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Abstract
The present study was undertaken to evaluate that chlordecone, 
an organochlorine pesticide, possessing estrogenic properties 
are known to influence the reproductive potential of the cich-
lid fish, Pseudetroplus maculatus. Chlordecone at two sublethal 
concentrations, 3.5 and 7µg/L, were exposed to fish for 4, 7, 15 
and 30 days in order to evaluate the level of vitellogenin, main-
taining the control groups. Vitellogenin concentrations were 
measured in both male and female fishes by using indirect end-
points, such as alkali-labile phosphoprotein (ALP), total pro-
tein and calcium concentrations in the blood plasma. Increase 
in the concentrations of plasma protein, phosphoprotein, and 
calcium were time-dependant showing positive correlation 
when compared with the control groups. The remarkable raise 
in the level of vitellogenin in male fish indicated the estrogenic 
effects of chlordecone. However, gonadosomatic index was sig-
nificantly decreased after the pesticide exposure, which could 
be due to gonadal-specific chlordecone toxicity. Sperm param-
eters such as sperm concentrations, viability and motility were 
evaluated at both sublethal concentrations for 24, 72 and 96 h 
maintaining the control groups. The significant decrease in the 
sperm parameters indicated that chlordecone affected normal 
functions of male gamete. The present results suggested that 
chlordecone influenced adverse effects on fish reproduction as 
evidenced by the elevated vitellogenin level in males with al-
teration in sperm functional parameters, which can be served 
as biomarker for the estrogenic effects of chlordecone in the 
cichlid fish. 
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Introduction
During the past few decades, large number of environmental 
contaminants such as, pesticides, pharmaceutical drugs, plas-
tic products, natural phytochemicals etc. has been continu-
ously released into various compartments of both terrestrial 
and aquatic ecosystems, which are known to disrupt the en-
docrine system of animals, including humans. Such chemicals 
are called endocrine-disrupting chemicals (EDCs), which can 
interfere with biosynthesis, transport, action, metabolism and 
removal of various hormones in the body resulting in varia-
tion from normal homeostasis or reproduction [1]. Generally, 
EDCs are known to mimic or block the transcriptional activa-
tion of endogenous hormones by binding to its corresponding 
receptors. Other new mode of action for EDCs includes dis-
ruption of steroid hormone metabolism, proteasome-mediated 
degradation of receptor proteins, sensitization of hormones, 
and altered DNA methylation [2]. Persistence of several EDCs 
in various aquatic ecosystems have been associated to cause en-
docrine disruption and lead to several reproductive as well as 
developmental anomalies in fishes and other aquatic organisms 
[3,4]. Chlordecone is a synthetic chlorinated pesticide, com-
monly used for the control of various pests on tobacco, banana, 
citrus trees and ornamental shrubs. Structurally it is similar to 
mirex which is another insecticide widely used for the control 
of fire ants [5]. Chlordecone has been detected in those areas 
where mirex was applied as it is a photodegradation product of 
mirex [6]. Chlordecone is the more prominent persistent or-
ganic pollutant found in the environment, where it stick to sus-
pended solids and sediments in water, and also has the ability 
to bioaccumulate in fish and other aquatic organisms thereby 
undergoes biomagnification through the food chain [7]. Chlor-
decone has been proven toxic to fish, in-terfering with antiox-
idant system of various tissues as gill, liver, brain [8] as well as 
muscle [9]. Acute exposure of chlordecone has been shown to 
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induce the formation of micronucleus and other nuclear ab-
normalities such as blebbed, notched and lobed nuclei in the 
erythrocytes of Etroplus maculatus [10]. Chlordecone has been 
known to activate estrogen receptor-α and promote angiogen-
esis in human endothelial cells [11], and impaired male repro-
duction by the alteration in morphology of testes and arrest of 
sperm maturation in catfish [12].

Important biomarkers of endocrine disruption in fish includes 
measurement of vitellogenin (VTG) protein, plasma steroid 
hormones, histopathology of gonads, vitelline envelope pro-
teins (VEPs), morphological features as facial tubercles and 
nuptial pads, male gender development, detection of enzymes 
involved in the biosynthesis of sex hormones like cytochrome 
P450 (CYP)-19, aromatase and C17-lyase and genes involved in 
estrogen response pathway [13]. Among these biomarkers, vi-
tellogenin is considered as a potential biomarker of endocrine 
disruption by environmental estrogenic compounds in fish 
[14]. Vitellogenin is a Glyco-lipophosphoprotein that serves as 
a major precursor of egg yolk proteins, normally expressed in 
females and functions as an essential source of nutrients during 
early development of oviparous vertebrates and some inverte-
brates [15]. It is synthesized in liver in response to endogenous 
estrogens and transported to the ovary through the blood-
stream, where it is taken up by oocytes and processed into yolk 
proteins [16]. In males, exogenous estrogenic compounds have 
been shown to mimic the endogenous estrogens and act on he-
patic estrogen receptors which induce vitellogenin biosynthesis 
[17].

In order to detect the level of vitellogenin, several techniques 
have been developed globally, which includes enzyme-linked 
immunosorbent assay [18], non-competitive enzymatic immu-
noassays [19,20], immune agglutination [21] and densitometry 
following electrophoresis [22,23]. Owing to the complexity of 
vitellogenin molecule and requirement of species-specific an-
tibodies, these assays are limited to single species. In addition, 
these techniques are highly expensive and the use is restrict-
ed due to the lack of species-specific antibodies. Thus as an 
alternative to the techniques, indirect endpoints such as plas-
ma protein, alkali labile phosphoprotein, plasma calcium and 
gonadosomatic index were frequently used to study the induc-
tion of vitellogenin in fishes [24]. Thus in the present study the 
estrogenic activity of chlordecone were measured using vitello-
genin as biomarker by simple and reliable biochemical assays in 
the blood plasma of Pseudetroplus maculatus. 

Pseudetroplus maculatus is a cichlid fish indigenous to South 
India and Sri Lanka, which inhabits both freshwater and brack-
ish water habitats [25]. The biology of P. maculatus is well 
suited and thus widely used as laboratory model in toxicology 
studies as it is highly sensitive to the changing environmen-
tal conditions [26,27]. In fact, fishes are the top studied groups 
of aquatic animals mainly used to evaluate the developmental 
and reproductive toxicity due to the exposure of several envi-
ronmental contaminants [28]. The present study was therefore 
designed to evaluate the estrogenic activity of chlordecone in 

vitellogenin and sperm parameters in the cichlid fish, Pseude-
troplus maculatus.

Materials and Methods
Animal

Adult male and female freshwater cichlid fish, Pseudetroplus 
maculatus, (7±1 g and 7±1.5 cm) were collected from KKF 
Nursery, Manjeri, Vaniyambalam, Kerala, India. Fishes were 
brought to the laboratory with least disturbance and were accli-
matized to the laboratory conditions for 15 days prior to exper-
iments in dechlorinated and well-aerated aquarium tanks (40 
L capacity). Health status of fish was continuously monitored 
throughout the experiment. The physico-chemical features of 
the tap water were estimated as prescribed in APHA guidelines 
[29] where water temperature (28 ± 2ºC), oxygen saturation (70 
to 100%) and pH (6.5 to 7.5) were maintained in the standard 
range throughout the treatment period. 

Chemicals

Technical grade organochlorine pesticide, chlordecone (Kepone, 
decachlorooctahydro-1,3,4-metheno-2H-cyclobuta[cd]-pen-
talen-2-one, 99.9% purity) was obtained from Supelco, USA. 
Trichloroacetic acid, sodium hydroxide, methanol, acetone, hy-
drochloric acid, folin-ciocalteau reagent, lanthanum chloride, 
sucrose, eosin and nigrosin were obtained from Himedia Lab-
oratories, Mumbai, India. All other chemicals were of analytical 
grade and obtained from local commercial sources.

Treatment

Chlordecone was dissolved in dimethyl sulfoxide (1% DMSO), 
which was used as solvent control (vehicle) in the experiment. 
The median lethal concentration (LC50-96h) of chlordecone de-
termined by probit analysis in the cichlid fish, Pseudetroplus 
maculatus was 35μg/ L [30]. After acclimatization, two suble-
thal concentrations - 3.5µg/ L and 7µg/ L (1/10th and 1/5th of 
LC50) of chlordecone were exposed to fish for 24 h, 72 h and 96 
h (4 days), 7 days, 15 days and 30 days maintaining ten male 
and female fishes in each group. 

Experimental protocol

At the end of every treatment period, fishes were caught very 
gently using a small dip net, one at a time with least disturbance 
and their body weights were noted. Blood and sperm samples 
were collected from control and treated groups and then the 
fishes were decapitated for dissecting gonads and weights were 
recorded. Estrogenic effect of chlordecone was evaluated by the 
following methods, which serve as a relevant biomarker to test 
the reproductive dysfunction in the fish.

Gonadosomatic index (GSI)
The relative gonad weight of treated and control fishes were cal-
culated as follows:
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GSI (%) = (Total gonad weight (mg) /total body weight (mg)) × 100

Collection of blood

Blood samples were collected from both male and female fishes 
in separate clean micro centrifuge tubes using fine syringe by 
cardiac puncture method. Blood was centrifuged at 1700 g for 
10 min at 4ºC and plasma samples were collected and stored 
at -80ºC in micro centrifuge tubes for measuring vitellogenin 
concentration. 

Analysis of vitellogenin

The plasma total protein concentration was determined ac-
cording to Lowry et al. [31] using bovine serum albumin as 
standard. Alkali-labile phosphoprotein was measured using 
modified method of Wallace and Jared [32] and total plasma 
calcium levels were measured by atomic absorption spectro-
photometry (Spectra-AA240FS, Varian) [33].

Collection of sperm

Sperm samples were collected from urino-genital tract by in-
serting catheter into culture container to prevent contamina-
tion. Collected sperm were transferred to a small petri dish and 
immediately used for testing sperm parameters:

Sperm concentration

Prior to determination of spermatozoa concentration, sperm 
was diluted 100 times with an immobilizing solution com-
posed of Tris buffer (10 mM) and sucrose (100 mM; pH 8.5). 
A droplet (10 ml) of diluted sperm suspension was placed on a 
counting chamber of the hemocytometer (depth 0.1 mm) with 
a coverslip. The sperms are counted by using microscope at 40X 
magnification and sperm concentration was calculated accord-
ing to method as described by Caille et al. [34]. Spermatozoa 
concentration is expressed as 109 spermatozoa /ml.

Sperm viability

Sperm suspension (20µl) was mixed with an equal volume of 
0.05% eosin-Y. After a minute of incubation at room tempera-
ture, slides were observed under microscope at 100X magnifi-
cation for live and dead sperms and morphological abnormal-
ities were also noted. Viable sperm remained colourless while 
non-viable sperm are stained in eosin and appeared pink [35]. 
Sperm were counted in control and treatment groups and via-
bility was expressed in percentage [36].

Sperm motility
Sperm collected (1 µl) was diluted with distilled water (49 µl) 

and placed in on a Neubauer-type hemocytometer preposi-
tioned on the microscope stage at 40X magnification. Sperm 
swimming activity was recorded for two minutes, and count-
ed for motile and non-motile sperms. First non-motile sperm 
was counted followed by motile sperm and motility percentage 
was calculated, which was expressed as a percentage of motile 
sperm of the total sperm counted.

Statistical analyses

Statistical analyses were performed using a one-way analysis of 
variance (ANOVA) followed by Duncan’s multiple range test 
using statistical package SPSS 19.0. Differences were consid-
ered to be significant at p<0.05 against the control groups. Data 
are presented as mean±SD for ten animals per group. All bio-
chemical estimations were carried out in duplicates.

Results

Fishes exposed to 1% DMSO (solvent control) did not showed 
any remarkable variations in any parameters including gona-
dosomatic index, biochemical parameters or sperm parameters 
when compared with the negative control group. The gonado-
somatic index was decreased significantly in duration and con-
centration-dependant manner in both male and female fish-
es after chlordecone exposure when compared to the control 
groups (Figure 1). Chlordecone exposure caused significant 
(P<0.05) increase in the levels of plasma protein, alkaline-labile 
phosphoprotein (ALP) and calcium in both males and females 
(Figures 2-4). Relationship between different plasma parame-
ters were examined by linear-regression analysis and it showed 
positive correlation between plasma calcium and alkaline-la-
bile phosphoprotein (y=0.699x-42.67; r=+0.9306), calcium 
and plasma protein (y=0.106x+3.891; r=+0.9075), alkaline-la-
bile phosphoprotein and plasma protein (y=0.143x+10.79; 
r=+0.9181) in male fishes (Figures 5-7). In female fishes, all 
plasma parameters were positively correlated showing correla-
tion between plasma calcium and alkaline-labile phosphopro-
tein (y=0.892x+15.76; r =+0.9437), calcium and plasma protein 
(y=0.152x-5.544; r=+0.9334), alkaline-labile phosphoprotein 
and plasma protein (y=0.152x-5.316; r=+0.8833) (Figures 
8-10). Chlordecone exposure showed significant (P<0.05) de-
crease in sperm concentration, motility and viability in dura-
tion and concentration-dependant manner when compared to 
the corresponding control groups (Figures 11-13). Sperm when 
stained with eosin showed colourless viable sperms in con-
trol groups and when the exposure period increased the dead 
sperms appeared pink colour along with morphological abnor-
malities such as enlarged sperm head and reduced or absence 
of sperm tail (Figure 14).
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Figure-1

Figure-2
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Figure-3

Figure-4
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Figure-5

Figure-6
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Figure-7

Figure-8
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Figure-9

Figure-10
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Figure-11

Figure-12
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Figure-13

Discussion
In the early 1900s a specific antigen known as vitellogenin has 
been identified as the major precursor of egg yolk protein that 
is synthesized in female liver and is secreted into the blood 
and later incorporated into the egg [15]. Generally, the plasma 
content of vitellogenin has been shown to gradually increase 
along with oocyte development in female fishes [37] whereas 
the concentration found in males is scanty [38]. In males, the 
vitellogenin gene is normally silent, which can be induced after 
the treatment with estrogenic chemicals. Several environmen-
tal contaminants possessing estrogenic properties have been 
known to induce the production of female specific protein, 
vitellogenin, in male fishes [39,40]. Chlordecone, one of the 
environmental contaminants having estrogenic activity with 
high affinity for hepatic estrogen binding sites has been shown 
to induce vitellogenin production in rainbow trouts [41]. In 
the present study the induction of vitellogenin in males after 
the chlordecone exposure was determined using indirect end-
points such as the concentrations of plasma protein, alkali-la-
bile phosphoprotein, calcium and gonadosomatic index and 
was compared with that of females. The impact of chlordecone 
on male reproduction was further analysed by measuring the 
sperm parameters as sperm concentration, motility and viabil-
ity in the cichlid fish, Pseudetroplus maculatus.

During the reproductive cycles, the gonadosomatic index varies 

in male and females and is used as a relevant biological variable 
for assessing the reproductive health status of fish [42]. Hence it 
is the simplest and easiest measure to evaluate the gonadal dys-
function in fishes. Studies have revealed that exposure to var-
ious pollutants induced deteriorations in gonads involving re-
duction in gonadosomatic index along with morphological and 
histological variations in the gonads [43]. Chronic exposure 
to chlordecone decreased the relative weight of both testis and 
ovary of the fish in concentration and time-dependent manner. 
Similar result has been observed in the platyfish, Xiphophorus 
maculatus when exposed to nonylphenol and 17β-estradiol 
[44], and in Nile tilapia after nonylphenol exposure [45]. Re-
duction in the relative gonadal weight after chlordecone expo-
sure might be due to gonad-specific toxicity.

Plasma protein concentrations in male and female fish after 
chlordecone exposure were significantly higher when compared 
with the control groups in concentration and time-dependent 
manner. Similar results were observed in rainbow trout when 
exposed to 17α-ethinylestradiol [24]. Plasma protein concen-
tration is considered as less sensitive endpoints in vitellogenin 
analysis. Therefore, alkali-labile phosphoprotein (ALP) or plas-
ma calcium concentrations are used as indirect endpoints to 
determine plasma vitellogenin levels [46]. Vitellogenin is the 
only phosphorus containing protein in the blood of ovipa-
rous vertebrates having 0.6–0.8% protein-bound phosphorus 
[47]. After chlordecone exposure the plasma ALP and calcium 
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Figure14: A-Control and B-Vehicle (DMSO) showing viable sperm stained with Eosin; C-Chlordecone 
(3.5 µg/L) treated for 24 h showing few non-viable sperm; D and E-Chlordecone (3.5 µg/L) exposed for 72 
and 96 h showing non-viable/dead sperm with enlarged head and absence/ reduced sperm tails.

concentration increased to 2-fold and 3-fold levels in males 
when compared to the corresponding control groups and the 
increase was duration-dependent. In females, the plasma ALP 
and calcium levels increased only after 30 days of chlordecone 
exposure at 3.5 µg/L concentration and after 15 and 30 days of 
exposure at higher concentration (7 µg/L) when compared with 

the controls. The results of this study confirmed that male fish 
lack the ability to remove vitellogenin from their blood, un-
like its uptake into oocytes in case of females. Therefore, vitel-
logenin concentrations remained high in the plasma of males 
for several weeks after chlordecone exposure. The significant 
induction in all measured plasma parameters indicates the est-
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rogenic response of chlordecone in the exposed fish. Induction 
in plasma ALP and calcium concentration has been reported 
in highly vitellogenic mature females and estradiol injected 
immature rainbow trouts [48]. Moreover, plasma protein, ALP 
and calcium levels were significantly and positively correlated 
in both male and female fish after chlordecone exposure. Thus 
elevated level of plasma vitellogenin in male fish can be used 
as an indicator of reproductive dysfunction. The embryos pro-
duced from such males in the environment exposed to toxicant 
may suffer reproductive effects such as gonadal feminization 
and reduced fertility as adult males [49]. Similarly the elevat-
ed levels of plasma vitellogenin in females are associated with 
decrease in estradiol production, which in turn affects the egg 
production [50].

The effects of chlordecone in male reproduction was further 
analysed by evaluating sperm functional parameters as sperm 
concentration, motility and viability. In most of the fish species 
with external fertilization, the spermatozoa remain quiescent 
in gonadal seminal plasma. It becomes motile and metaboli-
cally active only when released into the aqueous environment 
during natural reproduction or into diluents during artificial 
reproduction. Motility is initiated by several factors of external 
and internal environments which vary among different species 
of fishes. In euryhaline fish, medaka, sperm motility is inversely 
proportional to osmolality [51] whereas in Oreochromis mos-
sambicus, divalent cations (Ca2+) are required for the activation 
of sperm motility [52]. Thus in most of the teleost fishes, osmo-
lality and K+ are responsible for motility of sperm [53] whereas 
in Larimichthys polyactis sperm motility is highly sensitive to 
variations in pH, temperature and cations [54]. Generally, in 
the case of freshwater species, motility could last less than two 
minutes following activation [55]. Thus in the present study, 
immediately after the collection of sperm the motility was 
observed for two minutes and it was found that chlordecone 
exposure significantly decreased the motility of sperm at both 
sublethal concentrations. Male fertility in fish highly depends 
on sperm motility and the present results indicate chlordecone 
exposure affects the male fertility.

Fish sperms have restricted ability to withstand the physico-
chemical changes in their external environment [56]. There-
fore, it is highly susceptible to disturbances caused by the 
environmental contaminants that include impaired gonadal 
development, decreased steroidogenesis, testicular impair-
ment, and oxidative stress-induced testicular toxicity [57,58]. 
Besides, exposure to environmental contaminants has been 
shown to interfere with the activation of sperm that result in 
demasculinization, reduced sperm motility, viability and count 
along with reduction in gametic viability, fertilization potential 
and embryonic development [59,60,61].

High level of chlordecone exposure among the employees in the 
production factory has been shown to cause significant reduc-
tion in sperm counts and oligospermia that leads to male infer-
tility [62]. In rats, administration of chlordecone at 15-30 ppm 
for 60 days decreased sperm reserves in the cauda epididymidis, 

and motility and viability of epididymal spermatozoa without 
affecting sperm morphology and concentration in epididymal 
fluid [63]. The present result showed that chlordecone exposure 
significantly decreased the sperm concentration, sperm viability 
and sperm count in concentration and time-dependent manner 
when compared to the control groups. The motility and viabili-
ty of sperm showed close correlation. Chlordecone exposure at 
one-tenth of LC50 concentration (3.5µg/L) was used to evaluate 
sperm viability and it was observed that all viable sperms were 
motile and non-viable sperms were non-motile. In non-viable 
sperms at 96 h of chlordecone exposure, head is enlarged and the 
tail is shortened or entirely absent. The decrease in sperm motil-
ity and viability may be due to the induction of oxidative stress 
in gonads [64,65]. Decreased sperm functions may be also due to 
failure of endocrine system or degenerative changes in the gonad 
structure as a result of chlordecone toxicity. 

To brief, the induction of vitellogenin in male fish using simple 
and reliable protocol was used as a biomarker to detect estro-
genic effects of chlordecone. Corresponding increase of vitel-
logenin in female fish indicated decrease in egg production. 
Further, decline in sperm parameters designated chlordecone 
induced reproductive dysfunction in the cichlid fish, Pseude-
troplus maculatus.
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