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A l t h o u g h  the  h e r b i c i d e  4 - c h l o r o - 2 - m e t h y l p h e n o x y a c e t i c  
a c i d  (MCPA) i s  used w i d e l y  as an a g r i c u l t u r a l  c h e m i c a l ,  
few s t u d i e s  have been made of  i t s  b i o l o g i c a l  e f f e c t s  in  
a n i m a l s .  E p i d e m i o l o g i c a l  r e s e a r c h  has s u g g e s t e d  i t  may 
be c a r c i n o g e n i c  ( H a r d e l l  and Sands t rom 1979) and r e c e n t  
s t u d i e s  have s u b s t a n t i a t e d  the  h y p o t h e s i s  t h a t  
phenoxyacetic herbicides exert their carcinogenic 
action indirectly via peroxisome proliferation (Vainio 
et al. 1983; Hietanen et al. 1985). 

Recently i n  our laboratory we have used chicken embryos 
as models for mechanistic and descriptive toxicology of 
various pesticides and indirectly to monitor 
environmental quality (Maci and Arias 1987). 

The purpose of this study was to investigate the effect 
on hepatocyte catalase (the marker enzyme for 
peroxisomes) of chicken embryos treated with a 
commercial form of MCPA (Erbitox E30); the effects of a 
pure form of MCPA sodium-potassium salt were studied as 
a comparison. 

MATERIALS AND METHODS 

F e r t i l e  White Leghorn  hen eggs o b t a i n e d  f rom a l o c a l  
h a t c h e r y  were used.  Eggs were s t o r e d  f o r  no more than  
one week b e f o r e  i n c u b a t i o n .  

MCPA, 
Erbito 
sodium 
and wa 
respec 
embryo 
chambe 
s o l u t i  

as a s o d i u m - p o t a s s i u m  s a l t  ( A l d r i c h )  and as 
x E30 ( S i a p a ,  Roma, I t a l y )  c o n t a i n i n g  28% MCPA 
- p o t a s s i u m  s a l t ,  was d i s s o l v e d  in  d i s t i l l e d  w a t e r  
s i n j e c t e d  in  s i n g l e  doses  o f  2 mg or  0 .4  mg/egg,  
t i v e l y  I / 2  and 1 /10  o f  the  LDs0 in  the  c h i c k e n  

( Maci and A r i a s  1 9 8 3 ) ,  i n t o  the  egg a i r  
rs  on day 0 of  t h e i r  i n c u b a t i o n  p e r i o d .  A l l  
ons were s t e r i l i z e d  t h r o u g h  a 0 .45  ~m M i l l e x - H a  
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f i l t e r .  

The eggs were t hen  i n c u b a t e d  f o r  19 days i n  a f o r c e d -  
d r a u g h t  i n c u b a t o r  w i t h  a u t o m a t i c  h o u r l y  r o t a t i o n  o f  
eggs a t  37 .8~  and 85 % r e l a t i v e  h u m i d i t y .  

On the  I g t h  day the  embryos were we ighed and t he  l i v e r s  
were removed and r i n s e d  i n  i c e - c o l d  0.01 M p h o s p h a t e  
b u f f e r  s o l u t i o n  a t  pH 7 . 4 .  The l i v e r s  were homogen ized 
i n  f o u r  vo lumes of  I c e - c o l d  0.01 M phospha te  b u f f e r ,  
pH 7 . 4 ,  w i t h  an U l t r a  T u r r a x  ( I k a  Werk) ;  the  
homogenates  were s u b s e q u e n t l y  s o n i c a t e d  f o r  30 min w i t h  
an U l t r a s o n i c  ( S t i .  M i n . )  and t hen  c e n t r i f u g e d  a t  
20 .O00xg f o r  20 min a t  O~ The s u p e r n a t a n t s  were 
d i l u t e d  w i t h  0.01 M p h o s p h a t e  b u f f e r  s o l u t i o n  (PBS),  a t  
pH 7 .4  i n  a 1:1 ( v : v )  r a t i o  and I% by volume of  e t h y l  
alcohol was then added, to prevent formation of 
catalase compound 11. 

Catalase a c t i v i t y  was a n a l y z e d  with a Clark oxygen 
electrode essent ia l ly  using a method developed by 
Del Rio e t  a l .  ( 1 9 7 7 ) .  An oxygen m o n i t o r  ( Y e l l o w  
S p r i n g s )  was used,  c o n n e c t e d  to  an u l t r a t h e r m o s t a t  
( L a u d a ) . H o m o g e n a t e s  were added to  3 ml 0.01 M PBS a t  
pH 7 . 4 ,  d e - a e r a t e d  w i t h  n i t r o g e n  and c o n t a i n i n g  0 .6  mM 
H202at 25~ The e n z y m a t i c  a c t i v i t y  was c a l c u l a t e d  f rom 
the  i n i t i a l  r a t e  o f  02 l i b e r a t i o n .  C a t a l a s e  a c t i v i t y  
was e x p r e s s e d  as ~mo l  0 2 / m i n /  mg o f  p r o t e i n .  

P r o t e i n s  were measured by the  method of  Lowry e t  
a l . ( 1 9 5 1 )  w i t h  b o v i n e  serum a l b u m i n  as s t a n d a r d .  

A n a l y s i s  o f  v a r i a n c e  (ANOVA) and Duncan ' s  t e s t  ( S t e e l  
and T o r r i e  1960) were used f o r  s t a t i s t i c a l  a n a l y s i s .  

RESULTS AND DISCUSSION 

T r e a t m e n t  w i t h  MCPA as t he  pure  s o d i u m - p o t a s s i u m  s a l t  
or  as E r b i t o x  E30 a t  2 mg/egg,  s i g n i f i c a n t l y  reduced  
the  s i z e  and w e i g h t  o f  t he  c h i c k e n  embryo body 
( T a b l e  1 ) . A l t h o u g h  the  w e i g h t s  o f  t he  l i v e r s  o f  t r e a t e d  
embryos and c o n t r o l s  were no t  s i g n i f i c a n t l y  d i f f e r e n t ,  
t he  l i v e r / b o d y  w e i g h t  r a t i o s  of  t he  t r e a t e d  embryos 
were s i g n i f i c a n t l y  h i g h e r .  
T r e a t m e n t  w i t h  MCPA seemed to  a f f e c t  o n I y  the  l i v e r s .  
In  f a c t  i n  a l l  t he  embryos t r e a t e d  w i t h  MCPA as the  
pure  form and w i t h  2 mg E r b i t o x  E30, and i n  55# o f  
t h o s e  g i v e n  0 .4  mg/egg,  t he  l i v e r s  t u r n e d  a g r e e n i s h  
c o l o u r .  
H i s t o l o g i c a l  e x a m i n a t i o n s  o f  l i v e r  showed few changes ,  
c o n s i s t i n g  of  v a c u o l i z a t i o n  of  t he  h e p a t o c y t e s  and 
o c c a s i o n a l  b i l e  t h r o m b i .  In  t he  2 mg/egg t r e a t e d  
embryos the  g a l l b l a d d e r  was empty , s u g g e s t i n g  tha ' t  
b i l e  e f f l u x  f rom the  l i v e r  may be a f f e c t e d .  

264 



T a b l e  I .  E f f e c t s  o f  E r b i t o x  E30 and 
weight, liver weight and on thee 
weight/t00 g body weight of the 
(mean+SEM ; n=9) 

pure  MCPA on body 
r a t i o  o f  l i v e r  
c h i c k e n  embryo 

Treatment Body weight Liver weight Liver weight/ 
(g) (g) Body weight 

(g/IOOg) 

C o n t r o l  3 4 . 7 9 + 0 . 5 9 a *  0 . 5 6 + 0 . 0 3 a  1 . 6 1 + 0 . 0 8 a  

E r b i t o x  3 2 . 6 1 + 0 . 6 3 a  0 . 6 3 + 0 . 0 2 a  t . 9 3 + 0 . 0 4 b  
0 .4mg /egg  
E r b i t o x  2 9 . 1 6 + 0 . 5 0 b  O.5B+O.O2a 1 . 9 7 + 0 . 0 B b  
2mg/egg -- -- -- 
MCPA 26.87+0.73b O.60+O.04a 2.20+0.12b 
2mg/egg - - - 

*Data  f o l l o w e d  by the  same l e t t e r  i n  t he  same column 
are no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  5% by Duncan ' s  New 
M u l t i p l e  Range T e s t ,  

As f a r  as c a t a l a s e  a c t i v i t y  i s  c o n c e r n e d ,  o n l y  t he  dose 
of  2mg/egg of  E r b i t o x  E3O caused a s i g n i f i c a n t  i n c r e a s e  
compared to  c o n t r o l s  MCPA, as t he  pure  s o d i u m -  
p o t a s s i u m  s a l t , i n d u c e d  an i d e n t i c a l  i n c r e a s e  , s h o w i n g  
t h a t  t h e  e f f e c t  o f  E r b i t o x  E 30 on c a t a l a s e  a c t i v i t y  
can be a t t r i b u t e d  to  the  MCPA i n  the  h e r b i c i d e ( T a b l e  2) 

Tab le  2. E f f e c t s  of  E r b i t o x  E30 and pure MCPA on 
h e p a t i c  c a t a l a s e  a c t i v i t y  in c h i c k e n  embryo ( mean+ 
SEM ; n :9  ) 

Treatment C a t a l a s e  a c t i v i t y  
# m o l  O2/min /mg 

% 8 from Control 

C o n t r o l  4 . B 5 + O . 2 4 a *  - 
E r b i t o x  0 .4mg/egg  5 . 3 9 ~ 0 . 3 9 a  +11 .13  
E r b i t o x  2mg/egg 7 . 1 7 ~ 0 . 4 3 b  +47 .83  
MCPA 2mg/egg ? . 5 0 u  +51.21 

~Data followed by the same letter are not significantly 
different at 5% by Duncan's New Multiple Range 
Test. 

The s i g n i f i c a n t  i n c r e a s e  of  c a t a l a s e  a c t i v i t y  in t he  
l i v e r s  of  c h i c k e n  embryos t r e a t e d  w i t h  MCPA may be 
evidence of peroxisome proliferation, as already 
r e p o r t e d  by V a i n i o  e t  a l .  (1983)  i n  r a t s ,  an t he  
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r e l a t i v e  hepatomegalia (Table 1 ) seems to confirm. 
However further histological studies and measurement of 
another "marker" such as ~oxidation of fatty acids will 
be useful to confirm this peroxisomal proliferation. 

There i s  much debate at present on whether the 
carcinogenicity and peroxisomal proliferative activity 
induced in rats by reasonable doses of certain widely 
used compounds is in fact likely to constitute a 
problem for man when exposed to these substances. The 
question is still wide open whether these compounds act 
through similar mechanisms in primates and other 
spec ies .  However, in initial at tempts  to i n v e s t i g a t e  
t h i s ,  ch icken embryos could we l l  o f f e r  a use fu l  
a l t e r n a t i v e  to the l a r g e - s c a l e  use of mammals. 
The data ob ta ined in t h i s  s tudy and other  recent  work 
in chicken embryos concerning the interference of 
phenoxy-herbicides on hepatic metabolizing enzyme 
activities ( Santagostino et al. 1986) are very similar 
to the results reported by others in rats (Vainio et 
al. 1983; Hietanen et al. 1983).This model is easy and 
cheap, and offers high sensitivity and selectivity. It 
could lend itself not only to prescreening of 
embryotoxicity, but also to toxicity studies on 
hepatocytes. 
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