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Whereas problems of a b s o r p t i o n ,  r e t e n t i o n  and b i o t r a n s -  
f o r m a t i o n  i n  the l i v i n g  system of v a r i o u s  mercury compounds 
are r e l a t i v e l y  w e l l  understood under c o n d i t i o n s  of c h r o n i c  
exposure /NORSETH and CLARKSON, !970t  NORSETH and CLARKSON, 
1971~ 6LARKSON, 1972/ ,  the ques t i on  of s e n s i t i v e  b iochemica l  
i n d i c a t o r s  of i n t o x i c a t i o n  w i t h  these compounds, when i n j u r y  
i s  c l i n i c a l l y  l a t e n t ,  forms s t i l l  a s u b j e c t  of c o n s i d e r a b l e  
i n t e r e s t .  

Changes of a c t i v i t y  of some enzymes in  s o f t  t i s s u e s  of 
i a b o r a t o r y  an ima ls ,  as a consequence of exposure to mercury 
vapour ,  were found by means of h i s t o c h e m i c a l  methods p<OSHI- 
DER et  a l . ,  i963~ UONEK and I<O~MIDER, 1964; 30NEK and GRZYBEK, 
1964~'-30-NEK et  a l . ,  1964t OONEK, 1964/ .  In  p a t i e n t s  poisoned 
w i t h  mercur~- 'ch-~or ide an enhanced a c t i v i t y  of D - g l u t a m y l o -  
t r a n s f e r a s e  /GGTP/ and l euc ine  am ino t rans fe rase  /LAP /  was found 
by UACYSZYN / 1 9 7 3 / .  Our p rev ious  s t u d i e s  of r a t s  exposed over  
pro longed pe r iods  to v a r i o u s  doses of methy lme~curycyanguan i -  
d ine have shown, t ha t  a c t i v i t i e s  of malate dehydrogenase /HDH/ 
and g lucosephosphate isomerase / P H I /  may form a s e n s i t i v e  en- 
zymat ic  i n d i c a t o r  of i n t o x i c a t i o n  of these animals w i t h  me thy l -  
mercury compounds /CHMIELNICKA et  a l . ,  1975t CHMIELNICKA and 
BALCERSKAs 1975/ .  

The aim of t h i s  s tudy  was an e x t e n s i o n  of t h i s  observa -  
t i o n  w i t h  regard to o ther  mercury compounds / m e r c u r i c  c h l o r i d e ,  
pheny lmercur i c  c h l o r i d e ,  e t h y l m e r c u r i c  c h l o r i d e / ,  a d m i n i s t e r e d  
c h r o n i c a l l y  and a lso  i n v e s t i g a t i o n  whether  a c t i v i t y  of g l u t a -  
th ione  reductase / G S S G - R /  i n  e r y t r o c y t e s ,  an enzyme w i t h  SH 
group in  the a c t i v e  cen t re  / !CEN, 1967/  i s  a f f e c t e d  by such 
t r e a t m e n t .  I t  was a lso  i n t e r e s t i n g  to see whether  there  i s  
a r e l a t i o n  between the amount and chemical  form of mercurym 
accumulated in  the l i v e r  i n  course of c h r o n i c  exposure ,  and 
a c t i v i t y  of the enzymes l i s t e d  above /HDH, PHI, GSSG-R/. 

** The s tudy  was p a r t l y  s u b s i d i s e d  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  I n s t m t u t e  of Occupa- 
t i o n a l  Sa fe t y  and H e a l t h ,  PHS, USA. Ch ie f  i n v e s t i g a t o r  - 
d~c .d r  hab. O.K. P i o t r o w s k i .  
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MATERIALS AND METHODS 

Mercury compounds: Following compounds were used: /MetHg 
/-a fluid seed dressing preparation 08-containing 0,8 % Hg in 
form of methylmercurycyanguanidine /Chemical Works, AZOTY, Oa. 
worzno/t /HgCIo/ - mercuric chloride, /EtHg/ ethyl- and /PhHg/ 
- phenylmercur~c chlorides /BDH, Laboratory Reagents/. 

Animals. In the experiments 60 albino rats, females of 
Wistar strain of 200 g body weight were used. They were divi~ 
dad into 5 groups, 12 animals each. The rats were given orally 
eachsecond day solutions /0,5 ml/ of above iisted Hg compounds 
in amount corresponding to 5 % of DL , in proportion to body 
w e i g h t .  Th is  corresponded t o :  2 ,3  mg~g of MetHg, 1,2 mg/l<g of 
EtHg, 1 ,3 mg/l<g of PhHg and 1,4 mg/kg of HgCl~. The an imals  
were g i ven  a s tandard  LSM d i e t  and tap wa te r  ~d l i b i t u m .  

Blood was sampled from the t a i l  v e i n ;  over the f i r s t  mon~N 
every  week l a t e r  eve ry  second week. A f t e r  14 weeks of exposure 
the r a t s  were s a c r i f i c e d  in  e the r  n a r c o s i s  - from each animal  
b lood was w i thd rawn  by hear t  punc ture  and l i v e r  was ob ta ined  
by d i s s e c t i o n .  

D e t e r m i n a t i o n  of enzymes a c t i v i t i e s :  I n  serum, ob ta ined  
by c e n t r i f u g a t i o n  of the who~e blood /10  min. a t  5000 r . p . m . /  
a c t i v i t y  of f o l l o w i n g  enzymes was de te rm ined :  malate dehydro-  
genase - MDH / E . C .  1 . 1 . 1 . 3 7 /  us ing L - m a l i c - a c i d  and NAD and 
c o l o r i m e t r i c  measurement acc.  to SEVELA and TOVAREK / 1 9 6 0 /  
a t  A ; the r e s u l t s  were expressed in  u n i t s  of the o r i g i n a l  
m e t h ~ 9  Hmoles of l i b e r a t e d  py ruva te  h o u r - l m l  " l  a t  37 C. 
A c t i v i t y  of g lucosephosphate  isomerase - PHI / E . C .  5 . 3 . 1 . 9 . /  
was determined acc.  to BODANSKI / a f t e r  SZCZEKLIK, 1973/ us ing  
g lucoso -6 -phospha te  a t  A . ^ ^ ;  the r e s u l t s  were expressed in  ~. 

1 J u n i t s  co r respond ing  to O ~ l e s  of l i b e r a t e d  f r u c t o s e  hour"  ml . 
A c t i v i t y  of g lu ta th&one  reduc tase - GSSG-R / E . C .  1 . 6 . 4 . 2  

was determined in  haemolysate of  e r y t h r o c y t e s  by means of the 
method mod i f i ed  from MASSEY and WILLIAMS / 1 9 6 5 / .  The haemolysa~ 
te had been prepared acc.  to BEUTLER / 1 9 6 9 / .  A c t i v i t i e s  are re- 
~o r ted  as the change in  absorbance at  340 nm per minute per ml 
whole b lood / A A  min- lm1-1 whole b l o o d / ,  c o r r e c t e d  f o r  the 
b l a n k .  

Determination of mercury. Inorganic as well as total me 
cury  i n  ~ i v e r - t i s ~ u e  was determined by means of cold a tomic  
a b s o r p t i o n  /MAGOS, 1971/  p a r t l y  mod i f i ed  by the p resen t  authorE 
/BALCERSKA et  a l . ,  i n  p r e s s / .  For the measurements a Hendrey 
Relays Mercury Vapour C o n c e n t r a t i o n  Meter  Type E 3472 has been 
used. The l i v e r  homogenate was prepared in  a f o l l o w i n g  way:  
the t i s s u e  was homogenised in  a smal l  volume of 0s9 % NaCl so-  
l u t i o n  f o r  5 min.  a t  100 r . p . m .  A f t e r  homogen iza t ion  p h y s i o l o -  
g i c a l  s a l i n e  was added at  such amount as to  o b t a i n  a 10 % sus-  
pensiOn.  For d e t e r m i n a t i o n s  0 ,2  - 1 ,0  ml of the l a t t e r  has bee 
taken .  

S i g n i f i c a n c e  o f  d i f f e r e n c e s  between co r respond ing  r e s u l t ~  
was t e s t e d  by means of t - s t u d e n t  t e s t  accep t i ng  per cent  l e v e l  
of p r o b a b i l i t y  as the b o r d e r l i n e .  
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RESULTS AND DISCUSSION 

I n f l u e n c e  o f  t h e  s t u d i e d  c o m p o u n d s  o f  m e r c u r y  upon  HDH 
a c t i v i t y  i n  t h e  b l o o d  s e r u m  i n  c o u r s e  o f  e x p e r i m e n t  i s  p r e s e n -  
t e d  in fig. I. 

5 ~,.f....-~.t 

_ ./;.,..: 
"~ / I , "  

, / / "  

il....... ) . . . . . .  4 ,  . . . . . . . . . .  § . . . . . . .  + . . . . . .  f .  

; ~ . . . .  ~ . . . . . .  
Z 3 5 6 ? 8 10 If t2 ~ f~ 
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Figure 1. MDH activity in blood serum of rats in course of 
prolonged intoxication with mercury compounds. 
1 - H e t H g ;  2 - HgC l21  3 - E t H g l  4 - PhHgt  5 - c o n -  
t r o l s .  

Already after 3 weeks an enhancement of activity was seen 
when HetHg had been administeredl when other Hg compounds are 
considered an evident increase of the activity was observed 
after eight weeks. Fourteen weeks since initiation of the expo- 
sure /Table I/ to HetHg, HgCI o, EtHg and PhHg the levels of 
activity were significantly h~gher than for controls /1,2 units 
and reached values of 4~71 4767 5,4 and 5,4 units, respectively 

Dynamics of changes of PHI activity in the serum is presen. 
ted in fig. 2. 

449 



:~ zoo 

T ' f  

! 

1 z 3 ~ $ fO t f  f8 ~3 14 
weeks 

F i g u r e  2 .  PHI a c t i v i t y  i n  b l o o d  serum of  r a t s  i n  c o u r s e  o f  
p r o l o n g e d  i n t o x i c a t i o n  w i t h  m e r c u r y  compounds.  
1 - He tHg t  2 - HgC12; 3 - E tHg ;  4 - PhHg; 5 - c o n -  
trols. 

The r i s e  o f  a c t i v i t y  s t a r t e d  a r o u n d  7 weeks a f t e r  i n i t i a - ,  
t i o n  o f  the  e x p o s u r e  and r e a c h e d  s i g n i f i c a n t l y  h i g h e r  v a l u e s  
- r e l a t i v e  to  c o n t r o l s  - a f t e r 1 4  weeks / T a b l e  1 / ,  The i n c r e -  
ase by a f a c t o r  of  3 was o b s e r v e d  i n  r a t s  exposed  to  He tHg ,  
EtHg and PhHg whereas  a f t e r  HgC1 o t r e a t m e n t  the  a c t i v i t y  was 
r o u g h l y  d o u b l e d .  I n  the  same t a b l e  1 da ta  a re  p r e s e n t e d  f o r  
GSSG-R f rom w h i c h  i t  f o l l o w s  t h a t  t h e r e  a re  no s i g n i f i c a n t  
changes o f  t he  a c t i v i t y ,  a t t r i b u t a b l e  to  a d m i n i s t e r e d  m e r c u r y  
compounds.  

Fo r  t h e s e  s t u d i e s  enzymes such as HDH and PHI were s e l e c -  
t ed  because t h e y  p e n e t r a t e  to  the  b l o o d  a f t e r  i n j u r y  o f  c e l -  
l u l a r  membrane o f  l i v e r  and k i d n e y  c e i l s  /BERGMAYER, 1 9 7 0 / .  
A c c o r d i n g  to  BARABAN / 1 9 6 1 /  an enhanced  a c t i v i t y  o f  PHI i n  

450 



T
a

b
le

 
1 

E
nz

ym
e 

a
c

ti
v

it
y

 
a

ft
e

r 
14

 
w

e
e

ks
 

o
f 

e
x

p
o

s
u

re
 

to
 

v
a

ri
o

u
s

 
m

e
rc

u
ry

 
co

m
p

o
u

n
d

s.
 

M
D

H
 

/u
n

it
s

/ 
C

om
po

un
d 

95
 

p
e

r 
c

e
n

t 
a

d
m

in
is

- 
c

o
n

fi
d

e
n

c
e

 
l
i
m
i
t
 

te
re

d
 

P
H

I 
/u

n
it

s
/ 

G
S

S
G

-R
 

/~
A

/m
in

/m
l 

's
ig

n
if

iL
 

95
 

p
e

r 
c

e
n

t 
""

 
s

ig
n

if
i-

 
'9

5 
p

e
r 

c
e

n
t 

's
ig

n
if

i-
 

ca
n

ce
 

o
f 

c
o

n
fi

d
e

n
c

e
 

C
an

C
e 

o
f 

c
o

n
fi

d
e

n
c

e
 

ca
n

ce
 

o
f 

th
e

 
d

if
- 

li
m

it
 

th
e

 
d

if
- 

li
m

it
 

th
e

 
d

if
- 

fe
re

n
c

e
 

fe
re

n
c

e
 

fe
re

n
c

e
 

re
la

ti
v

e
 

re
la

ti
v

e
 

re
la

ti
v

e
 

to
 

c
o

n
- 

to
 

c
o

n
- 

to
 

c
o

n
- 

t
r
o
i
s
 

t
r
o
i
s
 

t
r
o
i
s
 

C
o

n
tr

o
ls

 
1

,2
~

0
,1

3
 

1
0

6
,0

2
~

 
8

,5
5

 
6

,7
1

~
0

,1
6

 

M
e

tH
g

 
4

,7
_

+
0

,1
6

 
+ 

3
4

4
,7

+
~

1
2

,4
8

 
+ 

0
,7

3
~

0
T

0
3

 

P
hH

g 
5

,4
~

0
,1

9
 

+ 
3

0
5

,8
 

~ 
8

,7
9

 
+ 

0
,7

5
~

0
,0

9
 

E
tH

g
 

5
,4

~
0

,2
2

 
+ 

2
9

4
,1

7
~

1
1

,3
2

 
+ 

0
,6

5
~

0
,1

4
 

H
gC

12
 

4,
6_

.+
0,

2 
+ 

2
1

5
,3

 
~ 

9
,7

9
 

+ 
0

,9
1

~
0

,2
5

 

d
if

fe
re

n
c

e
 

s
ig

n
if

ic
a

n
t 

a
t 

5 
p

e
r 

c
e

n
t 

le
v

e
l 

d
if

fe
re

n
c

e
 

in
s

ig
n

if
ic

a
n

t 
a

t 
5 

p
e

r 
c

e
n

t 
le

v
e

l 

E
a

ch
 

re
s

u
lt

 
re

p
re

s
e

n
ts

 
m

ea
n 

o
f 

6 
d

e
te

rm
in

a
ti

o
n

s
. 



blood may form an e a r l y  and s e n s i t i v e  s i g n  of the n e p h r o t i c  
syndrome. G l u t a t h i o n e  reduc tase  in  t u rn  r e p r e s e n t s  a group of 
enzymes possess ing  SH-group in  the a c t i v e  c e n t e r ,  which how- 
ever are i n t i m a t e l y  a s s o c i a t e d  w i t h  i n t e r i o r  of e r y t h r o c y t e s .  
No changes of a c t i v i t y  of GSSG-R i n  e r y t h e o c y t e s  of r a t s  expo-  
sed c h r o n i c a l l y  to mercury may r e s u l t  from the f a c t  t ha t  the 
l a t t e r ,  when e n t e r s  the body,  i s  bound p r e d o m i n a n t l y  by p r o -  
t e i n s  of c e l l u l a r  membranes, or by o t h e r s  l i k e  haemoglob in ,  
a lbumines and g l o b u l i n e s  which show g r e a t  a f f i n i t y  to t h i s  e l e -  
ment.  Acco rd ing  to a t heo ry  f o r m u l a t e d  by ROTHSTEIN / 1 9 7 3 /  mer- 
cu ry  compounds d i s p l a y  no s p e c i f i c i t y  of b i n d i n g  w i t h  p a r t i c u -  
l a r  p r o t e i n s ,  the a f f i n i t y  r e s u l t i n g  on l y  from a v a i l a b i l i t y  of 
s u l p h h y d r y l  g roups .  Thus mercury may reac t  w i t h  a lmost  a l l  p r o -  
teens ,  as w e l l  the h i g h l y  a c t i v e  ones as w i t h  those p l a y i n g  
on l y  a s t r u c t u r a l  r o l e .  

I n h i b i t i o n  of enzymes by Hg compounds, seen i n  in  v i t r o  
exper imen ts  i s  not  a lways observed a f t e r  r e s p e c t i v e  in  v ivo 
t r e a t m e n t .  Th is  r e f e r s ,  among o t h e r s ,  a l s o  to g l u t a t h i o n e  r e -  
duc tase /HYKKANEN and GANTHER, 1974/  and to some m i t o c h o n d r i a l  
enzymes /HAGNAVAL e t  a~.~ &975/ ,  

From our exper imen ts  i t  seems to f o l l o w  t h a t  a f t e r  c h r o -  
n i c  exposure to mercury compounds no i n h i b i t i o n  of so c a l l e d  
i n d i c a t o r  enzymes shou ld  be expected~ but  r a t h e r  an i nc rease  
of a c t i v i t y  in  the serum of those which due to t h e i r  low mole-  
c u l a r  w e i g h t  w i l l  e a s i l y  p e n e t r a t e  from cy top lasm i n t o  the bod~ 
f l u i d s  a f t e r  damage i n f l i c t e d  by the exposure to c e l l u l a r  s t ru~ 
t u r e s  and membrane / l i v e r ,  k i d n e y s / .  The expe r imen ts  r e p o r t e d  
here demonst ra ted  t h a t  MDH and PHI form a good example and lenr 
s u p p o r t  to the p o s t u l a t e  of CLARKSON / 1 9 7 2 / ,  t h a t  mercury com- 
pounds s t a r t  t h e i r  d e l e t e r i o u s  a c t i o n  by a t t a c k i n g  and dama- 
g ing  c e l l u l a r  membranes. 

Degree of the damage may depend on the c o n c e n t r a t i o n  and 
chemica l  form of mercury ,  d e p o s i t e d  in  s o f t  t i s s u e s  in  course 
of the e x p o s u r e . .  

Table 2 

T o t a l  mercury conr  of mercury in  the l i v e r  / pg/g/ and orgar 
w e i g h t  in  r a t s  exposed to v a r i o u s  Hg-compounds f o r  14 weeks.  

No of HetHg EtHg PhHg HgC~ 2 

an ima l  NgH~/q l i v e r  

1 29 ,1  7 ,8  1 ,9  1 , 2  
2 2 7 , 7  8 ,3  2 ,0  1 ,3  
3 37 ,6  8 ,5  2 ,1  1,1 
4 36 ,0  8 ,4  2 ,1  1,2 
5 34 ,2  9 ,6  2 , 1  1,4  
6 37 ,0  8 ,2  2 ,1  1,3 

95 % c o n f i -  
dence limit 3376+--4,29 8,5+--0,7 2,05~0708 1 ,25~0,1  

, , , ,  J 

mean l i v e r  4,7+-0,4 6,4+_0,95 6,58+_0,87 7 ,28~0,91 w e i g h t  / Q /  
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In table 2 data are assembled on total Hg content in the 
liver of rats, exposed to various compounds of this element 
for 14 weeks. At the same time mean weight of livers is repor- 
ted. The lowest weight was observed in rats exposed to MetHg; 
similar but slightly higher values were found in those treated 
w i t h  EtHg and PhHg, and the h i g h e s t  w e i g h t  of the organ was 
seen a f t e r  p ro longed  a d m i n i s t r a t i o n  of HgCZ 2.  The h i g h e s t  con-  
c e n t r a t i o n  of t o t a l  Hg an l i v e r  was seen i n  an imals  g i ven  HetHg. 

F i g .  3 d e p i c t s  c o n t r i b u t i o n  of o r g a n i c  and i n o r g a n i c  Hg to 
the t o t a l  i n  these l i v e r s ,  expressed i n  ~g /g  t i s s u e ,  and in  
proportion /%/  of the total mercury. 
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Figure 3. Level of organic and inorganic mercury in liver o f  
rats exposed chronically to various Hg compounds 

/3 times weekly for 14 weeks/ at t~e dose correspon- 
ding to 5 ~ of DL50. 

Organic mercury was found only in livers of animals expo- 
sed to alkyl-mercurials and respective concentrations amounted 
to 28,8 and 4,Z ~gHg/g fresh liver after HetHg and EtHg dosa- 
ge. Inorganic mercury was found at levels of 4,7; 4,3; 2,0 
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and 1,2 pgHg/g f o r  MetHg, EtHg, PhHg and HgC19, r e s p e c t i v e l y .  
I t  seems Femarkable t ha t  c o n c e n t r a t i o n  of i n o r g a n i c  Hg in  the 
l i v e r s  a f t e r  exposure to v a r i o u s  compounds was of the same 
o r d e r ,  f a l l i n g  w i t h i n  the range of 1,2 - 4 ,7  # g H g / g .  

Presumably t h i s  i s  i n o r g a n i c  mercury,  formed a lso  a f t e r  
b i o d e g r a d a t i o n  of o rgan ic  compounds, which damages the c e l l u -  
l a r  membranes of hepa tocy tes  and k i dney  c e l l s ,  and leads to 
o u t f l o w  of c y t o p l a s m a t i c  i n d i c a t o r  enzymes /NDH, PHI /  i n t o  the 
b lood .  KLEIN et  a l .  / 1 9 7 3 /  drew a t t e n t i o n  to the f a c t  t ha t  
n e p h r o t o x i c  a c t i o n  i n  methyl-Hg r e s u l t s  from i n f l u e n c e  of i n -  
o rgan ic  Hg, o r i g i n a t i n g  i n  v i v o  from the fo rmer .  

F u r t h e r  s i m i l a r  s t u d i e s  in  o the r  animal  spec ies  seem mar- 
ranted w i t h  i n t e r s p e c i e s  comparison of the e f f e c t s  as o b j e c t i -  
ve.  

SUMMARY 

In course of pro longed exposure / 1 4  weeks/  to v a r i o u s  
mercury compounds /MetNg - a f l u i d  seed -d ress ing  p r e p a r a t i o n  
0 , 8 ,  Phenyl and E t h y l  c h l o r i d e s  and HgCt 9 i n  doses co r respon-  
d ing to 5 ~ of DL_~/3 t i m e s w e e k l y / ,  enhanced l e v e l s  of a c t i -  
v i t y  of malate de~drogenase  /MDH/ and g lucosephosphate i some-  
rase / P H I /  i n  b lood serum were observed.  A f t e r  7 weeks of ex -  
posure about f o u r f o l d  i nc rease  of MDH and 2 - 3 - f o l d  enhancement 
of PHI a c t i v i t i e s  were found r e l a t i v e  to c o n t r o l s .  A f t e r  14 
weeks of exposure i n  l i v e r s  of r a t s ,  g i ven  MetHg and EtHg, 
o rgan i c  mercury was found a t  c o n c e n t r a t i o n s  of 28 ,8  and 4 pg/g 
t i s s u e ,  r e s p e c t i v e l y .  I n o r g a n i c  mercury in  l i v e r  was found i n  
an imals  g i ven  a l l  compounds and c o n c e n t r a t i o n s  were i n  the 
range of 1,2 - 4 ,7  pg/g t i s s u e .  
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