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DOXORUBICIN FREE RADICAL FORMATION AND LIPID PEROXIDATION IN 
RAT HEPATOCYTES 
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The b i o l o g i c a l  a c t i v i t i e s  o f  d o x o r u b i c i n ,  a c l i n i c a l l y  u s e f u l  a n t h r a q u i n o n e  
a n t i t u m o u r  a g e n t ,  are  o f t e n  r e l a t e d  t o  m e t a b o l i c  d o x o r u b i c i n  semiquinone 
g e n e r a t i o n  r e s u l t i n g  i n  r e a c t i v e  oxygen fo rma t ion  and subsequen t  p e r o x i d a t i v e  
a t t a c k  on ce l l  membrane l i p i d s .  Xanthine o x i d a s e  (EC 1.2.3.2) and cytochrome 
P450 r e d u c t a s e  (EC 1.6.2.3) are a b l e  t o  o n e - e l e c t r o n  r educe  d o x o r u b i c i n  t o  
g e n e r a t e  f r e e  r a d i c a l s  (Pan e t  a1 ,1979) .  However, i t  h a s  been  sugges t ed  t h a t  
2 - e l e c t r o n  r e d u c t i o n  by  DT d i a p h o r a s e  (EC 1.6.99.2) may d e t o x i f y  quinone based 
c o m p u n d s  b y  l i m i t i n g  a u t o o x i d a t i o n  and concomi tan t  r e a c t i v e  oxygen fo rma t ion  by 
c o n v e r t i n g  t h e  a v a i l a b l e  qu inone  i n t o  t h e  more s t a b l e  hydroqu inone  (L ind  et al , 
1982) .  S i n c e  h e p a t o c y t e s  are r i c h  i n  bo th  one and two electron r e d u c t a s e s  we have 
used them as  a model sys t em t o  i n v e s t i g a t e  d o x o r u b i c i n  f r e e  r a d i c a l  fo rma t ion .  

Sprague Dawley male ra t  h e p a t o c y t e s  were i s o l a t e d  as d e s c r i b e d  by Fry (1981)  
and t h e i r  DT d i a p h o r a s e ,  x a n t h i n e  o x i d a s e  and cyt .P450 r e d u c t a s e  a c t i v i t i e s  
d e t e r m i n e d  by s t a n d a r d  methods.  E l e c t r o n  s p i n  r e sonance  ( e s r )  s p e c t r o m e t r y  was 
used t o  d i r e c t l y  i n v e s t i g a t e  d o x o r u b i c i n  f r e e  r a d i c a l  f o r m a t i o n  i n  i s o l a t e d  
h e p a t o c y t e s  u s i n g  esr o p e r a t i n g  p a r a m e t e r s  e s s e n t i a l l y  as p r e v i o u s l y  d e s c r i b e d  
( O l d c o r n e ,  Brown and P a t t e r s o n ,  1984).  The e f f e c t  of d o x o r u b i c i n  on h e p a t o c y t e  
l i p i d  p e r o x i d a t i o n  was measured as d e s c r i b e d  p r e v i o u s l y  ( P a t t e r s o n  et a l ,  1983)  

In f r e s h l y  i s o l a t e d  rat hep  t o c y t e s  t h e  a c t i v i t y  o f  cyt .P450 r e d u c t a s e  was 
41.8nmol . c q . c  reduced m n'*& p r o t e i n - ' ,  x a n t h i n e  o x i d a s e  5 . 7 m o l  u r i c  a c i d  
formed min 
r educed  min - l  ng pro te in - ' .  A f t e r  4h i n c u b a t i o n  i n  p r o t e i n  supplemented 
medium abou t  70% of t h e s e  enzyme a c t i  i t i e s  were r e t a i n e d .  Doxorub ic in  (300pM) 
when i n c u b a t e d  w i t h  h e p a t o c y t e s  (3x10 ) t h a t  
been  d e - a e r a t e d  w i t h  N2 g e n e r a t e d  a n  un reso lved  d o x o r u b i c i n  f r e e  r a d i c a l  
(g=2.0045) esr spec t rum,  which was c o l l a p s e d  on r e a e r a t i o n  of t h e  esr f l a t  c e l l .  

mg pro te in - '  and d i a p h o r a s e  6 4 . 3 m o l  dichlorophenylindolphenol 

i m e d i a t e l y  b e f o r e h a n d  had '6 

No esr spec t rum was o b s e r v e d  i n  h e p a t o c y t e s  of d o x o r u b i c i n .  Lipid 
p e r o x i d a t i o n  i n  f r e s h l y  i s o l a t e d  h e p a t o c y t e s  i n c u b a t e d  f o r  up 
t o  3h w i t h  d o x o r u b i c i n  (3pM) was o n l y  s l i g h t l y  g r e  t e r  ( 1 5 % )  t h a n  i n  c o n t r o l  
h e p a t o c y t e s  (0.59 mol ma lond ia ldehyde  mg p r o t e i n - * ,  p<0.05);  whereas 10+M 
d o x o r u b i c i n  had no e f f e c t .  Hepa tocy te  v i a b i l i t y  was g r e a t e r  t h a n  70% a f t e r  3-4h 
i n c u b a t i o n  i n  Williams E medium i n  t h e  p re sence  o r  absence  of d o x o r u b i c i n .  

The r e s u l t s  d e m o n s t r a t e  t h a t  rat h e p a t o c y t e s  shown t o  possess enzymes a s s o c i a t e d  
w t t h  qu inone  one and two e l e c t r o n  r e d u c t i o n  can  m e t a b o l i c a l l y  g e n e r a t e  
d o x o r u b i c i n  f r e e  r a d i c a l s .  However, t h i s  e v e n t  d o e s  n o t  g r e a t l y  a f f e c t  l i p i d  
p e r o x i d a t  i o n ;  a r e s u l t  t h a t  is  c o n s i s t e n t  w i th  p r e v i o u s  o b s e r v a t i o n s  (Mered i th  
and Reed,1983).  I t  would a p p e a r  that  t h e  p re sence  o f  d o x o r u b i c i n  i n  i s o l a t e d  
h e p a t o c y t e s  d o e s  n o t  n e c e s s a r i l y  r e s u l t  i n  d o x o r u b i c i n  f r e e  r a d i c a l  mediated 
l i p i d  p e r o x i d a t i o n .  

Pan , S  -S. , Peder sen  ,L. and Bachur ,N.R. (1981 ) Molec . Pharmacol . 19: 184 -186 
Lind ,C . ,  Hochs te in ,P .  and E r n s t e r , L .  (1982)  Arch. Biochem. Biophys.  216:178-185 
F r y ,  J.R. ( 1981)  In: Methods i n  Enzymology, v o l  77,  ed  .Jakoby,  Acad .P res s  pp130-137 
Oldcorne  , M . A . ,  Brown,J.R. and Pat terson,L.H.  (1984)  Biochem.Soc.Trans. 12:680-681 
Pa t t e r son ,L .H . ,  et  a l ,  (1983)  Biochem. Biophys.  Res. Commun. 110:399-406 
Meredi th ,M.J .  aGd Reed,D.J. ( 1 9 8 3 )  Biochem. Pharmacol .  32:1383-1388 


