






World J. Zool., 4 (2): 122-136, 2009 

 125 

 
 

 
 
Fig. 1: Ovary of fish showing the control (a,b)(X250), degenerative and necrotic changes (atresia) in oocytes 

(c,d,e,f,g,h   [1.125mg   Zn/l-7&15days])(X400),   shrinkage   with   distorted   appearance   of  oocytes 
(i,j,k [1.125mg Zn/l-7days])(X400), focal area of necrosis in the ovarian stroma (l [1.125mg Zn/l-
15days])(X400),  haemorrhage  between  the  oocytes (m [1.125mg Zn/l-15days])(X400), dilation of 
ovarian wall blood vessel (n [1.125mg Zn/l-7days])(X400), proliferation in the granulosa layer of oocytes 
(o [1.125mg Zn/l-7days])(X400). 

 
 

a b c 

d e f 

g h 

j 

i

k l 

m o n



World J. Zool., 4 (2): 122-136, 2009 

 126 

 

 

 

 
 
Fig. 2: Ovary of fish showing proliferation in the granulosa layer of oocytes (a [1.125mg Zn/l-15days])(X400), 

separation of the follicular layers from the oocytes (b,c [1.125mg Zn/l-15days])(X400), separation of the 
ovarian wall (d,e [1.125mg Zn/l-7days])(X250&400,respectively), separation and degeneration of the 
ovarian wall (f [2.250mg Zn/l-7days])(X400), dilation of ovarian wall blood vessel (g [2.250mg Zn/l-
15days])(X250), degenerative and necrotic changes in the oocytes (h,i [2.250mg Zn/l-15days])(X400), 
haemorrhage between the oocytes (j [2.250mg Zn/l-7days])(X400), proliferation in the granulosa layer of 
oocytes (k,l [2.250mg Zn/l-7days])(X400), separation of the follicular layers from the oocyte (m [2.250mg 
Zn/l-7days])(X400), atrophy in the oocyte (n [2.250mg Zn/l-15days])(X400), disappearance of yolk 
granules of the oocyte (o [2.250mg Zn/l-15days])(X400) 
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Fig. 3: Ovary of fish showing degeneration and necrosis of the oocytes (a,b [0.725mg Cd/l-15days])(X400), focal 

area of necrosis in ovarian stroma (c [0.725mg Cd/l-7days])(X400), separation of the follicular layers from 
the oocytes (d,e [0.725mg Cd/l-7days])(X400), lysis in the yolk granules of the oocyte (f [0.725mg Cd/l-
15days])(X400), intravascular haemolysis and dilation in ovarian wall blood vessel (g [0.725mg Cd/l-
7days])(X250), atrophy in the oocytes (h,i,j [0.725mg Cd/l-15days])(X400), coagulative necrosis in the 
yolk granules (k [0.725mg Cd/l-15days])(X400), liquification of the cytoplasm of  mature oocytes (l,m 
[0.725mg Cd/l-15days])(X400), dilation in ovarian blood vessel (n [0.725mg Cd/l-15days])(X400), 
degenerative changes in the oocyte (o [1.450mg Cd/l-7days])(X400) 
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Fig. 4: Ovary of fish showing severe degenerative changes in the oocyte (a,b [1.450mg Cd/l-15days])(X400), 

separation of the follicular layers from the oocytes (c,d [1.450mg Cd/l-7&15days])(X400),haemorrhage 
between the oocytes (e [1.450mg Cd/l-15days])(X400), intravascular haemolysis and dilation in ovarian 
wall blood vessel (f [1.450mg Cd/l-7days])(X400),  proliferation in the granulosa layer of oocytes (g,h 
[1.450mg Cd/l-7&15days])(X400), separation and degeneration of the ovarian wall (i [1.450mg Cd/l-
7days])(X400), collapse in the oocytes (j,k [1.450mg Cd/l-7&15days])(X400), lysis in the yolk granules of 
the oocytes (l [1.450mg Cd/l-15days])(X400), liquification of the cytoplasm of  mature oocyte (m 
[1.450mg Cd/l-7days])(X400), vitellogenic fluid in the ovarian cavity (n [1.450mg Cd/l-15days])(X400), 
degeneration of zona radiata of the oocyte (o [1.450mg Cd/l-7days])(X400) 
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Fig. 5: Ovary of fish showing severe degenerative and necrotic changes in the oocyte (a,b,c [1.125mg Zn/l and 

0.725mg Cd/l-7&15days])(X400), shrinkage with distorted appearance of oocytes (d,e [1.125mg Zn/l and 
0.725mg Cd/l-15days])(X400), lysis in the yolk granules of the oocytes (f [1.125mg Zn/l and 0.725mg 
Cd/l-7days])(X400), coagulative necrosis in the yolk granules (g,h [1.125mg Zn/l and 0.725mg Cd/l-
15days])(X400), vitellogenic fluid in the ovarian cavity (i [1.125mg Zn/l and 0.725mg Cd/l-7days])(X400), 
thickening of the ovarian wall (j [1.125mg Zn/l and 0.725mg Cd/l-15days])(X400), hypertrophy with 
degeneration of zona radiata of the oocyte (k,l,m [1.125mg Zn/l and 0.725mg Cd/l-
15days])(X400&1000,respectively), edema in mature oocytes (n,o  [1.125mg Zn/l and 0.725mg Cd/l-
15days])(X250&400, respectively). 
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Fig. 6: Ovary of fish showing separation of the ovarian wall (a [2.250mg Zn/l and 1.450mg Cd/l-7days])(X400), 

dilation in ovarian wall blood vessel  (b [2.250mg Zn/l and 1.450mg Cd/l-7days])(X400), severe 
degeneration and necrosis in the oocytes (c,d,e,f [2.250mg Zn/l and 1.450mg Cd/l-7&15days])(X400), 
focal area of necrosis in the ovarian stroma (g [2.250mg Zn/l and 1.450mg Cd/l-15days])(X400), atrophy 
with distorted appearance of oocytes (h,i [2.250mg Zn/l and 1.450mg Cd/l-7days])(X400), lysis in the yolk 
granules of the oocyte (j [2.250mg Zn/l and 1.450mg Cd/l-15days])(X400), intravascular haemolysis and 
dilation in ovarian blood vessel (k [2.250mg Zn/l and 1.450mg Cd/l-15days])(X400). 
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Fig. 7: Testis of fish showing the control (a)(X400), hypertrophy with vacuolar degeneration in spermatogonia (b,c 

[1.125mg Zn/l-15days])(X1000), degenerative and necrotic changes in the cellular elements of the 
seminiferous tubules with focal areas of necrosis (d,e [1.125mg Zn/l-7&15days, respectively])(X400), 
degeneration in the wall of seminiferous tubules (f [1.125mg Zn/l-7days])(X400), sperms scattered in the 
testis (g [1.125mg Zn/l-7days])(X400), seminiferous tubules with a lesser number of sperms (h [1.125mg 
Zn/l-7days])(X400), degenerative changes in the interstitial cells (i [1.125mg Zn/l-15days])(X400), 
degenerative and necrotic changes in the cellular elements of the seminiferous tubules (j,k,l [2.250mg Zn/l-
7&15days, respectively])(X400), malformation and distortion in the architecture of seminiferous tubules 
and degeneration in the wall of seminiferous tubules as well as in the interstitial cells (m [2.250mg Zn/l-
15days])(X400), haemorrhage between the seminiferous tubules (n [2.250mg Zn/l-7days])(X400), 
seminiferous tubules with a lesser number of sperms (o [2.250mg Zn/l-7days])(X400).   
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Fig. 8: Testis of fish showing degeneration of the cellular elements of the seminiferous tubules with necrotic focal 

areas (a,b [0.725mg Cd/l-7days])(X400), degeneration in the wall of seminiferous tubules as well as in the 
interstitial cells (c,d,e [0.725mg Cd/l-15days])(X400&1000, respectively), atrophy in the seminiferous 
tubules with reduction in the size of seminiferous tubules lumen (f [0.725mg Cd/l-15days])(X400), 
malformation and distortion in the architecture of seminiferous tubules with severe degenerative and 
necrotic changes in the cellular elements of the seminiferous tubules,  focal areas of necrosis and 
degeneration in the wall of seminiferous tubules as well as in the interstitial cells (g,h  [1.450mg Cd/l-
15days])(X400), focal areas of necrosis amongst the sperms (i [1.450mg Cd/l-15days])(X400), 
haemorrhage between the seminiferous tubules (j [1.450mg Cd/l-7days])(X400). 
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Fig. 9: Testis of fish showing severe degeneration and necrosis in the cellular elements of the seminiferous tubules 

(a,b,c [1.125mg Zn/l and 0.725mg Cd/l-7&15days, respectively])(X400), seminiferous tubules with a lesser 
number of sperms (d [1.125mg Zn/l and 0.725mg Cd/l-7days])(X400), hypertrophy with vacuolar 
degeneration in spermatogonia (e,f [2.250mg Zn/l and 1.450mg Cd/l-7days])(X400), severe degenerative 
and necrotic changes in the cellular elements of the seminiferous tubules (g,h [2.250mg Zn/l and 1.450mg 
Cd/l-7&15days, respectively])(X400), haemorrhage between the seminiferous tubules (i [2.250mg Zn/l and 
1.450mg Cd/l-7days])(X400), seminiferous tubules with a lesser number of sperms  (j [2.250mg Zn/l and 
1.450mg Cd/l-15days])(X400). 
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