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t t  i s  c o m m o n l y  k n o w n  t h a t  s a l i n i t y  a f f e c t s  t h e  
t o x i c i t y  o f  c a d m i u m  t o  a q u a t i c  b i o t a .  T h i s  t o x i c i t y  
h a s  b e e n  s h o w n  t o  d e c r e a s e  w i t h  s a l i n i t y  i n  a v a r i e t y  
o f  e s t u a r i n e  o r g a n i s m s  ( V e r r i o p o u l o s  a n d  M o r a i t o u -  
A p o s t o l o p o u l o u  1 9 8 1 ;  V o y e r  e t  a l .  1 9 8 2 ) .  T h e  e f f e c t  
o f  s a l i n i t y  on c a d m i u m  t o x i c i t y  may  b e  p r i m a r i l y  d u e  
t o  g r e a t e r  c o m p l e x a t i o n  o f  f r e e  c a d m i u m  i o n s  b y  
c h l o r i d e  i o n s  w i t h  i n c r e a s i n g  s a l i n i t y  ( E n g e l  a n d  
F o w l e r  1 9 7 9 ) .  A h i g h  c o n c e n t r a t i o n  o f  c a d m i u m  i s  
f o u n d  i n  t h e  l i v e r ,  k i d n e y ,  i n t e s t i n e ,  a n d  g i l l s  o f  
f i s h  a f t e r  c a d m i u m  e x p o s u r e  ( K u r o s h i m a  1 9 8 7 ) .  T h e  
k i d n e y ,  i n t e s t i n e ,  a n d  g i l l s  a r e  i m p o r t a n t  o r g a n s  f o r  
o s m o t i c  r e g u l a t i o n  o f  f i s h  a n d  e a c h  f u n c t i o n  o f  t h e s e  
o r g a n s  i s  a l t e r e d  b y  s a l i n i t y  o f  t h e  m e d i u m  in  w h i c h  
f i s h  l i v e .  T h i s  a l t e r a t i o n  i n  t h e  k i d n e y ,  i n t e s t i n e ,  
a n d  g i l l s  may  i n f l u e n c e  c a d m i u m  a c c u m u l a t i o n .  T h i s  
s t u d y  w a s  c o n d u c t e d  t o  e x a m i n e  c a d m i u m  a c c u m u l a t i o n  i n  
t i s s u e s  o f  m u m m i c h o g ,  F u n d u l u s  h e t e r o c l i t u s ,  a d a p t e d  
t o  v a r i o u s  s a l i n i t i e s  a n d  t o  e v a l u a t e  t h e  e f f e c t s  o f  
s a l i n i t y  on  c a d m i u m  a c c u m u l a t i o n  f r o m  a p h y s i o l o g i c a l  
v i e w p o i n t .  

MATERIALS AND METHODS 

A d u l t  m a l e s  ( 7 . 8 - 1 4 . 1  g ,  N = 4 5 )  a n d  j u v e n i l e s  ( 0 . 4 - 1 . 2  
g ,  N = 4 5 )  o f  m u m m i c h o g ,  F u n d u l u s  h e t e r o c l i t u s ,  r e a r e d  
a t  o u r  f a c i l i t y  w e r e  u s e d .  T h e  f i s h  w e r e  k e p t  i n  
a d a p t a t i o n  m e d i a  o f  f r e s h w a t e r ,  5%, 10%,  15%,  20%,  
25%,  50%,  75%,  a n d  100% s e a w a t e r  f o r  a t  l e a s t  t h r e e  
w e e k s  b e f o r e  t h e  e x p e r i m e n t s .  G r o u p s  o f  f i v e  e a c h  
w e r e  e x p o s e d  t o  1 m g C d / l  f o r  24 h r s  a t  2 1 . 8 ~  i n  2 0 - 1  
g l a s s  a q u a r i a  w i t h  a e r a t i o n .  T h e  c o n c e n t r a t i o n  a n d  
t i m e  f o r  e x p o s u r e  w e r e  d e t e r m i n e d  b y  r e s u l t s  f r o m  
p r e p a r a t o r y  t e s t s .  F i s h  w e r e  n o t  f e d  f o r  24 h r s  

S e n d  r e p r i n t  
a d d r e s s .  

r e q u e s t s  t o  R.  K u r o s h i m a  a t  t h e  a b o v e  
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p r i o r  t o  t e s t i n g  n o r  d u r i n g  t e s t i n g .  E a c h  t e s t  
s a l i n i t y  w a s  p r e p a r e d  b y  d i l u t i o n  o f  s e a w a t e r  f r o m  
S a g a m i  B a y  ( s a l i n i t y :  3 2 ~  , pH:  7 . 7 ,  C a :  3 9 0  m g / l ,  Mg: 
1 0 0 0  m g / l ) ,  f i l t e r e d  t h r o u g h  a c t i v a t e d  c a r b o n ,  w i t h  
t a p  w a t e r  ( p H :  7 . 7 ,  C a :  13 m g / l ,  My:  3 m g / 1 )  
d e c h l o r i n a t e d  b y  a e r a t i o n .  A t  t h e  e n d  o f  t h e  2 4 - h  
e x p o s u r e ,  t h e  f i s h  f r o m  e a c h  e x p e r i m e n t a l  a q u a r i u m  
w e r e  r e m o v e d  a n d  r i n s e d  w i t h  c a d m i u m - f r e e  w a t e r  a n d  10 
mM EDTA.  T h e  h e p a t o p a n c r e a s ,  k i d n e y ,  i n t e s t i n e ,  a n d  
g i l l s  w e r e  d i s s e c t e d  f r o m  a d u l t  f i s h .  S a m p l e s  f o r  
c a d m i u m  d e t e r m i n a t i o n  w e r e  s t o r e d  a t  - 8 0 ~  b e f o r e  u s e .  

D a t a  f r o m  a n i m a l  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  c a d m i u m  
i s  b o u n d  t o  a l b u m i n  a n d  p r o t e i n s  w i t h  h i g h e r  m o l e c u l a r  

w e i g h t s  i n  b l o o d  i n i t i a l l y  a f t e r  e x p o s u r e  a n d  m a i n l y  
t a k e n  u p  b y  t h e  l i v e r ,  w h i l e  c a d m i u m  b o u n d  t o  
m e t a l l o t h i o n e i n  s y n t h e s i z e d  i n  t h e  l i v e r  i s  t a k e n  u p  
b y  t h e  k i d n e y .  T h e r e f o r e ,  s i n g l e  a d m i n i s t r a t i o n  o f  
m e t a l l o t h i o n e i n - b o u n d  c a d m i u m  a s  w e l l  a s  l o n g - t e r m  
a d m i n i s t r a t i o n  o f  c a d m i u m  g i v e s  r i s e  t o  a n  u p t a k e  o f  
c a d m i u m  i n  t h e  k i d n e y .  I n  t h e  p r e s e n t  s t u d y ,  t h e  
r e l a t i o n s h i p  b e t w e e n  t h e  a c c u m u l a t i o n  o f  
m e t a l l o t h i o n e i n - b o u n d  c a d m i u m  a n d  t h e  k i d n e y  f u n c t i o n  
f o r  o s m o t i c  r e g u l a t i o n  w a s  e x a m i n e d .  A d u l t  m a l e s  
( 5 . 9 - 1 2 . 7  g ,  N = 2 1 )  o f  m u m m i c h o g  w e r e  d i v i d e d  i n t o  f i v e  
t e s t  g r o u p s .  A f t e r  a c c l i m a t i z a t i o n  t o  f r e s h w a t e r ,  
a n d  25%, 50%,  75%,  a n d  100% seawater, they were 
anesthetized with MS 222 and administered purified 
rabbit liver metallothionein (Sigma) containing 75.2 
mg cadmium per mg solid. The administration was done 
by a single intraperitoneal injection of 0.5 mgCd/kg 
BW, dissolved in distilled water. Ninety-six hrs 
later, the hepatopancreas and kidney were dissected 
and stored at -80~. 

E a c h  t i s s u e  s a m p l e  f o r  c a d m i u m  a n a l y s i s  w a s  f r e e z e -  
d r i e d  a n d  d i g e s t e d  w i t h  a 1 : 1  m i x t u r e  o f  HNO 3 a n d  
HCIO 4 . C a d m i u m  a n a l y s i s  w a s  c o n d u c t e d  b y  a t o m i c  
absorption spectrophotometry (Hitachi Z-8000 with 
Zeeman modulation) using reference standards from 
CdCl 2 prepared in i N HCI. The detection limit was 
0.01 ngCd/l. Dunnett's multiple range test was used 
to determine significance. 

RESULTS AND D I S C U S S I O N  

R e s u l t s  f r o m  c a d m i u m  e x p o s u r e  o f  m u m m i c h o g  a t  v a r i o u s  
s a l i n i t i e s  a r e  s h o w n  i n  T a b l e  1 .  C a d m i u m  
c o n c e n t r a t i o n s  i n  t h e  w h o l e  b o d y  o f  j u v e n i l e s ,  a n d  i n  
t h e  h e p a t o p a n c r e a s ,  k i d n e y ,  a n d  g i l l s  o f  a d u l t  f i s h  
d i s p r o p o r t i o n a t e l y  d e c r e a s e d  w i t h  i n c r e a s i n g  s a l i n i t y .  
r a n g i n g  f r o m  f r e s h w a t e r  t o  25% s e a w a t e r  a n d  s h o w e d  no  
f u r t h e r  c h a n g e  a t  h i g h e r  s a l i n i t y .  D e p r e s s i o n  o f  
c a d m i u m  a c c u m u l a t i o n  w a s  m o s t  r e m a r k a b l e  i n  t h e  g i l l s .  
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F r e s h w a t e r  f i s h  t a k e  up  m o s t  o f  t h e  i o n s  n e c e s s a r y  f o r  
h o m e o s t a s i s  f r o m  w a t e r  v i a  t h e  g i l l s  ( E d d y  1 9 8 2 ) .  
V e r b o s t  e t  a l .  ( 1 9 8 7 )  r e p o r t e d  t h a t  Cd Z+ r e a d i l y  
e n t e r s  b r a n c h i a l  e p i t h e l i a l  g ~ l l s  o f  f r e s h w a t e r  f i s ~ .  
a s  d o e s  a l s o  Ca z+ v i a  La - s e n s i t i v e  a p i c a l  Ca + 
c h a n n e l s .  P ~ r t  e t  a l .  ( 1 9 8 5 )  p r o p o s e d  t h a t  g i l l  
p e r m e a b i l i t y  f o r  c a d m i u m  d e c r e a s e s  w i t h  i n c r e a s e  i n  
t h e  h a r d n e s s  o f  w a t e r .  The  h a r d n e s s  o f  f r e s h w a t e r  
a n d  25% s e a w a t e r  u s e d  i n  t h i s  s t u d y  was  a p p r o x i m a t e l y  
45  m g / 1  a n d  250  m g / 1  a s  CaCO 3 ,  r e s p e c t i v e l y .  T h e  
r a p i d  d e c r e a s e  i n  c a d m i u m  a c c u m u l a t i o n  i n  t h e  g i l l ,  
h e p a t o p a n c r e a s ,  a n d  k i d n e y  o f  m u m m i c h o g  e x p o s e d  i n  
f r e s h w a t e r  t o  25% s e a w a t e r  w a s ,  t h u s ,  p r o b a b l y  d u e  t o  
d e c r e a s e  i n  t h e  a c t i v e  u p t a k e  o f  c a d m i u m  a t  t h e  g i l l s .  
T h e  c a d m i u m  c o n c e n t r a t i o n  i n  t h e  i n t e s t i n e  i n c r e a s e d  

T a b l e  1 .  C a d m i u m  a c c u m u l a t i o n  i n  w h o l e  b o d y  s a m p l e s  o f  
j u v e n i l e s  a n d  i n  i n d i v i d u a l  t i s s u e s  o f  a d u l t  
m u m m i c h o g  e x p o s e d  t o  1 m g C d / l  f o r  24 h r s  a t  
v a r i o u s  s a l i n i t i e s .  

FW 5 10 15 20 25 50 75 100  
% % % % % % % % 

SW SW SW SW SW SW SW SW 

Whole 
body 

1 . 3 9  0 . 5 7  0 . 5 2  0 . 7 7  0 . 4 2  0 . 2 6  0 . 2 1  0 . 2 1  0 . 2 2  
___+ __+ __+ ___+ __+ __+ ___+ __+ __+ 

0 . 3 8  0 . 1 4  0 . 1 0  0 . 3 7  0 . 1 2  0 . 0 9  0 . 0 7  0 . 0 2  0 . 0 6  

H e p a t o -  
p a n c r e a s  

3 . 3 3  1 . 1 2  0 . 7 9  0 . 5 8  0 . 2 7  0 . 1 9  0 . 1 8  0 . 1 4  0 . 2 9  
+ + + + + + + + + 

1.99 0 .66 0.41 0.27 0 .04 0 .12  0 .12  0 .07 0 .25 

K i d n e y  9 . 4 4  2 . 0 5  1 . 9 2  1 . 3 1  0 . 7 1  0 . 5 4  0 . 4 6  0 . 4 2  0 . 4 8  
x + & x _+ _+ __+ _+ x 

5 . 1 0  0 . 5 7  0 . 6 7  0 . 5 6  0 . 2 2  0 . 1 9  0 . 1 5  0 . 2 4  0 . 1 2  

I n t e s t i n e  2 .34 4 .28  2.06 3.80 3 .59 6 .97 6.15 6 .99 9.90 
+ + + + + + + + + 

0.45 5 .37 1.35 2.69 3 .55 2.40 1.36 1.99 3 .33 

G i l l  7 . 3 4  1 . 8 3  1 . 0 8  0 . 8 0  0 . 5 2  0 . 5 4  0 . 2 7  0 . 3 5  0 . 5 5  
__+ _+ k + _+ + + _+ + 

2 . 2 5  0 . 2 7  0 . 2 7  0 . 2 4  0 . 1 2  0 . 1 7  0 , 0 5  0 . 1 1  0 . 1 4  

V a l u e s  a r e  m e a n s  • SD f o r  f i v e  i n d i v i d u a l  f i s h .  
u n i t  : p g / g  o f  w e t  w e i g h t  
* * *  : p<O.O01 
FW : f r e s h w a t e r ,  SW : s e a w a t e r  
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w i t h  s a l i n i t y  f r o m  2 . 3 4 •  ~ g / g  ( w e t  w e i g h t )  in  
f r e s h w a t e r  t o  9 . 9 0 •  p g / g  i n  100% s e a w a t e r .  M a r i n e  
f i s h  s w a l l o w  s e a w a t e r  a n d  a b s o r b  w a t e r  t o g e t h e r  w i t h  
m o n o v a l e n t  i o n s  f r o m  t h e  i n t e s t i n e  t o  c o m p e n s a t e  
f o r  w a t e r  l o s s  f r o m  t h e  b o d y .  The  h i g h e r  
c o n c e n t r a t i o n  o f  c a d m i u m  in  t h e  i n t e s t i n e  o f  m u m m i c h o g  
a d a p t e d  t o  t h e  h i g h e r  s a l i n i t i e s  may p o s s i b l y  h a v e  
b e e n  d u e  t o  t h e  i n g e s t i o n  o f  w a t e r  c o n t a i n i n g  c a d m i u m .  
S i n c e  w a t e r  i s  a c t i v e l y ,  b u t  c a d m i u m  p o o r l y ,  a b s o r b e d  
f r o m  t h e  i n t e s t i n e ,  c a d m i u m  d i s s o l v e d  in  t h e  w a t e r  c a n  
b e  c o n c e n t r a t e d  in  t h e  i n t e s t i n a l  t r a c t .  In  m a m m a l s ,  
c a d m i u m  o r a l l y  a d m i n i s t e r e d  i n d u c e s  h i s t o p a t h o l o g i c a l  
c h a n g e s  ( P h i l l p o t s  1 9 8 6 ) ,  t h e  i n h i b i t i o n  o f  e n z y m e  
a c t i v i t y  ( K o b a y a s h i  a n d  K i m u r a  1 9 8 5 )  a n d  t r a n s p o r t  o f  
n u t r i e n t s  ( I t u r r i  a n d  P e ~ a  1 9 8 6 )  in  t h e  s m a l l  
i n t e s t i n e .  The  i n t e s t i n a l  f u n c t i o n  o f  s e a w a t e r  f i s h  
may p o s s i b l y  be  d a m a g e d  d u r i n g  e x p o s u r e  t o  c a d m i u m .  

D a t a  f r o m  mammal e x p e r i m e n t s  g e n e r a l l y  d e m o n s t r a t e  
c a d m i u m  b o u n d  t o  m e t a l l o t h i o n e i n  t o  be  l e s s  
e f f e c t i v e l y  t r a p p e d  by  t h e  l i v e r  a n d  m o s t l y  t a k e n  up 
by  t h e  k i d n e y  ( S u z u k i  1 9 8 4 ) .  The  r e s u l t s  f r o m  t h e  
a d m i n i s t r a t i o n  o f  m e t a l l o t h i o n e i n  by  an  
i n t r a p e r i t o n e a l  i n j e c t i o n  a r e  g i v e n  in  T a b l e  2.  The  
c a d m i u m  c o n c e n t r a t i o n  in  t h e  k i d n e y  d e c r e a s e d  w i t h  
i n c r e a s i n g  s a l i n i t y  a n d  a t  s a l i n i t i e s  o f  75% a n d  100% 
s e a w a t e r  w e r e  s i g n i f i c a n t l y  l o w e r  t h a n  t h o s e  in  
f r e s h w a t e r .  The  c a d m i u m  c o n c e n t r a t i o n  in  t h e  
h e p a t o p a n c r e a s  s h o w e d  a t e n d e n c y  t o  d e c r e a s e  w i t h  

T a b l e  2.  C a d m i u m  a c c u m u l a t i o n  in  t h e  k i d n e y  a n d  
h e p a t o p a n c r e a s  o f  m u m m i c h o g  96 h r s  a f t e r  
i n t r a p e r i t o n e a l  i n j e c t i o n  o f  m e t a l l o t h i o n e i n .  

FW 25%SW 50%SW 75%SW 100%SW 

K i d n e y  7 . 1 7  5 . 3 2  4 . 6 2  2 . 9 2  2 . 3 1  
+ + + + + 

1 . 4 5  4 . 2 5  1 . 5 1  1 . 6 6  O. 9 4  

H e p a t o -  6 . 4 6  9 . 0 0  1 2 . 7 5  1 2 . 9 8  1 2 . 9 4  
p a n c r e a s  • • • • • 

3 . 1 2  3 . 2 7  5 . 6 1  7 . 0 3  3 . 1 6  

R a t i o  0 . 8 5 8 3  0 . 7 6 9 4  0 . 4 2 4 1  0 . 2 4 2 0  0 . 1 9 5 2  
+ + + + + 

0 . 3 7 9 8  0 . 7 5 2 6  0 . 2 2 8 2  0 . 0 7 8 9  0 . 1 1 2 3  

V a l u e s  a r e  m e a n s  • SD f o r  f o u r  i n d i v i d u a l  f i s h  
e x c e p t  f o r  f i v e  in  FW. 
u n i t  : p g / g  o f  w e t  w e i g h t  

: p ( 0 . 0 5 ,  ~ : p ( 0 . 0 1  
FW : f r e s h w a t e r ,  SW : s e a w a t e r  
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s a l i n i t y .  The  r a t i o  o f  c a d m i u m  c o n c e n t r a t i o n  in  t h e  
k i d n e y  t o  t h a t  in  t h e  h e p a t o p a n c r e a s  in  e a c h  f i s h  
d e c r e a s e d  w i t h  s a l i n i t y .  The  f u n c t i o n  o f  t h e  k i d n e y  
t o  m a i n t a i n  t h e  p r o p e r  o s m o t i c  c o n d i t i o n s  in  t h e  b o d y  
may p o s s i b l y  be  r e l a t e d  t o  t h e  a c c u m u l a t i o n  o f  c a d m i u m  
b o u n d  t o  m e t a l l o t h i o n e i n  in  t h e  k i d n e y .  K u r o s h i m a  
( 1 9 9 2 )  r e p o r t e d  c a d m i u m  a c c u m u l a t i o n  t o  be  h i g h  i n  t h e  
l i v e r  a n d  k i d n e y  o f  r e d  s e a  b r e a m  b u t  o n l y  in  t h e  
k i d n e y  o f  c a r p  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  
m e t a l l o t h i o n e i n .  L i t t l e  c a d m i u m  was  f o u n d  in  t h e  
i n t e s t i n e  a n d  g i l l s .  In  t h e  k i d n e y  o f  f r e s h w a t e r  
f i s h ,  e s s e n t i a l  e l e c t r o l y t e s ,  g l u c o s e ,  a n d  v i t a m i n s  
a r e  s e l e c t i v e l y  r e a b s o r b e d  f r o m  u r i n e  a t  t h e  p r o x i m a l  
t u b u l e s ,  w h i l e  t h e  m a i n  f u n c t i o n  o f  t h e  k i d n e y  o f  
m a r i n e  f i s h  i s  e x c r e t i o n  o f  d i v a l e n t  c a t i o n s .  
Cadmium b o u n d  t o  m e t a l l o t h i o n e i n  c a n  be  f r e e l y  
f i l t e r e d  t h r o u g h  t h e  g l o m e r u l i  a n d  r e a b s o r b e d  a t  t h e  
p r o x i m a l  t u b u l e s  w i t h  o t h e r  e l e c t r o l y t e s  ( F o u l k e s  
1 9 8 2 ) .  The  low c a d m i u m  c o n c e n t r a t i o n  in  t h e  k i d n e y  
o f  m u m m i c h o g  a d a p t e d  t o  h i g h  s a l i n i t y  may ,  t h u s ,  
p o s s i b l y  be d u e  t o  t h e  l a c k  o f  a c t i v e  r e a b s o r p t i o n  a t  
t h e  p r o x i m a l  t u b u l e s .  T h a t  t h e  g l o m e r u l a r  f i l t r a t i o n  
r a t e  in  m a r i n e  f i s h  i s  g e n e r a l l y  l o w e r  t h a n  in  
f r e s h w a t e r  may a l s o  be a c o n t r i b u t i n g  f a c t o r .  
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