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ABSTRACT
Atrazine is one of the most efficient and cheapest herbicides in the world and is subsequently used more
commonly than any other herbicide. Atrazine is frequently detected in waters, and has been known to affect
reproduction of aquatic flora and fauna, which in turn impacts on the community structure as a whole. In the
present study was designed to investigate the effect of atrazine on sex ratio, Gonadosomatic index and
Hepatosomatic index in Poecilia sphenops. Fishes were exposed to atrazine (2.5, 1.25, 0.83 ppm) and control also
maintained simultaneously for 100days. In our experiments, atrazine exposures lead to a female-biased sex ratio.
A reduction of GSI in Poecilia sphenops is observed after exposure to atrazine at all exposure concentrations and
all times. Comparative liver weight is increased (dose and duration dependant) in male and female Poecilia
sphenops treated with atrazine.
KEYWORDS: Atrazine, Sex ratio, Gonadosomatic Index, Hepatosomatic Index, Poecilia sphenop.
INTRODUCTION
Morphometric studies are not only help to understand the
taxonomy but also the health of a species (including
reproduction) in an environment. The shape and
structures are unique to the species and the variations in
its feature are probably related to the habit and habitat
among the variants of a species (Cavalcanti et al., 1999).
Morphological characters are phenotypically plastic and
are influenced each year by the physical environment
during spawning and early juvenile stages (Austin,
1999). Morphometric investigations of an animal species
revealed the inter relation between the various bodily
parameters like length, weight, etc. Morphometric
analysis helps to understand the relation between body
parts of the fishes (Carpenter et al, 1996; Manimegalai,
2010).
In numerous fish, reptile, and amphibian produces
female-biased or male-biased sex ratios (Navarro-Martin
et al., 2009). In atrazine treated Rana pipiens Tadpoles
produced 20% more female phenotype animals
(Valeriem Langlois et al., 2010). In another study sex
reversal was demonstrated in X. laevis exposed ATZ also
showed a dose-dependent increase in female phenotype
(Oka et al., 2008). In fish the herbicides atrazine change
the sex ratio (Stoker et al., 2000) in addition, atrazine is
proved to have definite toxicity on the growth and
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reproduction of catfish (Hussein et al., 1996), also can
cause impaired embryonic development in zebra fish,
caused damage and disorder in the growth stages of
embryos (Wiegand et al., 2001). The present study was
aimed to investigate the effect of atrazine on sex ratio,
Gonadosomatic index and Hepatosomatic index in
Poecilia sphenops.
MATERIALS AND METHODS
Experimental procedure
The newly hatched juveniles/fries were separated from
their respective mother and maintained in 100 L tank. A
total of 200 fry (0 day old fry) were separated and used
in four equal treatment groups. Fifty individuals’ fries in
each group were exposed to three different
concentrations (1/10th of LC 50, 2.5ppm, 1/20th of LC 50,
1.25ppm and1/30th of LC 50, 0.83ppm) of atrazine and
control also maintained simultaneously. At every 20 days
interval Sex ratio, Gonadosomatic indices (GSI) and
Hepatosomatic indices (HSI)) were analysed and
recorded.
Hepatosomatic index (HSI)
Hepatosomatic index is the relation between liver
weights to that of total body weight and has been used to
understand any stress in the living condition. The HSI
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was determined using the liver weight and total body
weight.
HSI = Liver weight / Body weight x 100
Gonadosomatic index (GSI)
Gonadosomatic index can give an indication of sexual
maturity as well as gonadal development. It is a ratio of
gonad weight in relation to total body weight.
GSI = Gonad weight / Body weight x 100.
The sex ratio was calculated after 60 days of exposure
based on the development of gonopodium or ovary.
Visible sex character variations were noted only after 60
days.
Statistical Analysis
The acquired data were pooled and the above values are
expressed as mean ± SE. Differences between groups
were assessed by one-way analysis of variance
(ANOVA) using the software package for windows
(version 16.0). Post -hoc testing was performed for inter
group comparisons using the least significant difference
(LSD) test (p<0.05) was considered statistically
significant.

Effect of Atrazine on Gonadosomatic and
Hepatosomatic Index
Atrazine induces reduction of GSI in both sexes of
Poecilia sphenops. No significant reduction was
observed in fish subjected to low concentration of
atrazine when compared to higher. There is significant
reduction of GSI is observed in case of male fish
subjected atrazine. The GSI of male fish is reduced in all
the tested concentration of atrazine (Fig.2).
The HSI values of the fish subjected to atrazine exposure
are increased. HSI level is significantly differed in male
and female fish subjected to atrazine, whereas significant
difference is observed in higher concentration of atrazine
treated fish. The atrazine induce significant increase of
the HSI of both sexes (Fig.3).

RESULT
Sex ratio of Poecilia sphenops treated with atrazine
Fig.1 shows that each group of atrazine treated fishes
were deviated in the sex ratio when compared to control.
Three group of experiment gave increased female
population. The sex ratio observed in control 40:60 is
(male: female), in 0.83ppm atrazine treatment groups
was 35:65, while in 1.25ppm atrazine treatment groups is
33:67 and in 2.5ppm atrazine treatment groups is 30:70.
These results are interpreted as an indication that
increasing concentrations of atrazine caused a decrease
in the number of males produced (Fig.1). In atrazine
treated fish, Poecilia sphenops shows decreased
masculinisation effects during the 60 days exposure
period. Dose dependent change in the sex ratio was
encountered in 0-day old Poecilia sphenops treated with
atrazine for 60 days.

DISCUSSION
Contaminants in the environment can disturb normal
physiological processes related to growth, development
and behaviour. In this investigation atrazine alter the sex
ratio in Poecilia sphenops. In our experiments, atrazine
exposures lead to a female-biased sex ratio. Chronic
exposure to atrazine in zebrafish resulted in a dosedependent increase in the number of female fish (Miyuki
Suzawa and Holly Ingraham, 2008). Similar to our
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findings Orn, (2003) also observed increase in the ratio
of female fish while exposed to atrazine. Oka et al.,
(2008) also observed a female-biased sex ratio while
atrazine exposed X. laevis.
Therefore the usage of high dose of atrazine may
produce increased female population in Poecilia
sphenops. In the present study, 70% female is obtained in
Poecilia sphenops while treated with atrazine. Further,
the present investigations provide evidence that atrazine
exposure result in feminization. High doses of atrazine
dramatically increase aromatase levels thus increase the
percentage of female fish. The present study reveals that
atrazine has increased endogenous levels of gonadal
CYP19A1 in Poecilia sphenops and the target organ is
gonads. It is discernible from the study that atrazine
changed the male gonadal enzymes levels (in Testis) and
induced the functional changes towards femaleness in the
reproductive system in Poecilia sphenops.
A reduction of GSI in Poecilia sphenops is observed
after exposure to atrazine at all exposure concentrations
and all times. Decreases in GSI are known to occur in
reproductive female and male adult goldfish (Carassius
auratus) exposed to atrazine (Spano et al., 2004). Fidelis
Bekeh Ada and Ezekiel Olatunji Ayotunde (2013) also
observed the same result in Oreochromis niloticus
exposed to atrazine herbicide.
Comparative liver weight is increased (dose and duration
dependant) in male and female Poecilia sphenops treated
with atrazine. Increase in HSI is associated with
vitellogenesis in both sexes. The atrazine toxicity may
impair the liver by making edima or swelling thus the
liver weight was increased besides vitellogenin syntheses
which are reflected in elevated HIS. Nieves-Puigdoller et
al., (2007) also observed increased HSI while exposed to
atrazine in female and male Atlantic salmon. In the
present study, it concluded that the male sex ratio is
decreased in Poecilia sphenops due to the atrazine
exposure in the hatchlings.
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