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An i n t e g r a t e d  h y p o t h e s i s  e x p l a i n i n g  the i m p l i c a t i o n s  of 
e n v i r o n m e n t a l  i n f l u e n c e  on the r e p r o d u c t i v e  p rocess  has not 
e merged  owing  to p a u c i t y  of d a t a .  N e v e r t h e l e s s ,  e v i d e n c e  is 
at  h a n d  to show t h a t  f a v o r a b l e  p h y s i o l o g i c a l  d i s p o s i t i o n  for 
r e p r o d u c t i o n  is b r o u g h t  a b o u t  wi th  e x t e r n a l  and  i n t e r n a l  
f a c t o r s  t h r o u g h  the m e d i a t i o n  of the neuroend ocr ine 
m e c h a n i s m s .  I t  is now c l e a r  t h a t  the e n v i r o n m e n t a l  f a c t o r s  
impinge  on the e x t e r o r e c e p t o r s  and  t h r o u g h  them a f f ec t  the 
c e n t r a l  ne rvous  sys t em,  the h y p o t h a l a m u s ,  the p i t u i t a r y  and  
f i n a l l y  the g o n a d .  Another  e n d o g e n o u s  f ac to r  is the i n t e r n a l  
r h y t h m ,  which  is known to r e g u l a t e  at  l e a s t  in p a r t  the 
s e a s o n a l  r e p r o d u c t i v e  a c t i v i t y  (Bu l lough  1951; S u n d a r a r a j  and  
S e h g a l  1970). A r ev iew of l i t e r a t u r e  r e v e a l s  t h a t  
c o m p a r a t i v e l y  much work  has been done on the s t r u c t u r e  and  
s e a s o n a l  c h a n g e s  of  the tes tes  of f i shes  ( P a n d e y  and  M i s h r a  
1981; M u k h o p a d h y a y  and  S inha  1986). The aim of the p r e s e n t  
s t u d y  is to o b s e r v e  s e a s o n a l  c h a n g e s  in t h e .  tes tes  of  f i sh  
Pun t i u s  t ic to  and  the i r  r e l a t i o n  to h e a v y  me ta l  t o x i c i t y .  

MATERIALS ~ METHODS 

Live spec imens  of ma le  P u n t i u s  t ic to  were  c o l l e c t e d  from loca l  
f r e sh  wa te r  r e s o u r c e s  d u r i n g  the pe r iod  of September  198# to 
December 1985. The o b s e r v a t i o n s  were  based  on m o n t h l y  
c o l l e c t i o n s  for a pe r iod  of n e a r l y  2 y r .  Most of the spec imens  
were s a c r i f i c e d  immed ia t e ly  on the spo t .  To o b s e r v e  the e f f ec t  
of h e a v y  me ta l s  on s e a s o n a l  v a r i a t i o n  in t e s t e s ,  the f i shes  (of 
a p p r o x i m a t e l y  same w e i g h t  and  l e n g h t )  were b r o u g h t  to the 
l a b o r a t o r y  and  kep t  in the s o l u t i o n  of  s u b l e t h a l  c o n c e n t r a t i o n  
(26 m g / L )  of cadmium a c e t a t e  for 96-hr  pe r i od .  The t r e a t m e n t  
of  f i shes  was  done a f te r  c a l c u l a t i o n  of LC50 v a l u e s .  The 96-hr  
LCS0 was c a l c u l a t e d  as per method  d e s c r i b e d  by S e h g a l  and  
S a x e n a  (1986).  To m a i n t a i n  the c o n c e n t r a t i o n  the c h e m i c a l  
m i x t u r e  was r enewed  wi th  f r e sh  wa te r  e v e r y  2# hr .  

The leng th  and w e i g h t  of  the body and testes were recorded.  
The testes were f i xed  in Aqueous Bouins f l u i d  and processed 
for h i s t o l o g i c a l  s tud ies ,  P a r a f f i n  embedd ing method was used 
and microtomy was done at #-6 um th i ckness ,  
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Haematoxy l in  and Eosin technique was used for s t a i n i ng  the 
sect ions. Gonosomatic index (G$1) was ca lcu la ted  for the year 
on the month ly  basis to eva luate  the m a t u r i t y  state of the 
testes in accordance w i th  the formula after P ickford (1953). 
A l l  diameter measurements were made by ocular  micrometer and 
stage micrometer.  

RESULTS ~ DISCUSSION 

The t e s t e s  of  P u n t i u s  t i c to  a r e  p a i r e d  e l o n g a t e d  s t r u c t u r e s  and  
r e m a i n  s u s p e n d e d  w i t h m e s o r c h i u m .  Each  t e s t e s  is b e a n  s h a p e d  
s t r u c t u r e ,  c o m p o s e d  o f  r a d i a l l y  a r r a n g e d  l obu l e s  b o u n d  o n ' t h e  
coe lomic  s u r f a c e  c o v e r e d  by a t h in  v i s c e r a l  p e r i t o n e u m .  
Bettween the basal  lamina of adjacent  lobules are the 
i n te r l obu la r  septum. The semini ferous lobules are l ined by 
g e r m i n a l  e p i t h e l i : u m .  Each  lobu le  in s e c t i o n  is a s s o c i a t e d  w i th  
the  ge rm c e i l s .  G e r m i n a l  c e i l s  in v a r i o u s  s t a g e s  of 
d i f f e r e n t i a t i o n  a r e  c o n t a i n e d  w i t h i n  e a c h  l o b u l e .  D i f f e r e n t  
stages of spermatogenesis, v i z . ,  s p e r m  mother c e i l s ,  
s p e r m a t o g o n i a ,  p r i m a r y  a n d  s e c o n d a r y  s p e r m a t o c y t e s ,  
s p e r m a t i d s  a n d  s p e r m s  were  o b s e r v e d  i n s i d e  the  l obu l e s  ( F i g s .  
l ,  2 ) .  The i n t e r s t i t i a l  c e l l s  a p p e a r  to c o m m u n i c a t e  w i th  e a c h  
o the r  t h r o u g h  i n t e r l o b u l a r  c o n n e c t i v e  t i s s u e  c o r r i d o r s .  

The s e a s o n a l  t e s t i c u t a r  c h a n g e s  h a v e  been  d i s t i n g u i s h e d  into  
f i v e  s t a g e s  on the b a s i s  of  g o n o s o m a t i c  i n d e x ,  g e n e r a l  
h i s t o m o r p h o l o g y  a n d  d u r a t i o n  of d e v e l o p m e n t a l  s t a g e s  of  the  
s p e r m a t o g e n e t i c  c e l l s .  These  a re  as fo l l ows :  
( i )  p e r i o d  of s p e r m a t o g o n i a l  p r o l i f e r a t i o n  (November  to 
January ,  ( i f )  e a r l y  stage of ma tu ra t i on  (Februa ry  to 
Apr i i ,  ( i i i )  advanced stage o f  ma tu ra t i on  or rap id  
spermatogenesis (Late Ap r i l  to 3une), ( i v )  phase of func t iona l  
m a t u r i t y  or spermiat ion (July to September), (v)  spent testes 
(Late September to October).  

In the per iod of spermatog0nia l  p ro l i f e ra t i on  the testes were 
wh i t i sh  in color.  The lobules were smal l  and were f i l l ed  w i th  
few p r imary  germ cei ls and spermatogonia.  SmatI and narrow 
spaces appeared in the spermatogonia which was the s ta r t  of 
the format ion of new lobule boundary .  The i n t e r s t i t i a l  cel l  
groups tend to sur round the growing and developing lobules.  
By the end of December lobules were f i l l ed  w i th  cysts of 
spermatogonia and p r imary  spermatocytes.  

T r e a t m e n t  of  s u b l e t h a l  c a d m i u m  for 9 6 - h r  p e r i o d  in the  mon ths  
of  Oc tobe r  to December  p r o d u c e d  some c h a n g e s  in the  t e s t e s  of  
f i sh  P u n t i u s  t i c t o .  The s p e r m a t o g o n i a  e x h i b i t e d  i n i t i a t i o n  of 
v a c u o l e  f o r m a t i o n .  The i n t e r s t i t i a l  c e i l s  e x h i b i t e d  a b n o r m a l  
s h a p e  w i t h  d a m a g e d  c y t o p l a s m  a n d  n u c l e u s .  By the  end  of 
December  the  l o b u l e s  e x h i b i t e d  d e s t r o y e d  s p e r m a t o g o n i a  and  
p r i m a r y  s p e r m a t e c y t e s .  Smal l  s p a c e s  b e t w e e n  the  l o b u l e s  were  
noted. The gonosomatic index decreased when compared to 
unt reated f ishes (Table I ) .  
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In  the  p e r i o d  of e a r l y  s t a g e  of m a t u r a t i o n  the  t e s t e s  we re  
d i r t y  w h i t e  in c o l o u r .  The number  of  s e m i n i f e r o u s  l obu l e s  
i n c r e a s e d  d u r i n g  t h i s  p h a s e .  The s p e r m a t o g o n i a  t r a n s f o r m e d  
into the  p r i m a r y  s p e r m a t o c y t e s .  By the  e n d  of March  a l l  the  
l obu l e s  w e r e  p a c k e d  wi th  i r r e g u l a r l y  a r r a n g e d  c y s t s  of  
s p e r m a t o c y t e s  a n d  s p e r m a t i d s .  The c o n n e c t i v e  t i s s u e  s e p t a  
be tween  l o b u l e s  became  p r o m i n e n t  a n d  s t r e t c h e d  a n d  
i n t e r s t i t i a l  c e l l s  a p p e a r e d  d i s t i n c t l y  ( F i g .  l ) .  

The f ish t reated w i th  cadmium acetate for 96-hr period in the 
months of February  to Ap r i l  showed degenerat ive changes in 
the testes. The spermatogonia,  p r imary  and secondary 
s permatocytes showed h igh l y  vacuolated cytoplasm and 
damaged nucleus. The connect ive t issue septa between the 
Iobules rup tu red  after t reatment  of heavy metal (F ig .  3). The 
i n t e r s t i t i a l  c e i l s  e x h i b i t e d  a t r o p h i e d  n a t u r e .  

In the advance stage of ma tu ra t ion  (Late Ap r i l  to June) 
maximum a c t i v i t y  was seen. The large number of cysts of 
spermatocytes and spermat ids were present in the lobules and 
its centre was occupied by a small  c lus ter  of sprmat ids 
t rans fo rm ing  into spermatozoa (F ig .2 ) .  The connect ive t issue 
s tarands grew th inner  and i n t e r s t i t i a l  cei ls  exh ib i t ed  the i r  
maximum development. The go nosomatic indices and 
semini ferous lobule diameter were presented in the Table I .  

In cadmium treated f ishes the spermatocytes and spermat ids 
exh ib i t ed  deformed s t ruc tu re  in the months of late Ap r i l  to 
June. The shape of spermatocytes became i r r e g u l a r  and the 
wa l l  of these s permatocytes d issolved (F i gs .4 ,5 ) .  The 
i n t e r s t i t i a l  cel ls lost the i r  normal s t ruc tu re  and became 
at roph ied.  The gonosomatic indices decreased and diameter of 
semini ferous lobules increased when compared to untreated 
group (Table I ) .  

In  the  p h a s e  of  f u n c t i o n a l  m a t u r i t y  or s p e r m i a t i o n  the  g r e a t l y  
e x p a n d e d  l o b u l e s  were  l ined  w i th  a l a y e r  of  r e s t i n g  
s p e r m a t o g o n i a  and  were  f i l l e d  c o m p l e t e l y  w i t h  s p e r m a t o z o a .  
The d i a m e t e r  of  s e m i n i f e r o u s  l obu l e s  was  p r e s e n t e d  in the  
T a b l e  1. The p r i m a r y  germ c e i l s  we re  few in n u m b e r .  The 
number  of  i n t e r s t i t i a l  c e i l s  was  much  less  a n d  the  c o n n e c t i v e  
t i s s u e  s e p t a  we re  t h i n .  The g o n o s o m a t i c  i n d i c e s  of t h i s  g r o u p  
were  p r e s e n t e d  in the  T a b l e  1. In  t h i s  p e r i o d  the  t e s t e s w e r e  
r e a d y  to d i s c h a r g e  the  s p e r m a t o z o a .  

The t reatment  of cadmium to f ish testes at sub le tha l  
concent ra t ion  for 96-hr period in the months of July to 
September produced deformit ies in spermatocytes,  spermat ids 
and spermatozoa. These s permatogenet ic cysts exh ib i ted  
vacuolozat ion in the cytoplasm and deformit ies in the nucleus. 

The sperm duct also showed damaged s t ruc tu re ,  its cei ls 
became i r r e g u l a r ,  and nucleus showed at rophied s t ruc tu re .  
The spermatozoa were destroyed and iobules vacuo la ted (F ig .6 ) .  
The GSI and diameter of seminiferous iobules were presented 
in the Table I .  
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With the discharge of sperms, the tension on the expanded 
lobules was released and they shrunk in the months of 
September and October. Most of the lobules became empty and 
c o n t a i n e d  f i b r o u s  d e b r i s .  D r u i n g  th is  pe r iod  the i n t e r s t i t i a l  
ce i l s  e x h i b i t e d  a s p e n t  c o n d i t i o n  and  new ce l l s  were  in the 
p rocess  of  f o r m a t i o n  from the s t roma  c e i l s .  

The v a c u o l i z a t i o n  in the 10bules was p r o m i n e n t  a f te r  cadmium 
t r e a t m e n t  in the month  of September  and  October .  A l a r g e  
number of  a t r e t i c  s p e r m a t o p h o r e s  were  obse r  r e d .  The 
connective tissue septa ruptured and in te res t i t ia l  cells 
disappeared. 

I t  is known t h a t  Pun t i u s  t ic to  is a s e a s o n a l  b reede r  and  it  
spawns  in Apr i l  to A u g u s t .  Pr ior  to the s p a w n i n g  pe r iod  the 
tes tes  u n d e r g o  p r o p a g a t o r y  s t a g e s  d u r i n g  the r e m a i n i n g  p a r t  
of  t h e  s e a s o n .  The p r e p a r a t i o n  i n c l u d e s  v a r i o u s  deg rees  of 
mot p h o h i s t o l o g i c a l  c h a n g e s  in the t es tes  in r e l a t i o n  to 
s p e r m a t o g e n e t i c  a c t i v i t y .  However ,  in the p r e s e n t  s t u d y  the 
s e a s o n a l  v a r i a t i o n  in the t es tes  of P u n t i u s  t ic to  was d e s c r i b e d  
and  a n o t h e r  g r o u p  of s tud i e s  was  c a r r i e r  ou t  wi th  the s e a s o n a l  
v a r i a t i o n  in the tes tes  of P u n t i u s  t ic to  a f te r  s u b l e t h a l  
e x p o s u r e  (26 mg /L)  of cadmium a c e t a t e  for 96-hr  p e r i o d .  

S u r p r i s i n g l y  t he re  is no i n f o r m a t i o n  a b o u t  the e f f ec t  of h e a v y  
me ta l s  on s e a s o n a l  t e s t i c u l a r  c h a n g e s  in t e l eos t s .  However ,  
S h u k l a  and  P a n d e y  (1985) s t u d i e d  the c a r b a m i d e  i n d u c e d  
h i s t o l o g i c a l  a l t e r  a t ions  d u r i n g  d i f f e r e n t  p h a s e s  of  the 
t e s t i c u l a r  c y c l e  of  a f r e s h  wa te r  pe rch  Co l i sa  f a s c i a t u s .  They 
found  the a b n o r m a l  l obu l a r  a r c h i t e c t u r e ,  d i s s o l u t i o n  of 
g e r m i n a l  e p i t h e l i u m ,  p r o m i n e n t  v a c u o l i z a t i o n  and  n e c r o s i s  
d u r i n g  the p r e p a r a t o r y  and  m a t u r e  p h a s e s .  In  the p r e s e n t  
s t u d y  tes tes  e x h i b i t e d  d e g e n e r a t i v e  c h a n g e s  d u r i n g  al l  p h a s e s  
of t e s t i c u l a r  c y c l e  a f te r  s u b l e t h a l  e x p o s u r e  of  h e a v y  me ta l .  
The v a l u e  of GSI was r e d u c e d  when c o m p a r e d  to u n t r e a t e d  
f i shes  (Tab l e  l ) .  In  the tes tes  of c a d m i u m  t r e a t e d  f i shes  the 
e a r l y  s t a g e  of m a t u r a t i o n  e x h i b i t e d  v a c u o l i z a t i o n  in 
s p e r m a t o g o n i a  and  s p e r m a t o c y t e s .  The c o n n e c t i v e  t i s s u e  s e p t a  
between the lobules  r u p t u r e d  and  i n t e r s t i t i a l  ce l l s  a t r o p h i e d .  
In m a t u r a t i o n  p h a s e  the a b n o r m a l  a r c h i t e c t u r e  of  lobules  were 
o b s e r v e d  and  the i r  d i amete r  i n c r e a s e d  (Tab l e  1). D u r i n g  
s p e r m i a t i o n  the s p e r m a t o g e n e t i c  s t a g e s  showed a b n o r m a l i t i e s .  
The r e s u l t s  of p r e p a r a t o r y  and  m a t u r e  p h a s e  were  c o r r o b o r a t e d  
wi th  the r e s u l t  of  S h u k l a  and  P a n d e y  (1984) in the t es tes  of  
Co l i sa  f a s c i a t u s  af ter  c a r b a m i d e  e x p o s u r e .  I t  a p p e a r s  from 
the p r e s e n t  s t u d y  t h a t  t e s t i c u l a r  c y c l e  of Pun t i u s  t ic to  is 
a d v e r s e l y  i n f l u e n c e d  by the h e a v y  me ta l  me ta l  t r e a t m e n t .  

A c k n o w l e d g m e n t  : Dr. Rekha  P u n d i r  e x p r e s s e s  her g r a t i t u t e  
to C . S . I . R . ,  New Delhi  for p r o v i d i n g  f e l l o w s h i p  to c a r r y  ou t  
the p r e s e n t  s t u d y .  
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