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Investigations described previously / 5 /  showed 
that after a single dose as well as during the long- 
time administration of heptachlor, a chlorinated 
cyclodiene insecticide, increased glutamic-pyruvic 
transaminase and aldolase in the serum of rats. The 
conclusion was drawn that an increase of activity in 
these enzymes may represent a suitable criterion for 
the evaluation of acute and subacute effects of 
h e p t a c h l o r .  

I t  has  a l s o  been shown / 1 , 4 /  t h a t  some c h l o r i -  
n a t e d  i n s e c t i c i d e s  cause  p a t h o l o g i c  a l t e r a t i o n s  i n  
t h e  l i v e r  o f  e x p e r i m e n t a l  a n i m a l s .  T h e r e f o r e  t h e  main 
o b j e c t i v e  o f  t h i s  s t u d y  was to  d e t e r m i n e  the  r e l a -  
t i o n s h i p  be tween  i n c r e a s e  i n  t h e  serum enzyme a c t i -  
v i t y ,  d e s c r i b e d  above~ and h i s t o l o g i c a l  changes  in  
l i v e r  f o l l o w i n g  a d m i n i s t r a t i o n  o f  h e p t a c h l o r .  S p e c i -  
f i c a l l y ,  and f rom a t h e r a p e u t i c  and p r e v e n t i v e  
a s p e c t ,  i n f o r m a t i o n  i s  n e e d e d  c o n c e r n i n g  the  t ime  
c o u r s e  o f  t h e s e  a l t e r a t i o n s .  

Materials and Methods 

Female Wistar rats, 200-300 g maintained on 
Larsen diet were used in these experiments and were 
fasted overnight prior to killing. 

There were three experimental groups. Two groups 
for subacute treatment received daily 7 and 12 mg/kg 
body weight of heptachlor /Purity 98 %/. The dosage 
for the acute group was 60 mg/kg of body weight 
/approximately 2/3 LD5a/. Doses were administered in 
pure vegetable oil by ~eans of oral tube. Control 
animals received only oil. 
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Subgroups  o f  bo th  e x p e r i m e n t a l  and c o n t r o l  
a n i m a l s  were  s a c r i f i c e d  by d e c a p i t a t i o n  a t  d i f f e r e n t  
t i m e s  o v e r  a 4 week p e r i o d .  In  t he  a c u t e  g roup  a n i -  
mals  t he  t i m e s  were  2 ,  24 and 72 h o u r s  a f t e r  a 
s i n g l e  dose  o f  h e p t a c h l o r  and i n  t h e  s u b a c u t e  g r o u p s  
on t h e  t h i r d ,  s e v e n t h ,  f o u r t e e n t h  and t w e n t y - e i g h t  
day os t h e  e x p e r i m e n t .  Blood was drawn f o r  se rum 
enzyme a n a l y s i s  and the  l i v e r s  were  e x c i s e d  f o r  
h i s t o l o g i c a l  e x a m i n a t i o n  and h e p a t i c  enzyme a n a l y s i s .  

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  /GPT/ was d e t e r -  
mined c o l o r i m e t r i c a l l y  by t h e  method o f  Re i tman  
and F r a n k e l  / 6 / .  A l d o l a s e  /ALD/ was a s s a y e d  a l s o  
c o l o r i m e t r i c a l l y  by a m o d i f i c a t i o n  o f  t h e  S i b l e y  
and L e h n i n g e r  p r o c e d u r e  / 7 / .  A c t i v i t y  o f  GPT and ALD 
i s  e x p r e s s e d  as  s  u n i t s  and m i c r o m o l e s  r e s p e c t i -  
v e l y  p e r  m i l l i l i t e r  o f  serum / o r  m i l l i g r a m  f r e s h  
t i s s u e /  u n d e r  s t a n d a r d  c o n d i t i o n s .  

R e s u l t s  and C o n c l u s i o n s  

A n a l y s i s  os c o m p a r i s o n s  be tween  the  c o n t r o l  
s u b g r o u p s  i n  e a c h  main s u b a c u t e  g roup  y i e l d e d  no s t a -  
t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  and t h e r e f o r e  
were  combined .  The mean v a l u e s  and S.D. o f  se rum and 
l i v e r  enzyme a c t i v i t y  o f  GPT and ALD a r e  shown i n  
Tab le  1. I n  a l l  f i g u r e s  t h e  v a l u e s  f o r  0 day r e p r e -  
s e n t  t he  b a s e - l i n e  os no rma l  enzyme a c t i v i t y  u s i n g  
t h e  v a l u e s  i n  Table  1. A t - t e s t  was a p p l i e d  to  t h e  
d i f f e r e n c e s  be t w e e n  t h e  mean v a l u e s  os t h e  b a s e - l i n e  
and t h o s e  o b t a i n e d  f rom t h e  s e v e r a l  e x p e r i m e n t a l  
t r e a t m e n t s .  See F i g u r e s  1 -4 ,  

At 2 h o u r s  a f t e r  a s i n g l e  dose  o f  h e p t a c h l o r  
/ F i g u r e  1 /  a c t i v i t y  o f  GPT i n  l i v e r  s i g n i f i c a n t l y  
i n c r e a s e d  but  t h e n  s l i g h t l y  d e c r e a s e d  and a t  72 h o u r s  
was below n o r m a l .  Serum GPT i n c r e a s e d  c o n t i n u o u s l y  
u n t i l  a maximum was r e a c h e d  a t  72 h o u r s .  

The t ime  c o u r s e  o f  t h e  e f f e c t  o f  h e p t a c h l o r  i n  
b o t h  s u b a c u t e  e x p e r i m e n t s  i s  d e p i c t e d  i n  F i g u r e  2 .  
With r e p e a t e d  d o s e s  o f  h e p t a c h l o r  t h e  a c t i v i t y  o f  
h e p a t i c  GPT d e c r e a s e s  below n o r m a l .  The d e c r e a s e s  a r e  
s t a t i s t i c a l l y  s i g n i f i c a n t  on t h e  s e v e n t h  day  f o r  7 mg 
dosage  and on t h e  s e v e n t h  and f o u r t e e n t h  day f o r  
12 mg d o s a g e .  

On t h e  o t h e r  hand a c t i v i t y  o f  se rum GPT i n c r e a s e s  
w i t h  r e p e a t e d  d o s e s  and t h e  d i f f e r e n c e s  were  s t a t i s -  
t i c a l l y  s i g n i f i c a n t  on t h e  t h i r d ,  s e v e n t h  and f o u r -  
t e e n t h  day f o r  b o t h  s u b a c u t e  g r o u p s .  

However,  t h e  t e r m i n a l  v a l u e s  f o r  b o t h  h e p a t i c  
and serum GPT t e n d  to  a p p r o x i m a t e  t h e  base  v a l u e  f o r  
b o t h  g r o u p s  by ~he t w e n t y - e i g h t  day .  

The c h a n g e s  i n  ALD a c t i v i t y  i n  b o t h  l i v e r  and 
se rum f o r  b o t h  t h e  a c u t e  g roup  and s u b a c u t e  g r o u p s  
show similar effects over time. 

530 



TABLE 1 

Normal c o n t r o l  se rum and l i v e r  enzyme a c t i v i t y  
/Mean v a l u e  and S . D . /  

Activity 

Control Enzyme Units Micromoles 

S.D. ~ S.D. 

For  Serum GPT 43+8 
L i v e r  GPT 52 13 

A c ~ e 6 ~ r ~  Serum ALD 6.6+1.5 
= L i v e r  ALD 4.6~-0.9 

For  Serum GPT 
S u b a c u t e  g roup  L i v e r  GPT 

Serum ALD 7 mg 
/N=24/  L i v e r  ALD 

so lo 
66*-7 

5.450.6 
4.4*-0.4 

For Serum GPT 
S u b a c u t e  g r o u p  L i v e r  GPT 

Serum ALD 12 mg 
/N=24/ L i v e r  ALD 

51~I0 
56*-6 

5.2:o.5 
4.2*-0.4 

In  t he  a c u t e  g roup  / F i g u r e  3 /  t he  h e p a t i c  ALD 
a c t i v i t y  shows s i g n i f i c a n t  i n c r e a s e  a t  2 h o u r s  f o l l o -  
wed by a d e c r e a s e  wh ich  i s  s i g n i f i c a n t l y  below normal  
a t  72 h o u r s .  I n  t h e  c a s e  o f  se rum ALD a c t i v i t y  t h e r e  
i s  e l e v a t i o n  t h r o u g h o u t  t he  72 h o u r s  and the  v a l u e s  
a t  24 and 72 h o u r s  were  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
n o r m a l .  

For  b o t h  s u b a c u t e  g r o u p s  / F i g u r e  4 /  t he  h e p a t i c  
ALD a c t i v i t y  d e c r e a s e  to  t h e  s e v e n t h  day when i t  i s  
s i g n i f i c a n t l y  d i f f e r e n t  f rom normal  t h e n  r i s e s  a g a i n  
to  a p p r o x i m a t e l y  t h e  no rma l  c o n t r o l  l e v e l .  I n  c o n -  
t r a s t  t h e  se rum ALD a c t i v i t y  r i s e s  s i g n i f i c a n t l y  o v e r  
t ime  f o l l o w e d  by a d e c r e a s e .  For  t h e  7 mg group  t h e  
mean v a l u e s  were  s i g n i f i c a n t l y  d i f f e r e n t  f rom base  
v a l u e s  on t h e  t h i r d ,  s e v e n t h  and f o u r t e e n t h  d a y s ,  
r e t u r n i n g  t o  a p p r o x i m a t e l y  no rma l  on t h e  t w e n t y - e i g h t  
day .  The d i f f e r e n c e s  be t w e e n  b a s e - l i n e  and t h e  12 mg 
group  were  s i g n i f i c a n t  on t h e  s e v e n t h ,  f o u r t e e n t h  
and t w e n t y - e i g h t h  d a y s .  However ,  one s h o u l d  n o t e  t h a t  
t h e  v a l u e  f o r  t h e  t w e n t y - e i g h t  day f a l l s  below t h e  
v a l u e  f o r  t h e  f o u r t e e n t h  d a y .  
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F i g u r e  1. R e l a t i o n s h i p  b e t w e e n  t h e  a c t i v i t y  os 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  / G P T /  i n  l i v e r  / K a r m e n  
u n i t s  p e r  mg s  t i s s u e /  and s e r u m  /Karmen  u n i t s  
p e r  ml s e r u m /  and h i s t o l o g i c a l  c h a n g e s  i n  l i v e r  a s  
a s i n g l e  d o s e  / 6 0  mg/kg  B . W . /  os h e p t a c h l o r .  Each  
p o i n t  r e p r e s e n t s  t h e  mean v a l u e  and  S .D.  os 6 a n i -  
m a l s .  B a s e - l i n e  /N =6 c o n t r o l  a n i m a l s /  g i v e n  a t  z e r o  
t i m e .  S i g n i s  l e v e l s : e =  P < 0 . 0 5  - 0 . 0 0 1 ;  
O ffi N .S .  ~ o r p h o l o g i c  c h a n g e s :  + = s l i g h t ;  ++ = mode-  
r a t e ;  +++ = e l e v a t e d ;  ++++ ffi a d v a n c e d  d e g r e e  os 
damage .  
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F i g u r e  2. R e l a t i o n s h i p  be tween  t h e  l i v e r  and serum 
GPT and h i s t o l o g i c a l  c h a n g e s  i n  l i v e r  d u r i n g  a d m i n i -  
s t r a t i o n  os b o t h  7 and 12 mg/kg B.W. /  day os h e p t a -  
c h l o r .  B a s e - l i n e  /N =24 c o n t r o l  a n i m a l s /  g i v e n  a t  
z e r o  t i m e .  

H i s t o l o g i c  e x a m i n a t i o n  o f  t h e  l i v e r  r e v e a l e d  o n l y  
s l i g h t  m o r p h o l o g i c  c h a n g e s .  However ,  t h e  maximum 
a l t e r a t i o n s  c o i n c i d e d  w i t h  d a y s  on wh ich  h e p a t i c  and 
se rum enzyme a c t i v i t y  was s i g n i s  d i s  
f rom n o r m a l .  Also  t h e  t ime  c o u r s e  o f  m o r p h o l o g i c  
c h a n g e s  p a r a l l e l s  t h e  t ime  c o u r s e  os t h e  enzyme a c t i -  
v i t y .  

At 72 h o u r s  w i t h  h e m a t o x y l i n - a n d - e o s i n  s e c t i o n  
v a c u o l a t e d  c e l l s  and p y c n o t i c  n u c l e i  were  o b s e r v e d  
and t h e  c y t o p l a s m a  was s t a i n e d  more d a r k l y .  I n  o t h e r  
a r e a s ,  h e p a t o c e l l u l a r  s t r u c t u r e  was i n t a c t  and t h e r e  
was min ima l  e v i d e n c e  os s i n g l e  m o n o c e l l u l a r  n e c r o s ~ s  
w i t h  i n f l a m m a t o r y  r e a c t i o n .  

On t h e  s e v e n t h  day  w i t h  7 mg d o s e s ,  t h e r e  was 
more marked m o n o c e l l u l a r  n e c r o s i s  w i t h  i n f l a m m a t o r y  
r e a c t i o n .  The o t h e r  a r e a s  showed s i g n i s  v a c u o l a r  
d y s t r o p h y .  
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F i g u r e  3.  R e l a t i o n s h i p  b e t w e e n  t h e  a c t i v i t y  os a l d o -  
l a s e  /ALD/ i n  l i v e r  and serum and h i s t o l o g i c a l  chan -  
ge s  i n  l i v e r  a f t e r  60 mg/kg B.W. os h e p t a c h l o r .  The 
ALD a c t i v i t y  i s  e x p r e s s e d  in  m i c r o m o l e s .  

A f t e r  r e p e a t e d  12 mg d o s e s  os h e p t a c h l o r ,  t h e r e  
was q u a l i t a t i v e  s i m i l a r i t y  t o  the  7 mg g roup  i n  the  
h i s t o l o g i c a l  p i c t u r e  bu t  ch an g es  were  q u a n t i t a t i v e l y  
more e x t e n s i v e .  

On t he  b a s i s  o f  t h e s e  o b s e r v a t i o n s ,  one can con -  
c l u d e  t h a t  t h e  r e l a t i o n s h i p  b e tw een  serum a c t i v i t i e s  
o f  GPT and ALD and damage os t h e  l i v e r  i s  more com- 
p l i c a t e d  t h a n  s i m p l y  m e c h a n i c a l  l e a k  o f  enzymes f rom 
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F i g u r e  4. R e l a t i o n s h i p  be tween  t h e  l i v e r  and se rum 
ALD and h i s t o l o g i c a l  c ha nge s  i n  l i v e r  d u r i n g  r e p e a t e d  
d o s e s  b o t h  o f  7 and 12 mg/kg B.W./  day os h e p t a c h l o r .  

n e c r o t i c  t i s s u e  to t h e  b l o o d .  I t  i s  d i f f i c u l t ,  t h e r e -  
f o r e ,  to  a t t r i b u t e  i n c r e a s e  i n  se rum a c t i v i t y  as 
s o l e l y  due to  n e c r o s i s .  P r o b a b l y  i n c r e a s e  i n  a c t i v i t y  
i s  r e l a t e d  to  a l t e r e d  membrane p e r m e a b i l i t y  wh ich  
a l l o w s  i n t r a c e l l u l a r  enzymes to  p a s s  ou t  os damage,  
but  no t  n e c r o t i c ,  c e l l s  /2 ,3 / .  F u r t h e r m o r e ,  t he  
i n c r e a s e d  e f s  o f  t h e s e  enzymes f rom l i v e r  c e l l s  
was o b s e r v e d  b e f o r e  the  a p p e a r e n c e  o f  t he  maximum 
m o r p h o l o g i c  c h a n g e s .  T h e r e f o r e ,  o t h e r  mechanisms  must 
be s o u g h t ,  n o t  s o l e l y  n e c r o s i s .  

The d a t a  o f  serum and l i v e r  enzyme a n a l y s i s  
i n d i c a t e d  t h a t  a c t i v i t i e s  os GPT and ALD were  n o t  
a l t e r e d  s i g n i f i c a n t l y  on t h e  t w e n t y - e i g h t h  day o f  
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administration with the exception os ALD at 12 mg 
doses .  S i m i l a r l y ,  morpho log ic  changes in  the  l i v e r  
appeared  to be s m a l l e r  a f t e r  the  maximum os the  
s e v e n t h  day.  These r e s u l t s  s u g g e s t ,  t h e r e f o r e ,  t h a t  
a d a p t i v e  compensatory  mechanisms o c c u r r e d  i n  r e sponse  
to  i n t o x i c a t i o n  by h e p t a c h l o r  du r ing  the  f o u r t h  week. 

Thus from a t h e r a p e u t i c  and p r e v e n t i v e  med ica l  
p o i n t  os view i t  seems t h a t  a c t i v i t y  os GPT and ALD 
may be used as an i n d i c a t o r  of  the  e f f e c t s  of  a c u t e  
and subacu te  i n t o x i c a t i o n  w i t h  h e p t a c h l o r .  
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