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H e p a t o - t o x i c  m a n i f e s t a t i o n s  of  cac~nium and mercury ,  two most 
hazardous  m e t a l s ,  have been pa id  c o n s i d e r a b l e  a t t e n t i o n  dur ing  l a s t  
few y e a r s .  Now i t  has  been e s t a b l i s h e d  tha t  they con juga t e  w i th  
g l u t a t h i o n e  and lead to the fo rmat ion  of  m e r c a p t u r i c  a c i d s  (Cherian 
and V o s t a l ,  1977; R e f s v i k ,  1978).  F u r t h e r ,  8 1 u t a t h i o n e  i s  known to 
be a c a r r i e r  fo r  t h e i r  e f f l u x  a c r o s s  the c a n a l i c u l a r  membrane. 
Al though s eve ra l  r e p o r t s  conf i rm tha t  se lenium o f f e r s  p r o t e c t i o n  
a g a i n s t  t h e i r  t o x i c i t y  by a l t e r i n g  t h e i r  t i s s u e  d i s t r i b u t i o n  and 
p r o t e i n  b ind ing  c a p a c i t y  (Chen e t  a l . ,  1974; ~hanger ,  1976) and 
a l s o  by enhancing t h e i r  b i l i a r y  e x c r e t i o n  (Stowe, 1976),  i t s  
concommitant e f f e c t s  on l i p i d  p e r o x i d a t i o n  a re  p o o r l y  known. Hence, 
a s tudy  on l i p i d  p e r o x i d a t i o n  was proposed in the l i v e r  of  r a t s  fed 
s i m u l t a n e o u s l y  on selenium and cadmium and se lenium and mercury .  
Since  g l u t a t h i o n e  c y c l e  c o n s t i t u t e s  an impor tan t  p a r t  of  
a n t i o x i d a n t  de fense  mechanisms, 8 1 u t a t h i o n e  and g l u t a t h i o n e  
pe rox idase  were a l s o  s t u d i e d .  

Male Char les  F o s t e r  r a t s  (150• 8m) were s e l e c t e d  from the 
l a b o r a t o r y  s tock  and ma in ta ined  in wire-woven cages  on p e l l e t e d  
food and tap wate r  ad l ib i t t~n.  A f t e r  a c c l i m a t i n g  them to l a b o r a t o r y  
c o n d i t i o n s  (room tempera ture  25~177176 and r e l a t i v e  ht~nidi ty  60• 
fo r  two weeks, they were d i v i d e d  i n t o  f i v e  g roups ,  each c o n t a i n i n g  
f i v e  r a t s .  Rats  of  group A were fed on cac~nit~n (as  cadmitln c h l o r i d e  
(95~ p u r e . )  ob t a ined  from E. Marck, Bombay ( I n d i a )  whereas r a t s  of  
group B were fed on cadmium and sodium s e l e n i t e  (E.Marck. 
Bombay,India)  by gavage on each a l t e r n a t e  day fo r  30 days .  
S i m i l a r l y  r a t s  of  group C were fed on mercury  (as  mercu r i c  c h l o r i d e  
(95~ p u r e . )  o b t a i n e d  from E.Marck, Bombay, ( Ind ia )  and r a t s  of  
group D were fed on mercury  and sodit~n s e l e n i t e  by gavage fo r  
t h i r t y  days .  Rats  of  group E tha t  were a d m i n i s t e r e d  on ly  s a l i n e  
se rved  as c o n t r o l s .  

A f t e r  schedule  t r e a t m e n t s ,  the r a t s  were s t a r v e d  o v e r n i g h t  and 
s a c r i f i c e d  by d e c a p i t a t i o n .  For the d e t e r m i n a t i o n  of  
ma lond ia ldehyde ,  microsc~nes were p u r i f i e d  f r~n l i v e r  homogenates by 
d i f f e r e n t i a l  c e n t r i f u g a t i o n  a t  I000,000 x8 fo r  60 minutes  us ing  a 
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H i t a c h i  55 PA, au toma t i c  p r e p a r a t i v e  u l t r a c e n t r i f u g e .  They were 
washed twice wi th  0.25 M suc rose  and used fo r  the e s t i m a t i o n  of  
malond ia ldehyde  by t h i o b a r b i t u r i c  a c i d  ( Jordan  and Schenknan, 
1982).  A s t a n d a r d  was p r e p a r e d  by d i s s o l v i n g  24.6 nag of  1 , 1 , 3  
t e t r amethoxypropane  in 100 ml of  d e i o n i z e d  d i s t i l l e d  wa te r .  Working 
s t a n d a r d s  from the s t o c k  s o l u t i o n  were p repa red  by d i l u t i n g  the 
s t o c k  s o l u t i o n  1 :50 ,  1 :75 ,  1 :100 and 1:150 wi th  0.01 N HC1. A 1:100 
d i l u t i o n  o f  s t o c k  s o l u t i o n  c o n t a i n e d  15 n - m o l e s  of  
malondia ldehyde/mg p r o t e i n .  P r o t e i n  was de te rmined  us ing  bovine  
serum albumin (Sigma, USA) as the  s t a n d a r d  fLowry  e t  a l . ,  1951).  

L ive r  samples were p e r f u s e d  wi th  1.15% po tass ium c h l o r i d e ,  
homogenized in four  voh~nes of  d i s t i l l e d  wate r  and c e n t r i f u g e d .  GSH 
was de te rmined  us ing  d i t h i o n i t r o b e n z o i c  ac id  (DTNB) as p r e s c r i b e d  
by Ellman (1954).  

The a c t i v i t y  of  g l u t a t h i o n e  pe rox idase  in l i v e r  homogenate was 
assayed  wi th  a coupled  enzyme system (Wendel,1980) where GSSG 
r e d u c t i o n  was coupled to NADPH o x i d a t i o n  by g l u t a t h i o n e  r e d u c t a s e .  
The o x i d a t i o n  of  NADPH was fo l lowed s p e c t r o p h o t e m e t r i c a l l y  a t  
340 nm. 

R e s u l t s  were expressed  as mean v a l u e s  • s t a n d a r d  e r r o r .  A v a l u e  of  
p ~ 0.05 wag c o n s i d e r e d  to be s i g n i f i c a n t  ( F i s h e r , 1 9 5 0 ) .  

RESULTS AND D I S C U S S I O N  

As shown in t a b l e  1, cadmium and mercury  bo th  induced l i p i d  
p e r o x i d a t i o n  in r a t  l i v e r .  However, a concommitant t r ea tment  w i th  
se lenium i n h i b i t e d  (36 and 32%) the r a t e  of  p e r o x i d a t i v e  
decompos i t ion  in bo th  the groups .  

Format ion of  reduced g l u t a t h i o n e  was s t i m u l a t e d  in the l i v e r  of  
cadmium fed r a t s .  F u r t h e r ,  h i g h e r  v a l u e s  were o b t a i n e d  in r a t s  
t r e a t e d  wi th  cadmium and se lenium bo th .  S i m i l a r  r e s u l t s  were 
o b t a i n e d  in  the l i v e r  of  mercury  and se len ium fed r a t s  a l s o .  

R e s u l t s  on g l u t a t h i o n e  p e r o x i d a s e ,  however,  d id  not  e x h i b i t  a 
s t r i c t  r e l a t i o n s h i p  w i t h  reduced g l u t a t h i o n e  or  ma lond ia ldehyde .  
N e v e r t h e l e s s ,  the enzyme a c t i v i t y  d e c l i n e d  a f t e r  se len ium t r ea tmen t  
(Table 1 ) .  

Causa t i ve  r o l e  of  l i p i d  p e r o x i d a t i o n  in metal  t o x i c i t y  has been 
s t u d i e d  by mrnber of  workers  (Sugawara, 1984; Rana and Ktraar, 1984; 
S t acey  and Kappus, 1982; Sa te  e t  a l . 0  1983).  I t  was G a n t h e r  (1978) 
who p o i n t e d  out tha t  s e l en i t r a  could  be a p a r t  of  v a r i o u s  sys tems 
de fend ing  a g a i n s t  l i p i d  p e r o x i d a t i o n .  P re sen t  o b s e r v a t i o n s  suppor t  
t ha t  cadmium and mercury  when fed w i t h  se lenium f a i l  to  r a i s e  TPA 
chrornogens and a l s o  conf i rm t h e i r  i n t e r a c t i o n  wi th  GSH. Selenium 
l i k e  o t h e r  a n t i - o x i d a n t s  may p r o t e c t  t i s s u e  damage d i r e c t l y  through 
c o n j u g a t i o n  r e a c t i o n s  or  by enhancing the fo rmat ion  of  reduced 
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g l u t a t h i o n e .  P r e sen t  r e s u l t s  agree  w i t h  t h i s  s t a t e m e n t .  Accord ing  
to some a u t h o r s  Se-Hg and Se-Cd i n t e r a c t i o n  i s  b rought  about  by 
endogenous g l u t a t h i o n e  which reduces  s e l e n i t e  to a s e l e n i d e  
compound ( Iwata  e t  a l  1981) .  The h i g h  l i p o - a f f i n i t y  of  t h i s  
compound may a l t e r  t h e i r  d i s t r i b u t i o n  and t o x i c i t y  in  c r i t i c a l  
t i s s u e s  as  sugges t ed  b y ~ s u k a w a  e t  a l  (1982) .  

Trea tments  o f  cadmium and mercury  wi th  se len ium were found to  r a i s e  
GSH l e v e l  in  the l i v e r .  A number of  x e n o b i o t i c s  can r a i s e  h e p a t i c  
g l u t a t h i o n e  (Kaplowt iz ,  1981).  GSH i s  a l s o  known to  be invo lved  in 
metabol i sm and d e t o x i c a t i o n  of  endogenous and exogenous s u b s t a n c e s  
( K e t t e r e r  e t  a l  1983).  ~ r e o v e r ,  g l u t a t h i o n e  dependent  enzymes 
could  have an impor tan t  f u n c t i o n  in Se-Hg and Se-Cd antagonism.  
S ince  g l u t a t h i o n e  p e r o x i d a s e  i s  a Se-dependent  enzyme, the s u b j e c t  
needs f u r t h e r  r e s e a r c h .  Flohe (1979) s t u d i e d  the k i n e t i c  behav iou r  
of  GSH p e r o x i d a s e  and conc luded  tha t  s e l e n o c y s t e i n e  r e s i d u e s  of  GSH 
p e r o x i d a s e  s h u t t l e  between d i f f e r e n t  redox s t a t e s  dur ing  c a t a l y s i s .  
At p h y s i o l o g i c a l  l e v e l s ,  however,  the enzyme i s  l a r g e l y  reduced .  
Secondly ,  GSH p e r o x i d a s e  may p reven t  l i p i d  p e r o x i d a t i o n  by 
scavanging  hydrogen  pe rox ide  the reby  s lowing down H~O~ dependent  
f r e e  r a d i c a l  a t t a c k  on l i p i d s .  However, o v e r l a p p i n g  ~e~hanisms of  
o t h e r  enzymes l i k e  g l u t a t h i o n e - S - t r a n s f e r a s e  and c a t a l a s e  can not  
be ove r looked .  A r e c e n t  r e p o r t  from t h i s  l a b o r a t o r y  (Rana e t  a l . ,  
1990) s u s p e c t s  a f u n c t i o n a l  c o m p e t i t i o n  between c a t a l a s e  and 
g l u t a t h i o n e  p e r o x i d a s e .  The da t a  p r e s e n t e d  in t h i s  cumzonica t ion  
c o n v i n c i n g l y  suppor t  t ha t  one of  the avenues through which se lenium 
can a n t a g o n i z e  wi th  cadmium or  mercury  i n v o l v e s  g l u t a t h i o n e  and 
g l u t a t h i o n e  p e r o x i d a s e .  
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