Pakistan J. Zool., vol. 37(1), pp. 61-67, 2005.

Effect of Endosulfan on Histomorphology of Fresh
Water Cyprinid Fish, Cyprinion watsoni
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Abstract.- The present study is aimed at assessing effects of endosulfan, an organochlorine insecticide, on
reproductive and developmental parameters of male fresh water Cyprinid fish, Cyprinion watsoni. The fish was
exposed to 0.75 and 1 ppb endosulfan on alternate days for 30 days during early spawning season (March). The body
length and body weight of 0.75ppb treated group increased significantly (p<0.05) compared to control but with a dose
of 1 ppb, the body weight decreased and the body length increased significantly (p<0.05). The condition factor (K)
and GSI of treated groups showed no change. The testicular weight, increased significantly (p<0.05) with 0.75 ppb,
whereas a dose of 1 ppb did not cause any significant change in testicular weight and breadth. The testicular length,
however, showed an increase. The mean diameter of spermatogonia decreased significantly in 1 ppb group.
Histomorphological studies showed loosely arranged lobules, irregular nuclear and cell membrane of spermatogonia,
clumping of spermatocytes and spermatids and reduction in sperm count.
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INTRODUCTION

Organochlorine (OC) insecticides have been

found to impair both reproduction and development
in fish (Olsson et al., 1999). Several investigators
(Westernhagen et al., 1981; Hansen et al., 1985;
Cross and Hose, 1988; Spice and Rice, 1988;
Mattison and Thomford, 1989; Collier, 1992) have

reported adverse reproductive effects in fish
population inhabiting oC contaminated
environment. Endosulfan (6, 7, 8, 9, 10, 10

hexachloro-1, 5,5a, 6,9,9a-hexahydro-6, 9-methano-
2, 4,3-benzo-dioxanthiepin-3-oxide) is an OC
insecticide, which is less persistent in the
environment but more toxic to the fish (Pie et al.,
1981; Matthiessen et al., 1982; Nowak and Ahmed,
1989; Nowak, 1990; Nowak and Julli, 1991). It has
been reported to affect reproductive success in
animals (Wasternhagen et al., 1987; Addison, 1989;
Elliot et al., 1988; Casillas et al., 1991). Endosulfan
treatment resulted in decreased spermatozoa counts
in the cauda epididymis and reduced intratesticular
spermatid counts and sperm deformity associated
with an elevation in the activities of specific
testicular marker enzymes which was seen in the
adult male rats (Sinha et al., 1995). The plasma
testosterone and testicular testosterone contents of
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the male rats have also been reported to be reduced
after endosulfan treatment (Singh and Pandey,
1990).

The present report describes the effect of
endosulfan on male reproductive system of
Cyprinion  watsoni, at morphological and
histological levels.

MATERIALS AND METHODS

Live specimens of Cyprinion watsoni were
collected with nets from Ramly stream in hilly areas
near Quaid-i-Azam University Islamabad during
early spawning period (March) (Shaikh and Jalali,
1986). The fish were acclimatized according to the
laboratory conditions for at least one week.
Endosulfan was administered to fish through water
of aquaria. Endosulfan dose was administered on
alternate days and the water was also renewed on
alternate days. The size of the aquarium was
75x28x48 cm with a capacity of 75 liters of water.
The fish were divided into three groups (30 in each).
One group was exposed to 0.75 ppb endosulfan, the
other to 1ppb endosulfan and the third group was
maintained as control for 30 days.

Histological procedure

The testes of fish were dissected out, weighed
and length and breadth (cm) was measured. The
testes were immersed in fixative sera (Rodemer et
al., 1986) and processed for histological sections.
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Table I.- Effect of endosulfan on body weight, body length, total testicular weight, faulton’s condition factor (K) and
gonadosomatic index (GSI) of Cyprinion watsoni.
Parameters Control 0.75 ppb 1 ppb
Body weight (g) 4.33+0.44 7.27+1.11 5.56+0.40
Body length (cm) 6.01+0.19 7.8+0.397°" 6.68+0.22b*
Condition factor (K) 0.02+0.0007 0.02+0.0007¢* 0.02+0.00029
Gonadosomatic index 0.66+0.12 1.30+0.34 0.80+0.08
Testicular length (cm)
Right 1.2340.10 2,340,197 1.58+0.14
Left 1.150.13 2.57+0.15% 1.65+0.104""
Testicular breadth (cm)
Right 0.16+0.02 0.29+0.04*" 0.22+0.02
Left 0.16+0.02 0.24+0.024""" 0.18+0.02
Testicular weight (mg) 33.17+7.87 117.78+23.7a""" 53.09+9.72

Values (Mean+S.E), student “t” test, a, b=treated groups Vs high dose treatment, c = low dose Vs high dose treatment, P<0.05%,

P<0.01%*

The sections (6um thick) were stained in
hematoxylin and eosin. The slides were prepared for
histomorphological studies. Ten slides from each
were used for microscopic study.

Length-weight relationship
Length-weight relationship was calculated by
the following formula:

K= body wt (g)/(standard body length)’ cm

where K is Faulton’s condition factor.
Gonadosomatic index was calculated by Mein’s
formula (1927) as given below

GSI = Total testicular wt (g)/body wt (g) x 100

RESULTS

Body weight and length

Mean body weight and length of control and
endosulfan treated (0.75 ppb and 1 ppb) groups are
given in Table I. The body weight and length of
0.75 ppb endosulfan treated group showed a
significant (P<0.05) increase compared to control.
The higher dose of endosulfan (1 ppb) showed
negative effect on mean body weight and body
length. The body length decreased significantly
(P<0.05) with high dose compared to the low dose
of endosulfan.

The condition factor and gonadosomatic index

of both treated groups showed non-significant
(P>0.05) difference compared to control (Table I).

Testicular weight and size

Testicular weight, length and breadth increased
significantly (P<0.05) compared to control in low
dose (0.75 ppb) treated group (Table I). In high dose
(1 ppb) treated group there was decrease in
testicular weight, length and breadth except for
significant increase in the left testicular length.

Histomorphology

Control

Testis was covered by tunica albuginca on its
outer surface (Fig. 1d). Testicular section showed
many spermatogenic lobules (Fig. 1a, 2a, 2d). The
compactly arranged cysts were present in the
lobules. The cysts containing spermatogonia were
visible in the peripheral area. Each spermatogonium
was large and spherical compared to other cells and
possessed large lightly stained spherical nucleus
with distinct nucleolus (Fig. 1d, 2a, 2d). The
chromatin was attached to the inner side of the
nuclear membrane (Fig. 1d, 2d). Other cysts
contained primary and secondary spermatocytes.
Primary spermatocytes were smaller than secondary
spermatcytes; their nuclei were darkly stained (Fig.
2a). Round spermatids were also observed in some
of the cysts (Fig. la, 2a, 2d). The interstitium
contained Leydig cells, connective tissue, lymphatic
vessels, blood vessels and capillaries (Fig. 2d).
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Fig. 1. Cyprinion watsoni testis showing (a) Control group with compact lobules of spermatogonia (S),
spermatocytes (Sp) and spermatids (St) X.220.87 (b) Testis treated with 0.75ppb endosulfan has increased interlobular
(IL) areas, clumping of spermatocytes and spermatids. X 441.75. (c) Testis treated with high dose endosulfan showing
increased interlobular areas and clumping of spermatocytes. X 220.87. (d) Normal morphology of testicular
wall (TW) and spermatgonia. (e, f) Section of testis of Cyprinion watsoni treated with 0.75ppb and 1ppb
endosulfan showing thinning of testicular wall, disintegration of spermatogonia and clumping of

spermatocytes. X 2208.77. (H.E).

Treatment group 1 (0.75 ppb)

The lobules were loosely arranged (Fig. 1b, 2b,
2e). The cyst containing spermatogonia were fewer
and loosely arranged. The cell and nuclear
membranes were irregular in shape and chromatin
material was interspersed in the nucleus (Fig. le, 2b,
2e). The primary and secondary spermatocytes
showed clumping (Fig. 1b, 2e, 2b) and their cell
membrane and nuclear membranes were also not

intact. The cysts containing spermatids increased in
number and showed clumping (Fig. 1b, 2b, 2e).

Treatment group 11 (1 ppb)

The testicular wall showed decrease in
thickness (Fig. 1f). Spermatogonia containing cysts
were fewer and loosely arranged compared to
control and 0.75 ppb group. They had irregular cell
membrane and nuclear membrane (Fig. 2f). Number
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S), spermatocytes (Sp)

and spermatids (St). (b) Testis treated with low dose endosulfan has increased interlobular areas (IL), some
spermatozoa (Sz), disintegration of spermatogonia, clumping of primary spermatocytes (P.Sp), secondary
spermatocytes (S.Sp) and spermatids. (c) Testis treated with high dose endosulfan showing increased interlobular
areas, some spermatozoa, clumping of secondary spermatocytes and spermatids. X.883.5 (d) Control group with
compact lobules of normal spermatogonia and spermatids. (e) Tesis treated with 0.75ppb endosulfan has increased
interlobular areas, disintegration of spermatogonia, clumping of spermatocytes and spermatids. (f) Fish testis treated
with high dose endosulfan showing increased interlobular areas, disintegration of spermatogonia and spermatocytes

and clumping of spermatocytes. X 2208.77. (H.E).

of primary spermatocytes, secondary spermatocytes
and spermatids increased due to arrest of
spermatogenic cycle and showed clumping like that
in 0.75ppb group (Fig. 1f, 2c, 4f).

DISCUSSION

The current study was conducted to evaluate

the effect of endosulfan on testicular histology of
fish Cyprinion watsoni because no information is
available on the adverse effect of endosulfan on the
testicular histology of fish Cyprinion watsoni. The
fish size is an important determinant of reproductive
success in fish (Collier, 1992). The present study
showed that the mean body size (length) of the fish
treated with 0.75 ppb and 1 ppb endosulfan



EFFECT OF ENDOSULFAN ON HISTOLOGICAL STRUCTURE OF FISH TESTIS 65

increased significantly (P<0.05) compared to
control. Mean body weight showed significant
(P<0.05) increase in fish treated with 0.75 ppb
endosulfan compared to control. However, strangely
enough fish treated with a high dose (1 ppb)
indicated non-significant (P>0.05) increase in body
weight.

Condition factor is a generalized indicator of
the overall health or “plumpness” of a fish and can
reflect the integrated effect of nutritional status and
metabolic stress (Adams and Mclean, 1985). In this
study there was no significant (P>0.05) difference in
the condition factor (K) with low as well as high
dose. The simplest measure of gonadal dysfunction
is its gonadosomatic index (GSI) in control and
treated fish (Kime, 1995). In the present study no
significant (P>0.05) difference was noticed in the
control and endosulfan treated groups. Johnson et
al. (1998) observed a decrease in the GSI of English
sole (Parophrys vetulus) from Dawamish waterway
contaminated with aromatic hydrocarbons and PCBs
than in the fish from Sinclair Inlet.

Mean testicular weight of the fish treated with
0.75 ppb endosulfan showed a significant increase
(p<0.05) compared to control. However, there was
no change in testicular weight compared to control
when it was treated with 1ppb endosulfan. Mean
testicular length and breadth of fish testis treated
with 0.75ppb endosulfan showed a significant
(p<0.05) increase compared to the control.
However, treatment with high dose (1 ppb) showed
significant (p<0.05) increase in the length and
breadth of left testis but this increase was not seen in
the right testis. In contrast to this study, Sinha et al.
(2001), while studying effect of endosulfan on
spermatogenesis in rats, investigated that testis
showed significant decrease in weight in treated
groups. Singh and Pandey (1990) observed that
endosulfan did not alter the body weight and
testicular weights of the treated rats. Aromatic
hydrocarbons and PCBs have been associated with
reproductive failure in fish in control laboratory
exposures (Roweet et al, 1983; Chen and
Soustegart, 1984). Deleterious effects of PCBs on
various aspects of male reproduction in rats have
been found (Sager, 1983; Sager et al., 1987, 1991).
The effects include hypothyroidism in treated
animals (Gray et al., 1993; Ness et al., 1993; Li et

al., 1994), and also increase in adult testis size
(Cooke and Meisami, 1991; Cooke et al., 1991).

Treatment of 0.75 ppb endosulfan caused
thinning of testicular walls compared to control. The
cysts and lobules were loosely arranged compared
to control. Irregular cell membrane and nuclear
membrane was observed in spermatogonia.
Histological examination also revealed
disintegration of some of the spermatogenic cells
within the cysts of some lobules. Similar results
(disintegration of spermatogenic cells) were
observed by Sangalang et al. (1981) while studying
the effect of 2.5 ug/g PCB diet on Gadus morhua.
In the present study primary and secondary,
spermatocytes were more affected. Their number
increased and showed clumping and irregular cell
membrane. PCB (Aroclor, 1242) caused disintegra-
tion of spermatogonia and spermatocytes and
clumping of spermatocytes in the testis of fish C.
watsoni (Ishaq, 2001). Clumping of early spermato-
cytes was also observed by Sangalang et al. (1981).
High dose treatment had increased number of
spermatids and clumping of spermatocytes. The
sperm count reduced which may be due to arrest of
spermatogenic cycle. Sinha et al. (1995) suggested
that endosulfan caused impairment in testicular
functions, thereby influencing intratesticular
spermatid count and causing low sperm production
and sperm deformity.

Treatment with 1 ppb endosulfan revealed that
lobules changed their organization and the cysts and
lobules are loosely arranged i.e. the interlobular
space increased compared to control. The cysts
containing spermatogonia decreased and they had
irregular cell and nuclear membrane. The number of
primary and secondary spermatocytes containing
cysts increased in number. Similar results were
given by Sangalang et al. (1981) while studying the
effects of 5 pg/g PCB diet on Gadus morhua.
Similar results were obtained by Ishaq (2001) while
studying the effect of 10 mg Arochlor 1242 (PCB)
on the testis of Cyprinion watsoni. High dose (1
ppb) increased the number of cysts containing
spermatids and they also showed clumping like
spermatocytes. Unlike the present study Sinha et al.
(1995, 2001) observed reduction in the spermatid
and sperm count in testis while studying the effect
of endosulfan on testis of rats but this shows



66 0. KALSOOM ET AL.

increase in seprmatid count. Dalsenter et al. (1999)
also reported decrease in sperm production with
high dose of endosulfan (3.0 mg/kg, body weight) in
rats.

It is concluded from this study that low dose
(.75 ppb) treatment of endosulfan had positive effect
on increase in testicular length, breadth and weight,
while treatment with high dose (1 ppb) endosulfan
had no significant effects on these parameters. This
suggests that high dose of endosulfan (>.75 ppb)
does not bring in major changes in morphology of
the testes, but it does have more harmful effects on
histology of the testes.
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