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ABSTRATCT:- Reproductive dysfunction in fish as a result of contaminant exposure is of considerable current interest.
Polychlorinated biphenyls (PCBs) are a class of synthetic, lipophilic, halogenated aromatics that are among the most
ubiquitous and persistent environmental contaminants. Present study is aimed at assessing whether PCB (Aroclor 1242) had
any potential to cause negative effects on certain reproductive parameters of female freshwater cyprinid fish, Cyprinion
watsoni. In early quiescent period (August/September), the fish were exposed to 10, 30 and 50mg Aroclor 1242 per kg body
weight for 30 days. Ovarian length, ovarian weight and GSI (Gonadosomatic index) decreased significantly (P<0.05) in fish
exposed to Aroclor 1242. Serum cholesterol level in control fish was 9.14±0.21m mol/lit, this increased significantly in fish
exposed to Aroclor 1242 at the dose of 30mg (10.68±0.44 m mol/lit., P<0.05) and 50mg (11.86±0.51m mol/lit., P<0.01).
Estradiol 17 β, measured in serum pools, decreased significantly in fish exposed to 30 mg and 50 mg Aroclor 1242 (600.30 ±
104.14, 823.75 ± 211.95 pg/ml) respectively. Estradiol 17 β in 100mg ovarian tissue of control fish was 940.30 ± 113.11pg
which show substantial and significant decrease (P < 0.01) in ovarian tissue of fish exposed to Aroclor 1242 at the dose of
10mg (256.62±128.31pg), 30mg (286.33±102.76pg) and 50mg (385.69±39.88pg) respectively. The results of this study indicate
that Cyprinion watsoni exposed to PCB show reproductive impairments.
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INTRODUCTION
Polychlorinated biphenyls (PCBs) are a class of synthetic
organochlorines lipophilic, halogenated aromatics [1] that are
among the most ubiquitous and persistent environmental
contaminants with a well known potential toxicity [2]. If
released into the environment, PCBs persist for years because
they are so resistant to breakdown by chemical or biological
agents. Banned from production in the U.S.A. in 1976, but
many still common in the environment (some have a half-life
of over 1000 years) [3, 4, 5]. PCBs bioaccumulate in marine
species and their levels increase with the age of the fish [2].
Reproductive dysfunction in aquatic species as a result of
contaminant exposure is of considerable current interest.
Numerous laboratory studies have shown that the potential
exists for chemical contaminants such as PCBs to adversely
affect the reproductive process of several fish species [6].
PCBs are known to accumulate in the fish ovary and
therefore might be present in descendents of contaminated
fish [7]. Disturbed reproductive and early life-stage-mortality
have been observed in salmonids from the Baltic sea and the
great lakes of North America and in perch (Perca fluviatilis)
downstream of pulpmil effluents [8]. Females presented the
ovaries full of oocytes, including a high number of atretic
oocytes; a dose dependent increase in atretic oocytes was also
observed in zebrafish exposed to doses from 40 to 270 ng g–1
of food of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
contaminated diets [9]. Zebrafish TCDD exposure did not
arrest spawning, but females presented ovarian necrosis and
egg production reduction, being these effects caused by the
accumulated TCDD, in concentrations as little as 0.6 ng g–1
of fish [10]. PCBs and many other pollutants adversely affect
development and physiology by interfering with normal
endocrine functions [11, 12, 13]. The importance of gonadal

steroids (e.g, androgens, estrogens and progestins) in
regulating the reproductive cycle in vertebrates, including
fish, is well established [14]. Antunes et al. 2007 [15] studied
the effects of Aroclor 1254 in adult tilapia and observed
several reproductive alterations. In female teleost fish, for
example, 17β estradiol initiates the production of yolk
protein, or vitellogenin, by the liver. Vitellogenin is then
transported in to the ovary, when it is taken up by developing
oocytes. Biosynthesis of 17 β estradiol and other gonadal
steroids take place in the follicle cells surrounding the
oocytes. In female fish this involves conversion of cholesterol
to testosterone through several intermediates. The
testosterone produced is then converted to 17 β estradiol in
the granulosa cells of the follicle [16]. Because of the critical
role that gonadal steroids play in regulating reproductive
development, any change in their production or metabolism
could potentially disrupt the normal reproductive cycle.
Waller and co-workers (1995) have showed that structural
similarities exist between PCBs and17 β estradiol [17].
Depressed plasma estradiol levels and reduced ovarian
estradiol production in vitro has been reported in English sole
(Pleuronectes Vetulus) from water ways polluted with PCBs
and other aromatic compounds [18, 19].
Taken together, these findings bolstered with the reports that
xenobiotics like PCBs are suspected to have played a major
role in the rarefaction of wild fish species this work is an
ecotoxicological study of PCB contamination in a wild fish
species, Cyprinion watsoni. This species belongs to cyprinid
group, found in the streams of running water in hilly areas.
The objective of this study was to investigate the potential
effects of exposure to Aroclor1242 on several reproductive
parameters.
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MATERIALS & METHODS
Procurement and maintenance of fish
Samples of cyprinion watsoni were collected with cast nets
from the Ramli stream near Quaid-i-Azam University (QAU),
transported live to the experimental fish laboratory. The fish
were weighed and the length was measured (from the tip of
the snout to the implantation of the tail and from the
implantation to the end of the fork). The fish were grouped in
different experimental aquaria (total capacity: 60 lit)
containing 40 lit of water and kept for acclimation for at least
two weeks prior to the start of experiments. The fish were fed
daily on tropical fish food and were maintained in a
photoperiod of 12L: 12D using fluorescent tube lights and
automatic timer clocks placed 24 inches above the water
surface. The water was renewed after every alternate day.
The water temperature was not controlled and it varied with
the ambient laboratory conditions; temperature of water was
recorded twice a day during the experimental period.
Polychlorinated biphenyl (PCB) used
Technical mixture Aroclor1242 (electrical grade, Lot KB05612; Monsanto Company, St. Louis, MO, USA) a
commercial PCB blend chlorinated to 42% was used.
Route of administration of doses
Aroclor1242 was administered via food. The dose groups
were:
Control: Dose vehicle only.
Group I: 10mg Aroclor1242/kg body weight/day.
Group II: 30mg Aroclor1242/kg body weight/day.
Group III: 50mg Aroclor1242/kg body weight/day.
Final volume of the daily dose was held constant at 200µl test
solution (Corn oil + Aroclor1242) containing 10, 30, and
50mg Aroclor1242. 200µl of test solution was mixed with 2
gm of tropical fish food (Small pellets, floating type) and
sprinkled over the surface of water which was consumed by
fish within 5 min.
Collection of blood and extraction of serum
Blood was obtained from caudal vein and serum was
separated by using standard procedure.
Gonadosomatic index and condition factor
The ovaries of fish were dissected out following sacrifice,
weighed to the nearest mg and measured (cm) (=Length and
Breadth). Right ovary was freezed immediately at -200C for
hormonal assay. Record of body weight and ovarian weight
were used to determine Gonadosomatic index (GSI) which
was calculated according to the following formula:
GSI = [Ovary weight (gm) / gutted body weight (gm)] 100
Condition factor was calculated according to following
formula:
Condition factor = gutted body weight (g) / (Length) 3 cm.
Hormonal estimation
17β estradiol, was measured in serum pools and ovarian
tissues from each experimental group by radioimmunoassay.
Serum cholesterol levels were determined by enzymatic
colorimetric method.
RESULTS
The fish were randomly dispersed in water column. No
changes in feeding patterns or behavior were observed in fish
fed on feed contaminated with Aroclor 1242 as compared to
control fish during the course of experiments. During
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experimental period no dose dependent mortality was
recorded. As is shown in Table (1) GSI, ovarian length and
ovarian weight decreased significantly in fish exposed to
Aroclor 1242.
Table 1. Effect of Araclor1242 on Gonadosomatic index,
condition factor and other morphometric parameters.

Estradiol and Cholesterol
Serum cholesterol in control fish was 9.14±0.21 m mol/lit,
this increased after PCB treatment. Estradiol17β was
measured in serum pools from each experimental group,
decreased significantly in fish exposed to 30mg and 50mg
Aroclor 1242 (600.30±104.14, 823.75±211.95 pg/ml)
respectively as compared to control fish. Estradiol 17β in
100mg ovarian tissue of control fish was 940.30±113.11pg
which show substantial and significant decrease (P < 0.01) in
ovarian tissue of fish exposed to Aroclor1242 at the dose of
10mg (256.62 128.31pg), 30mg (286.33 102.76) and 50mg
(385.69 39.88pg).

Fig.1: Effect of Aroclor 1242 on serum cholesterol (A), serum
estradiol (B) and ovarian estradiol (C).
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DISCUSSION
The aim of the present study was to determine whether PCB
(Aroclor 1242) had any potential to cause negative effects on
certain reproductive and developmental parameters of
Cyprinion watsoni. The use of Cyprinion watsoni as a test
organism is ecologically relevant in hilly areas like Islamabad
owing to their abundance in fresh water ecosystem.
Furthermore, it is small, easy to handle in aquaria, and
suitable for use in many disciplines e.g. Developmental
Biology, Reproductive Physiology Endocrinology and
Ecotoxicology. It has been shown that the exposure route is
of major importance for the uptake of xenobiotics in fish
[20]. In this study, ingestion of contaminated food was
chosen since the contaminant investigated is highly lipid
soluble. So by feeding fish with contaminated food we can
effectively deliver lipophilic xenobistics like PCBs in a
relevant way to evaluate their biological impact. Although
fish size has been identified as an important determinant of
reproductive success in fish [21], neither fish length nor fish
body weight appeared to be effected by PCB. However, PCB
treatment resulted in significantly reduced ovarian weight and
length. Rodents treated with PCBs and commercial Aroclors
exhibited a wide range of estrogenic effects including
precocious puberty increases in the ovarian wet weight and
water imbibition [22]. Studies with other fish species showed
that PCBs exposure may lead to population decline due to
decreased ovary growth [23]. A condition factor was
calculated for all groups of experimental fish so the effect of
emaciation on ovarian development could be distinguished
from any potential effects of PCB exposure. So the 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 [24]. In our study the
condition factor of fish exposed to Aroclor 1242 was almost
similar to that of control fish. Similar results were obtained in
a study in which no significant intersite differences were
found in either condition factor or length weight relationship
in English sole (Pleuronectes vetulus) from reference and
contaminated sites [25]. However, another study showed that
the condition factor was significantly higher in Pigeon River
(a high gradient fifth order stream receiving pulp mill
effluents) red breast sunfish females than in females of the
reference sunfish (P < 0.05) [26]. Gonadosomatic index is an
indicator of the level of gonadal development. In present
study significant decrease in GSI due to PCB treatment could
be accounted for variation in ovarian maturity stage.
Variations in GSI have been reported in English sole
(Parophrys vetulus) where GSI was significantly lower in
fish from Duwamish waterway (heavily contaminated,
sediment aromatic hydrocarbons (AHs) and PCB
concentrations were high) than in fish from Sinclair Inlet
(with relatively low levels of AHs and PCBs in the sediment)
and was significantly lower in fish from both Duwamish
Waterway and Eagle Harbor (with extremely high AHs and
low PCB concentrations) than in fish from Sinclair Inlet in
1987 [18]. Similarly significant intersite differences in GSI in
female winter flounder (Pseudopleuronectes americans) from
reference site and from sites heavily contaminated with PCBs
[27]. In female fish biosynthesis of 17 estradiol involves
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conversion of cholesterol to testosterone to 17 estradiol
through several intermediates. Because of the critical role that
cholesterol play as precursor of gonadal steroids, any change
in their production or metabolism could potentially disrupt
the normal reproductive cycle [16]. PCBs can alter the
patterns of synthesis of reproductive hormones [28]. Altered
steroid biosynthesis was reported in Atlantic Cod (Gadus
morrhua) fed on diet containing 1-50 mg Aroclor 1254 [29].
These findings tend to corroborate our observations in
Cyprinion watsoni. Plasma estradiol concentrations declined
in rock sole and flathead sole treated with Prudhoe Bay crude
oil (PCBO) [25]. Estradiol alongwith other ovarian steroids,
is an important regulator of vitellogenic growth of the
devleoping oocytes [26]. It is well established that estradiol
stimulates the liver to produce vitellogenin [30]. Our findings
suggest that reduced ovarian steroidogenesis may account for
decreased serum estradiol levels in fish exposed to Aroclor
1242. However, other mechanisms, such as increased
excretion of 17-estradiol metabolites [31] or altered
pituitary or hypothalmic function [32].
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