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I n c r e a s i n g  f r e q u e n c i e s  o f  t u m o r s  among a q u a t i c  a n i m a l s  
i n  p o l l u t e d  w a t e r s  h a v e  b e e n  r e p o r t e d  ( S i n d e r m a n n  
1 9 7 9 ) .  E x p e r i m e n t s  h a v e  a l s o  s h o w n  t h a t  e x p o s u r e  o f  
f i s h  t o  c e r t a i n  w e l l - k n o w n  a n d  w i d e l y  d i s t r i b u t e d  
x e n o b i o t i c s  c a u s e s  t h e m  t o  d e v e l o p  t u m o r s  i n  a r e l a -  
t i v e l y  s h o r t  t i m e  ( H a r s h b a r g e r  1 9 7 7 ) .  F o r m a t i o n  o f  
m u t a g e n i c  i n t e r m a d i a t e s  f r o m  p r o c a r c i n o g e n s  by  f i s h  
l i v e r  h o m o g e n a t e s  h a d  b e e n  r e p o r t e d  ( B a l k  e t  a l .  1 9 8 2 ;  
M i y a u c h i  1 9 8 4 ) .  I t  i s  w e l l  e s t a b l i s h e d  t h a t  f i s h  h a v e  
t h e  a b i l i t y  t o  b i o t r a n s f o r m  x e n o b i o t i c s  i n  a m a n n e r  
s i m i l a r  t o  t h a t  o f  m a m m a l i a n  s p e c i e s .  T h e s e  
b i o t r a n s f o r m a t i o n s  i n c l u d e  c y t o c h r o m e  P - 4 5 0 - d e p e n d e n t  
m o n o o x y g e n a s e  s y s t e m s  ( E l c o m b e  & L e c h  1 9 7 9 ) .  I n  f i s h  
a s  w e l l  a s  m a m m a l s ,  c y t .  P - 4 5 0  s y s t e m s  a r e  known t o  be 
i n d u c e d  by  e n v i r o n m e n t a l  p o l l u t a n t s .  T h e s e  i n d u c e r s  
o f  c y t .  P - 4 5 0  s y s t e m s  a r e  t h o u g h t  t o  i n f l u e n c e  t h e  a p -  
p e a r a n c e  o f  t o x i c i t y  o f  c h e m i c a l s .  B i p h e n y l  e t h e r  
h e r b i c i d e s  h a v e  b e e n  w i d e l y  u s e d  a l l  o v e r  t h e  w o r l d ,  
a n d  p a r t i c u l a r l y  i n  J a p a n ,  t h e y  a r e  i n d i c a t e d  a s  e n -  
v i r o n m e n t a l  p o l l u t a n t s  ( W a t a n a b e  e t  a l .  1 9 8 3 ) .  J u d g i n g  
f r o m  t h e i r  s t r u c t u r e s  l i k e  a s  PCB, t h e y  a r e  s u s p e c t e d  
t o  i n d u c e  c y t .  P - 4 5 0  s y s t e m s  i n  f i s h .  C o n s i d e r i n g  t h e  
i n c r e a s e d  f i s h  t u m o r s  i n  p o l l u t e d  w a t e r s ,  i t  i s  v e r y  
i n t e r e s t i n g  t o  e x a m i n e  t h e  v a r i a t i o n  o f  m u t a g e n i c i t y  
o f  p r o c a r c i n o g e n s  c a u s e d  by  b i p h e n y l  e t h e r  h e r b i c i d e s .  
I n  t h i s  s t u d y ,  t h e  e f f e c t s  o f  b i p h e n y l  e t h e r  h e r -  
b i c i d e s  a n d  r e l a t e d  c o m p o u n d s  o n  t h e  f o r m a t i o n  o f  
m u t a g e n i c  i n t e r m a d i a t e s  f r o m  p r o c a r c i n o g e n s  by  t h e  S - 9  
f r a c t i o n s  f r o m  r a i n b o w  t r o u t  w e r e  e x a m i n e d  b y  u s i n g  
t h e  S a l m o n e l l a / m i c r o s o m e  t e s t .  

MATERIALS AND METHODS 

2 - A m i n o a n t h r a c e n e  ( 2 - A A T ) ,  2 - a c e t y l a m i n o f l u o r e n e  ( 2 -  
A A F ) ,  b e n z o ( a )  p y r e n e  ( B a P ) ,  K a n e c l o r - 5 0 0  ( P C B ) ,  3 -  
m e t h y l c h o r a n t h r e n e  (3-MC) a n d  a - n a p h t h o f l a v o n e  

S e n d  r e p r i n t  r e q u e s t s  t o  M. M i y a u c h i  a t  t h e  a b o v e  
a d d r e s s .  
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(a -NAF) were purchased from Nako Chemical Industry 
Co., Ltd (Osaka, Japan). D-Glucose-6-phosphate, D- 
glucose-6-phosphate dehydrogenase and NADPH were from 
Oriental Yeast Co., Ltd (Tokyo, Japan). Metyr~pone 
was from Japan Ciba-Gaigy Company. All other chemical 
reagents were of the highest commercial quality avail- 
able. Biphenyl ether herbicides and related compounds 
were prepared by the procedures described in the pre- 
vious paper (Miyauchi et al. 1981). 

R a i n b o w  t r o u t  w i t h  a n  a v e r a g e  w e i g h t  o f  8 5 - 1 1 0  g w e r e  
p u r c h a s e d  f r o m  a c o m m e r c i a l  s o u r c e .  F i s h  w e r e  m a i n -  
t a i n e d  i n  b a s i n s  w i t h  a e r a t e d ,  f i l t e r e d  a n d  r e c i r c u -  
l a t e d  d e c h l o r i n a t e d - w a t e r  a t  a t e m p e r a t u r e  o f  1 0 •  2 " C .  
U n d e r  t h e s e  c o n d i t i o n s  t h e  f i s h  w e r e  a c c l i m a t i z e d  f o r  
a w e e k  a n d  s t a r v e d  d u r i n g  t h e  p e r i o d  o f  c h e m i c a l  i n -  
j e c t i o n .  

A t  d a y s  0,  2 a n d  4 t h e  f i s h  w e r e  i n j e c t e d  i . p .  w i t h  
t h e  c h e m i c a l s  d i s s o l v e d  i n  o l i v e  o i l  o r  o l i v e  o i l  
a l o n e  a t  0 . 4  m l  p e r  d o s e .  T h e  t o t a l  d o s a g e  l e v e l s  
w e r e :  b i p h e n y l  e t h e r s ,  0 . 6 3  mmol  a n d  1 . 8 9  m m o l / K g  ( t w o  
d o s a g e  l e v e l s  w e r e  u s e d ) ;  P C B ,  5 0 0  m g / K g ;  3 - M C ,  8 0  
m g / K g .  A f t e r  t h e  f i r s t  i n j e c t i o n  t h e  f i s h  w e r e  t r a n s -  
f e r r e d  t o  s e p a r a t e  b a s i n s  f i l l e d  w i t h  n o n c i r c u l a t i n g  
b u t  a e r a t e d  d e c h l o r i n a t e d  t a p  w a t e r  a t  a t e m p e r a t u r e  
o f  1 0 •  2 ~  A d a i l y  h a l f - v o l u m e  c h a n g e  o f  w a t e r  w a s  
p e r f o r m e d .  I n j e c t i o n s  w i t h  b i p h e n y l  e t h e r s ,  PCB a n d  
3-MC p r o d u c e d  no  t o x i c  e f f e c t  i n  t h e  f i s h .  

A f t e r  6 d a y s  f r o m  t h e  l a s t  i n j e c t i o n  t h e  f i s h  w e r e  
k i l l e d  a n d  t h e i r  l i v e r s  w e r e  i m m e d i a t e l y  r e m o v e d ,  
t a k i n g  c a r e  n o t  t o  p u n c t u r e  t h e  g a l l  b l a d d e r ,  w e i g h e d  
a n d  r i n s e d  t w i c e  i n  i c e - c o l d  0 . 1 5  M KC1.  T h e  S - 9  
f r a c t i o n s  w e r e  p r e p a r e d  a c c o r d i n g  t o  A m e s  e t  a l .  
( 1 9 7 5 )  a n d  s t o r e d  a t  - 8 0 ~ .  The  p r o t e i n  c o n t e n t  o f  t h e  

S - 9  f r a c t i o n s  w a s  m e a s u r e d  b y  t h e  m e t h o d  o f  L o w r y  e t  
e l .  ( 1 9 5 1 ) .  

T e s t s  f o r  m u t a g e n i c i t y  w e r e  c a r r i e d  o u t  m a i n l y  a c c o r d -  
i n g  t o  t h e  A m e s  m e t h o d  a s  m o d i f i e d  b y  Y a h a g i  ( 1 9 7 5 )  
w i t h  t e s t e r  s t r a i n  TA 9 8 .  T i t r a t i o n s  w e r e  p e r f o r m e d  
w i t h  t h r e e  c o n c e n t r a t i o n s  o f  e a c h  o f  t h r e e  p r o c a r -  
c i n o g e n s  ( 1 , 5  a n d  10 ~ g / p l a t e  f o r  2 - A A T  a n d  B a P ;  
1 0 , 2 5  a n d  5 0  ~ g / p l a t e  f o r  2 - A A F )  a n d  w i t h  t h r e e  
s e p a r a t e  p r o t e i n  c o n c e n t r a t i o n s  ( 0 . 5 , 2 . 0  a n d  5 . 0  
m g / p l a t e )  f o r  e a c h  o f  t h e  t h r e e  p r o c a r c i n o g e n  c o n -  
c e n t r a t i o n s .  The  m i x t u r e  o f  p r o c a r c i n o g e n ,  S - 9  f r a c -  
t i o n ,  b a c t e r i a  a n d  c o f a c t o r s  i n  a t e s t  t u b e  w a s  p r e i n -  
c u b a t e d  a t  a t e m p e r a t u r e  o f  2 5 ~  a n d  f o r  a t i m e  o f  80  
m i n  i n  a s h a k i n g  w a t e r  b a t h .  T h e  p l a t e s  w e r e  i n -  
c u b a t e d  i n  t h e  d a r k  f o r  4 8 - 7 2  h a t  3 7 ~  E a c h  d e t e r -  
m i n a t i o n  w a s  c a r r i e d  o u t  i n  p a r a l l e l  o n  t h r e e  o r  f o u r  
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d i f f e r e n t  p l a t e s .  I n  t h e  c a s e  o f  t h e  o b s e r v a t i o n  o f  
t h e  e f f e c t  o f  P - 4 5 0  i n h i b i t o r s  o n  t h e  f o r m a t i o n  o f  
m u t a g e n i c  i n t e r m e d i a t e s  f r o m  p r o c a r c i n o g e n s ,  a -NAF o r  
m e t y r a p o n e  d i s s o l v e d  i n  50  ~ 1 d i m e t h y l s u l f o x i d e  w a s  
a d d e d  t o  t h e  t e s t  t u b e  a t  a c o n c e n t r a t i o n  o f  10 - 4  M 
a n d  10 - 3  M p e r  p l a t e ,  r e s p e c t i v e l y .  T h i s  c o n c e n t r a -  
t i o n  o f  t h e  i n h i b i t o r s  h a d  no t o x i c  a n d  m u t a g e n i c  e f -  
f e c t  ( w i t h  a n d  w i t h o u t  S - 9  f r a c t i o n )  o n  t h e  t e s t e r  
s t r a i n .  S t a t i s t i c a l  t e s t s  f o r  d i f f e r e n c e s  w e r e  p e r -  
f o r m e d  u s i n g  S t u d e n t ' s  t - t e s t .  

RESULTS AND DISCUSSION 

T a b l e  1 s u m m e r i z e s  m a x i m u m  r a t i o s  o f  t h e  n u m b e r  o f  
r e v e r t a n t  c o l o n i e s  o b s e r v e d  o n  t h e  t e s t  p l a t e  ( a t  o p -  
t i m a l  p r o t e i n  a n d  p r o c a r c i n o g e n  c o n c e n t r a t i o n s  f o r  
e a c h  s e t  o f  t i t r a t i o n s )  t o  t h e  n u m b e r  o f  r e v e r t a n t  
c o l o n i e s  a p p e a r i n g  o n  t h e  c o r r e s p o n d i n g  c o n t r o l  
( e n z y m e  b l a n k )  p l a t e ;  i . e .  r a t i o  o f  t e s t  t o  b a c k -  
g r o u n d .  T h e  S - 9  f r a c t i o n  f r o m  c o n t r o l  f i s h  f o r m e d  
m u t a g e n i c  i n t e r m e d i a t e s  f r o m  2 - A A T  a n d  2 - A A F ,  b u t  n o t  
BaP .  T r e a t m e n t s  o f  r a i n b o w  t r o u t  w i t h  3-MC a n d  PCB 

T a b l e  1. F o r m a t i o n  o f  m u t a g e n i c  i n t e r m e d i a t e s  f r o m  
p r o c a r c i n o g e n s  b y  t h e  S - 9  f r a c t i o n s  f r o m  t h e  l i v e r  o f  
r a i n b o w  t r o u t .  

P r o c a r c i n o g e n s ( z  g / p l a t e )  

T r e a t m e n t  2 - A A T  (1 O) 2 - A A F  ( 5 0 )  BaP  (5 )  

C o n t r o l  ( O l i v e  o i l )  34"  5 . 0 '  1 . 0  
3-MC 153"  23"  28"  
PCB 118"  15" 4 . 6 '  
4-N02 

0 . 8 3  mmol  79"  20"  1. 1 
1 . 8 9  mmol 52"  22"  1 . 0  

4-CN02 
0 . 8 3  mmol 94" 17" 0 . 9  
1 . 8 9  mmol 49"  19" 1. 1 

2 , 4 - D C N 0 2  
0 . 8 3  mmol 113"  13" 1 . 2  
1 . 8 9  mmol 102"  18" 1. 1 

2 , 4 , 8 - T C N O ~  
0 . 8 3  mmol 78"  11" 0 . 9  
1 . 8 9  mmol 85"  12" 0 . 8  

S t a t i s t i c a l  s i g n i f i c a n c e  a t  ' P <  0 . 0 5  a n d  " P <  0 . 0 0 1 .  

r e s u l t e d  i n  a b o u t  3.  0 - 5 .  O - f o l d  i n c r e a s e s  i n  t h e  
m u t a g e n i c i t y  o f  b o t h  2 - A A T  a n d  2 - A A F ,  a n d  c a u s e d  t h e  
f o r m a t i o n  o f  m u t a g e n i c  i n t e r m e d i a t e s  f r o m  B a P  r e s u l t -  
i n g  i n  2 8 - f o l d  a n d  4. S - f o l d  i n c r e a s e s  i n  t h e  n u m b e r  o f  
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r e v e r t a n t  c o l o n i e s ,  r e s p e c t i v e l y .  W h i l e ,  t r e a t m e n t s  
o f  r a i n b o w  t r o u t  w i t h  b i p h e n y l  e t h e r s  r e s u l t e d  i n  
a b o u t  1 . 5 - 3 . 0 - f o l d  a n d  2 . 0 - 4 . 0 - f o l d  i n c r e a s e s  i n  t h e  
m u t a g e n i c i t i e s  o f  2 - A A T  a n d  2 - A A F ,  r e s p e c t i v e l y .  
T h e s e  i n c r e a s e s  i n  t h e  m u t a g e n i c i t i e s  o f  2 -AAT a n d  2 -  
AAF w e r e  o b s e r v e d  a t  b o t h  l ow a n d  h i g h  d o s a g e  l e v e l s  
o f  b i p h e n y l  e t h e r s .  The i n c r e a s e  i n  t h e  m u t a g e n i c i t y  
o f  2 - A A T  w a s  g r e a t e r  a t  low d o s a g e  l e v e l  a n d  was  n o t  
r e l a t e d  t o  t h e  n u m b e r  o f  c h l o r i n e  i n  b i p h e n y l  e t h e r s ;  
h o w e v e r ,  t h a t  o f  2 - A A F  w a s  g r e a t e r  a t  h i g h  d o s a g e  
l e v e l  a n d  was  r e l a t e d  t o  t h e  n u m b e r  o f  c h l o r i n e .  4 -  
N i t r o b i p h e n y l  e t h e r  ( 4 - N O s  ) was  t h e  m o s t  e f f e c t i v e  
t r e a t m e n t  f o l l o w e d  b y  4 ' - c h l o r o ,  2 ' , 4 ' - d i c h l o r o  a n d  
2 ' , 4 ' , 6 ' - t r i c h l o r o  4 - n i t r o b i p h e n y l  e t h e r s ( 4 - C N O ~ ,  2 , 4 -  
DCNOs a n d  2 , 4 , G - T C N 0 2 ) .  B a P  w a s  n o t  c o n v e r t e d  t o  
m u t a g e n i c  i n t e r m e d i a t e s  by  t h e  S - 9  f r a c t i o n s  f r o m  t h e  
l i v e r  o f  r a i n b o w  t r o u t  t r e a t e d  w i t h  b i p h e n y l  e t h e r s .  
As i t  h a s  b e e n  r e p o r t e d  t h a t  b i p h e n y l  e t h e r s  u s e d  i n  
t h i s  s t u d y  h a d  t h e  m u t a g e n i c  a c t i v i t y  ( M i y a u c h i  e t  e l .  
1 9 8 3 ) ,  b i p h e n y l  e t h e r s  i n  t h e  S - 9  f r a c t i o n s  a r e  
s u s p e c t e d  t o  s h o w  t h e  m u t a g e n i c  a c t i v i t y .  B u t  t h i s  
s u s p e c t a b l e  p o i n t  w o u l d  be  d e n i e d  b e c a u s e  b i p h e n y l  
e t h e r s  w e r e  b a s e - c h a n g e  t y p e  m u t a g e n s  ( M i y a u c h i  e t  e l .  
1 9 8 3 ) ,  a n d  t h e r e  w e r e  no r e v e r t a n t  c o l o n i e s  o n  t h e  
b l a n k  p l a t e  ( c o n t a i n e d  o n l y  t h e  S - 9  f r a c t i o n  f r o m  
b i p h e n y l  e t h e r s - t r e a t e d  r a i n b o w  t r o u t ) .  I n  t h e  mam-  
m a l i a n  l i v e r ,  t h e r e  i s  a n  e n z y m e  s y s t e m  o f  u t m o s t  i m -  
p o r t a n c e  i n  t h e  d e t o x i c a t i o n  a n d  a c t i v a t i o n  o f  
x e n o b i o t i c s .  T h i s  c y t .  P - 4 5 0  s y s t e m  i s  b e l i e v e d  t o  be 
r e s p o n s i b l e  f o r  t h e  a c t i v a t i o n  o f  n u m e r o u s  c o m p o u n d s ,  
i n c l u d i n g  s e v e r a l  c a r c i n o g e n i c  o n e s  ( H e i d e r b e r g e r  
1 9 7 5 ) .  The e x i s t e n c e  o f  c y t .  P - 4 5 0  s y s t e m  i n  f i s h  i s  
now w e l l  e s t a b l i s h e d  a n d  i s  t h o u g h t  t o  be r e s p o n s i b l e  
f o r  t h e  a c t i v a t i o n  o f  c a r c i n o g e n i c  c o m p o u n d s  a s  w e l l  
a s  m a m m a l s .  3-MC a n d  PCB a r e  known  t o  i n d u c e  c y t .  P -  
4 5 0  s y s t e m  i n  f i s h ,  a n d  t h i s  i n d u c t i o n  w o u l d  r e s u l t  
t h e  a c c e l e r a t i o n  o f  m e t a b o l i s m s  o f  2 - A A T ,  2 - A A F  a n d  
BaP t o  m u t a g e n i c  i n t e r m e d i a t e s .  One o f  t h e  b i p h e n y l  
e t h e r  h e r b i c i d e s ,  2 , 4 , 6 - T C N O 2 ,  i n d u c e s  c y t .  P - 4 5 0  s y s -  
t em i n  mammal s  ( B u r k e  e t  a l .  1 9 8 3 ) .  I n  f i s h  t h e r e  i s  
no r e p o r t  o n  t h e  i n d u c t i o n  o f  c y t .  P - 4 5 0  s y s t e m  b y  
b i p h e n y l  e t h e r  h e r b i c i d e s ;  h o w e v e r ,  t h e  r e s u l t s  i n  
T a b l e  1 w o u l d  i n d i c a t e  t h a t  b i p h e n y l  e t h e r s  i n d u c e d  
c y t .  P - 4 5 0  s y s t e m  w h i c h  c o n c e r n e d  w i t h  t h e  m e t a b o l i s m s  
o f  2 - A A T  a n d  2 - A A F .  T h e  f a i l u r e  o f  f o r m a t i o n  o f  
m u t a g e n i c  i n t e r m e d i a t e s  f r o m  B a P  b y  t h e  t r e a t m e n t s  
w i t h  b i p h e n y l  e t h e r s  w o u l d  i m p l y  t h a t  t h e  i n d u c t i o n  
p a t t e r n  o f  c y t .  P - 4 5 0  s y s t e m  b y  b i p h e n y l  e t h e r s  w a s  
d i f f e r e n t  f r o m  t h o s e  b y  3-MC o r  PCB. 

I n h i b i t o r s  o f  c y t .  P - 4 5 0  s y s t e m  w e r e  u s e d  t o  c h a r a c -  
t e r i z e  t h e  c y t .  P - 4 5 0  r e l a t i n g  t o  t h e  f o r m a t i o n  o f  
m u t a g e n i c  i n t e r m e d i a t e s  f r o m  p r o c a r c i n o g e n s  i n  t h e  S - 9  
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f r a c t i o n s  o f  t h e  l i v e r  o f  r a i n b o w  t r o u t  t r e a t e d  w i t h  
b i p h e n y l  e t h e r s ,  3 - M C  o r  PCB.  I n h i b i t i o n  r a t e s  o f  
m u t a g e n i c i t y  o f  p r o c a r c i n o g e n s  b y  i n h i b i t o r s  ( a  - N A F  
a n d  m e t y r a p o n e )  a r e  i n d i c a t e d  i n  T a b l e  2. M e t y r a p o n e ,  
w h i c h  a c t s  a n  i n h i b i t o r  o f  t h e  a c t i v i t y  o f  c y t .  P - 4 5 0  
i n  u n t r e a t e d  o r  p h e n o b a r b i t a l  t r e a t e d  m a m m a l s  ( G a u j o n  
e t  a l .  1 9 7 2 ) ,  h a d  l i t t l e  e f f e c t  o n  t h e  m u t a g e n i c i t y  o f  
p r o c a r c i n o g e n s  w i t h  a n y  o f  S - 9  f r a c t i o n s ,  a - N A F ,  i n -  
h i b i t o r  o f  c y t .  P - 4 4 8  s y s t e m ,  s t r o n g l y  i n h i b i t e d  t h e  
m u t a g e n i c i t y  o f  2 - A A T  a n d  B a P  w i t h  t h e  S - 9  f r a c t i o n s  
f r o m  3-MC o r  PCB t r e a t e d  r a i n b o w  t r o u t ,  b u t  d i d n ' t  i n -  

T a b l e  2. I n h i b i t i o n  r a t e s  (%) o f  r e v e r t a n t  c o l o n i e s  b y  
a - N A F  a n d  m e t y r a p o n e .  

T r e a t m e n t  Procarcinogens a -NAF M e t y r a p o n e  

Control 2-AAT 49.1 3.2 
2-AAF 35.5 2.2 

3-MC 2-AAT 91.3 8.7 
2-AAF 81.1 4.7 
BaP 92.8 1.7 

PCB 2-AAT 80.0 28.9 
2-AAF 55.2 12.3 
BaP 75.9 8.2 

4-N02 2-AAT' 38.7 1.2 
2-AAF" 30.2 1.8 

4-CN02 2-AAT' 47.7 0.5 
2-AAF" 29.4 5.2 

2,4-DCN02 2-AAT' 49.7 1.5 
2-AAF" 29.1 1.8 

2,4,8-TCN02 2-AAT' 44.2 4.5 
2-AAF" 20.0 2.0 

' S-9 fraction treated with 0.83 mmol/Kg of biphenyl 
ether was used. 
" S-9 fraction treated with 1.89 mmol/Kg of biphenyl 
ether was used. 

hibit severely the mutagenicity of 2-AAF. Using the 
S-9 fractions from biphenyl ethers treated rainbow 
trout, inhibition rates of the mutagenicity of 2-AAT 
and 2-AAF by a -NAF were not so severe and similar to 
those of control. 3-MC and PCB are known to induce 
new cyt. P-450(s) whose catalytic reactions are mainely 
inhibited by cyt. P-448 inhibitors (Stegeman et al. 
1981). Considering the effect of inhibitors on the 
mutagenicity of procarcinogens with the S-9 fractions 
f r o m  b i p h e n y l  e t h e r s  t r e a t e d  r a i n b o w  t r o u t ,  b i p h e n y l  
e t h e r s  w o u l d  n o t  i n d u c e  n e w  c y t .  P - 4 5 0 ( s )  b u t  e n h a n c e  
t h e  a c t i v i t i e s  o f  c y t .  P - 4 5 0 ( s )  r e l a t e d  t o  t h e  m e t a b o -  
l i s m s  o f  2 - A A T  a n d  2 - A A F .  To c h a r a c t e r i z e  t h e  
b i p h e n y l  e t h e r s - i n d u c e d  c y t .  P - 4 5 0 ,  i t  w i l l  b e  r e q u i r e d  
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to examine the activities of cyt. P-450 systems by 
using various substrates, for example, aniline 
hydroxylase, ethylmorphine N-demethylase, BaP 
hydroxylase, p-nitroanisole deethylase, etc.. 

This study revealed that biphenyl ether herbicides and 
their related compounds enhanced the mutagenicity of 
procarcinogens (2-AAT and 2-AAF). Biphenyl ether her- 
bicides are used widely and are pollutants in the 
aquatic environment and animals. Biphenyl ether her- 
bicides are dechlorinated in the environment by 
various factors, such as the sunlight (Nakagawa & 
Crosby 1974), and therefore their dechlorinated forms, 
4-N02 and 4-CN02 would be detected. When the fish 
were polluted with biphenyl ehters and encountered 
procarcinogens (aromatic amines and amides) the risk 
of carcinogenicity would increase. 
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