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Most methylmercury (CH3Hg) c i rcu la t ing through the body is found 
in the red blood cel ls (Norseth and Clarkson, 1970). Naganuma and 
Imura (1979) demonstrated that th is  CH3Hg in human erythrocytes 
was bound to a low molecular weight substance having an elut ion 
pro f i le  on gel f i l t r a t i o n  and a Rf value on thin layer chroma- 
tography simi lar to glutathione. Before entering the general c i r -  
culat ion, CH3Hg, l ike al l  substances absorbed by the intest ine,  
must pass via the portal c i rcu lat ion to the l i ver .  In fact ,  the 
l i ve r  is the f i r s t  major organ with the opportunity to transform 
or metabolize absorbed nutr ients and toxicants. Experiments by 
Norseth and Clarkson (1970) have shown that the concentration of 
CH3Hg in the l i ver  rises very rapidly and reaches a peak within 
one day af ter  an in ject ion of CH3Hg. However, the concentration 
of CH3Hg in the l i ver  drops rapidly by days 2 and 3. This drop 
appears to result  from the transport of CH3Hg out of the l i ver  
into b i le  (Refsvik, 1982). A prerequisi te for the normal move- 
ment of CH3Hg from the l i ver  into the bi le is a high concentration 
of glutathione in the l i ver  (Refsvik, 1978). Refsvik and Norseth 
(1975) demonstrated that glutathione bound to CH3Hg is the pre- 
dominant mercury compound in rat b i le .  In addit ion, a small 
amount of methylmercuric cysteine is found in the bi le of CH~Hg 
exposed animals. Thus, i t  is generally observed that CH3Hg is 
associated with th io ls  in biological materials. 

One of the metabolic roles of low molecular weight th io l  compounds 
may be the formation of thiol-methylmercury complexes which can be 
pre ferent ia l ly  translocated across cell membranes. The co- 
administration of equimolar amounts of the t h i o l ,  L-cysteine, with 
CH3Hg increased the short-term accumulation of CH3Hg in l i ver ,  
kidneys and cerebrum, but reduced the level of CH3Hg found in 
plasma (Thomas and Smith, 1982). This modification of the d i s t r i -  
bution pattern of CH3Hg by co-administering low molecular weight 
th io l  compounds fur ther suggests that thiol-methylmercury com- 
plexes may play a role in the t issue deposition process. In fact ,  
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treatment of rats with CH3Hg has produced a low molecular weight 
CH3Hg complex in cerebral cytosol. This complex accounted for 
approximately one-third of the soluble CH3Hg and was ident i f ied by 
column chromatography and electrophoresis to be methylmercury- 
glutathione (Thomas and Smith, 1979). The object of th is  study is 
to determine i f  CH3Hg and th io l  complexes of CH3Hg are absorbed 
and dist r ibuted in a manner dependent upon the status of a known 
ameliorative agent of CH3Hg tox i c i t y ,  selenium. 

MATERIALS AND METHODS 

The CH3Hg complexes of cysteine, homocysteine and glutathione were 
prepared by mixing equimolar amounts of the th io l  and methylmer- 
cury (203Hg) chloride (Amersham) I in 0.I  M Tris-HCl, pH 8.0 
(Refsvik and Norseth, 1975). The methylmercury complex with 
cysteine-glycine was prepared by mixing a pH 5.0 solut ion of 
cysteine-glycine with a solution of methylmercury chloride (203Hg) 
in 0.I M Tris-HCl, pH 8.0 in equimolar proportions (Refsvik and 
Norseth, 1975). 

The thiol-methylmercury complexes were applied to 20 x 20 cm 
Si l ica Gel G Redi-Plates (Fisher Sc ien t i f i c ) .  The plates were 
developed at room temperature in a 70/30 n-propanol/25% ammonia 
solvent system (Refsvik and Norseth, 1975). Visual izat ion of 
CH3Hg was accomplished by spraying with a 0.10% dithizone solut ion 
in chloroform (lwata et a l . ,  1981). To determine the extent of 
complexation of CH3Hg by the th io ls  each plate was divided into I 
cm sections, the s i l i ca  scraped and counted for 203Hg in a Beckman 
8000 gamma counter. The percent CH3Hg complexed was: glutathione 
93%, homocysteine 95%, cysteine 91%, and cysteine-glycine 93%. 
The Rf values for the CH3Hg complexes were: methylmercury 0.12, 
methylmercury-glutathione 0.44, methylmercury-cysteine 0.71, 
methylmercury-cysteinylglycine 0.63, and methylmercury- 
homocysteine 0.56. 

Female 21 day old ICR mice (Harlan Sprague Dawley) were placed on 
selenium-deficient (< 0.05 ug/g Se) or selenium-control (0.5 ~g/g 
Se) diets for a period greater than 5 weeks before the s tar t  of 
each experiment. The selenium status ( l i ve r  selenium and blood 
GSH-peroxidase) of such animals was reported previously (Balthrop 
and Braddon, 1985). Animals (n = 4 or 5) were exposed to 5 nmoles 
CH3Hg/g body weight by ei ther subcutaneous (SC) or intraper i toneal 
(IP) in ject ions of thiol-methylmercury complexes di luted in 
phosphate buffered sal ine. Animals were injected once dai ly for 7 
days. Twenty-four hours af ter  the f inal  in ject ion the animals 
were k i l l ed .  The blood, brain, l i ve r ,  kidneys, and small 
in test ine of each animal were immediately removed, rinsed in 
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sal ine and blot ted dry. Tissues were then weighed and counted for  
203Hg. Results were calculated as percent of recovered dose and 
concentration of mercury (nmoles CH3Hg/g t i ssue) .  A Student's t -  
tes t  was used to compare the means. 

RESULTS AND DISCUSSION 

The re la t ive  d i s t r i bu t i ons  of CH3Hg found in blood, brain,  l i v e r ,  
kidney and in tes t ine  are shown in Figures 1-4. The results show 
that  there is no di f ference in the d i s t r i b u t i o n  of CH3Hg due to 
the selenium status of the animal nor due to the route of CH3Hg 
administrat ion (SC or IP).  Furthermore, exposure to each of the 
four complexes of CH3Hg resulted in the same t issue d i s t r i b u t i o n  
of CH3Hg as exposure to uncomplexed CH3Hg. The l i v e r  accumulated 
approximately 35% of the recovered CH3Hg while the kidney and 
in tes t ine  each accumulated approximately 25%. The blood accounted 
for  approximately 15% of the recovered CH3Hg while the brain,  the 
major target t issue for CH3Hg in tox i ca t i on ,  contained approxi- 
mately 1% of the recovered CH3Hg. 

The concentration of CH3Hg (nmoles/g t issue)  found in the blood, 
bra in,  l i v e r ,  kidney and in tes t ine  are shown in Figures 5-8. Once 
again the resul ts show no dif ferences due to the selenium status 
of the animals nor due to the route of administ rat ion.  Further- 
more, exposing the animals to complexes of low molecular weight 
t h io l s  and CH3Hg resulted in the same t issue CH3Hg concentration 
as exposing the animals to uncomplexed CH3Hg. The kidney con- 
tained the highest concentration of CH3Hg (140-180 nmoles/g), 
while the l i v e r  and in tes t ine  contained lower but about equal con- 
centrat ions of methylmercury (40-60 nmoles/g). The blood had the 
next to lowest concentration (20 nmoles/g), while the brain had 
the lowest concentration of the f i ve  t issues (10-15 nmoles/g). 

Our data provide evidence that  CH3Hg when complexed to th io l s  is 
absorbed and d is t r ibu ted  throughout the body in a manner s imi lar  
to uncomplexed CH3Hg. This may be due to the fact tha t ,  fol lowing 
e i ther  subcutaneous or in t raper i toneal  i n jec t ion ,  CH3Hg or t h i o l -  
complexes of CH3Hg are quickly delivered to the l i v e r  via the 
general c i r cu la t i on .  The demonstrated conversion in the l i v e r  of 
CH3Hg to CH3Hg-glutathione (Refsvik and Norseth, 1975) may be 
paral le led by l i v e r  metabolic interconversions of the injected 
th io l  complexes. Thus the injected CH3Hg-thiol complexes may lose 
t h e i r  d i s t i n c t  i d e n t i t i e s  and al l  become one s imi la r ,  though unde- 
f ined compound. 

The re la t i ve  t issue concentrations of mercury observed in our 
experiment compares favorably with those found by Fang (1980). He 
reported the highest level of mercury to be in the kidney and the 
lowest level in the brain.  However, he calculated a 16.8 blood: 
brain mercury ra t io  and th is  is much higher than our ra t io  of 
approximately 2. This discrepancy could be due to the fact that  
the level of CH3Hg in the brain continues to r ise slowly for days 

892 



9O 
w 

8 "  
r~ 7o 
IAI e,, 
W 6o 
> 
0 so 
u 

0 3o 

~ 2o 

X 
10 

0 
W.OOD BRAIN LIVER KIDNEY INTESTINE 

[ ]  SALINE 

[ ]  GSH 

[ ]  cvs 

�9 HOMOCYS 

[ ]  CYSGLY 

Figure 1. Tissue distribution of methylmercury in selenium defi- 
cient mice intraperit0neaIIy exposed to low molecular weight 
thiol-methylmercury complexes. Selenium deficient mice were 
injected intraperitoneally daily for 7 days and ki l led 24 hours 
after the last injection. The daily dose was 5 nmoles methyl- 
mercury/g body weight. The reported values are means + SE; n=4-5. 
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Figure 2. Tissue distribution of methylmercury in selenium con- 
trol  mice intraperitoneally exposed to low molecular weight 
thiol-methylmercury complexes. Selenium control mice were 
injected intraperitoneally daily for 7 days and ki l led 24 hours 
after the last injection. The daily dose was 5 nmoles methyl- 
mercury/g body weight. The reported values are means + SE; n=4-5. 
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Figure 3. Tissue d is t r ibu t ion  of methylmercury in selenium def i -  
cient mice subcutaneously exposed to low molecular weight t h i o l -  
met hylmercury complexes. Selenium def ic ient  mice were injected 
subcutaneously dai ly for 7 days and k i l led  24 hours af ter  the last 
in jec t ion.  The dai ly dose was 5 nmoles methylmercury/g body 
weight. The reported values are means ~ SE; n=4-5. 
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Figure 4. Tissue d is t r ibu t ion  of methylmercury in selenium con- 
t ro l  mice subcutaneously exposed to low molecular weight t h i o l -  
methylmercury complexes. Selenium control mice were injected 
subcutaneously daily for 7 days and k i l led  24 hours af ter the last 
in ject ion.  The dai ly dose was 5 nmoles methylmercury/g body 
weight. The reported values are means ~ SE; n=4-5. 
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Figure 5. Tissue concentration of methylmercury in selenium def i -  
cient mice Tntraperi toneal ly exposed to low molecular weight ..... 
thiol-methylmercury complexes. Selenium def ic ient  mice were 
injected in t raper i toneal ly  dai ly for 7 days and k i l led  24 hours 
af ter  the last  in ject ion.  The dai ly dose was 5 nmoles methyl- 
mercury/g body weight. The reported values are means ~ SE; n=4-5. 
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Figure 6. Tissue concentration of methylmercury in selenium con- 
t ro l  mice i nt'raperitoneall~ exposed to low molecular weight 
t fiiol-meth~Imercury complexes. Selenium control mice were 
injected in t raper i toneal ly  dai ly for 7 days and k i l led  24 hours 
af ter  the last  in ject ion.  The dai ly dose was 5 nmoles methyl- 
mercury/g body weight. The reported values are means + SE; n=4-5. 
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Figure 7. Tissue concentration of methylmercury in selenium def i -  
cient mice subcutaneously exposed to low molecular weight t h io l -  
methylmercury complexes. Selenium def ic ient mice were injected 
subcutaneously dai ly for 7 days and k i l led  24 hours after the last 
in ject ion.  The dai ly dose was 5 nmoles methylmercury/g body 
weight. The reported values are means + SE; n=4-5. 
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Figure 8. Tissue concentration of methylmercury in selenium con- 
t ro l  mice subcutaneously exposed to low molecular weight t h io l -  
me thylmercury complexes. Selenium control mice were injected 
subcutaneously dai ly for 7 days and k i l led 24 hours after the last 
in ject ion.  The dai ly dose was 5 nmoles methylmercury/g body 
weight. The reported values are means + SE; n=4-5. m 
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(Mehra and Kanwar, 1980). Fang's ratio is calculated after mer- 
cury exposure for 2 days, while our data was obtained after 
exposing animals to CH3Hg for 7 days. 

The selenium status of the animals had no e f fec t  on the accumula- 
t ion  and d i s t r i b u t i o n  of CH3Hg fo l lowing exposure to t h i o l -  
methyl mercury complexes, This is d i f f e ren t  from the resul ts of 
Thomas and Smith (1984) in which they reported that co-adminis- 
t r a t i on  of sodium seleni te with CH3Hg had an ef fect  on mercury 
d i s t r i b u t i o n  and increased the concentration of methylmercury in 
the brain.  

I t  is important to note that t he i r  study was short term (5-60 
minutes) and tha t ,  even though the concentration of CH3Hg in the 
l i v e r  was s i g n i f i c a n t l y  increased by seleni te co-administrat ion at 
5 and 20 minutes, i t  was not increased at 60 minutes a f ter  in jec-  
t i on .  In addi t ion,  our study did not involve co-administrat ion of 
se leni te  but rather used d i f f e ren t  selenium d ie tary  regimes. 

Our data suggest that the selenium status of the consumer has 
l i t t l e  i f  any ef fect  on the d i s t r i b u t i o n  and accumulation of 
in jected mercury. Considering our resul ts along with those of 
Thomas and Smith (1984), i t  appears that  metabolic in terac t ions of 
selenium with CH3Hg may occur only when the metals are con- 
current ly  administered. Further research is needed to invest igate 
whether or not selenium a l ters  the chemical form of c i r cu la t i ng  
CH3Hg. 
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