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The protect ing ef fect  of selenium against the t o x i c i t y  of 
methylmercury (MM) and mutual Se-Hg antagonism has long been known 
(see in Spallholz et al ,  1981). 

The defensive action of Se does not occur by greater Hg body 
excretion but by a rearrangement in the accumulation pattern of Hg 
in organs; for  example when Se and Hg are administered together in 
the d ie t  the absence of symptoms of t o x i c i t y  can be accompanied by 
high levels of Hg in the brain (Stoewsand et al ,  1974). 
According to some Authors the Se-Hg in te rac t ion  is brought about by 
endogenous glutathione (GSH) which in reducing seleni te to selenide 
favors the formation of bis-methylmercury selenide (lwata et al ,  
1981). The high l i p o a f f i n i t y  of th i s  compound a l ters  the metabolism 
and d i s t r i b u t i o n  of mercury in c r i t i c a l  t issues and thus i t s  
t o x i c i t y  (Masukava et al ,  1982). The funct ion of GSH as a 
protect ive agent againts MM t o x i c i t y  has recent ly been confirmed by 
Balthrop and Braddon (1985) who observed depletion of GSH in the 
mouse l i v e r  and an increase in i t s  levels af ter  in jec t ion  of Se 
pr ior  to MM. 
The same Authors la id  par t i cu la r  emphasis on the protect ive e f fect  
of Se in a l ter ing the MM metabolism, and a modified a c t i v i t y  of 
glutathione tranferases (GST) was found in animals treated with Se 
+ MM compared to those treated with Se or MM alone. 

GST is an important family of isoenzymes with binding propert ies 
which metabolize drugs and xenobiot ics.  These enzymes could indeed 
have an important funct ion in Se-Hg antagonism. Their pa r t i c ipa t i on  
in conjugation with GSH and b i le  excret ion of MM has been suggested 
by Refsvik (1983), although other authors seem to exclude i t  
(Dier ickx,1985).  

Send repr in t  requests to P. Di Simpl ic io at the above address. 

15 



In the present paper the behavior of GST isoenzymes in quai l  l i v e r  
a f te r  combined Se-Hg treatment was studied;  in add i t ion  other 
enzymes which regulate the GSH metabolism as well  as the hepatic 
leve ls  of Se, Hg, GSH and oxid ized g lu ta th ione  (GSSG) have been 
inves t iga ted  

MATERIALS AND METHODS 

Eight groups of 4 adul t  male Japanese quai l  (Coturnix co tu rn ix  
japonica) were given a d ie t  conta in ing the fo l low ing  
concentrat ions of selenium and mercury (as sodium se len i te  and 
methylmercury ch lo r ide)  for  3 weeks: group SEl, SE2, SE3 = 2.5, 
5.0, l O ~ g / g  of Se; group SMI, SM2, SM3 = 2+10, 4+10, 8+10 ~g/g 
Se+Hg corresponding to a Se/Hg molar r a t i o  of 0.5, I ,  2 
respec t i ve ly ;  group ME = lO#g /g  Hg. 
The Se and Hg compounds were d issolved in ethanol and mixed with 
the food in a homogenizer at room temperature u n t i l  a l l  the 
ethanol evaporated. Concentrat ions were randomly v e r i f i e d  by the 
analys is  of t o ta l  mercury (Hg) and selenium (Se) wi th atomic 
absorpt ion spectroscopy (AAS). 
Af ter  21 days of t h i s  d ie t  a l l  the animals were sac r i f i ed .  Part of 
the l i v e r  was kept frozen at -80~ fo r  AAS and GSH determinat ion 
and part  of i t  immediatly processed fo r  enzyme assays. 
For analys is  of t o ta l  selenium and mercury an a l iquo t  of about 
0.5 g l i v e r  was mineral ized in te f l on  vessels wi th 2.0 ml HNO_ at 
115 ~ under pressure (Stoeppler and Bakhaus; 1978). The so lu t ion  
was then processed fo r  AAS. Hg was determined by the cold vapor 
stream system, Se by the hydride generat ion and electrothermal 
atomizat ion technique. 
A c t i v i t i e s  of g lu ta th ione  t ransferases (GST), g lu ta th ione reductase 
(GSSg-Red)), Se-dependent g lu ta th ione  peroxidase (GSH-Px), 
glyoxalase (GLY) and t h i o l t r a n s f e r a s e  (TT) were determined by the 
methods reported in Di S impl ic io  and Mannervik (1983). GST were 
determined using l - ch lo ro -2 ,4 -d in i t robenzene  (CDNB) which is  
considered the common substrate for  a l l  GST isoenzymes; spec i f i c  
isoenzyme a c t i v i t y  was tested by e thac r in i c  acid (EA) and cumene 
hydroperoxide (Cu-OOH). Analysis of GSH and GSSG was performed by 
the method of Di S impl ic io  (1982) s l i g h t l y  modif ied. 
Proteins were quan t i f i ed  by the method of Bradford (1976). 

A i l  data were processed by parametric s t a t i s t i c a l  
(ana lys is  of var iance, ANOVA) using SPSS software (IBM). 

analys is  

RESULTS AND DISCUSSION 

Se in the d ie t  at increasing concentrat ions resu l ted in a pa ra l l e l  
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Table I .  Total selenium and mercury concentrations (~g/g ww) in the 
l i ve r  of treated quails (~=mean; SD=standard deviat ion; n=4). 

Group: CON. ME SEl SE2 SE3 SMI SM2 SM3 

Se ~ 0.19 0.56 1.72 2.08 2.46 0.78 1.25 2.44 
SD 0.01 0.12 0.56 1.13 0.89 0.30 0.90 0.82 

Hg ~ 0.16 12.26 0.18 0.13 0.31 14.45 14.12 23.21 
SD 0.01 2.54 0.07 0.03 0.05 6.10 6.43 8.88 

increase in hepatic tota l  mercury levels,  l ikewise increasing 
amounts of Hg were taken up by the l i ve r  of animals given the 
same dose of MM and increasing doses of Se (Tab. l ) .  These data 
confirm previous data on the Se-Hg interact ions reported by E1 
Begearmi (1977). 
No change in hepatic concentrations of GSH and GSSG was found in 
any treated group (control values: GSH=3.35• ~moles/g ww, 
n=4; GSSG= 39.4 • 8.12 nmoles/g). 
Ail enzymatic ac tv i t ies  are reported in Fig. I .  
No change in CDNB a c t i v i t y  was found in the SE or ME groups. A 
s ign i f i can t  decrease with respect to controls was found in SMI, a 
s ign i f i can t  increase in SM3, and no change in SM2. 
In the SE and ME groups, GST response assayed with the Cu-OOH 
substrate showed an increase and a decrease with respect to the 
control group, respect ively.  In SM treated quai ls ,  isoenzyme 
expression conformed to that obtained in the SE or ME treatment 
depending on the Se/Hg ra t i o .  
GST sensi t ive to EA showed an a c t i v i t y  pattern substant ia l ly  
d i f fe ren t  from that obtained with CDNB and Cu-OOH. In the SE and 
ME treatments an increase in EA a c t i v i t y  was recorded; the same 
increase was found in the SM groups when Hg (s ign i f i can t )  or Se 
(not s ign i f i can t )  were in excess. No change in a c t i v i t y  was 
noted when the molar ra t io  Se/Hg was equal to 1 (SM2). 
GSH-Px and TT a c t i v i t i e s  were elevated in al l  groups and 
s ign i f i can t l y  correlated (p<O.O01, r=0.875, n=32). 
GR a c t i v i t y  was s ign i f i can t l y  decreased af ter  ME treatment; in 
al l  the other groups no var ia t ion was observed with respect to 
the control group. 
Gly was unmodified in al l  the treated groups (mean control value 
i standard deviation = 345• mU/mg n=4) 

Our data show a change in the MM metabolism in the presence of Se 
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Figure I .  Percentage va r i a t i on  in enzymatic a c t i v i t y  wi th respect 
to con t ro ls  in quai l  l i v e r  a f te r  selenium and mercury treatments. 
Average contro l  a c t i v i t i e s  (standard dev ia t ion  in parenthesis) 
are expressed as U/mg prot  fo r  GST(CDNB) and mU/mg prot  fo r  the 
others;  as te r i sk  ind icates  s i g n i f i c a n t  d i f fe rence (p<O.O05) wi th 
respect to con t ro l .  
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accompanied by modif ied GST a c t i v i t y  as recen t l y  reported 
(Balthrop and Braddon, 1985). Further in format ion was gathered by 
the observat ion of some GST isoenzymes. For example the increase 
in GST a c t i v i t y  assayed with EA and the decrease in CuOOH 
a c t i v i t y  fo r  ME and SMI groups ind ica te  that  GST isoenzymes are 
d i f f e r e n t l y  inf luenced by MM or Se treatments; in t h i s  case 
resu l t s  based only on the unchanged value of CDNB a c t i v i t y  
observed fo r  the ME group may lead to ambiguous i n t e r p r e t a t i o n  of 
the tox i c  e f fec t  of MM. 
The behaviour of CDNB, CuOOH, and EA a c t i v i t i e s  may be considered 
a sens i t i ve  biochemical method to study the mutual Se-Hg 
antagonism at cytoplasmic l eve l ;  t h i s  aspect has not yet  been 
ex tens ive ly  studied.  The l i t e r a t u r e  is  mainly concerned wi th the 
e f fec t  of GST isoenzymes a f te r  Se or MM treatment ra ther  than in 
combined admin is t ra t ion .  
The increased CuOOH and EA a c t i v i t i e s  observed in quai l  l i v e r  
a f te r  Se treatment confirm previous resu l t s  obtained in mice 
(Rei ter  and Wendel,1985). 
The unchanged values of GSH and GSSG in a l l  t reated groups are 
unexpected, consider ing that  GSH has been demonstrated to be 
sens i t i ve  to MM (Balthrop and Braddon, 1985) and Se treatment 
(Chung and Maines, 1981). Perhaps GSH and GSSG hepatic leve ls  
represent the f i n a l  r esu l t  of var ious i n te rac t i ons  ( i . e .  GSH 
synthesis and e f f l u x )  which regulate  t h e i r  i n t r a c e l l u l a r  
concentra t ion.  
According to out f i nd ings  the GSH-Px a c t i v i t y  is  st imulated in 
animals fed supplementary Se (Rei ter  and Wendel, 1985). I t  i s  
known tha t  MM lowers the GSH-Px a c t i v i t y  (Prohaska and Ganther, 
1977; Hi rota et a l ,  1980). On the other hand Chang and Suber 
(1982) found no va r i a t i on  in GSH-Px a c t i v i t y  3 weeks a f te r  MM 
treatment in ra ts  and a s i g n i f i c a n t  decrease a f te r  6 weeks; Kl ing 
and Soares (1978) did not detect any change in GSH-Px in l i v e r  
and blood of qua i ls  t reated with methylmercury. These studies and 
our resu l t s  seem to ind ica te  that  GSH-Px i n h i b i t i o n  due to MM 
poisoning could be inf luenced by several fac tors  such as the dose 
administered, the time of exposure and even the natural  presence 
of selenium in the d i e t .  
TT shows a pat tern of a c t i v i t y  s im i l a r  to that  observed fo r  
GSH-Px. This enzyme regulates the amount of GSH bound to pro te ins  
by mixed d i s u l f i d e s  (Axelsson and Mannervik, 1980) and has been 
l i t t l e  inves t iga ted  in Se-Hg i n t e r a c t i o n s ;  Rei ter  and Wendel 
(1985) did not f i nd  any va r i a t i ons  in TT a c t i v i t y  a f te r  Se 
admin is t ra t ion .  
The GSSG-Red a c t i v i t y  decreases more than a l l  the other observed 
enzymes; the supplementation of Se espec ia l l y  at the h ighest  dose 
(SM3) restored the basal a c t i v i t y  wi th a pat tern d i f f e r e n t  from 
the other cases. Mikkanen and Ganther (1974) found a decrease in 
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GSSG-Red a f te r  MM treatment in v i t r o  but not in v ivo.  

In conclus ion,  a f te r  subcronic treatment wi th Se and MM which did 
not a l t e r  GSH leve ls  in the l i v e r ,  we obtained a sens i t i ve  
va r i a t i on  of GST isoenzymes (CuOOH with respect to EA). Under 
these condi t ions GSH-Px and GSSG-Red showed a d i f f e r e n t  pat tern 
of a c t i v i t y  from that  obtained by other authors in acute MM 
i n t o x i c a t i o n .  These data seem to confirm that  Se pro tec t ion  
against MM t o x i c i t y  is  ef fected by a change in MM metabolism and 
tha t  a very complex response of g lu ta th ione  dependent enzymes is  
invo lved.  
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