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The  s t u d y  of h e p a t i c  r e sponse  to c h e m i c a l  i n j u r y  is of p r i m e  i m p o r t a n c e  
to t he  tox ico logis t .  The  l i v e r  is spec i f i c a l l y  a f f ec t ed  b y  a l a r g e  n u m b e r  of 
chemica l  agents .  S e r u m  e n z y m e  changes  a s soc ia t ed  w i t h  chemica l  h e p a -  
t o t o x i c i t y  i n d i c a t e  l i v e r - c e l l  a l t e r a t i o n  (6). 

In  c a r b o n - d i s u l f i d e - i n t o x i c a t e d  r a b b i t s  v a c u o l i z a t i o n  a n d  p a r e n -  
c h y m a t o u s  d e g e n e r a t i o n  of the  l i v e r  o c c u r r e d  (2). C e n t r i l o b u l a r  conges t ion  
and  m i l d  f a t t y  d e g e n e r a t i o n  was  r e c o r d e d  b y  Cohen et al. (4). 

T h e r e  is e v i d e n c e  t h a t  in  t i s sue  d a m a g e  c e l l u l a r  e n z y m e  a c t i v i t y  
a c t u a l l y  i nc r ea se s  (5, 20) s i m u l t a n e o u s l y  w i t h  s e r u m  e n z y m e  increase .  

In  case  of c a r b o n  d i su l f ide ,  Andri  a n d  Pozzi (1) f o u n d  t h a t  g l u t a m i c  
oxa l ace t i c  t r a n s a m i n a s e  d i m i n i s h e d  in  l i v e r  m i t o c h o n d r i a l  p r e p a r a t i o n s  of 
r a b b i t s  c h r o n i c a l l y  p o i s o n e d  b y  c a r b o n  d i su l f ide ,  w h i l e  g l u t a m i c  p y r u v i c  
t r a n s a m i n a s e  was  no t  i n f luenced .  

H o w e v e r ,  no change  in  g l u t a m i c  o x a l a c e t i c  t r a n s a m i n a s e  w h e t h e r  in 
b lood  or  l i v e r  was  r e p o r t e d  b y  Minden (16). Also,  Vert in  (25) o b s e r v e d  no 
c h a n g e  in  s e r u m  g l u t a m i c  oxa l ace t i c  or  s e r u m  g l u t a m i c  p y r u v i c  t r a n s -  
a m i n a s e s  in a g r o u p  of f i f t een  peop l e  e x p o s e d  to ca rbon  d isu l f ide .  

A l k a l i n e  p h o s p h a t a s e  was  f o u n d  to be i n h i b i t e d  in s e r u m  and  t i ssues  of 
r a b b i t s  e x p o s e d  to c a r b o n  d i su l f i de  (4). 

Lac t i c  d e h y d r o g e n a s e  a c t i v i t y  was  f o u n d  to be i n c r e a s e d  b y  the  in-  
f l uence  of c a r b o n  d i su l f ide  (16). 

Due  to th is  c o n t r o v e r s y  i t  is f e l t  t h a t  i t  is i n t e r e s t i n g  to e v a l u a t e  t he  
ac t iv i t i e s  of s e r u m  g l u t a m i c  p y r u v i c ,  g l u t a m i c  oxa l a c e t i c  t r a n s a m i n a s e s ,  
a l k a l i n e  p h o s p h a t a s e s  a n d  lac t ic  d e h y d r o g e n a s e  e n z y m e s  in c a r b o n - d i -  
s u l f i d e - i n t o x i c a t e d  r a t s  b y  s ix  d i f f e r e n t  doses  ove r  a p e r i o d  of 60 days .  

Material and methods 

The mater ia l  of this s tudy comprised 60 rats  of both sexes weighing 120-150 g. 
Rats were categorized into six groups each of ten. They were injected in t ra -  
muscular ly  with a dose of 0.05 ml carbon disulfide in 0.2 ml olive oil dai ly  over 
a period of 60 days. During exper imentat ion,  rats  were fed labora tory  diet  ad 
l ib i tum (17). Every  10 days, rats  of one group were  kil led by decapi ta t ion and 
blood was collected. 
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T w e n t y - f o u r  rats  of s imi lar  we igh t  were  included,  fed on the same diet  and 
in jec ted  wi th  0.2 ml  ol ive oil a lone to serve  as controls.  Four  of t hem were  
ki l led wi th  each of the  in jec ted  groups.  

The  me thod  of Reitma~t  and F r a n k e t  (18) was  used for de t e rmina t ion  of 
se rum g lu tamic  pyruv ic  and g lu tamic  oxalacet ic  t ransaminases .  S e r u m - a l k a l i n e  
phospha tase  was es t imated  by the  me thod  of K i n g  and A r m s t r o n g  (13). The  
me thod  of W r o b t e w s k i  (26) was  used to d e t e r m i n e  se rum lactic dehydrogenase  
act ivi ty.  

Resul t s  and d i scuss ion  

P a t h o l o g i c a l  c h a n g e s  in t h e  l i v e r  d u e  to c a r b o n  d i s u l f i d e  has  b e e n  
s h o w n  in  a p r e v i o u s  w o r k  to d e p e n d  on t h e  d e g r e e  of i n t o x i c a t i o n .  L i v e r  
s h o w e d  d i f f u s e  f a t t y  i n f i l t r a t i o n  in a l l  i n t o x i c a t e d  g r o u p s  (fig. 1). W i t h  
i n c r e a s i n g  t h e  doses  in g r o u p  5 a n d  6, i n f l a m m a t o r y  m a n i f e s t a t i o n  in t h e  
f o r m  of  h e p a t i t i s  w a s  n o t e d .  T h e  l i v e r  ce i l s  w e r e  n e c r o t i c  p a r t i e u l a r l y  in 
t h e  p e r i p h e r a l  zones  a s s o c i a t e d  w i t h  f i b ro s i s  a n d  i n f i l t r a t i o n  by  m o n o -  
n u c l e a r  cel ls ,  as s h o w n  in f i g u r e  2 (7). 

I n  t h e  p r e s e n t  w o r k  c e r t a i n  d e r a n g e m e n t s  in t h e  a c t i v i t i e s  of  b o t h  
s e r u m  g l u t a m i c  p y r u v i c  a n d  g l u t a m i c  o x a l a c e t i e  t r a n s a m i n a s e s  c o u l d  be  
d e m o n s t r a t e d .  

A f t e r  10 o r  20 c a r b o n  d i s u l f i d e  i n j e c t i o n s ,  no  s i g n i f i c a n t  c h a n g e s  of 
s e r u m  t r a n s a m i n a s e  f r o m  t h e  v a l u e  o b t a i n e d  fo r  t h e  c o n t r o l  c o u l d  be  
s h o w n .  

W i t h  i n c r e a s i n g  t h e  n u m b e r  of c a r b o n - d i s u l f i d e  doses  f r o m  30 up  to 60 
i n j e c t i o n s ,  t h e  v a l u e s  of  b o t h  s e r u m  g l u t a m i c  p y r u v i e  a n d  g l u t a m i e  
o x a l a c e t i c  t r a n s a m i n a s e s  w e r e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  of  t h e  c o n t r o l ,  
as s h o w n  in  t a b l e  1. 

T h e  r e s u l t s  a r e  in c o n c o r d  w i t h  t h e  p r e v i o u s  r e s u l t s  of F a v e r o  et  al. (10) 
w h o  f o u n d  an  i n c r e a s e  of  s e r u m  g l u t a m i c  o x a l a c e t i c  a n d  g l u t a m i e  p y r u v i c  
t r a n s a m i n a s e s  a f t e r  i n t r a m u s c u l a r  i n j e c t i o n  of  c a r b o n  d i s u l f i d e  to r abb i t s .  

Fig. 1. A section in the  l i ve r  s ta ined wi th  H and E showing  fa t ty  inf i l t ra t ion.  
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Fig. 2. A section in the l iver  s tained with H and E showing l iver  cells fibrosis. 

T h e  l i v e r  m a y  p l a y  a ro le  in caus ing  such  e n z y m a t i c  a b n o r m a l i t i e s .  The  
i n c r e a s e d  a c t i v i t y  of s e r u m  g l u t a m i c  p y r u v i c  and  g l u t a m i c  oxa l ace t i c  
t r a n s a m i n a s e s  m a y  be e x p l a i n e d  due  to i n c r e a s e d  cel l  m e m b r a n e  p e r m e -  
a b i l i t y  u n d e r  the  ef fec t  of c a r b o n - d i s u l f i d e  i n t o x i c a t i o n  e i t he r  t h r o u g h  the  
d i r ec t  toxic  ac t ion  of c a r b o n  d i su l f ide  on l i v e r  (15) or  s h r i n k a g e  of hepa t i c  
v a s c u l a r e  w i t h  r e s u l t a n t  h y p o x i a  of the  h e p a t i c  cel ls  (7) and  w i t h  loz ing  
of t he  p r o t e i n  m a t e r i a l s  i n c l u d i n g  e n z y m e s  (9). 

I n t r a m u s c u l a r  a d m i n i s t r a t i o n  of c a r b o n  d i su l f ide  caused  also an 
i n c r e a s e  in  the  a c t i v i t y  of s e r u m - a l k a l i n e  p h o s p h a t a s e  and  such  inc rea se  
was  s ign i f i can t  w i t h  p r o l o n g a t i o n  of i n tox ica t ion ,  as s h o w n  in t a b l e  1. 

These  r e su l t s  a r e  c o n t r a d i c t o r y  w i t h  the  f i nd ing  of Cohen et al. (4) and  
Teresa a n d  Barbara (23). 

A l k a l i n e  p h o s p h a t a s e  was  f o u n d  to be i n h i b i t e d  in s e r u m  and  t i ssues  
of r a b b i t s  e x p o s e d  to c a r b o n  d i su l f ide  b y  i n h a l a t i o n  (4). The  i n h i b i t i o n  of 
a l k a l i n e  p h o s p h a t a s e  b y  c a r b o n  d i su l f ide  was  p r e s u m a b l y  due  to the  fo r -  
m a t i o n  of zinc a n d  m a g n e s i u m  d i t h i o c a r b a m a t e  in  the  course  of c a r b o n -  
d i su l f i de  m e t a b o l i s m  (19). 

C a r b o n  d isu l f ide  in t he  b lood  ex i s t s  in  two  forms ,  a f ree  a n d  a chemi-  
c a l l y  b o u n d  form.  C a r b o n  d i su l f ide  has  been  s h o w n  to c o m b i n e  in b lood  
w i t h  a m i n o  ac ids  and  p r o t e i n s  g iv ing  d i t h i o c a r b a m a t e s  and  th iozo l idone  
(21). 

Cohen et  al. (3) p r e s e n t e d  the  h y p o t h e s i s  t h a t  che l a t i on  of p o l y v a ] e n t  
i n o r g a n i c  ions  b y  t h i o c a r b a m a t e s  and  th iozo l idone ,  p r o d u c e d  d u r i n g  the  
b i o t r a n s f o r m a t i o n  of c a rbon  d isu l f ide  in the  body ,  d i s t u r b s  c e l l u l a r  
m e t a b o l i s m  and  l eads  to cell  i n ju ry .  The  d i s t r i b u t i o n  of coppe r  a n d  zinc in 
t he  t i ssues  of e x p o s e d  a n i m a l s  d i f f e r e d  g r e a t l y  f r o m  t h a t  in the  con t ro l  (19). 
Also  a s i gn i f i c an t  dec rea se  was  o b s e r v e d  in the  leve ls  of s e r u m  zinc, i ron,  
ca l c ium a n d  m a g n e s i u m  in c a r b o n - d i s u l f i d e - i n t o x i c a t e d  r a t s  (8). 



T
ab

le
 1

. 
R

a
n

g
e

 
m

e
a

n
 d

: 
S

.E
. 

F
o

r 
se

ru
m

 
g

lu
ta

m
ic

 
o

x
al

ac
et

ic
 

(G
O

T
),

 
g

lu
ta

m
ie

 
p

y
ru

v
ic

 
(G

P
T

) 
al

k
al

in
e 

p
h

o
sp

h
a

ta
se

 
a

n
d

 
la

ct
at

e-
 

d
e

h
y

d
ro

g
e

n
a

se
 a

ct
iv

it
ie

s 
in

 c
o

n
tr

o
l 

a
n

d
 c

ar
b

o
n

-d
is

u
lf

id
e-

in
to

x
ic

at
ed

 r
at

s.
 

C
o

n
st

. 
C

o
n

tr
o

l 
C

ar
b

o
n

-d
is

u
lf

id
e 

d
o

se
s 

10
 i

n
j.

 
20

 i
n

j.
 

30
 i

n
j.

 
40

 i
n

j.
 

50
 i

n
j.

 
60

 i
n

j.
 

S
G

O
T

 
1%

 
2

5
-4

8
 

27
 

47
 

3
0

-5
0

 
3

4
-4

8
 

4
4

-6
4

 
5

4
-8

8
 

8
8

-1
2

4
 

I.
U

./
li

tr
e 

M
 

35
.9

 
36

.8
 

41
.0

 
44

.8
 

63
.4

 
80

.7
 

10
7.

4 
S

.E
. 

-4
- 1

.7
2 

• 
1.

99
 

~ 
2.

38
 

• 
2.

35
 

=t
= 3

.5
7 

d-
 4

.4
3 

~=
 5

.3
3 

P 
- 

0.
15

 
0.

10
 

0.
05

 
0.

00
5 

0.
00

5 
0.

00
5 

S
G

P
T

 
R

 
1

8
-3

5
 

18
 

38
 

2
0

-3
6

 
2

1
-3

7
 

3
0

-4
8

 
4

2
-5

0
 

4
7

-5
6

 
I.

U
./

li
tr

e 
M

 
24

.9
 

26
.7

 
28

.3
 

30
.3

 
36

.3
 

44
.3

 
50

.1
 

S
.E

. 
i 

2.
43

 
:c

 1
.8

8 
~ 

1.
95

 
d=

 2
.1

0 
• 

1.
91

 
d:

 1
.0

6 
~

: 
1.

01
 

t?
 

- 
0.

15
 

0.
15

 
0.

10
 

0.
02

5 
0

.0
0

5
 

0
.0

0
5

 

S
A

1
K

.p
. 

R
 

6
-2

2
 

1
2

-2
5

 
1

4
-2

4
 

1
8

-2
5

 
2

3
-3

5
 

3
3

-4
6

 
3

8
-5

4
 

K
.A

.U
. 

M
 

17
.7

 
19

.3
 

20
.2

 
22

.4
 

31
.5

 
42

.9
 

45
.5

 
S

.E
. 

i 
1.

54
 

• 
1.

45
 

=t
:: 1

.4
7 

::t
= 

1.
20

 
• 

1.
45

 
-4

- 2
.0

9 
~ 

1.
31

 
P 

- 
0.

15
 

0.
10

 
0.

05
 

0.
00

5 
0

.0
0

5
 

0
.0

0
5

 

S
L

D
H

 
R

 
5

4
-1

3
0

 
4

8
-1

3
6

 
58

 
14

6 
54

 
15

4 
5

8
-1

6
9

 
5

2
-1

7
2

 
5

4
-1

7
6

 
I.

U
./

li
tr

c 
M

 
75

.6
 

79
.6

 
82

.8
 

86
.4

 
11

0.
2 

12
2.

6 
13

8.
4 

S
.E

. 
• 

• 
d=

7.
16

 
• 

d
:7

.3
2

 
1

5
.0

4
 

__
8.

76
 

P 
- 

0.
15

 
0.

10
 

0.
05

 
0.

00
5 

0
.0

0
5

 
0.

00
5 

I.
U

./
li

tr
e 

=
 

In
te

rn
a

ti
o

n
a

l 
U

n
it

/l
it

re
 

K
.A

.U
. 

~ 
K

in
g

 A
rm

st
ro

n
g

 U
n

it
s.

 

(D
 

o~
 

b~
 

O
 

t~
 



266 ZeitschriSt ~fir Erndhrungswissenscha]t, Band 16, Heir 4 (1977) 

A l k a l i n e  phospha tase  is an  e n z y m e  n e e d i n g  zinc as a pros the t ic  g roup  
and  m a g n e s i u m  as ac t iva to r  (12). The  da ta  ob t a ined  by  Cohen et al. (4) 
sugges ted  t h a t  the  c o n c e n t r a t i o n  of ac t iva t ing  ions in  the  s e r u m  a n d  t issues  
of exposed a n i m a l i s  was  low e n o u g h  to l imi t  the  a l ka l i ne - phosha t a se  
ac t iv i ty  in  the  s e r u m  as wel l  as t issue. Add i t i on  of m a g n e s i u m  resu l ted  in  
r e s t o r a t i on  of mos t  of the  e n z y m a t i c  ac t iv i ty .  T h u s  i t  is c lear  t h a t  these  
con t r ad i c to ry  resu l t s  m a y  be due to n u t r i t i o n a l  va r ia t ion .  

Tuba  a n d  Madsen (24) S u k u m a r a  et al. ( 2 2 ) f o u n d  tha t  there  is a 
pos i t ive  co r re l a t ion  b e t w e e n  a lka l ine  phospha tase  and  the  food consumed.  

S e r u m - a l k a l i n e  phospha tase  is k n o w n  to inc rease  due to ove rp roduc t i on  
or re lease  of the  enzyme  by  the  l ive r  in  response  to d iverse  s t imul i  as 
hepa toce l l u l a r  i n ju ry ,  i nc reased  i n t r a d u c t i l e  pressure ,  i n f l a m m a t o r y  dis- 
eases of the  ducts  and  e x p a n d i n g  lesions compress ing  p a r e n c h y m a  a nd  
ducts  of the  b i l i a r y  sys tem (11). 

The  sugges t ion  tha t  the  l iver  is the  source of such enzyma t i c  changes  
in  the  s e r u m  receives  ev idence  f rom the  f i n d i n g  of e leva ted  s e r u m  t r a n s -  
aminases  in  c o m b i n a t i o n  w i th  increased  a lka l ine  phospha tase  in  these 
g roups  of in tox ica ted  rats. Again ,  the  increase  was  more  p r o n o u n c e d  w i t h  
p r o l o n g a t i o n  of c a rbon -d i su l f i de  in tox ica t ion .  

S e r u m - l a c t a t e - d e h y d r o g e n a s e  levels  showed s l ight  to mode ra t e  rise in  
groups  a d m i n i s t r a t e d  10, 20 and  30 ca rbon-d i su l f ide  doses. H y p e r a c t i v a t i o n  
was  obse rved  in  ra t s  r ece iv ing  aggress ive  doses of ca rbon  disulf ide.  

L ive r  and  ske le ta l  musc le  in  p a r t i c u l a r  con ta in  la rge  a m o u n t s  of 
l a c t a t e -dehyd rogenase  e n z y m e  and  damage  of these  t issues is accompan ied  
by  a r ise i n  s e r u m - l a c t a t e  dehydrogenase ,  as close as s e r u m  g lu t amic  
oxalacet ic  t r a n s a m i n a s e  (14). Also, such an  increase  in  lac ta te  d e h y d r o -  
genase  is mos t  p r o b a b l y  due to i n t e r f e r e n c e  of ca rbon  d isu l f ide  w i th  
musc le -ce l l  m e m b r a n e  l ead ing  to the  e n z y m e  release in to  the  blood 
c i rcu la t ion .  

I t  is conc luded  t h a t  the  c o n t r a d i c t o r y  da t a  found  in  the  l i t e r a t u r e  m a y  
be  due  to e n v i r o n m e n t a l  and  n u t r i t i o n a l  va r ia t ion ,  of ex t en t  a nd  du ra t i on  
of exposure  or due  to va r i a t i ons  in  the  rou te  of admin i s t r a t i on .  

Summary  

Investigations were performed to evaluate the activities of serum glutamic 
oxalacetic and glutamic pyruvic transaminases, alkaline phosphatase and lac- 
tate-dehydrogenase enzymes in rats intoxicated by different doses of carbon 
disulfide. 

Serum GOT and GPT activities were elevated which may be due to CS~ 
effect on cell membrane  permeability. 

Serum-alkal ine-phosphatase activity showed also increment, which was 
again at tr ibuted to the liver affection. 

A significant rise in serum-lactate-dehydrogenase activity which was 
referred to be as a result of muscle-lactate dehydrogenase release into the 
blood circulation. 
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