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Abstract

Endocrine disruption compounds (EDC) are known to affect reproduction, development, and growth of exposed organisms.
Although in vertebrates, EDCs mainly act through steroid receptors (e.g. androgen and estrogen receptors), their absence in many
invertebrates suggests the involvement of another biological pathway in endocrine disruption effects. As retinoid signaling pathway
is present in almost all Metazoa and its involvement in the endocrine disruption of gastropods (i.e. imposex) has been demonstrated,
the present work was devoted to investigating the relative mRNA variations of two retinoid receptors genes, retinoid X receptor
(RXR) and retinoid acid receptor (RAR), in the freshwater rotifer Brachionus calyciflorus exposed for 6, 12 and 24 h to flutamide,
fenitrothion and cyproterone acetate, three anti-androgens known to disrupt sexual reproduction of Brachionus sp. Results revealed
that fenitrothion did not affect the relative mRNA levels RXR and RAR in B. calyciflorus, whereas RXR and RAR mRNA levels
could be significantly increased by 2 to 4.5-fold and from 2 to 7-fold after exposure to flutamide and cyproterone acetate,
respectively. Moreover, the effects of flutamide and cyproterone acetate were measured from 6 and 12 h of exposure, respectively.
Cyproterone acetate caused the highest increase of RXR and RAR mRNA levels, probably due to its progestin activity in addition
to its anti-androgenic activity and the potential presence of a membrane-associated progesterone receptor as reported in Brachionus
manjavacas. Consequently, although it is still difficult to evaluate the hormonal pathways involved in the endocrine disruption in
Brachionus sp., this work suggests that the retinoid signaling pathway appears to be a good starting point to try to elucidate the
molecular mechanisms involved in sexual reproductive dysfunction in Brachionidae.
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Introduction

Endocrine Disrupting Compounds (EDCs) have become a
major concern in ecology becausee of their ability to
interfere with mechanisms related to the endocrine system
of exposed organisms, and thus disrupt biological processes
such as reproduction, development and growth (Matthiessen
2003; World Health Organization (WHO) 2002). In the
beginning, many studies carried out in vertebrates showed
that EDCs act through estrogen and/or androgen receptors,
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either agonists or antagonists (Matthiessen and Sumpter
1998). Consequently, invertebrate orthologs of these
receptors are potential targets for EDCs, and could be
involved in endocrine disruption. However, to date, steroid
receptors have not been identified in all invertebrates. For
example, although estrogen receptors orthologs have been
reported in mollusks (Thornton 2003; Zhang et al. 2012) or
annelids (Lv et al. 2017), these receptors are absent in
Ecdysozoans. This suggests that other signaling pathways
may be impacted by EDCs, such as the retinoic pathway,
via the nuclear retinoid X (RXR) and retinoid acid (RAR)
receptors (Novdk et al. 2009; Santos et al. 2012). RXR are
the most widely found in metazoans with high homology
between taxa and reportedly targeting multiple signaling
pathways. On the contrary, RAR were initially restricted to
chordates, but advances in genome sequencing in inverte-
brates have revealed the presence of RAR in other organ-
isms such as ambulacrarians (sea urchins) and
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lophotrochozoans (annelids and molluscs) (Handberg-
Thorsager et al. 2018; André et al. 2019). While RXR act
either as homodimer or heterodimer with other nuclear
receptors (e.g. peroxisome proliferator-activated receptors),
RAR are mainly active in form of RAR/RXR heterodimers,
where RXR is a silent partner that requires no ligand
(Germain et al. 2003).

RXR and RAR are mainly activated by small lipophilic
ligands (e.g. 9-cis retinoic acid, all-frans retinoid acid—
Dawson and Xia 2012); therefore, many studies have
focused on EDCs effects on retinoid pathways, for example
in vertebrates (e.g. chordates) (Novak et al. 2008). The
effects of EDCs on the retinoid signaling pathway in
invertebrates have received less attention, mainly due to the
lack of knowledge about the endocrine system regulation,
although previous investigations have highlighted the reti-
noid pathway involvement, for example, in the reproduction
regulation of crustaceans (Cui et al. 2013; Venkaiah et al.
2019), accentuating their potential involvement in endo-
crine deregulation. So far, the best known EDC effect on
invertebrates is the imposex phenomenon (i.e. masculini-
zation of female gastropods) observed in almost 150 gas-
tropod species exposed to tributyltin (TBT) (Titley-O’Neal
et al. 2011), and which has been linked, in many studies, to
inappropriate modulations of RXR (Abidli et al. 2013;
Nishikawa et al. 2004; Lima et al. 2011; Stange et al. 2012).

Among invertebrates, rotifers often dominate zooplankton
populations, especially monogonont species (Ooms-Wilms
et al. 1999; Viroux 1999). Monogononts are cyclical parthe-
nogenic species, that go through episodic sexual reproduction
in the presence of diverse environmental cues (Gilbert 2003).
Consequently, the monogononts reproduction, especially Bra-
chionus sp., has been used in ecotoxicology to evaluate the
EDC effects caused by xenobiotic exposures, and it was shown
that the sexual reproduction is more sensitive to certain che-
micals than asexual reproduction (Snell and Carmona 1995; Xi
and Feng 2004). Moreover, previous investigations shown that
some chemicals known to be EDCs to vertebrates, such as
flutamide, fenitrothion and cyproterone acetate (i.e. all anti-
androgens) impact the sexual reproduction of rotifers at con-
centration sometimes down to 50 times lower than the No
Observed Effect Concentration (NOEC) for asexual reproduc-
tion (Preston et al. 2000; Snell and Joaquim-Justo 2007; Gis-
mondi et al. 2019). In fact, Preston et al. (2000) demonstrated
that exposures to flutamide (non-steroidal anti-androgen) at 1
and 10pug L™ decreased the fertilization rate and the resting
egg production of Brachionus calyciflorus females. In the same
way, Ferrando et al. (1996) highlighted that the organopho-
sphorus pesticide fenitrothion decreased the intrinsic rate of
natural increase, generation time, net reproductive rate, and life
expectancy of B. calyciflorus; while Lv et al. (2010) observed
that fenitrothion caused an increase in the duration of the
juvenile period, reproductive period, and lifetime reproduction
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in the same organism. Recently, Gismondi et al. (2019)
underlined an increase of the number of oocytes in B. calyci-
florus neonate females which mothers has been exposed to the
cyproterone acetate, an anti-androgen and progestogen syn-
thetic steroid.

Although these studies demonstrated that some steroid
compounds disturb the sexual reproduction of Brachionus
sp., Kim et al. (2017), who investigated nuclear receptors of
Brachionus sp., highlighted the absence of steroid receptors
(e.g. androgen receptor, progesterone receptor) in four
Brachionus species. Only an estrogen receptor was dis-
covered in all studied species, but its role remains unclear if
we consider that previous works didn’t observe endocrine
disruption effects caused by an estradiol exposure in B.
plicatilis (Gallardo et al. 1997) and B. calyciflorus (Preston
et al. 2000). Endocrine disruption studies in B. calyciflorus
shows that Brachionus sp. are more sensitive to androgen
and anti-androgen compounds than estrogenic ones. How-
ever, the absence of an androgen receptor (Kim et al. 2017)
suggests the involvement of other nuclear receptors. Con-
sequently, due to the presence of RXR and RAR in B.
calyciflorus (Kim et al. 2017), the present work was devoted
to studying the effects of flutamide, fenitrothion and
cyproterone acetate, three anti-androgenic compounds that
disrupt the sexual reproduction of B. calyciflorus (Ferrando
et al. 1996; Preston et al. 2000; Gismondi et al. 2019), on
the relative mRNA levels of RXR and RAR, to assess
whether the retinoid signaling pathway could be a good
starting point in understanding the molecular mechanisms
involved in the endocrine disruption of rotifers.

Material and methods
Experimental animals

The B. calyciflorus (Pallas) strain used in tests comes from
batch production of cysts at the Georgia Institute of Tech-
nology (GA, USA) of a strain originally collected in tem-
porary pounds in 1983 by Snell in Gainesville (FL) (Snell
et al. 1991). Since then, it has been cultured continuously
with periodic collection and storage of resting eggs (cysts).
Therefore, initial test animals were obtained by hatching
cysts at 25 °C under continuous illumination.

Exposure conditions, RNA extraction and cDNA
synthesis

The study was carried out using 3 concentrations of each
chemical: fenitrothion (0.01, 0.1, 1mg L*I), flutamide
(0.01, 0.1, 1 mg Lfl) and cyproterone acetate (CPA—0.02,
0.2, 2mg L"), chosen according to results of preliminary
tests so that the highest concentration tested was close to the
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Table 1 Specific primers used to

. Genes Primers Efficiency Primers final concentration Sequences (5'-3")
evaluate and normalized the
variation of mRNA levels of RXR RXR-F 970%  150nM CTG CAG CTG CCG CTA TAA ATG
RXR and RAR by real-
time PCR RXR-R ACC CTC ACA ACT ATG CAC ACC
RAR RAR-F 98.4% 150 nM CAA ACA ACA AGC TCT TCA CTG CC
RAR-R GCT TCT TTT GAC ATT CCA ACA GCG
EFla EFla-F  99.2% 150 nM AGC CGA AAG AGA ACG TGG TAT
EFla-R CGG CTT GTG ATG TAC CAG TG

no observed effect concentration (NOEC) for asexual
reproduction (data not shown). Test solutions were firstly
prepared in acetone and then diluted in Volvic’ mineral
water (final acetone concentration: 0.02 % v-v); therefore, a
solvent control, called thereafter “acetone” (0.02% v-v),
was also performed. Although a preliminary investigation
showed that acetone 0.02% v-v doesn’t impact the asexual
reproduction of B. calyciflorus (data not shown), a control
condition (Volvic mineral water only) was performed to
ensure the absence of acetone effect on both gene expres-
sions. No significant differences were observed between
control and acetone conditions (Anova test, p-value > 0.05);
consequently, thereafter, relative mRNA levels measured in
exposure conditions were only compared to acetone control.

In order to evaluate the effects of EDCs at the molecular
level, the experiments were carried out under the same condi-
tions as previous studies demonstrating effects on the repro-
duction of B. calyciflorus. Briefly, exposures were carried out in
16 x 150 mm glass test tubes containing 12 mL of exposure
media. Two hundred neonate B. calyciflorus females aged of 4 h
were placed in each test tube and incubated in the dark at 25 °C
for 6, 12 and 24 h. Rotifers were not fed during the exposure to
avoid chemical adsorptions on food. Three replicates were run
for each concentration of tested chemicals and acetone.

At the end of each time of exposure, total RNA of rotifers
was extracted using the Nucleospin RNA XS kit (Macherey-
Nagel, Germany) following the manufacturer’s instructions
which included an on-column DNA digestion. The RNA
integrity was checked on a 1.5% agarose gel electrophoresis in
TAE buffer (Tris 40 mM, acetic acid 1 mM, EDTA 40 mM).
Then, RNA concentrations were measured using a NanoDrop
ND-1000 spectrometer (NanoDrop, USA), and all ratios A260/
280 were between 1.9 and 2. Reverse transcriptions were
performed on 150 ng total RNA, using the RevertAid First
Strand cDNA Synthesis Kit (Thermo Scientific) with random
hexamers, and following the manufacturer’s protocol.

gPCR analysis

RXR and RAR primers were designed according to the
sequence available on GenBank database (respective
accession numbers: MF360875, MF360874—Kim et al.
2017) (Table 1), and the optimal concentration of primers

was evaluated across three final concentrations (i.e., 150,
300, and 600 nM). Dilutions of a cDNA mixture (i.e., a
mixture of 1 ul of each sample) between 1:2 and 1:128 were
also tested to estimate the polymerase chain reaction (PCR)
efficiency of primers (Table 1). Two no template controls
per primer pair were performed as the negative control to
assess external contamination resulting in a non-specific
increase of the fluorescence signal.

PCR analyses were carried out on a final volume of 10 uL.
containing 2 uL of diluted cDNA, 5 uL of iTag™ Universal
SYBR® Green Supermix (BioRad, Temse, Belgium), 1 uL. of
primer mix and 2 puL. of water. PCR program consisted of 15-
min initial denaturation at 95 °C followed by 44 cycles of
denaturation at 95°C for 15s, annealing/polymerization at
59 °C for 45s. After amplification, a melting curve of PCR
products (65-95 °C with 0.5°C increments at 5 s/step) was
performed to ensure the absence of artefacts amplification. The
relative transcript levels of RXR and RAR were calculated
using the 2742 method (Livak and Schmittgen 2001) con-
sidering the PCR efficiency. Results were normalized using
elongation factor 1-alpha (EFla) as housekeeping gene and
acetone group, as control group.

Statistical analysis

Statistical analyses were carried out with the Addinsoft (2019).
The data met normality and variance homogeneity which were
tested with the Shapiro—Wilk and the Bartlett tests, respec-
tively. In order to test the influence of exposure conditions,
ANOVA test was performed on data obtained at each duration
of exposure, followed by Tukey’s HSD post hoc tests, to
describe significant differences as compared to respective
acetone control. A probability value of less than 0.05 was
regarded as significant.

Results

Variations of RXR mRNA level
RXR mRNA level was measured in B. calyciflorus exposed

at three concentrations of three anti-androgen compounds
during 6, 12 and 24 h. Results obtained after each duration
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Fig. 1 Relative mRNA levels of RXR in B. calyciflorus exposed to
fenitrothion 0.01, 0.1, and 1 mg L! (A), flutamide 0.01, 0.1, and
1 mg L~ (B), and cyproterone acetate 0.02, 0.2, 2mg L~ (C) for 6,
12, and 24 h. In parallel, a negative control (i.e., acetone) was per-
formed. Histogram bars represent means + standard deviation (n = 3).
For each duration of exposure, asterisks indicate significant differ-
ences as compared to respective acetone control (P <0.05)

of exposure to fenitrothion did not show significant differ-
ence in RXR mRNA levels, whatever the fenitrothion
concentration and the duration of exposure (Fig. 1A).

In B. calyciflorus exposed to flutamide, relative mRNA
level of RXR was influenced by the concentration and the
time of exposure (ANOVA, p-value <0.05; Fig. 1B). RXR
mRNA level was unchanged after 6 h of exposure, regardless
the concentration of exposure. At 12 h of exposure, no change
was measured at the lower flutamide concentration (i.e.
0.01 mg L’l), while RXR mRNA level was 2.7- and 1.8-fold
increased at 0.1 and 1 mgL™', respectively, as compared to
respective control (Fig. 1B). Finally, a 24 h exposure caused
an increase of the relative mRNA level of RXR from 3 to 4.5-
fold as compared to the control group, whatever the exposure
concentration.

After exposure to cyproterone acetate, RXR mRNA level
was also modified in B. calyciflorus, according to the con-
centration and the time of exposure (Fig. 1C). After 6 h of
exposure, an increase of RXR mRNA level was only
measured at 0.2 mg L™, as compared to respective control;
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Fig. 2 Relative mRNA levels of RAR in B. calyciflorus exposed to
fenitrothion 0.01, 0.1, and 1 mg L' (A), flutamide 0.01, 0.1, and 1 mg
L! (B), and cyproterone acetate 0.02, 0.2, 2 mg L' (C) for 6, 12, and
24h. In parallel, a negative control (i.e., acetone) was performed.
Histogram bars represent means + standard deviation (n = 3). For each
duration of exposure, asterisks indicate significant differences as
compared to respective acetone control (P <0.05)

whereas after 12 h of exposure, 0.02 and 0.2 mg L~! both
induced a 2.2-fold increase of relative mRNA level of RXR.
Finally, the 24 h exposure to CPA resulted to the increase of
RXR mRNA levels from 5 to 7-times, as compared to
respective control, regardless the concentration of exposure.

Variations of RAR mRNA level

As RXR gene, RAR mRNA level was measured in B.
calyciflorus after 6, 12 and 24 h of exposure at three con-
centrations of fenitrothion, flutamide and cyproterone
acetate.

Relative mRNA level of RAR was not significantly
changed after fenitrothion exposure, except after 6 h of
exposure to fenitrothion 0.1 mgL~! where it was twice
decreased (Fig. 2A).

In B. calyciflorus exposed to flutamide, RAR mRNA
level was influenced by flutamide concentration and time of
exposure (Fig. 2B). After 6 h of exposure, relative mRNA
level of RAR was halved at 0.01 and 1 mg L™ of flutamide,
but no change was observed at 0.1 mgL~'. Besides,
although no significant differences were observed after 12 h
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of exposure, relative mRNA level of RAR was significantly
7.3+, 3.9- and 5.6-fold increased after a 24-h exposure to
0.01, 0.1 and 1 mgL~" flutamide, respectively.

After exposure to cyproterone acetate, RAR mRNA level
was also modified in B. calyciflorus, according to the con-
centration and the time of exposure (Fig. 2C). Results
revealed that relative mRNA level of RAR was 1.5-fold lower
after 6 h of exposure to CPA 2mgL~! and has been 3 times
less expressed after 12 h of exposure to CPA 0.02mgL ™", as
compared to respective acetone group. Finally, after 24 h of
exposure, RAR mRNA level was from 4.7 to 6.4 times sig-
nificantly increased, regardless the CPA concentration.

Discussion

One of the major challenges in assessing the toxicity of
endocrine disrupting compounds is the understanding of their
mechanisms of action. Therefore, this present work aimed at
investigating the in the relative mRNA levels of the retinoid
X receptor (RXR) and retinoid acid receptor (RAR) in Bra-
chionus calyciflorus exposed to flutamide, fenitrothion and
cyproterone acetate, three anti-androgen compounds known
to disrupt the sexual reproduction of rotifers (Preston et al.
2000; Snell and Joaquim-Justo 2007; Gismondi et al. 2019).
Among the compounds tested in this study, fenitrothion was
the only one that did not induce significant change the rela-
tive mRNA levels of RXR and RAR. Ferrando et al. (1996)
and Lv et al. (2010) highlighted fenitrothion effects on B.
calyciflorus reproduction such as a decrease of the intrinsic
rate of natural increase, the net reproductive rate, and the
lifetime reproduction. These disturbances could be the con-
sequence of indirect or direct effects of fenitrothion on the
endocrine system of B. calyciflorus. Our results showed no
effect of fenitrothion on RXR and RAR mRNA levels sug-
gesting that retinoid signaling pathways seem not involved in
the EDC effects caused by fenitrothion. Several hypotheses
could explain these results, starting with the fact that the
effects of fenitrothion on B. calyciflorus reproduction
observed in Ferrando et al. (1996) and Lv et al. (2010) were
measured after several days of exposure, while our study
focused on studying changes in the RXR and RAR mRNA
levels, from the first 24 h of exposure. Consequently, we can
assume that, if endocrine disruption effects of fenitrothion are
directly mediated through retinoid pathways, they could
occur after 24 h of exposure of B. calyciflorus. EDC effects
observed after fenitrothion exposure could also be the con-
sequence of the interaction with other receptors, because
fenitrothion is known to be an androgenic receptor antago-
nist, however no androgenic receptor was discovered in four
different Brachionus species (Kim et al. 2017). From another
point of view, the main fenitrothion effects observed in
previous studies were measured on the sexual reproduction of

B. calyciflorus. However, our results were obtained on
asexual females, since the hatching of resting eggs produce
only asexual females (Gilbert 2003) and that no males or
cysts, both proven a sexual reproduction, were identified at
the end of each duration of exposure (i.e. 6, 12 and 24 h). It
could thus be assumed that the disruption of the sexual
reproduction observed after exposure to fenitrothion could be
caused by fenitrothion effects on males rather than females,
for example on spermatogenesis or sperm quality, as it has
already been observed in rats (Taib et al. 2013). Finally, it
cannot be ignored that fenitrothion is known to be a choli-
nesterase inhibitor and that it has been observed in rats that
inhibition of cholinesterase can reduce serum levels of
growth hormone and thyroid hormone (Smallridge et al.
1991). However, the limited knowledge of the endocrine
system of rotifers (e.g., no known hormones) does not
yet allow this hypothesis to be tested.

Flutamide and cyproterone acetate caused changes in the
relative levels of RXR and RAR mRNA after the first 12h
of exposure (i.e. a decrease in the RAR mRNA level and an
increase in the RXR mRNA level), suggesting that the two
pollutants affect the two receptors differently during the first
few hours of exposure. These results could be the con-
sequence of the impact of flutamide and cyproterone acetate
on the metabolism of ligands, which could be different for
both receptors (Allenby et al. 1993). In fact, Kamei et al.
(1993) observed in mouse that RAR mRNA expression was
rapidly (within 2 h) induced by exposure to its ligand, the
all-trans retinoid acid. Similarly, Mangelsdorf et al. (1992)
highlighted in rats and mouse that 9-cis retinoic acid (ligand
of RXR) exposure induced an increase of mRNA levels of
RXR. For example, it can be hypothesized that the decrease
in RAR mRNA level could result from a decrease in all-trans
retinoic acid content, which would be consistent with the
results of Zhou et al. (2019) who measured a decrease in all-
trans RNA concentration in rats exposed to flutamide.
Similarly, increases in RXR mRNA levels, especially
observed at 12 h of exposure, could be related to the increase
in 9-cis retinoic acid concentration. Conversely, both fluta-
mide and cyproterone acetate caused a significant increase in
both RXR and RAR mRNA levels after 24 h of exposure.
Preston et al. (2000) shown decrease of the fertilization rate
of B. calyciflorus exposed to 1 and 10 ug L™" of flutamide.
Besides, although higher flutamide concentrations were not
tested in Brachionus sp., Haeba et al. (2008) observed a
delay in the maturity of Daphnia magna (and thus an
increase in the time to first reproduction) when exposed to
1 mgL~" of flutamide, explaining this result by a potential
interaction of flutamide with steroid receptor analogs in
Daphnia. In the same way, oocysts and resting eggs pro-
ductions were increased in B. calyciflorus exposed to CPA,
and a cross-mating experiment confirmed that CPA effects
on B. calyciflorus reproduction were caused through females
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rather than males (Gismondi et al. 2019). Knowing that B.
calyciflorus and Daphnia sp. have no androgen receptor
(Thomson et al. 2009; Litoff et al. 2014; Kim et al. 2017), it
could be assumed that the effects of flutamide and cypro-
terone acetate on organism reproduction could be mediated
through another signaling pathways which could potentially
be the retinoid signaling pathway, considering the present
results. This assumption is corroborated by the fact that
concomitant significant increase the relative mRNA levels of
RXR and RAR, known to act as heterodimers (Germain
et al. 2003), have been observed after 24 h of exposure to
flutamide or cyproterone acetate. Moreover, Bettin et al.
(1996) shown in gastropods that cyproterone acetate was
able to inhibit imposex induction by TBT, known to act
through RXR pathways (Abidli et al. 2013; Lee et al. 2019;
Nishikawa et al. 2004; Lima et al. 2011; Stange et al. 2012).
Similar profiles of expression after 24 h of exposure could
result from a change in the metabolism of the 9-cis-retinoid
acid which can bind to both RAR and RXR. However,
further studied are necessary to confirm this assumption.
Finally, it cannot be ignored that other endocrine path-
ways may be involved in the endocrine disruption effects
caused by anti-androgenic compounds. For example,
cyproterone acetate has also been shown to have low pro-
gestin activity (Poyet and Labrie 1985). Therefore, the
effects of CPA could be related to the presence of a
membrane-associated progesterone receptor (MAPR),
which has been reported in B. manjavacas and B. plicatilis
(Stout et al. 2010; Smith et al. 2011). However, to date,
there is no evidence of MAPR in B. calyciflorus.
Consequently, further research is needed to better
understand the endocrine system and endocrine disruption
of rotifers. For example, future approaches could involve
evaluating the potential binding between anti-androgenic
compounds (i.e. flutamide and cyproterone acetate) and the
two retinoid receptors to assess the activation or inhibition
of signaling pathways. It would also be interesting to
determine the presence of MAPR and to study its involve-
ment in the endocrine system and its disruption. Finally,
transcriptomics (i.e. RNA-seq) could provide more infor-
mation and knowledge about the signaling pathways
potentially involved in the endocrine disruption caused by
these anti-androgens, but the limited knowledge of the
endocrine system of B. calyciflorus could prevent this.

Conclusion

The present work was devoted to studying the modulation
of RXR and RAR mRNA levels in the monogonont B.
calyciflorus exposed to fenitrothion, flutamide and cypro-
terone acetate, three anti-androgens known to disrupt the
sexual reproduction of rotifers. The results showed that,
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with the exception of the fenitrothion pesticide, flutamide
and cyproterone acetate increased the relative mRNA levels
of both RXR and RAR genes, in the first 24 h of exposure.
In addition, CPA appeared to have a higher impact on RXR
and RAR mRNA levels than flutamide, probably due to its
progestational activity and the presumed presence of a
membrane-associated progesterone receptor, as reported in
B. manjavacas and B. plicatilis.

To conclude, although it is still difficult to confirm the
involvement of the retinoid pathway in the endocrine dis-
ruption in Brachionus sp., and that further investigations are
necessary to study and prove the interaction between EDC
compounds and the retinoid receptors, results of this work
suggest that the retinoid signaling pathway seems to be a
good starting point for trying to understand the mechanisms
of action related to the dysfunction of sexual reproduction
of Brachionidae.
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