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In r e c e n t  y e a r s ,  r a p i d  p r o g r e s s  a c h i e v e d  in  i n d u s t r i a l  and 
a g r i c u l t u r a l  s e c t o r s  r e s u l t e d  in  w i d e s p r e a d  m e r c u r y  c o n t a m i n a t i o n  
of w a t e r ,  due to i n d i s c r i m i n a t e  use  of m e r c u r i a l  f u n g i c i d e s  in  
a g r i c u l t u r e  and d i s c h a r g e  from the  i n d u s t r i a l  w a s t e s  and f a c t o r y  
e f f l u e n t s  in to  r i v e r s .  F i s h  a r e  known to accumula t e  t h e  h i 8 h e s t  
c o n c e n t r a t i o n  of m e r c u r y  in d i f f e r e n t  o rgans  i n c l u d i n g  b r a i n  (UNEP/ 
WHO 1976; H a w r y s h y n  and Mackay  1979).  In g e n e r a l ,  m e r c u r i a l s  
a r e  w e l l - r e c o g n i z e d  n e u r o t e x i n s  induc ing  neu rona l  n e c r o s i s  and 
c o n s t i t u t e  an i m p o r t a n t  8amut of p o l l u t a n t s  b e c a u s e  of t h e i r  
h i g h  t o x i c i t y ;  i rnmutab le ,  n o n b i o d e g r a b l e  and p e r s i s t e n t  n a t u r e  
and t e n d e n c y  to undergo  food c h a i n  b i o m a g n i f i c a t i o n  ( T a k e u c h i  
1972; Va l l ee  and Ulmer  1972).  In a d d i t i o n ,  t he  i n e r g a n i c  ferre of 
m e r c u r y  i s  a l so  r e p o r t e d  to be n e p h r o t o x i c  in mammals  (Klue 
1982) as we l l  as  in f i s h  ( K i r u b a g a r a n  and Joy  1988).  

A l t h o u g h  e x t e n s i v e  work  has  been  done on n e u r o t o x i c ,  t e r a t o l o g i c  
and gene t i c  e f f e c t s  of m e r c u r i a l s  in a v a r i e t y  of a n i m a i s  i nc lud ing  
man ( C l a r k s o n  1972; UNEP/WHO 1976; C l a r k s o n  and Marsh  1982) ,  
v e r y  l i t t l e  fs known abou t  t h e i r  i m p a c t s  on the  n e u r o e n d o c r i n e  
p h y s i o l o g y  of r e p r o d u c t i o n .  The a v a i l a b l e  i n v e s t i g a t i o n s  l a r g e l y  
p e r t a i n  to mammals ( L a m p e r t i  and P r i n t z  1973; 1974; L a m p e r t i  
and Niewenhuis  1976).  Howeve r ,  r e p o r t s  en the  t o x i c  e f f e c t s  of 
l ong te rm e x p o s u r e  te  m e r c u r y  compounds  on p h y s i o l o g y  of r e p -  
r o d u c t i o n  a r e  rneagre in f i s h  (Rare and S a t h y a n e s a n  1983, 1986) .  
In the  p r e s e n t  communica t ion ,  i n o r g a n i c  m e r c u r i c  c h l o r i d e  
(HgC12) and o r g a n i c  m e r c u r i a l  f u n g i c i d e  (Emisan)  i n d u c e d  changes  
in t he  h y p o t h a l a m o - n e u r o h y p o p h y s i a l  s y s t e m  in r e l a t i o n  to r e p -  
r o d u c t i o n  of C. p u n c t a t u s  a r e  d e s c r i b e d  a f t e r  c h r o n i c  e x p o s u r e  
fo r  6 months .  

M A T E R I A L S  AND METHODS 

Over  one h u n d r e d  f i f t y  a d u l t  C. p u n c t a t u s ,  we igh ing  50-+58 and 
measu r ing  14+2cm in l e n g t h ,  u sed  in t h i s  i n v e s t i g a t i o n  we re  
bough t  from l o c a l  f i s h  m a r k e t  a t  V a r a n a s i .  They  were  a c c l i m a t e d  
to  t he  l a b o r a t o r y  c o n d i t i o n s  for  two w e e k s  p r i o r  t he  e x p e r i -  
rnenta t ion .  F i s h  were  d i v i d e d  i n t o t h r e e  e q u a l  g r e u p s  of 50 e a c h  
and k e p t  in  80-L g l a s s  a q u a r i a  con ta in in8  c h l o r i n e  f r e e  w e l l -  
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water of pli 7.2, hardness 154 ppm (as CaCo3), alkalinity 68 
ppm (as CaCO a), dissolved oxygen 7.2 ppm and conductivity 
0.56 mMhos. The aquaria were kept under ambient natural 
li•ht and temperature conditions. The average water temperature 
from January fo June was 20,25,27,30,33, and 36~ respectively 

Fish in group I 8 II were exposed to 'safe concentrations' 0.01 
ppm of inorganic mercuric cholride (HgCI2) and 0.20 ppm of an 
organic mercurial fungicide, Emisan (Methoxy Ethyl Mercuric 
Chloride; MeEHgCI, bought from Exel India Ltd.), respectively. 
The concentration of mercurial compound in which the fish lived 
apparently normally during 96 hr of exposure was identified 
as toxicologically safe dose, as described by Basak and Konar 
(1977). The untreated group III served as the control. Aquaria 
water containin 8 the compounds were changed on alternate days 
after feeding the fish with minced goat liver ad libitum. The 
experiment was started in the first week of January, when 
the gonads were in immature stage-I condition, and terminated 
after a continuous exposure for 6 months in the last week of 
June, when the gonads in control were fully matured. During 
the experiment, fish is HgC12-treated group did not show any 
apparent signs of toxicity. However, some of Emisan-exposed 
fish exhibited obvious blanching of the skin which is indicative 
of its toxicity. At the end of the experiment, fish were sacri- 
ficed by decapitation and the required tissues were dissected 
and processed. The gonads and the pituitaries, intact with 
brain, of i0 specimens frein each group were fixed in Bouin's 
fluid and Bouin ' s sub limate, respectively. Para ffin s ections 
were cut at 5 pro thickness, and the gonads were stained with 
hematoxylin using eosin as counter stain. Pituitaries were stained 
with lead hematoxylin-periodic acid-Schiff-Orange G (PbH-PAS- 
OG), Alcian Blue (AB)-PAS-OG and Gomori's Aldehyde Fuchsin 
(AF) using Halmi's counter stain. The brain monoamine oxidase 
(MAO) activity was also estimated adopting the enzyme isotopic 
technique of Parvez and Pervez (1973) and express_~d in nano- 
moles amine deaminated/milligram tissue/hour xl0 Signi- 
ficance of the data was calculated using Student t-test. 

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

In t e l e o s t s ,  s t u d i e s  on the  h y p o t h a l a m i c - n e u r o h y p o p h y s i a l  c on t r o l  
of r e p r o d u c t i o n  a r e  s t i l l  in  p r o g r e s s  ( P e t e r  1983; DeLeeune 
1985; P e t e r  e t  a l .  1986).  So f a r ,  the  v a r i a b l e  r e s u l t s  concern ing  
the  l o c o i i z a t i o n  of d i f f e r e n t  n u c l e a r  c e n t r e s  in the  b r a i n  r e s p o n -  
s i b l e  for  s e c r e t i o n  of g o n a d o t r o p i n  r e l e a s i n g  hormone  (GnRH) 
h a v e  been  r e p o r t e d ,  w h i c h  may be  due te  s p e c i e s  d i f f e r e n c e s  
(DeLeeune 1985).  In the  A f r i c a n  c a t f i s h ,  C l a r i a s  g a r i e p i n u s  
(DeLeeune e t  a l .  1985) and in C. p u n c t a t u s  ( H a i d e r  and 
S a t h y a n e s a n  1972),  i t  ha s  been  i n ~ e s t i 8 a t e d  t h a t  p r o b a b l y  the  
m a j o r i t y  of t he  nuc leus  p r e o p t i c u s  (NPO) neurons  a r e  r e s p o n s i b l e  
fo r  GnRH s e c r e t i o n  w h i c h ,  in tu rn ,  r e g u l a t e s  s y n t h e s i s  and 
r e l e a s e  of g o n a d o t r o p i n ( s )  in the  p i t u i t a r y .  

In C. p u n c t a t u s ,  t he  d o r s a l  h a l f  of the  n u c l e u s  p r e o p t i c u s  
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(NPO) wh ich  is  formed of l a r g e r  neurons  is ca l l ed  the p a r s  
magnoce l lu l a r i s  (PMC) and v e n t r a l  ha l l  cons t i t u t ed  b y  sma l l e r  
neurons is p a r s  p a r v o c e l l u l a r i s  ( iVC) .  The NPO is  s i t u a t e d  
on e i t h e r  s ide  of the  t h i r d  v e n t r i c l e ,  and i t s  neurons  g ive  
r i s e  te the  le f t  and r i g h t  p r e o p t i c  n e u r o p h y p o p h y s i a l  neu ro -  
s e c r e t o r y  t r a c t s  which  join t o g e t h e r  p r i e r  en te r ing  the  p i t u i t a r y  
s t a l k  . The nuclei  of neurons a re  s t a i n a b l e  by  AB-PAS-OG p r o -  
cedure  wi th  l igh t  c y t o p l a s m i c  a rea ,  but t h e i r  n e u r o s e c r e t o r y  
ma te r i a l  (NSM) s ta ins  d a r k l y  wi th  AF. In the con t ro l  f i s h ,  
the  NPO neurons were l a rge ,  a c t i v e l y  sec re t ing  c h a r a c t e r i z e d  
b y  t h e i r  prominent  rounded  nucle i  and median nuc leo l i  (F ig .1 )  
wi th  adequa te  quan t i ty  of A F - p o s i t i v e  NSM in the p e r i k a r y a  
( F i g . 4 ) .  In f i sh  of bo th  e x p e r i m e n t a l  g roups ,  the  neurons  were  
smal le r ,~  i n a c t i v e ,  conta ining s can ty  q u a n t i t y  of NSM and e x h i -  
b i t e d  v a r i o u s  deg rees  of degenera t ion .  In those  e x p o s e d  te 
HgC12, many neurons were showing c e l l u l a r  p y k n o s i s  and nuc l ea r  
n e c r o s i s  l ead ing  te d rop  out ( F i g . 2 ) .  However ,  a few v i a b l e  
neuron wi th  modera te  q u a n t i t y  of NSM was also seen ( F i g . 3 ) .  
On the  o t h e r  hand,  in MeEHgCl-exper imenta l  f i sh  the  degene ra t ive  
changes  were more p ronounced ,  as most of the  neurons were 
p y k n o t i c  and nec ro t i c  (F igs .  3, 6) .  Cor re spond ing  wi th  nuc l ea r  
changes  in the  neurons ,  the  b ra in  MAO a c t i v i t y  (mean+SD of 
f i ve  f i sh  in each  group) was a lso  s i g n i f i c a n t l y  i n h i b i t e d  in 
HgC12 (1.782-+0.105, P ~  0.05)  and MeEHgC1 ( 1 . 8 0 8 + 0 . 1 0 6 , P ~  0 .05)  
t r e a t e d  groups  as compared  wi th  con t re ]  (2.051-+0.132). 

The t e l eos t  C_. puncta tus  is a seasona l  b r e e d e r  and spawns  dur ing  
monsoen months in la te  June te J u l y .  In the p r e sen t  s t u d y ,  
the  gonadal  matura t ion  of f i sh  e x p o s e d  te safe  concen t r a t i ons  of 
HgC12 (Rare and Sa thyanesan  1983) and MeEHgC1 fungic ide  (Rare 
and Sa thyanesan  1986) was s i g n i f i c a n t l y  i n h i b i t e d .  The o v a r i e s  
from bo th  e x p e r i m e n t a l  f i sh  were  in immature s t a g e - I  cond i t ion ,  
t o t a l l y  d e v o i d  of v i t e l l o g e n i c  o o c y t e s ,  whereas  in the  con t ro l  
t h e y  were fu l l y  r i p e  wi th  m a j o r i t y  of v i t e l l o g e n i c  matured  
s t age - IV roocytes. In the t e s t i s  of t r e a t e d  f i s h ,  spe rms  were 
lack ing  and the  Leyd ig  ( i n t e r s t i t i a l )  c e l l s  were i n a c t i v e  and 
a t r o p h i e d .  In the con t ro l ,  the  semin i fe rous  tubules  were  f i l l e d  
wi th  sperm masses  and Leyd ig  ce l l s  were  l a rge  wi th  prominent  
rounded nucleus  and nuc leo lus .  C o r r a b o r a t i n g  wi th  gonadal  g rowth  
c y c l e ,  changes  in the  g o n a d o t r o p h s  of p i t u i t a r y  were a lso  o b s e r -  
v e d .  In the  cont ro l  f i sh  hav ing  mature  gonads,  the  p r o x i m a l  
p a r s  d i s t a l i s  (PPD) was domina ted  by  la rge  a c t i v e l y  s e c r e t i n g ,  
h y p e r t r o p h i e d  vacuo l a t ed  g o n a d o t r o p h s ,  whereas  in the  p i t u i t a r i e s  
from f i sh  of bo th  e x p e r i m e n t a l  groups  the  g o n a d o t r o p h s  were 
smal l ,  i n a c t i v e  invo lu ted  and fewer  in number .  These  r e s u l t s  
suggest  t ha t  m e r c u r i a l s  may h a v e  been i n h i b i t e d  the  gonadal  
g rowth  t h r ough  impa i r ing  the  p i t u i t a r y - g o n a d a l  a x i s .  

In mammals, mercu ry  is  known te r e a c t  wi th  s u l f h y d r y l  (-SH) 
group on the  ce l l  membrane caus ing  impai rment  of a c t i v e  t r a n s -  
po r t  and ce l l  funct ion (Passow et a l .  1961).  In h a m s t e r ,  m e r c u r y  
causes  i n h i b i t i o n  of f o l l i c u l a r  matura t ion ,  morpho log i ca l  p r o l o n g -  
a t ion  of the c o r p o r a  lutea  and f l u c t u a t � 9  in the  l e v e l  of p r o -  
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Figure  i .  The p a r s  magnoce l lu l a r i s  (PMC) p a r t  of the  nucleus 
p r e o p t i c u s  (NPO) of cont ro l  f i s h ,  showing la rge  
a c t i v e  neurons wi th  prominent  nuclei  and nucleol i  
( a r r o w h e a d s ) .  AB-PAS-OG, X 600. 

F igure  2. Same reg ion  as in Fig.  1 of HgCl2- t rea ted  f i sh ,  
showing small  i n a c t i v e  neurons .  A r r o w h e a d s  ind ica t e  
degenera t ing  neurons  wi th  n e c r o t i c  nuc]e i .  AB-PAS-OG, 
X 600. 

F igure  3. The PMC pa r t  of MeEHgCl-exposed f i s h ,  showing 
groups  of neurons  in differer~.t s t ages  of degenera t ion  
( a r r o w h e a d s ) .  Arrow i n d i c a t e s  d e b r i s  of c o m p l e t e l y  
d i s s o l u t e d  neurons .  AB-PAS-OG, X 600. 
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Figure  4. The PMC neurons  of con t ro l  f i s h ,  showing AF- pos i t i ve  
n e u r o s e c r e t  o ry  mate r ia l  ( NSM ) in the  p e r i k a r y a  
( a r r o w h e a d s ) .  AF wi th  Halmi '  s counter  s ta in ,  X 
750. 

Figure  5. The neurons of saine reg ion  as in Fig.  4 of HgC12- 
t r e a t e d  � 9  A r r o w h e a d s  i n d i c a t e  degenera t ing  
neurons devo id  of NSM. A few v i a b l e  neurons can 
also be seen ( a r r o w s ) .  AF wi th  Hal rn i ' s  counte r  
s ta in ,  X 750. 

Figure  6. The PMC p a r t  of MeEHgCl-exposed f i s h ,  showing 
d e b r i s  of degene ra t ed  neurons  s e p a r a t e d  by  empty  
spaces  ( a r r o w h e a d s ) .  AF wi th  H a l m i ' s  counter  s t a in ,  
X 750. 

ges te rone  in the  p lasma and c o r p o r a  lu tea  (Lamper t i  and P r in t z  
1973). F u r t h e r ,  Lamper t i  and P r in t z  (1974) round the accu-  
mulation of mercu ry  in the  c o r p o r a  lu tea ,  the s inuso ids  of the  
p i t u i t a r y  and s e l e c t i v e l y  in the  c y t o p l a s m  and axop lasm of 
some neurons in the  h y p o t h a l a m u s  inc lud ing  the a rcua te  nucleus  
which  is  r e s p o n s i b l e  for  s y n t h e s i s  and r e l e a s e  of GnRH. La t e r ,  
Lamper t i  and Niewenhuis  (1976) r e p o r t e d  the invo lvement  of 
me rcu r y  in r e t a r d i n g  o v a r i a n  g rowth  t h r o u g h  the  h y p o t h a l a m o -  
h y p o p h y s i a l - o v a r i a n  ax i s  d i r e c t l y  by  impa i r i ng  t h e  r e spons ive r~s s  
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of o v a r y  and p i t u i t a r y  to ho rmona l  s t i m u l a t i o n ,  and i n h i b i t i n g  
the  s y n t h e s i s  and r e l e a s e  of GnRH from the  a r c u a t e  neu rons .  
In f i s h  C l a r i a s  b a t r a c h u s  e x p o s e d  to l e a d  n i t r a t e  for  5 months ,  
Ka t t i  and S a t h y a n e s a n  (1986) r e p o r t e d  d e g e n e r a t i o n  of the  NPO 
neurons  and i n h i b i t i o n  of gonada l  m a t u r a t i o n  p o s s i b l y  m e d i a t e d  
t h r o u g h  the  h y p o t h a l a m o - h y p o p h y s i a l - g o n a d a l  a x i s .  In t h e  
p r e s e n t  s t u d y ,  t h e :  a d v e r s e  changes  o b s e r v e d  in  the  gonado-  
t r o p h s  and the  NPO neurons  of f i s h  e x p o s e d  to bo th  HgCI 2 and 
MeEHgCI sugges t  t h a t  m e r c u r i a l s  migh t  b a v e  i n h i b i t e d  the  
s e c r e t i o n  of GnRH from the  NPO w h i c h ,  in  tu rn ,  c aused  i n a c t i -  
r a t i o n  of the  p i t u i t a r y  g o n a d o t r o p h s  r e s u l t i n g  in r e t a r d a t i o n  
of gonada l  m a t u r a t i o n .  However ,  more p r onounc e d  d e l e t e r i o u s  
changes  in  t h e  NPO neurons  of M e E H g C l - e x p e r i m e n t a l s  may 
be due to increased accumulation of this or~anic mercury form 
than inorganic one. Beriin et ai.(1969) and Magos (1968) reported 
that biological cell membrane and ithe blood-brain-barrier 
discriminate against ionic and inorganic mercury, but permit 
more passage of organic mercury due to its high lipid solu- 
bility (Clarkson 1972; Vallee and Ulmer 1972). 

MAO i s  a FSH d e p e n d e n t  ( U r r y  e t  a i . 1 9 7 4 )  m i t o c h o n d r i a l  enzyme 
r e s p o n s i b l e  fo r  o x i d a t i v e  d e a m i n a t i o n  of monoamines .  In t he  
r a t ,  b a s e d  on the  i n v e r s e  c o r r e l a t i o n  b e t w e e n  g o n a d o t r o p i n s  
r e l e a s e  and d o p a m i n e  l e v e l s ,  S r i v a s t a v a  e t  a l .  (1980) s u g g e s t e d  
t h a t  MAO may be p l a y i n g  an i m p o r t a n t  r o l e  in the  d o p a m i n e r g i c  
c o n t r o l  of g o n a d o t r o p i n  r e l e a s e .  In an e a r l i e r  s t u d y  on C. 
p u n c t a t u s ,  Ram and S a t h y a n e s a n  (1985) h a v e  r e p o r t e d  t h a t  
e x p o s u r e  fo r  80 d a y s  to s u b l e t h a ]  dose  of m e r c u r i a l s ,  HgCI 2 
and MeEHgCI, c a u s e d  i n h i b i t i o n  of b r a i n  MAi a i t i v i t y  w i th  
a c c o m p a n y i n g  r e t a r d a t i o n  of gonada l  g r o w t h .  In the  p r e s e n t  
i n v e s t i g a t i o n ,  b o t h  m e r c u r i a l s  i n d u c e d  r e d u c t i o n  in MAO i s  a l s o  
an i n d i r e c t  e v i d e n c e  of i m p a i r m e n t  of the  monoaminerg ic  s y s t e m  
r e s p o n s i b l e  fo r  modu la t ing  the  h y p o p h y s i o t r o p h i c  c o n t r o l  of 
g o n a d o t r o p i c  func t ion .  

Thus ,  on the  b a s i s  of t h e s e  r e s u l t s ,  i t  can be i n f e r r e d  t h a t  
m e r c u r i a l s  i n d u c e d  i n h i b i t i o n  of t he  gonada l  g r o w t h  might  h a v e  
been  m e d i a t e d  t h r o u g h  the  i m p a i r m e n t  of t he  h y p o t h a l a m o -  
n e u r o p h y p o p h y s i a l - g o n a d a l  a x i s ,  in t h i s  s p e c i e s .  

Acknowledgmen t .  F i n a n c i a l  a s s i s t a n c e  from the  U n i v e r s i t y  Grants  
Commiss ion of I n d i a  to RNR i s  g r a t e f u l l y  a c k n o w l e d g e d .  
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