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  This paper describes ill effects of a sublethal  concentration of endosulfan  

(0.4 mg 1–1), on the gonad of fresh water fish Labeo rohita during 10,20 and 30 days 
exposure. The study focuses on microscopic changes that occur on ovigerous 
lamellae, oocytes at different stages of development and the nucleus of the immature 
oocyte.  

Clumping of cytoplasm appears after 10 days of exposure.  Clumping 
intensified after 20 days. Degeneration in the follicular cells was also observed. After 
30 days exposure the number of nucleoli increased, nuclear materials shrunk, oocytes 
became adhered. With 30 days  of exposure, nuclear materials of all the oocytes 
shrunk to a smaller clump. The oocytes fused together, and follicular epithelium 
became loose and ruptured. A few atretic oocytes were visible.  

This study showed that the histopathological condition of the gonad is 
reflected in malfunctioning of the endocrine system and hormonal disbalances. The 
effect of endosulfan on testes was also studied. The seminiferous tubules were of 
round or oval shape and contained primary spermatogonia, primary spermatocytes, 
secondary spermatocytes, spermatozoa, spermatids, Sertoli cells, and interstitial cells 
of Leydig. After 10 days  of exposure, there was evidence of slight signs of 
connective tissue splintering. The 20 days  exposure resulted in breakage of primary 
spermatocyte walls and separation from the seminiferous tubules. The 30 days testis 
showed further connective tissue damage and migration of primary spermatogonia 
into the lumen. After 30 days, there was significant damage to connective tissue and 
the seminiferous tubules were less pronounced. The seminiferous tubule walls were 
disrupted and missing in places and the structure of the testis was very disorganized 
compared to the control testis. There also appeared to be fewer Leydig cells, 
responsible for testosterone production, over the exposure period and damaged Sertoli 
cells, which support, protect, and nourish the spermatogonic cells and assist in 
maintaining the necessary concentration of testosterone in the seminiferous tubules so 
that spermatogenesis can progress. These kinds of damage could affect the spermatids 
and spermatozoa and possibly have a negative impact on spermatogenesis and male 
fertility, affecting Labeo  population. Such contaminated water is cleaned by  
bioremediation  using biological treatment systems to reduce the concentration of 
hazardous wastes from a contaminated site. 
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INTRODUCTION 

At many places in India, even the ground water is contaminated due to 
seepage from industrial, agricultural and muncipal  wastes  and effluents . Sewage 
channels and agricultural run off are also responsible for groundwater contamination. 

Abstract 
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Alterations in the chemical composition of the natural aquatic environment usually 
affect behavioral and physiological systems of the inhabitants, particularly those of 
the fish (Radhaiah, et al., 1987). Environmental problems with estrogenic compounds 
seem to occur primarily in the aquatic environment, like feminization of male fish 
(Jobling, et al., 1998). 

Pesticide pollution of our natural water resources has become frequent due to  
extensive  use of pesticides. Endosulfan, an organochrorinated insecticide, is widely 
used because of its effectiveness and shorter duration in the aquatic environment. 
Pesticide have been shown to interfere with fish reproduction. The action of pesticides 
on gonadal tissue provides an example of sublethal effects which may often remain 
unorganized. The effect of pesticide on cellular structures of ovaries of different fish 
have been studied. 

A very few researchers  have investigated the effect of pesticide on the 
microstructures of gonad of fish.  The effects of pesticides on gonads have been 
studied on Channa striatus (Arora and Kulashrestha, 1984), Heteropneustes fossils 
(Harilal and Sahai,1987), Sratherodon mossambicus (Pandey and shukla,1980,1982).  
On testis  the pesticide stress induced  degenerative lesions, general reduction in 
spermatogenesis at various stages, shrinkage and necrosis of seminiferous tubules, 
spermatogonia and lobule boundary involution, atrophy and necrosis of interstitial 
cells, rupture of peritoneal lining of testes, thickening of ducts, necrosis  and fibrosis 
in connective tissue. In ovaries the pesticide stress induced various effects such as 
ovarian recrudescence and vitelllogenesis, prevention of appearance of mature eggs, 
higher percentage of atretic Oocytes, reduction in the number of Oocytes, deformities 
in different stage of Oocytes, degeneration of Oocyte nuclei, lowering of the ovarian 
weight, development of interfollicular  space, broken ovigerous lamellae, increase in 
the connective tissue of tunica albuginea, necrosis, fibrosis and dilation of blood 
vessels.  

The present work examines  the effect of endoslfan on gonad physiology of 
fish Labeo rohita. The present fish has been selected as a test organism because of its 
commercial importance.  
 
MATERIALS AND METHODS 

Live specimens of Labeo rohita (28-32 gm ) were procured from the Wadali 
lake, Amravati. After disinfecting them with 0.1% KMnO4  they were maintained 
under laboratory conditions in a big glass aquarium for one week. They were fed on 
boiled eggs, daily once in the morning at 10 am. 

To study  the effect of the pesticide endosulfan on   gonad of the fish Labeo 
rohita, the experiments were conducted to find out lethal concentration. After finding 
out the sublethal dose the fish were exposed for 10,20 and 30 days exposure to 
sublethal doseof 0.4 mg l-1. After the desired period fish is sacrificed and the organs 
viz. testis were collected, fixed and  slides were prepared and stained using H-E stain. 
 
OBSERVATIONS AND RESULTS 
Histopathological structure of testes of control fish:  The testis is composed of a 
large number of seminiferous tubules which are held together by a thin layer of 
connective tissue.  The tubules are of various sizes.  The intertubular connective 
tissues shows Leying cells , interstitial cells and cut ends of blood capilaries in it.  The 
Leyding cells are abundant and their nuclei are round and hyperchromatic.  The 
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spermatogonia in seminiferous tubules are found to be few and numerous primary and 
secondary spermatocytes are visible (Fig. 1)  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig 1. Transverse section through the testis of the control fish, Labeo rohita, 
Haematoxylin-eosin, x 280 
ST- Seminiferous tubules 

 
Histopathological changes in testes of endosulfan exposed fish : Fish exposed to 
sublethal concentration of endosulfan showed excessive degenerations of 
seminiferous tubules.  After 10 days of treatment distortion of spermatids and 
pyknosis of spermatogenic cells were observed.  The Leyding cells were shrunken.  
After 30 days, the primary and secondary spermatocytes lost their integrity and 
cytolysis was prominent.  The intertubular connective tissue was also damaged.  The 
Leyding cells extruded their nuclei and appeared much hyperchromatic. 

 
Spermatids and sperms showed cytosis. Leydig cells were shrunken and 

started degeneration.  The degenerative changes in the leydig cells in endosulfan 
exposed fishes appear to be as secondary effect due to excessive secretion from 
gonadotrops.  The accumulation of pestiside in the testis might have resulted into 
damage to the intertubular connective tissue.  The degenerative changes observed in 
the testis of the Labeo exposed to sublethal concentration of endosulfan could be due 
to decreased level of testicular protein.  Ejection of sperms from the lumen of 
seminiferous tubules observed could be due to stress as an compensatory mechanism 
(Figs. 2 and 3). 
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Fig 2: Transverse section through the testis of the fish, Labeo rohita exposed to 
sublethal concentration of endosulfan for 10 days. Haematoxylin-eosin, x280. 

DS-Distortion of spermatids 
LC-Shrunken leydig cells 
C-Cytolysis of cells 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Tranverse section through the testis of the fish, Labeo rohita exposed to 
sublethal concentration of endosulfan for 30 days.Haematoxylin-eosin, x280. 

CT- Cytolysis of cells 
C Cytolysis of cells 

 
Histopathological structure of ovary of Control fish : The control females 
displayed no ovarian abnormalities at any stage of the experiments. Histologically the 
ovaries shows a number of ovigerous lemellae which are in the form of finger shaped 
projection, protruding in the ovarian lumen.  The ovary is dominated by immature 
oocytes.  These are characterised by small size, large nuclei and deeply stained 
cytoplasm.  Maturing oocytes are occasionally present.  They are large in sign, with a 
large nucleus and several nuclei.  Their cytoplasm is comparatively poorly stained.  
Few degenerating Oocytes are also apparent, protruding in the ovarian lumen.  The 
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ovary is dominated by immature oocytes.  These are characterised by small size, large 
nuclear and deeply stained cytoplasm.  Maturing oocytes are occasionally present.  
They are large in sign, with a large nucleus and several nucleus.  Their cytoplasm is 
comparatively poorly stained (Fig. 4). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Transverse section through the  ovary of control  fish Labeo rohita 
Haematoxylin-eosin, x150. 
DF –Developing Follicles 
VF-Vitellogenic Follicles 

 
Histopathological changes in ovary of endosulfan exposed fish : In endosulfan 
treated fish, after 10 days necrosis, hypertrophy of follicular cells and extensive 
vacuolation is seen in the Oocortex of young Oocytes.  Thereafter, endosulfan 
induced more lytic changes in the oolemma, which resulted in atresia of Oocytes after 
30 days.  Degeneration of vitellogenic and large previtellogenic Oocytes is also 
observed. 

 
In the present investigation the toxic effects of sublethal concentration of 

endosulfan on ovary indicated that the process of Oocytes maturation seems to be 
arrested due to pesticide toxicity.  Also the shrinkage in prolactin cells is seen, which 
is said to be generalised response in fishes exposed to pollutants.  The reduced 
secretions of protactin hormone after 30 days of exposure might have affected the 
calcium uptake and in turn the hormonal action at plasma membrane resulting into 
follicular necrosis in Ovarian follicles after 30 days of exposure to endosulfan (Figs. 5 
and 6). 
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Fig. 5: Transverse section through the ovary of the fish, Labeo rohita exposed to 
sublethal concentration of endosulfan for 10 days. Haematoxylin-eosin X 150. 

AF –Atretic Follicles  N-Necrosis of Vitellogenic follicles 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Transverse section through the ovary of the fish, Labeo rohita exposed to 
sublethal concentration of endosulfan for 30 days. Haematoxylin-eosin X 150. 

AF –Atretic Follicles 
N-Necrosis of Vitellogenic follicles 

DISCUSSION 
The toxic effect of sublethal concentration of endosulfan on ovary indicate 

that the process of oocyte maturation seems to be arrested due to toxicity. The key 
product in vitellongenesis is a multipotent lipo phospho protein called vitellogenin 
which  is  synthesized in liver and   transported by blood to the ovary. However, the 
degenerative effects in liver might have resulted into atresia of vitellogenic follicles in 
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the ovary. Similar results are obtained by several  authors (Saxena, 1986,1989; 
Rastogi and Kulshrestha, 1990). Thus the pesticide, endosulfan produce degenerative 
changes in all most all the vital organs of the fish, Labeo rohita resulting in the 
decreased reproduction as evident from the atretic follicles seen in the ovary of fish.  

Any changes in environmental parameters or physiological conditions of fish 
can affect its reproductive success. Since fish may be exposed to environmental 
pollutants, including insecticides, herbicides, heavy metals and other xenobiotics, 
disorders may occur in their natural reproductive process. 

Recent researches showed the dysfunction in the reproductive systems of 
fishes exposed to insecticides. Insecticides’ effects on reproductive biology of fishes 
are numerous, and include decreased fecundity, testicular and ovarian histological 
damage (Duttaa & Meijer, 2003; Banaee, et al., 2009), vitellogenesis process 
impairment (Haider and Upadhyaya, 1985), and disruption in steroidogenesis (Zaheer 
Khan & Law, 2005), delay in gonads maturation (Skandhan, et al., 2008), alter in 
reproductive and parental behavior (Jaensson, et al., 2007), impairment in olfactory 
response and disorder in reproductive migrations (Scholz, et al., 2000), as well as 
disruption in coordinating courtship behaviour of male and female fish and time of 
spawning (Jaensson et al., 2007). 

Some insecticides are known as endocrine disrupting chemicals (EDC) which 
can interfere with the normal functioning of endocrine system in fish. Adverse effects 
of insecticides on the hypothalamus-pituitary-gonads axis can also play a significant 
role in causing reproductive failures in fish. In fishes, chronic toxicity of insecticides 
can change sex steroid hormone levels in plasma. While the mechanism is not exactly 
known, it is possible that insecticides and their metabolites disrupt reproductive 
systems through activation or inhibition of key enzymes which participated in the 
steroid hormone biosynthesis in fishes. For example, DDT, endosulfan, methoxychlor 
and some other insecticides possess estrogenic properties and are probably capable of 
disrupting functions of endocrine system and causing disorder in the reproductive 
system of fish (Arukwe, 2001). These compounds may directly or indirectly interact 
with natural hormones, changing the hormone functions and thus altering 
physiological cellular response or mutate the natural patterns of hormone synthesis 
and metabolism. Impact of organophosphate insecticides such as malathion, diazinon 
and fenitrothion on the hypothalamus-pituitary-gonads axis and also disturbance in 
hormones associated with reproductive systems were studied by Kapur & Toor, 
(1978); Singh and Singh, (1987); Maxwell & Dutta, (2005); Skandhan et al. (2008). 

Insecticides can also cause adverse effects on gonad histology, morphology 
and its growth. In addition, there are significant relationships between blood sex 
steroid hormone concentrations, sperm or oocytes quality, rate of fecundity and 
histopathological alterations in ovary and testis of fish exposed to different 
insecticides (Duttaa & Meijer, 2003; Maxwell & Dutta, 2005). Banaee et al., (2008) 
reported that diazinon inhibits steroidogenesis in testis of male carp by 
histopatological alterations. Research results showed that direct toxic effects of 
insecticides on seminiferous tubules or Leydig cells may be the most important 
parameter for the low quality of sperms in fish (Fadakar Masouleh, et al., 2011). 
Similar results were reported in walking catfish (Clarias batrachus), freshwater eel 
(Monopterus albus), and Atlantic salmon (Salmo salar) that were exposed to different 
insecticides (Singh & Singh, 1987; Singh, 1989; Moore & Waring, 1996; 2001). 
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Exposure of fish eggs and milt to insecticides also reduced the level of 
fertilization, hatching rate and the larval survivability. Further studies on bluegills 
(Lepomis macrochirus), atlantic salmon (Salmo salar L.) demonstrated that the 
gametes and fertilized eggs were sensitive to the insecticides (Tanner & Knuth, 1996; 
Moore & Waring, 2001) suggesting a further toxic impact of these toxicants on the 
fish reproduction. In addition, the waste of energy in the fish exposed to insecticides 
reduces their reproductive ability. 

This research  shows that pesticides  are capable of blocking the action of 
hormones in fish and causing reproductive dysfunction and abnormal development. 
They act on target tissues through hormone receptors or nonreceptors, may influence 
hormone secretion or its clearance from the body.  

The role of pesticides and related chemicals in fish malformations may be of 
concern due to the high deformity rates associated with sites where agricultural 
chemicals have been used. These chemicals can be a major threat to fish and aquatic 
environment by diminishing 

Their fecundity and reproduction potential. Such kinds of studies are useful for 
protecting the biota in natural environment.  
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