h i s  m e t a b o l i t e  accumu- 

l a t i o n  a s  w e l l  as t h e  procainamide i t s e l f  (13 ) .  

These examples demonstrate  t h a t  c l o f i b r a t e ,  a l l o -  

p u r i n o l ,  sulfonamides,  meperidine,  and procainamide 

are biotransformed t o  ac t ive  m e t a b o l i t e s  t h a t  accumu- 

l a t e  and produce e f f e c t s  i n  p a t i e n t s  w i t h  poor r e n a l  

f u n c t i o n .  A g r e a t  many o t h e r  drugs are known t o  have 
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