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In rat kidneys metallothlonein binds mercury derived 
from the supplied inorgan�8 mercury ~VISNIEWSKA-KNYPL et al. 
1970s PIOTROWSKI e t  a l .  1974a, 1974b/ and from e lementa ry  
mercury /SAPOTA et  a l .  1974s CHERIAN and CLARK$ON 1976 / .  I t  
a l so  b inds mercury de r i ved  from pheny lmercury  ace ta te  
/PIOTROWSKI and BOLANOWSKA 1970s ELLIS and FANG 1971, FANG 
1973/ ,  and e t h y l m e r c u r i c  c h l o r i d e  /FANGe 1973/ .  In  ths l a t t e r  
cases,  however,  m e t a l l o t h i o n e i n  p robab ly  b inds l n o r g a n i c  
mercury which forme as ths r e s u l t  of b i o d e g r a d e t i o n  of  a r y l  - 
and a l k y l  mercury compounds. To a l a s s e r  ex ten t  m e t a l l o t h i o -  
na in  b inds a leo mercury s u p p l i s d  in  form of methy lmercury  
compounds the y i e l d  of t h i e  procass being i n v e r s e l y  p r o -  
p o r t i o n a t e  to the dose /CHEN e t  a l .  1973/ .  Th is  a l so  may be 
due to the b i o d s g r a d a t i o n  of methy lmercury  which y i e l d s  i n -  
o rgan i c  mercury /CLARKSONs 1972 / .  

In  mercury po ison ing  the p r o t e c t i v e  r o i s  of both me ta l -  
l o t h i o n e i n  /PIOTROWSKI e t  a l .  1973as Hec GREGOR and CLARKSON 
1974/  and of selenium /GANTHER e t  a l .  1972, GROTH et  a1.1973,  
GANTHER and SUNDE 1974, PARIZEK and OSTADALOVA 1967/  i s  con-  
s i d e r e d .  Selenium does hOt s t i m u l a t e  the b i o s y n t h e s i s  of 
m e t a l l o t h i o n e i n  /PIOTROWSKI and SZYHA~SKA 1976/  and whan 
adminlsterad 3olntly with mercury it removes thls element 
from metallothlonein-like proteins /CHEN et al. 1975, KOHSTA- 
SZUHSKA e t  a l .  1976/  and e l i m l n a t e s  the e f f e c t  of s t i m u l a t i o n  
of n  b i o s y n t h s s i s  caused by mercury /KOHSTA- 
SZUHSKA and CHHIELNICKA in  p r e s s / .  

The obJect  of ths p resen t  papar i s  to i n v a s t i g a t e  
changes in  the l e v e l  of n  i n  zhe k idnays  and 
l i v e r  of r a t s  i n  pro longed exposure to va r i ous  mercury com- 
pounds and the i n f l u e n c e  of sodiuoe s e l e n i t s  upon t h i s  pheno- 
msnon. 

i , , , i  i 

x /  The s tudy  was p a r t l y  subs id i sed  by the Po l i sh -Amer i can  
agreement 05-009-2  w i t h  the N a t i o n a l  Z n s t i t u t s  of Occupa- 
t i o n a l  Sa fe ty  and Hea l ths  PHS, USA s Ch ie f  i n v e s t i g a t o r -  
p r o f . d r  hab. O.K.PXOTROWSKI. 
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PL~TERIALS AND METHODS 

Animais.  36 female Wtstar  r a t s ,  average body welght  
200 g~ 'fed standard LSM d i e t  and suppl ted w i th  water  ad 11- 
bitum were examtned~ The animais were d iv ided i n t o  9 groups 
of 3 ra ts  each and I c o n t r o l  group of 9 animale~ Animal 
groupe 1 , 2 , 3 , 4  recetved o r a l l y  water  s o l u t i o n s  or suspension 
of examtned mercury compounds of I ~ DL5n / 0 , 4 - 0 , 6  a l  v o l /  
three rimes a weeko Group 1 was given a ~ lu i d  seed dres~ng 
p repara t ion  O,B"conta in ing 0,8 ~ Hg in  form of methylmercury-  
cyanguanidi~e /Chemical Works, Azoty ,  Daworzno/ - 0,46 mg 
Hg/kg /q~et-Hg/, group 2 - e t h y l m e r c u r i c  ch lo r i de  /BDH ,Labora-  
t ? r y  Reegents/ - 0,23 mg Hg/kg / E t - H g / ,  group 3-phenylmercu- 
r~c ch lo r i de  /BDH Laboratory  Reagents - 0,23 mg Hg/kg /Ph-Hg/e 
group 4--mercuric ch lo r i de  /POChe G l tw ice  / - 0 , 2 3  mg Hg/kg 
/HgClo / ,  Three ttmes a week animais from p a r e l l e l  groups l a ,  
2a, 3b, 4a were given the same doses of mercury compounds 
and water  s o l u t i o n  of sodium se len t t e  /POCh, G l i w t c e /  0,18 mg 
Se/kg a l t e r n a t e l y ~  Group 5 wes a c o n t r o l  and the ra ts  of the 
p a r a l l e l  group 5a were given the water  s o l u t i o n  of sodium 
s e l e n l t e  / 0 ,18  mg Se/kg/  three times a week~ A f t e r  14-week- 
exposure the anlmals were k i l l e d  in  e ther  narcos ls  l i v e r  and 
kidneys were taken f o r  a n a l y s i s .  

Determlnat ion of mercury. The l e v e l  of l no rgan lc  and 
to ta l ' 'mercu ry  was determlned In non-mlnera l ized samples of 
b toZog ica l  mater iaZ by means of co ld atomic absorp t ion  
/~4AGOS, 1971; s l t g h t l y  mod l f led ,  BALCERSKA and a l  1977/ using 
the mercury vapour de tec to r  /Handrey ReZays Type E 34 72 / .  

The determtnat lon  of m e t a l l o t h l o n e l n  in  the homogenates 
of l t v e r  and kidneys was performed'"by rad lochemlca l  method 
according to PIOTROWSKI et  al~ by ZELAZOWSKI 
and PIOTROWSKI / i n  p ress / .  H e t a l l o t n l o n e l n  standard was 
obta lned in  Dur leboratory/ZELAZOWSKI et  a l~  in  p ress /  from 
the cor tex  of horse k ldneys,  by means of a technique s i m � 8  
to tha t  of PULZDO et a l~  /1966 /~  The standard contalned about 
3 groups of SH/mg p r o t e i n ;  in  cond i t i ons  of anaZysis 1 mg 
p r o t e l n  bound about 200 /ug Hg. 

RESULTS AND DISCUSSION 

The levez of t o t a l  mercury in  the organs examined was 
dependent on the mercury compound admin is tered /Tab le  1 / .  
A f t e r  o r a l  a d m i n i s t r a t i o n  of s t h y l m e r c u ~ c c h l o r i d e ,  methy l -  

r " �9 me curycyanguanzdlne, phenyZmercurzcchZortde and mercur~c 
chZoride the content  of t o t a l  mercury in  the kidneys was 
respec t l veZy :  11,1~ 2 ,7 ;  4,3 and 0�87 ~ of the cumulat lve dose. 
The low leva1 of mercury a f t e r  the a d m i n i s t r a t i o n  of mercur ic  
ch lo r i de  i s  the r e s u l t  of the low ra te  of absorp t ion  of 
mercur ic  ch lo r i de  from the g a s t r o - i n t e s t i n a l  t r a c t  /FRIBERG 
and VOSTAL, 1972/o A conslderabZe accumulat ion of l no rgan lc  
mercury in  ktdneys has been round a f t e r  the a d m i n i s t r a t i o n  
of aZkylmercury compounds~ As f a r  as the methyZmercurycyan- 
guanid ine is  concerned Dur r e s u l t s  approximate those obta�8 

184 



TA
B

LE
 

I 

T
h
e
 

le
v

e
l 

o
f 

o
rg

e
n

lc
 s

n
d
 
in

o
rg

a
n

ic
 m

e
rc

u
ry

 
in

 
th

e
 

o
rg

s
n

s
 o

f 
ra

ts
 
e

x
p

o
s
e

d
 
fo

 
d

if
fe

re
n

t 
m

e
rc

u
ry

 
co

=
p

o
u

n
d

s 
w

it
h

o
u

t 
a

n
d

 
w

lt
h

 
s

e
le

n
iu

m
. 

C
om

po
un

ds
 

H
st

-H
g

 

M
e

t-
H

g
 

+ 
S

e X
 C

u
m

u
le

tZ
ve

 
H

g 
/ 

/u
g

/g
 

ti
s

s
u

s
/ 

K
ld

n
e

ys
 

d
o

se
 

L
iv

e
r 

//
u

g
 

H
g

/g
/ 

m
g 

H
g

/k
g

 
K

id
n

e
ys

 
L

lv
e

r 
O

rR
sn

ic
 

In
o

r•
e

n
ic

 
O

rq
e

n
tc

 
In

o
rq

s
n

ic
 

In
o

rg
s

n
ic

 
O

rg
a

�8
 

4
5

.0
 

2
6

.0
 

6
.5

0
 

0
.4

2
 

62
 

7 
2

0
.0

 
/4

2
.0

- 
4

7
.0

/ 
/2

5
.0

- 
2

8
.0

/ 
/4

.3
7

- 
7

.1
2

/ 
/0

.4
0

- 
0

.5
0

/ 
3

1
.0

 
1

6
.2

 
6

.7
0

 
0

,4
6

 
33

 
5 

/2
5

.2
- 

3
5

.0
/ 

/1
4

.0
- 

1
6

.0
/ 

/6
.5

0
- 

6
.8

0
/ 

/0
.4

6
- 

0
.4

6
/ 

E
t-

H
g

 

E
tH

g
 

+ 
S

e 
x 

1
0

.0
 

7
8

.0
 

6
4

.6
 

1
.5

0
 

0
.5

9
 

1
1

0
 

52
 

/6
g

.o
- 

7
9

.0
/ 

/6
0

.3
- 

6
9

.6
/ 

/1
.3

0
- 

1
.7

0
/ 

/0
.5

0
- 

0
.6

5
/ 

7
8

.0
 

6
3

.0
 

1
.7

8
 

1
.0

5
 

6
0

 
4

4
 

/6
5

.8
- 

8
9

.0
/ 

/5
5

.8
- 

7
3

.7
/ 

/1
.6

0
- 

1
.9

0
/ 

/0
.9

0
- 

1
.2

0
/ 

P
h-

H
g 

P
h-

H
g 

+ 
S

e 
x 

1
0

.0
 

5
5

.0
 

- 
0

.4
3

 
12

8 
- 

/4
5

.0
- 

6
4

.5
/ 

/0
.3

5
- 

0
.5

0
/ 

2
7

.5
 

- 
0

.6
0

 
4

6
 

. 
/2

6
.5

- 
2

9
.0

/ 
/0

,4
7

- 
0

.6
5

/ 

H
gC

12
 

H
g

C
l 2

 
+ 

S
e 

x 
I0

.0
 

1
1

.3
 

- 
0

.1
0

 
1
1
3
 

/6
.4

 
- 

1
2

.4
/ 

/0
.0

7
- 

0
.1

4
/ 

5
.
5
 

-
 

0
.
1
2
 

4
6
 

1
4

.o
 

- 
6

.6
 

/ 
/o

.o
6

- 
o

.1
6

/ 

- 
b

e
ll

o
w

 
d

e
te

c
t•

b
ll

it
y

 
o

f 
th

ts
 

m
st

h
o

d
 

/5
0

 
ng

 
H

g
/g

 
ti

s
s

u
e

/ 
x 

- 
c

u
m

u
la

tl
v

e
 

d
o

se
 

o
f 

s
e

le
n

tu
m

 
- 

8
.0

 
m

g 
S

e
/k

g
 



by HAGOS and BUTLER /1976 /  f o r  methylmercuric chloride. 
Of t n t e r e s t  l s  the high •aval of mercury accumuXated in the 
ktdneys a f t e r  exposure to e thy lmercu r l cch lo r i de  /142 /ug 
Hg/g/ .  In •tver,  regardless of the compound adminlsteFed, 
on ly  smal l  percentage of the cumulat ive dose of mercury was 
present amounttg to 1 ,2 -1 ,4  ~ f o r  a l k y l  mercury compounds and 
much less for the remaining ones. 

Sodium selenite caused a decrease of inorganic mercury 
in kidneys by 50 percent with the exception of ethylmercuric 
chloride. Ohly for the latter compound an elevation of the 
leva1 of inorganic mercury in liver was stated under the 
influence of selenium. 

Binding of inorganic mercury by metallothionein paralles 
the levels of this protein, since the latter is induced by 
mercury /PIOTROWSKI et al. 1974a~ Hence in our experiment the 
process of binding mercury by metallothionein was examined in 
an indirect way through the level of metallothionein. Pro- 
longed exposure of rats to mercury compounds used in the 
experiments stimulated an increase of metallothionein leva1 
in rat kidneys in comparison with the control group /Figure 
l a / .  

0,8 

O,6 

o,s 

as 
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y=O, OO66x * 0,2~ 

'' 'o ' 'o .... 0 2 ~ 0  6 8 0  ~'00 
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t Met Hg t E~ H~ 

Hg CL2 ~ Ph ~™ 

I i i i I 0 i i J = I 
0 20 6 60 ~0 fO0 

Hg Znorgan~c [,~g/g tissue] 

Figure 1o The XeveXs of metaXlothionein and inorganic  
mercury in kidney of rate  exposed to d i f f e r e n t  
mercury compounds without  / a /  and with sodium 
s e l e n i t e  / b / .  
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This process is probably caused by inorganlc mercury which 
constltuted about 40 percent of mercury accumulated in the 
kidneys for methylmercurycyanguanidine and ethylmercuric 
chlorlde as well. In the liver of rats exposed the level of 
metallothionein did not deviate from the physiological level 
and amounted i n  a i 1  cases fo 0 , 0 6 - 0 , 1 2  mg/g on the ave rage .  
There i s  a c o r r e l a t i o n  between the amount i f  i n o r g a n i c  mer-  
cu ry  accumula ted i n  the k i dneys  and the l e v e l  of m e t a l l o t h i o -  
ne in  / F i g u r e  l a / .  I t  i s  h i g h l y  s i g n i f i c a n t  f o r  a i 1  o r g a n i c  
mercury compounds / r = 0 , 9 9 5 ) / .  The g roup  wh ich  r ece i ved  mercu-  
r i c  ch•or ide  depa r ted  from t h i s  dependence.  The l a t t e r  
d e v i a t i o n  may be c o n d i t i o n e d  upon d i f f e r e n c e s  i n  s u b c e l l u l • a r  
d i s t r i b u t i o n  of  i n o r g a n i c  mercury  depending on whe the r  i n -  
o r g a n i c  mercury  e n t e r e d  the c e l l  d i r e c t l y  or  was formed 
i n s i d e  of the c e l l  th rough  the b i o d e g r a d a t i o n  of o r g a n i c  mer-  
cu ry  compounds. The h i g h e s t  c o n c e n t r a t i o n  of i n o r g a n i c  mer- 
cu r y  f o l l o w e d  the supp l y  of e t h y l m e r c u r i c  c h l o r i d e  / 6 5  j u g  
Hg/g/ and if was accompanied by the highest metallothio~eln 
level /0,68 mg/g/. 

Sodium selenite /Figure lb/ supplied in the absence of 
mercury compounds caused a decrease of the level of metallo- 
thionein in kidneys from 0,25 down to 0,14 mg/g, but in the 
presence of mercuric chlorlde and phenylmercuric chloride the 
content of this protein returned to physiological level. 

In rats exposed to phenylmercuric chloride and mercuric 
chloride sodium selenite caused a decrease of the levez of 
inorganic mercury in kidneys which was accompenied by a drop 
in the level of metallothionein. 

No distinct diversion of mercury from the kidneys to the 
liver was noted as observed in our previous experlments where 
inorganlc mercury was administered intravenously /KOHSTA- 
SZUHSKA and CHMIELNICKA in press/. The latter phenomenon has 
net been found in case of alkylmercury compounds either˜ 
which is in agreement with the data of OHI et al. /oE975/ as 
well as of POTTER and HATRONE /1974/ who performed investiga- 
tions in conditions similar to ours. 

It is possible to infer that the effect of mercury and 
selenium �8 in vivo depends not only on the molar 
ratio of both elements supplied /GROTH et al. 1976/ but also 
on the way of administration. Howewer regardless of the way 
in which if is administered sodium selenite eliminates the 
stimulation of the biosynthesis of metallothionein caused by 
inorganic mercury in rat kidneys. 

SUMMARY 

Hercuric chlorlde, phenylmercurlc chloride, ethylmer- 
curic chloride /0,23 mg Hg/kg/ and methylmercurycyan guani- 
dine /0,46 mg Hg/kg/ were orally administered to rats every 
second day for 14 weeks. The same doses of the above mentio- 
ned mercury compounds were adm�8 alternately with 
sodium selenite /0,18 mg Se/kg/ to parallel groups of rats 
~t the same time. The levez of total and inorganic mercury 
and of metallothionein was determined. Ail mercury compounds 
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l nc reased the leva1 of m e t s l l o t h i o n e t n  in  r a t  k tdneys .  In  
ra t s  whlch rece ived  on ly  selenium the l e v e l  of m e t a l l o t h i o -  
ne ln was twlce lower in  the k idneys in  r e l a t l o n  to the phys lo -  
i o g l c a l  l e v e l  of t h l s  p r o t e i n .  Selenlum e11mlnated the s t imu -  
l a t i o n  of b i o s y n t h e s l s  of m e t a l l o t h l o n e i n  by mercury.  
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