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Heavy metals  d i s c h a r g e d  from i n d u s t r i e s  t he se  d a y s  are  
a major source  of po l lu t ion  wh ich  has become t h r e a t  to ai1 
forms of l i f e .  A measure  of metabol i sm may be a most s e n s i t i v e  
p a r a m e t e r  s ince  i t  i n t e8 ra t e s  many f ac to r s  such  as enzyme 
a c t i v i t y  (Dhava le  and Masureka r  1986a) , b i ochemica l  contents  
(Dhavale  and Masurekar  1986b ) and p h y s i o l o g i c a l  r e s p o n s e .  
The a b i l i t y  to a c c u r a t e l y  c h a r a c t e r i z e  enzymes  wi th  r e s p e c t  
to t h e i r  d i s t r i b u t i o n  and k i n e t i c s  makes them a t t r a c t i v e  
i nd i ces  of s t r e s s .  Adenosine t r i p h o s p h a t a s e s  (ATPases)  wh ich  
a re  i n v o l v e d  in osmoregu la t ion  and i n t r a c e l l u l a r  func t ions ,  
e . g .  the  ' sodium pump ' ,  a re  v e r y  s e n s i t i v e  i n d i c a t o r s  of 
t r ace  metal t o x i c i t y  (Haya and Waiwood 1983).  Na+/K+-ATPase 
( EC 3.6. i. 3) are involved in physiological processes and 
the inhibition by xenobiot�8 may produce significant toxic 
effect to the cells. Euryhaline organisms live in an environment 
where they are subjected to salinity variations due fo tidal 
fluctuations. Adaptation to these changes is critical to their 
s u r v i v a l  and is  r e f l e c t e d  in a v a r i e t y  of o s m o r e g u l a t o r y  

+ + 

funct ions  wh ich  a re  media ted  by  Na /K -ATPase .  The concept  
of Na+/K+-APTase being i n t i m a t e l y  i n v o l v e d  in a c t i v e  t r a n s p o r t  
of ions a c r o s s  b io log i ca l  membranes  has  gained wide accep tance  
in r ecen t  y e a r s .  I n t e r f e r e n c e  wi th  osmoregu la t ion  may r e s t r i c t  
the  a n i m i a l ' s  a b i l i t y  to adap t  te s a l i n i t y  changes .  Severa l  
s t ud i e s  have  shown tha t  c r u s t a c e a n s  are  h i g h l y  s e n s i t i v e  
to metal p o l l u t a n t s ,  p a r t i c u l a r l y  when acc l ima ted  te low 
s a l i n i t i e s  (Jones  1975).  The p r e sen t  s t u d y  was i n i t i a t e d  

+ + 
to compare  the  c h a r a c t e r i s t i c s  of Na /K -ATPase  a c t i v i t y  
in h e p a t o p a n c r e a s  and g i l l s  of c r a b s  Scy l l a  s e r r a t a  ( F o r s k a l )  
e x p o s e d  to acute  and s u b l e t h a l  concen t ra t ions  of cadmium 
c h l o r i d e  for  de f ined  p e r i o d s  wi th  those  from undosed  animais .  

MATERIALS AND METHODS 

Juven i l e  c r a b s  of in te rmoul t  s tage  and more or  l e s s  of uniform 
s ize  (4.5 to 5.5 cm a c r o s s )  and ave rage  weight  (24.75 gin) 
were c o l l e c t e d  from Bassein  Creek near  Bombay.  The c r a b s  

Send r e p r i n t  r e q u e s t s  to D.M. Dhavale  at the above  a d d r e s s .  
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were  a c c l i m a t e d  fo r  7 d a y s  te  the  l a b o r a t o r y  cond i t ions  
in g l a s s  a q u a r i a  (92x46x46 cm) conta in ing  sea  w a t e r ,  d e v o i d  
of con t aminan t s ,  wh ich  had  t e m p e r a t u r e  25-27~ pli 7 . 8 - 8 ,  
d i s s o l v e d  oxygen  6.3 te  6.8 mg/L and s a l i n i t y  307~o. I d e n t i c a l  
cond i t i ons  were  ma in ta ined  dur ing  e x p e r i m e n t a t i g n .  S tock 
so lu t i ons  were  p r e p a r e d  b y  d i s s o l v i n g  cadmium c h l o r i d e  
( C d C I _ .  2.5 H20) in d i s t i l l e d  w a t e r .  The  c r a b s  were  e x p o s e d  
te  ac,~tO c o n c e n l r a t i o n  of cadmium (24.00 mg~l.) fo r  4 d a y s  
and s u b l e t h a l  c o n c e n t r a t i o n s  ( 0 . 3 ,  0.6 and 1 .5  mg/L ) for  
10, 20 and 30 d a y s  each  in g l a s s  a q u a r i a ,  e a c h  conta in ing  
10 c r a b s  and 3 L of w e l l - a e r a t e d  sea  wa te r  ( w i t h  s i m i l a r  
wa t e r  q u a l i t y  as ment ioned a b o v e )  c o l l e c t e d  at  t h e  same 
s i t e  of c a t c h m e n t  a r e a  of c r a b s .  A s e p a r a t e  con t ro l  was 
ma in t a ined  fo r  e a c h  e x p o s u r e  p e r i o d .  Af t e r  f eed ing  the  c r a b s  
wi th  f rozen  c lam f l e s h ,  the  w a t e r  in the  t ank  was r enewed  
d a i l y  and a p r e d e t e r m i n e d  q u a n t i t y  of cadmium was a d d e d  
te the  wa t e r  of e x p e r i m e n t a l  a q u a r i u m s .  Both e x p e r i m e n t a l  
and con t ro l  an ima l s  r e c e i v e d  n a t u r a l  12 h p h o t o p e r i o d  and 
27~ t e m p e r a t u r e .  Fol lowing e x p o s u r e  of an ima l s  te  d i f f e r e n t  
,zuble tha l  c o n c e n t r a t i o n s ,  s p e c i m e n s  frein e x p e r i m e n t a l  and 
c:ontrol g roups  were  c o l l e c t e d  at  1 0 - d a y  i n t e r v a l s .  The  s p e c i m e n s  
were  a u t o p s i e d  and h e p t a t o p a n c r e a s  and g i l l s  were  c o l l e c t e d  
i m m e d i a t e l y .  They  were  we ighed  on s i ng l e  pan e l e c t r i c  b a l a n c e .  
A known amount of h e p a t o p a n c r e a s  and g i l l  ( p o e l e d  f rom 
two s p e c i m e n s )  were  s t o r e d  s e p a r a t e l y  in the  d e e p  f r e e z e r  
at  the  t e m p e r a t u r e  of -20~ fo r  d e t e r m i n i n g  Na+/K+-ATPase 
a c t i v i t y  b y  using t he  t e c h n i q u e s  d e s c r i b e d  b y  Bonting et  
a_l_l (1961) .  For  enzyme  a s s a y  the  f r o z e n  t i s s u e  was homogen ized  
w i th  a t i s s u e  g r i n d e r  in 3-4 mL of t he  a p p p r o p r i a t e  a s s a y  
medium wi thou t  ATP (ATP was a d d e d  af  t e r  h o m o g e n i z a t i o n ) .  
A l iquo t s  of 40 ~L t i s s u e  homogena te  were  p l a c e d  in m i c r o c e n t r i f u g e  
tubes  and c e n t r i f u g e d  (3000 g fo r  i0  min) .  The r ema in ing  
t i s s u e  homogenate  was f rozen  and l a t e r  a n a l y z e d  fo r  p r o t e i n  
b y  the  method  of Lowry  e t  al  (1951) .  Sample  con t ro l  r e m a i n e d  
c h i l l e d  in ice  and each  r e c e i v e d  200 ~ L of 10% TCA a f t e r  
1 h .  A 150 - ~ L a l i q u o t  of e a c h  s a m p l e  was t r a n s f e r r e d  te 
a s e p a r a t e  b e a k e r  and a n a l y z e d  for  ino rgan ic  p h o s p h a t e  ( F i s k e  
and SubbaRow 1925 ).  The r e s u l t i n g  c e l e r  was r e a d  wi th in  
1 h at  660 m~ wi th  S p e c t r o n i c  20 s p e c t r o p h o t o m e t e r .  Resu l t s  
a r e  e x p r e s s e d  as l lmol of i no rgan ic  p h o s p h a t e  r e l e a s e d  p e r  
mg of t i s sue  p r o t e i n  p e r  h I n c u b a t i o n  at  37~ The s t a t t s t i c a l  
s i g n i f i c a n c e  be t ween  the  t r e a t e d  and con t ro l  g roups  was c a l c u l a t e d  
b y  S t u d e n t ' s  ' t '  t e s t  (Snedecor  and Cochran  1967) .  

RESULTS AND DISCUSSION 

The e f f e c t s  of d i f f e r e n t  c o n c e n t r a t i o n s  of cadmium e x p o s u r e  
in the  g i l l  and h e p a t o p a n c r e a s  a r e  p r e s e n t e d  in T a b l e  1. 
The  a c t i v i t y  of t h i s  enzyme was found te be  i n h i b i t e d  in 
gene ra l  in b o t h  the  t i s s u e s ,  e x c e p t  some i n i t i a l  s t i m u l a t i o n s  
( rang ing  frein 10 W 16%) at  s u b l e t h a l  c o n c e n t r a t i o n  of 0.3 
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mg/L .  Though i n h i b i t i o n  was more  p ronounced  in 8 i l l  t han  
h e p a t o p a n c r e a s ,  t he  p a t t e r n  was v e r y  much s i m i l a r  wi th  
s i 8 n i f i c a n t  ( i  < 0 .05)  i n h i b i t i o n  at  10 and 20 d a y s  of e x p o s u r e  
a t  1.5 m8/L c o n c e n t r a t i o n s .  

ATP~ase is  l o c a t e d  in the  ee l l  membrane  and has  been  i m p l i c a t e d  
in t he  a c t i v e  t r a n s p o r t  of Na + and K + a c r o s s  ce l l  m e m b r a n e .  
Meta ls  may a l t e r  t he  enzyme  a c t i v i t y  or  funct ion  in s e v e r a l  
w a y s .  T h e y  can b ind  to a number  of s i t e s  on p r o t e i n s  inc lud ing  
i m i d a z o l e ,  h i s t i d y l ,  c a r b o x y l  and e s p e c i a l l y  s u l p h y d r y l  
s i d e  cha in s  (Verma et  a l  1983).  Meta ls  may a l so  b r i n g  abou t  
changes  in c o n c e n t r a t i o n s  of c o f a c t o r s  or  r e a c t a n t s  b y  a l t e r i n g  
membrane  p e r m e a b i l i t y ,  inc lud ing  t h a t  of m i t o c h o n d r i a ,  again  
i n d i r e c t l y  a f f e c t i n g  enzyme  a c t i v i t y .  S imi l a r  i n h i b i t i o n  in 
the  enzyme  a c t i v i t y  was o b s e r v e d  in g i l l s  of r o c k  c r a b  
e x p o s e d  to cadmium ( T u c k e r  and Mat t le  1980) and Zn e x p o s e d  
l o b s t e r s  (Haya and Waiwood 1983).  Since ATPase  is  an i n t e g r a l  
p a r t  of the  m e m b r a n e ,  t he  a c t i v i t y  of enzyme would be  a l t e r e d  
and movement  of s u b s t a n c e s  b y  a c t i v e  t r a n s p o r t  would be 
b l o c k e d ,  thus  d i s r u p t i n g  the  func t ions  of the  o rgans  ( g i l l s  
in t h i s  c a se )  w h e r e  ATPase  has  been  i n h i b i t e d .  The genera l  
b o d y  wal l  of t he  c r a b  is  r e l a t i v e l y  i m p e r m e a b l e ;  the  g i l l s  
s e r v e  as a ma jo r  o rgan  fo r  osmot i c  r e ~ u l a t i o n  as  wel l  as 
fo r  r e s p i r a t i o n .  H e a v y  me ta l s  i n h i b i t  Na~+/K+-ATPase a c t i v i t y  
and i n t e r f e r e  w i th  o s m o r e g u l a t o r y  mechan i sms  of aqua t i c  

+ + 

o r g a n i s m s .  Na / K - A T P a s e  h a s  been  shown to p l a y  an i m p o r t a n t  
r o l e  in ma in ta in ing  h e m o l y m p h  ion c o n c e n t r a t i o n s  d i f f e r e n t  
f rom ion c o n c e n t r a t i o n s  of t h e i r  e n v i r e n m e n t  (Quinn and Lane 
1966) and cause  e l e v a t i o n  of e l e c t r o l y t e s  in the  b l o e d  wh ich  
deno te s  acute  s t r e s s  r e s p o n s e  ( L a r s s o n  e t  al  1981) .  S i m i l a r  
e l e v a t i o n  in osmot i c  and ionic  r e g u l a t i o n  was o b s e r v e d  in 
Cancer  m a g i s t e r  and H e m i g r a p h u s  nudus ( C a l d w e l l  1974) ,  
and cadmium e x p o s e d  c r a b ,  S c y l l a  s e r r a t a  ( Dhava l e  1984).  
The  i n h i b i t i o n  of enzyme  a c t i v i t y  in h e p a t o p a n c r e a s  is  due 
to cadmimum t o x i c i t y  w h i c h  i s  known to h a v e  d i r e c t  a d v e r s e  
e f f e c t  on m i t o c h o n d r i a ,  and i t  i s  t h e r e f o r e  l i k e l y  t h a t  the  
meta l  a f f e c t s  the  m e t a b o l i s m  of t he  h e p a t i c  c e l l s  r e s u l t i n g  
in t he  i n h i b i t i o n  of enzyme  a c t i v i t y  t h e r e .  During long t e rm  
e x p o s u r e ,  cadmium is  bound te a m e t a l l o t h i o n e i n - l i k e  p r o t e i n  
at  the  s i t e  of a b s o r p t i o n  and then  t r a n s f e r r e d  to s t o r a g e  
o rgan  l i k e  h e p a t o p a n c r e a s  as o b s e r v e d  b y  Olafson  ~ ~ (1979) 
in S c y l l a  s e r r a t a .  I t  a p p e a r s  t h a t  i n h i b i t i o n  of Na /K -ATPase  
a c t i v i t y  in the  c r a b s  e x p o s e d  to cadmium is  c o r r e l a t e d  wi th  
a l t e r a t i o n s  in t he  ionic  c o n c e n t r a t i o n  of b lood  and the  damage  
caused  to the  t i s s u e s  l i k e  g i l l s  and h e p a t o p a n c r e a s .  

In s u m m a r y ,  the  r e s u l t s  r e p o r t e d  in t h i s  p a p e r  i n d i c a t e  
t h a t  i n h i b i t i o n  of Na+/K+-ATPase  a c t i v i t y  may occur  in t i s s u e s  
of c r a b s  fo l l owin  8 e x p o s u r e  to cadmium.  I n h i b i t i o n  of t h i s  
ion t r a n s p o r t  enzyme  w h i c h  is  i n t i m a t e l y  coup l ed  to o s m o r e g u l a t i o n  
may p a r t i a l l y  e x p l a i n  the  t o x i c i t y  of cadmium te c r a b s .  
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T a b l e  1 E f f e c t  o f  d i f f e r e n t  c o n c e n $ r a t i o n s  o f  
on t i s s u e  N a + / K + - A T P a s e  a c t i v i t y  i n  c r a b  
s e r r a t a  ( V a l u e s  a r e  mean  o f  5 d e t e r m i n a t i o n s  • 

cadmium 
Scylla 

S , E , M . )  

P e r i o d  C o n t r o l  Cadmium c o n c e n t r a t i o n s  ( m g / L )  
Days 

0 . 3  0 . 6  1 . 5  2 4 . 0  

GILL 

4 0 . 8 5 5  
•  

i 0  0 . 8 8 6  
•  

20 0 . 9 9 7  
•  

30 0 . 7 9 8  
•  

HEPATOPANCREAS 

4 0 . 2 6 5  
• 

0.321 
•  

(-62.45) 

0 . 9 8 3  0 , 4 7 4  0 , 3 9 8  
• •  •  

( + 1 0 . 9 4 )  b ( - 4 6 . 5 )  ( - 5 5 . 0 7 )  

0 . 7 3 6  0 . 3 7 3  0 . 2 8 9  
•  +-0 .094 +-0,135 

( - 2 6 . 1 7 )  ( - 6 2 . 5 8 )  ( - 7 1 . 0 1 )  

O. 595 O. 557 0 . 4 4 1  
•  •  •  

( - 2 5 . 6 3 )  ( - 3 0 . 2 0 )  ( - 4 4 . 7 3 )  

10 0 . 2 7 3  0 . 2 7 8  0 . 1 8 7  
•  •  •  

( + 1 . 8 3 )  ( - 3 1 . 5 0 )  

20 0 . 2 4 5  0 . 2 8 6  0 . 1 9 3  
•  •  •  

( + 1 6 . 7 3 )  ( - 2 1 . 2 )  

30 0 . 2 8 2  0 . 2 4 3  0 . 2 2 7  
•  •  •  

( - 1 3 . 8 )  ( - 1 9 . 5 )  

0 . 1 1 2  
•  
(-58.9) 

0.093 
•  

( - 6 2 . 0 )  

0 . 2 0 2  
•  

( - 2 8 . 3 6 )  

0 . 1 6 8  
•  

(-36.6) 

a A c t i v i t y  i s  e x p r e s s e d  i n  
b V a l u e s  i n  p a r e n t h e s i s  

o r  s t i m u l a t i o n  ( + ) ,  
** P < 0.01 
* P < 0.05 (Significant 

values) 

~mol Pi/mg protein/h at 37 ~ 
indicate % inhibition (-) 

when compared with control 
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