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Abstract
Background: Endocrine disruptors are one of the major threats to aquatic animals affecting their development and
physiology. Amphibians are very sensitive to aquatic contaminants as their skin is semi-permeable. Several
contaminants easily enter into their body, act as endocrine disruptors, and interfere in sexual development and
metamorphosis. Endocrine disruptors have diverse effects in different species mainly due to the variations in
developmental patterns. In the present study, I evaluated the endocrine disrupting potential of tamoxifen (antiestrogen) in the tadpoles of Indian skipper frog Euphlyctis cyanophlyctis with undifferentiated type of gonad
differentiation (testis differentiates through an ovarian phase).
Methods: I exposed the tadpoles to four concentrations of tamoxifen (25, 50, 100, and 200 μg/l) during larval
development (Gosner stages 25–42) and studied their metamorphosis, somatic and sexual development.
Results: Tamoxifen does not influence gonad differentiation and sex ratio (proportion of males and females).
However, all the concentrations of tamoxifen stimulated gonad development resulted in testis maturation in males
and increased oocytes size in females. Tamoxifen treatments delayed metamorphosis and stimulated somatic
growth.
Conclusion: These results suggest that tamoxifen does not act as an anti-estrogen in E. cyanophlyctis while
stimulate sexual development in both males and females through unknown mechanism. These results are useful to
understand the mechanism of action of tamoxifen in lower vertebrates and develop E. cyanophlyctis as an
indigenous amphibian model for endocrine disruption studies.
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Background
Use of pharmaceuticals has been increased drastically in
past some decades, and many of these chemicals can be
found in water-bodies as contaminants. Some of these
chemical interfere in endocrine system (endocrine
disrupters, ED) of aquatic animals and affect development, homeostasis leading to developmental and physiological abnormalities. However, many of the EDs can be
useful to understand the mechanism and function of
Correspondence: samadhanmphuge@gmail.com
Department of Zoology, Savitribai Phule Pune University, Ganeshkhind, Pune
411 007, India

endocrine system (Orton & Tyler, 2015; Safholm, Ribbenstedt, Fick, & Berg, 2014).
Amphibians are one of the most sensitive groups to
environmental contaminants as their skin is passively
permeable for most of the chemicals (Quaranta, Bellantuono, Cassano, & Lippe, 2009). Several water contaminants act as ED and affect their sexual development and
metamorphosis by interfering with hypothalamic–pituitary–gonadal axis and hypothalamic–pituitary–adrenal
axis respectively (Kloas et al., 2009). Some of the EDs
mimic steroid hormones and interact with their receptors (Kloas et al., 2009). EDs act as either agonists or antagonists and stimulate or inhibit gonadal differentiation
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and development, which could lead to abnormal sexual
development and biased sex ratio (Flament, 2016). The
effects of EDs can vary in different species and are
dependent on the concentration used, duration of exposure, etc. (Flament, 2016; Hogan, Duarte, Wade, Lean, &
Trudeau, 2008; Solomon et al., 2008). Moreover, differences in the gonad differentiation pattern and development rate are the possible intrinsic factors responsible
for the variations in the effects of EDs on gonad development in amphibians (Mali & Gramapurohit, 2016;
Phuge & Gramapurohit, 2015; Storrs & Semlitsch, 2008;
Storrs-Mendez & Semlitsch, 2010). There are two patterns of gonadal differentiation in amphibians based on
the direct (differentiated type, ovary and testis differentiate directly from indifferent gonads) or indirect (undifferentiated type, testis differentiate through an ovarian
phase) differentiation of the testis (Mali & Gramapurohit, 2015). In addition, rate of the gonad development in
amphibians can be categorized into different types
(Haczkiewicz & Ogielska, 2013; Ogielska & Kotusz,
2004). For instance, ovary development is categorized as
accelerated, basic, and retarded type based on the differentiation event before, during, and after metamorphosis,
respectively (Ogielska & Kotusz, 2004). Moreover, studies regarding endocrine disruption in amphibians are
mainly focused on the species with differentiated type of
gonad differentiation, while species with undifferentiated
type of gonad differentiation are neglected (Flament,
2016; Solomon et al., 2008).
The present study was undertaken to investigate the
effect of tamoxifen (anti-estrogen; TM) on the gonad development and metamorphosis of Indian skipper frog
Euphlyctis cyanophlyctis (Family, Dicroglossidae) with an
undifferentiated type of gonad differentiation. Tamoxifen
is an anti-estrogen used in breast cancer and infertility
treatments (Chua et al., 2013; Jordan, 1994; Steiner, Terplan, & Paulson, 2005). TM is also reported to found in
sewage and river water (Petrie, Barden, & KasprzykHordern, 2015; Zhang, Hibberd, & Zhou, 2008). Gonadal
development of E. cyanophlyctis commences during
early larval development where gonads in all the tadpoles differentiate into ovaries (around stage 27), and
after stage 35, in some individuals, ovaries degenerate
and transform into testis. At metamorphosis, males and
females can be distinguished by studying gonad morphology. At metamorphosis, testes contain a mixture of
germ and somatic cells while ovaries are composed of
diplotene oocytes of different sizes (Phuge & Gramapurohit, 2013). Sexual development of this frog is sensitive
to exogenous steroids, and changes in gonad development can be traced easily (Phuge, 2018; Phuge & Gramapurohit, 2015). Previously, I have studied the effects
of sex steroids on gonad differentiation and development
(Phuge & Gramapurohit, 2015). Along with the steroid
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treatments, effect of TM was studied. We treated the
tadpoles of E. cyanophlyctis with four concentrations of
TM and studied their gonadal and somatic development
at metamorphosis.

Methods
Tadpoles were obtained and maintained in the laboratory following the same methodology described by
(Phuge & Gramapurohit, 2015). Tadpoles of Gosner
(1960) stage 25 were treated with four concentrations
(25, 50, 100, and 200 μg/l) of TM up to stage 42 (forelimb emergence). For each treatment, 60 tadpoles in
were reared in three aquaria (20 tadpoles per aquarium
and five tadpoles per liter). TM was procured from
Sigma-Aldrich, USA (catalog numbers TM─T5648;
purity ≥ 98%). TM was dissolved in ethanol (100%) at
concentration 4 mg/ml. The required amount of TM
(with 50 μl/l ethanol) was directly added to the rearing
water on every third day after complete water change.
Control group was treated with 50 μl/l of ethanol.
After stage 42 (forelimb emergence), tadpoles were
maintained in small plastic containers (29 × 22 × 14 cm)
with some water to facilitate metamorphosis. Larval
period was calculated as days elapsed from stages 25–42.
At the completion of metamorphosis, snout-vent length
(SVL), body mass, and larval period were recorded for
each froglet of each group. Snout-vent length was recorded to nearest 0.1 mm using a digital caliper (Mitutoyo) while body mass was recorded nearest to 1.0 mg
using an electronic balance. Froglets were anaesthetized
using 1% Tricaine methanesulfonate (MS 222); gonads
were dissected out and fixed in Bouin’s fluid. Sexes of
froglets and developmental stages of the testes were
ascertained on the basis of gonad morphology following
the criteria described previously (Phuge & Gramapurohit, 2015). To confirm the sex and developmental stage,
gonads of ten males and ten females from each group
were processed for histology. Bouin’s fixed gonads were
dehydrated in ascending grades of ethanol, cleared in xylene, and embedded in paraffin wax (58–60 °C; MERCK).
Serial transverse sections of tissue were cut at 5 μm
using a rotary microtome (Leica RM 2125), stained with
hematoxylin and eosin, observed and photographed
under the microscope (Carl Zeiss, Axioscope A1). To
determine the effect of TM on oocyte growth, diameter
of five largest oocytes from the section passing through
the center of the ovary was measured in micrometer. In
the group treated with 100 μg/l of TM, only eight females survived. Therefore, ovaries from eight females of
each group were considered for oocyte growth analysis.
Sex ratio (number of males and females) in control
group was checked for hypothetical 1:1 sex ratio using
binomial test. Difference in the sex ratio in different
groups was analyzed by chi-square test assuming the
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number of males and females in the control group as an
expected values and number of males and females in
TM-treated groups as obtained values. The difference in
the mortality among control and TM-treated groups was
analyzed using χ2 test. Size of the oocytes among control
and TM-treated groups was compared using ANOVA
followed by Tukey’s test for pair-wise comparisons. The
data on larval life history traits (SVL, body mass and larval period) was log-transformed and confirmed for normal distribution and homogeneity using Shapiro-Wilk
test and Levene’s test, respectively. Differences in the
larval life history traits among control and TM-treated
groups were analyzed using MANOVA, followed by
Scheffe’s test for multiple pair-wise comparisons. All the
tests were carried out in SPSS (version 19.0), and significance level was set at 0.05.

Results
Gonads of all the individuals were categorized into testis,
ovaries, and intersexes following the criteria described
previously (Phuge & Gramapurohit, 2015; Supplementary file). Sex ratio (number of males and females) in
control group was not significantly different than the
hypothetical 50:50 (Z = − 0.14, P = 0.44). There was no
significant difference in sex ratio between control and all
TM (25, 50, and 100 μg/l) treated groups (χ23 = 2, P >
0.057; Table 1). Testes of the males obtained in all the
treatment groups were categorized into three groups
based on the criteria described previously (Phuge & Gramapurohit, 2015; Supplementary file). In 80–90% of the
males obtained in each TM-treated group, testis development was advanced up to seminiferous tubule formation, meiosis, and appearance of spermatozoa (Table 2).
In the females obtained in all TM-treated groups, size of
the oocytes was larger as compared to the control (F3,156
= 127.76, P < 0.0001; Fig. 1).
Overall, there was a significant difference in the tadpole mortality among control and TM-treatment groups
(χ23 = 31.7, P < 0.0001). The mortality in 25 and 50 μg/l
TM-treated groups was comparable to the control (χ21 ≤
0.6241, P ≥ 0.43) while it was significantly higher in
100 μg/l TM-treated group (χ21 = 19.2, P = 0.0001; Table

1). A significant difference was observed in the larval life
history traits of the control and TM-treated groups
(Wilks’ λ F9,333 = 22.16, P < 0.0001). Further, univariate
analysis showed that SVL (F3,139 = 67.51, P < 0.0001),
body mass (F3,139 = 89.59, P < 0.0001), and larval period
(F3,139 = 19.36, P < 0.0001) were significantly different
among control and TM-treated groups (Fig. 2a–c). Froglets emerged from all TM-treated groups (25, 50, and
100 μl/l) were heavier and larger as compared to those
from the control (P ≤ 0.009; Fig. 2 a and b). Larval
period of the tadpoles treated with 25 μg/l TM was comparable to the control (P = 0.085) while tadpoles treated
with 50 and 100 μg/l TM took significantly longer to
metamorphose (P < 0.0001; Fig. 2c).

Discussion
Amphibians provide a valuable model for endocrine
disruption studies as their sexual development has no
maternal influence, and metamorphosis is governed
by thyroid hormones (Flament, 2016; Fort, Degitz,
Tietge, & Touart, 2007; Scholz et al., 2013). The species with accelerated type of gonad development are
good models to evaluate the potential of EDs that
affect sexual development as the susceptibility of the
gonad development can be assessed easily using histological methods (Phuge, 2018; Storrs & Semlitsch,
2008; Storrs-Mendez & Semlitsch, 2010). In endocrine
disruption studies, histological endpoints are most reliable as they provide direct evidence (Olmstead et al.,
2009; Phuge & Gramapurohit, 2015; Piprek, Pecio,
Kubiak, & Szymura, 2012; Storrs & Semlitsch, 2008).
Gonadal development of the frog E. cyanophlyctis is
an accelerated type (Phuge & Gramapurohit, 2015),
and therefore it is a good model to study endocrine
disruption potential of variety of chemicals.
TM has been used as a reference anti-estrogen in several endocrine disruption studies. Previous studies in
amphibians have shown that anti-estrogens TM and ICI
182780 (Faslodex) do not influence sex ratio (Bögi, Levy,
Lutz, & Kloas, 2002; Mackenzie, Berrill, Metcalfe, &
Pauli, 2003). However, TM restrains gonad development
in X. laevis leading to non-functional state (Bögi et al.,

Table 1 Effect of tamoxifen (TM) on sex ratio of E. cyanophlyctis at metamorphosis
Treatments

Control

Duration
of
exposure
(days)

Number
of
tadpoles
used

Tadpoles
survived

Sex ratio (%)
Male

Female

Intersex

0

60

50

44.89 (22)

46.93 (24)

8.16 (4)

TM 25 μg/l

109

60

52

38.46 (20)

50.00 (26)

11.54 (6)

TM 50 μg/l

130.

60

43

44.18 (19)

44.18 (19)

11.62 (5)

TM 100 μg/l

146

60

27*

48.14 (13)

29.62 (8)

22.22 (6)

Numbers in parenthesis indicate the number of individuals with different sexes
*indicates significant difference in mortality between control and particular group
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Table 2 Effect of Tamoxifen (TM) on testis development of E. cyanophlyctis at metamorphosis
Treatment

Germ and somatic cells (%)

Meiosis (%)

Control

100

-

Spermatozoa (%)
-

TM 25 μg/l

20

30

50

TM 50 μg/l

10

30

60

TM 100 μg/l

10

20

70

% indicates the number of males (out of ten) with particular developmental stage of testis

2002). TM treatment also induces follicular atresia and
reduces the number of oocytes in X. laevis (Cevasco
et al., 2008). In Rana esculenta, TM acts as an anti-estrogen at lower concentration, while its action is estrogenic at higher concentration (Rastogi & Chieffi,
1975). These results suggest that TM affects gonad
development depending on the species and the concentration used. TM is also reported to increase
plasma estradiol, brain LHβ, and FSHβ mRNA levels
in female frogs while in males frogs, it increases the
number of germ cells in testis (Cevasco et al., 2008;
Urbatzka, Bottero, Mandich, Lutz, & Kloas, 2007;
Urbatzka, Lutz, Opitz, & Kloas, 2006). Interestingly,
the effects of TM are contrasting in tadpoles and
adult frogs. For instance, it acts as an anti-estrogen in
adults of R. esculenta whereas in tadpoles, its action
is estrogenic (Rastogi & Chieffi, 1975). Results of the
present study showed that TM stimulates gonad development in both males and females. It needs to be
clear that accelerated gonad development in TMtreated groups is not a result of prolonged larval duration. For instance, in the group treated with the lowest concentration (25 μg/l) of TM, mature testes were
seen in 50% males, and larger oocytes were observed
in females, where the larval period (119.3 ± 4.61) was
not significantly different than control (105.76 ± 3.27;
Fig. 2). In E. cyanophlyctis, testes mature after 2

months of metamorphosis (Phuge & Gramapurohit,
2013). The difference between larval period of control
and tamoxifen-treated groups (TM 50 μg/l, 140.07 ±
7.57 and TM 100 μg/l, 155.96 ± 6.87) is less than 2
months.
Several studies reporting the effect of exogenous estrogen have shown its importance in ovary development of amphibians (Flament, 2016; Phuge &
Gramapurohit, 2015). These estrogenic compounds
produce female biased sex ratio, stimulate ovary development, and disturb testis development (Mali &
Gramapurohit, 2016; Phuge & Gramapurohit, 2015;
Storrs & Semlitsch, 2008; Storrs-Mendez & Semlitsch,
2010). But the role of estrogen in ovary differentiation
of amphibians is not clear (Flament, 2016). In some
studies, pharmaceutical anti-estrogens (including TM)
have been used to understand the role of estrogen in
ovary differentiation (Bögi et al., 2002; Mali & Gramapurohit, 2016; Ohtani, Miura, & Ichikawa, 2003;
Rastogi & Chieffi, 1975). Anti-estrogenic chemicals inhibit/restrain ovary differentiation/development and
produce male biased sex ratio (Bögi et al., 2002;
Ohtani et al., 2003; Olmstead et al., 2009; Rastogi &
Chieffi, 1975). TM was primarily designed as an estrogen receptor (ER) inhibitor and used for breast
cancer treatment. However, its action as an ER agonist or antagonist depends on the tissue. For instance,

Fig. 1 Effect of tamoxifen (TM) on oocytes size. Asterisk (*) indicates significant difference in oocytes size between control and particular group
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Fig. 2 Effect of tamoxifen (TM) on life history traits of E. cyanophlyctis. a Effect of TM on snout-vent length (SVL). b Effect of TM on body mass. c
Effect of tamoxifen on larval period. Asterisk (*) indicates significant difference in SVL, body mass, and larval period between control and
particular group

it competitively binds to ER and downregulates their
expression in mammary gland cells, while upregulates
ER expression in ovary making it prone to cancer
(Jordan, 1994; Osborne & Schiff, 2011). It seems that
TM action is ambiguous in E. cyanophlyctis and

stimulates gonad development through a mechanism
currently unknown.
Several estrogenic and anti-estrogenic water-borne
chemicals are known to influence larval life history traits
of amphibians (Olmstead et al., 2009; Phuge &

Phuge The Journal of Basic and Applied Zoology

(2020) 81:19

Gramapurohit, 2015; Storrs & Semlitsch, 2008). Some of
these chemicals modulate thyroid hormone synthesis/
function through hypothalamic–pituitary–thyroid axis
and stimulate or delay metamorphosis (Carr & Patiño,
2011). TM may have direct or indirect effect on hypothalamic–pituitary–thyroid axis and probably disrupting
thyroid function leading to the increased larval period.
Long larval period could have resulted in increased body
mass and size at metamorphosis in E. cyanophlyctis. Alternate explanation for increased size and body mass of
the froglets in TM-treated groups could be that TM acts
as ER agonist (by mimicking estrogens) and stimulates
bone growth (Krum et al., 2008; Nakamura et al., 2007).
Exogenous estrogen treatments during tadpole development have been reported to increase larval duration and
body mass (Hogan, Lean, & Trudeau, 2006; Phuge &
Gramapurohit, 2015). Moreover, 17β-estradiol is also
known to accelerate skeletal growth in amphibians
(Bauer-Dantoin & Meinhardt, 2010).
Water contaminations are a major threat to amphibians and contribute significantly in their decline
(Hayes, Falso, Gallipeau, & Stice, 2010; Orton & Tyler, 2015). The frog E. cyanophlyctis is widely distributed and breeds in all kinds of water-bodies where its
tadpoles may get exposed to variety of water contaminants. TM is frequently detected ED in sewage effluent and river waters (Petrie et al., 2015; Zhang et al.,
2008). The concentrations of tamoxifen used in the
present study were much higher than those found in
contaminated water-bodies. However, tamoxifen is
known to bioconcentrate in aquatic animals at much
higher concentration than environmental relevant
concentrations (Orias et al., 2015).

Conclusion
Present study clearly demonstrated that TM stimulates
sexual development and somatic growth. Generally,
endocrine disrupters have either stimulatory or inhibitory action on gonads (Brüggemann et al., 2018). In the
present study, TM stimulated both testes and ovary development of E. cyanophlyctis. TM has diverse effects in
amphibians depending on the tissue and the stage of the
development. Results of the present study will be helpful
to understand the mechanism of action of TM in amphibians and define additional criteria for endocrine disruptors. These results will also be useful in developing E.
cyanophlyctis as an indigenous model to study endocrine
disrupting potential of various pharmaceuticals.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s41936-020-00161-3.
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