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Abstract

For a meaningful interpretation of sub-lethal effect on fish, we have conducted a series of studies with a relevant environmental
concentration of a mixture of herbicides, Atrazine, simazine, diuron and isoproturon (ASDI) to observe endocrine-disruption
in goldfish under controlled laboratory conditions. Carassius auratus were exposed to 50ug/l of ASDI mixture for 12 weeks.
Recorded mid-term assays shows, significant increased levels of cortisol and aromatase after 4-weeks. Reduction in aromatase
activity at 8 and 12 weeks is followed by estradiol (E2) showing a positive correlation between them. Hence, 11-Keto reduced
significantly at 4-8 weeks and enhanced at 12 weeks. Remarkable reduction in E2 and 11-Keto may be correlated with the
reduced egg production in stressed fish by these herbicides. However, no remarkable change in testosterone is observed
at 4 and 12 weeks as compared to the control. ASDI mixture treatment induced remarkable induction in vitellogenin (Vtg)
biomarker protein in male stressed fish. Furthermore, it may confer that modulation in the pathway of the reproductive cycle
may alter the gamete quality, quantity and consequently may disrupt spawning and mating behaviour in fishes even at a

realistic level of pollutant in the environment.
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Introduction

Low-level chemicals exposure may adversely affect several
ecosystems whose mode of action may disrupt the normal
endocrine function. The organic chlorine compounds like
pesticides, fungicides and herbicides are in particular responsible
to load ponds, wetlands and other aquatic habitats through
runoff from agricultural fields and industrial settings. There are
some extensively used categories of pesticides affecting aquatic
organisms and humans directly or indirectly [2]. Among these
popular pesticides are the herbicides that are suspected to induce
reproductive dysfunction in aquatic animals [20,46]. Therefore, the
possible harmful consequences of these chemicals are hormonal
disruption and subsequent impairment in reproduction and
development by interfering with the function of enzymes involved
in steroid synthesis and inhibition [33]. Steroid regulates various
biological processes including reproductive development, immune
and stress responses. Moreover, they are well known to regulate
immune response by steroid-receptor dependent and steroid-
receptor independent mechanism in different types of fish immune
cells. Habitants of the aquatic environment are adversely affected

by the ubiquitous presence of these xenobiotics at low level for
a long duration. Their mode of action is to disrupt endocrine
function and imposes a challenge to the sexual development of
animals. It is of great concern for ecotoxicological researchers to
avoid their hazardous and retrogressive effect due to their function
as hormone mimic compounds [31]. As well researchers should
focus on studies whether they act in an additive, synergistic, or
antagonistic manner [22]. However, environmental concentrations
of these pesticides in the freshwater system are declining due to
the restriction taken to limit their use and discharge in the aquatic
system. But low degradation rate of studied herbicides caused
their presence above the permissible level in the drinking water of
Belgium (EAEW report, 1998) and aquatic environments despite
restriction policies [27,22].

Triazine (atrazine and simazine) and phenyl urea (diuron and
isoproturon) are among the most widely used herbicides in the
world. Several studies have been conducted in the past few years
to address the gonadal abnormalities due to altered sex steroid
concentration by atrazine [6,37,40], simazine [24,38,42], diuron
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and isoproturon [15, 12,10,16]. For a meaningful interpretation of
toxic effects in fish, knowledge of sub-lethal events is essential
and for this reason, we have conducted a series of studies with a
relevant environmental concentration of a mixture of triazine and
phenyl urea herbicides; Atrazine, simazine, diuron and isoproturon
(ASDI) pollutants and using immune and endocrinological changes
as principal endpoints under controlled laboratory conditions
[9]. Goldfish (Carassius auratus) were exposed to a cumulative
concentration of 50pug/l of ASDI mixture for 12 weeks which
was reported above the permissible level in the drinking water of
Belgium (EAEW report, 1998) and nearby aquatic environments,
confirming some of these herbicides still persistence despite
restriction policies [1,27]. Because there is increasing evidence that
supports a bi-directional relationship between the endocrine and
immune systems in fish [34]. Of particular interest is the mixture
of herbicides ASDI at their realistic level in the environment
causing endocrine disruption at the biochemical level. There
is a growing awareness that these chemicals may function as
hormone mimic and effect on the endocrine system. Further the
present study focused on potential and sensitive marker like Vtg in
goldfish to explore the potential biomarkers for combined effect of
herbicides at low realistic concentration biomonitoring in aquatic
environments. As well studies should focus on the cocktail of these
pollutants at their realistic concentration in the water bodies and
investigate their deleterious effects on the fish population.

Methods

Chemical Preparation

To observe the mode of action of 4-herbicides mixture i.e., Atrazine
(A), Simazine (S), Diuron (D) and Isoproturon (I) were purchased
from Sigma (Aldrich) for the experiment. Each herbicide was
first dissolved in acetone to give a final concentration of 50ug/l.
The acetone concentration-1pl/ml was maintained in the exposure
media. Then the solution was mixed with 1L-distilled water at
37-40 °C with continuous stirring to evaporate acetone. Prior to
exposure of fish in experimental tanks, the degradation rate of
each experimental herbicide (ASDI) in water recirculation tanks
was evaluated by high pressure liquid chromatography (HPLC).
Degradation rate and half-life values of these herbicides were
evaluated different through HPLC. Therefore, the treatment of
ASDI mixture was decided to refresh twice a week to maintain
the optimal desired concentration of each experimental chemical
in the experimental tanks. Water samples were collected twice a
week from both groups to maintain the desired constant levels
of each herbicide. These water samples were analysed by HPLC
during the exposure duration too. The recorded average value
for degradation of Atrazine (42+9.5), Simazine (41+7.8), Diuron
(41.5148.4) and Isoproturon (47+8.4) were observed. The mixture
of these herbicides solution was finally poured in re-circulatory
system of tanks made available for these studies.

Maintenance of Experimental Fish

The experiment was performed at department of Biology, University
of Namur, Belgium for the treatment of ASDI, Goldfish (Carassius
auratus) of 18.1 + 2.7 cm length and weight 71.6 + 33.3 g were

used in the present study collected from rearing university pond.
They were maintained in 100 I capacity PVC tanks. Experimental
fish were acclimatized for three weeks and fed commercial pellets
(Cyprico, 4949, Coppens International, The Netherlands). Thirty
fish per tank were randomly allotted to series of six tanks which
were equipped with well-aerated, re-circulated water, passing
through a mechanical filter. Goldfish were provided with 16h light:
8h dark photoperiod. Water quality was monitored for unionised
ammonia, nitrate, nitrite, pH, dissolved oxygen, and temperature
at least twice a week throughout the experiment to maintain its
optimal level. The average values (£S.D.) of dissolved oxygen:
8.61+0.67; 8.14+0.86, temperature: 19.55+2.03; 20.15+1.997,
ammonia: 0.35+0.2; 0.2940.12, nitrate: 4.35£1.83; 4.65+1.71,
nitrite: 0.006+0.01; 0.01+0.4, were measured in control and ASDI-
treated tanks, respectively throughout the experimental duration.

ASDI Exposure and Analytical Procedures

Thirty fish of mixed sex per tank were allocated to four tanks
representing two replicated groups of both control and ASDI-
treated fish. After acclimatization, the fish were exposed to
50pg/1-ASDI for 12 weeks which have given noticeable results
in our immunological investigations [9]. From the same group of
goldfish, three fish from each tank (12 fish per treatment) at 4,
8, and 12 weeks were used to determine plasma hormones. Fish
were anaesthetized with 120 mg/l amino-benzoic acid (Sigma-
Aldrich, Belgium) before drawing the blood by caudal puncture in
heparinized syringes. Blood samples were centrifuged at 10,000g
for 10 min and separated plasma frozen at -20°C until assayed for
steroids (radioimmunoassay). After measurement of fish length
and weight, brain and gonads were dissected out, weighed and
immediately kept in liquid nitrogen and frozen at -80 °C until used.

Tissue Preparation/Homogenate

Brain was carefully removed, weighed, homogenized in nine
times its weight in ice-cold phosphate buffer (KPO,, pH 7.4). The
tissue was homogenized for 30 seconds by up-and-down strokes
at 400 rpm in the Potter-Elvehjelm homogenizer. The homogenate
was distributed in two Eppendorf tubes and kept in -80 °C until
assay. All tissue preparation steps described above were carried
out at 0-4°C. The brain aromatase (P450 aromatase) activity was
measured as the specific release of tritiated water accompanying
the conversion of 1B-3H-androstenedione to estrone. Protein was
quantified according to Lowry et al., (1951).

Chemicals and Materials

Androst-4-ene-3, 17-dione, [1B-3H(N)]- was purchased from
ICN Biomedicals Inc., B-NADPH and Charcoal from Sigma. All
Radioactive hormones were purchased from Amersham Pharmacia
Biotech Inc. (NJ).

Steroid hormone extraction from Plasma

Samples of 50ul of plasma for each steroid at 4, 8 and 12 weeks
were extracted twice with Cyclohexane/ethyl acetate (V/V),
evaporated under nitrogen and reconstituted in Phosgel buffer (0.01
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M NaH2PO4, 99% NacCl, 1g/L gelatin, pH 7.25). Testosterone (T),
estradiol-17p (E2), 11-Ketotetosterone (11-KT) concentrations
were determined by Radio-immunoassay (RIA).

Aromatase Activity in Brain

50mM KPO4, 250mM sucrose, 10mm dithiothreitol, pH 7.4
reagents were added to 100ul brain homogenate in duplicate as
follows: KPO4, 25nM 3H-androstenedione (250pCi/pmol; ref:
NET 926, NEN Life Science Product), B-NADPH (Sigma). All
reactions were started by the addition of NADPH and terminated
by the addition of 5% TCA. Incubation took place at 0°C and
30°C in a shaking water bath. After 1h the products and remaining
substrate were extracted with 1ml ethyl acetate by vertexing for
5 min in a multitube vortex. After centrifugation for 10 min at
1000rpm, an aliquot of the solvent was evaporated and the residues
were kept in -80 °C until use. During sex steroid hormones and
cortisol estimation, the dried residues were dissolved in a small
amount of ethanol containing unlabeled reference steroids. Values
of each radioactive steroid were expressed in percentages, with
100% being the total radioactivity recovered from the blank.
From this, the Pico mol conversion of the substrate to the relevant
products was calculated.

Radioimmunoassay (RIA)

Plasma sex steroid content for cortisol, T, 11-KT, E2 were
measured by RIA according to the method as described by Spano
et al., (2004). The concentrated charcoal solution was used for all
assays to reduce non-specific binding.

Vitellogenin (Vtg) Estimation
Plasma vitellogenin (Vtg) was determined following the method
of Spano et al., (2004).

Data Analysis

Data of the present experiment are presented as mean + S.D.
Significant differences between the control and ASDI treated
group was analyzed by using computer package STATISTICA
followed by the analysis of variance to test homogeneity of all
data by MANNOVA / ANOVA. Duncan’s post hoc test was used
to calculate the significant differences among the experimental
groups. Differences were considered at P< 0.05.

Results

Effect of ASDI on brain Aromatase and Plasma Hormones
The cortisol data expressed in (Fig. 1) indicated that its level in
plasma was increased significantly (p<0.05) following 4 weeks of
treatment with mixture of ASDI having the concentration 50ug/1.
Hence, in the extended exposure duration of ASDI to goldfish,
plasma cortisol level responded in a linear manner to change at 8
and 12 weeks which were not significant at p<0.05.

As presented in (Fig. 2a), the aromatase (AA) activity was
significantly reduced at week-8 and 12 with increasing duration
of exposure. In the testes and ovary, no significant variability
observed in aromatase activity between males and females as
shown in (Fig. 2b) fish respectively. Aromatase is an important
enzyme used in the synthesis of estrogen.

Experimental goldfish exposed to approximately realistic
concentration of ASDI mixture in drinking water (50pg/1) did not
show any significant difference in classical active androgen of fish-
testosterone (T) in comparison to control group of fish at 4 and
12-week time duration of exposure (Fig. 3). Remarkable reduction
in hormone T concentration at p<0.05 in the stipulated time period
of ASDI exposure was observed at 4-week. Whereas, in the similar
experiment, the level of 11-ketotestosterone (11-K) was stable in
reference fish throughout the experiment with reduction in treated
group of experimental fish at 4 and 8 weeks which is significant at
p<0.05. However, its activity was peaking in the last week i.e., 12
weeks of exposure as highlighted in (Fig. 4).

The analysis of 17B-estradiol as shown in (Fig. 5) depicted a
significant decreased level in terms of ng/ml of E2 in the blood
plasma of ASDI-treated C. auratus (352.00+200 and 334.16+87.75,
n=12) at 4 and 12 weeks respectively of ASDI-exposure in
comparison to control group of experimental fish. The different
values are highly significant at p<0.05. For the vitellogenin a
remarkable difference observed in male goldfish exposed to ASDI.
Such biomarker protein Vtg significantly (p<0.05) increased in
exposed male fish in comparison to female (Fig. 6).
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Discussion

The hormone is cortisol which has been proposed as a key factor
associated with environmental stresses to reproductive issues
in teleost fish [13]. Moreover, it acts as a regulatory factor for
physiological functions and known to suppress reproductive
function, as a part of rapid physiological adjustments at the
time of exposure to stressors [23]. In the present study, cortisol
was increased in ASDI-stressed fish immediately after 4-weeks.
Hence, afterwards no significant changes occurred compared
to control group of fish throughout the experiment showing the
changes in habitat stressed the exposed fish that released cortisol
as a chemical factor in high quantity which is commonly used as
a primary response to stressors such as metals and pesticides [11].
In fish, it is noted that cortisol dramatically rise during stress and
seems to play key role in stress associated responses [15]. Boscolo
et al., (2018) also found increased cortisol after exposure to diuron
metabolites to Nile Tilapia and concluded that these herbicides
alter the production of neurotransmitters related to modulation
in behaviour and in consequence caused anti-androgenic effects
on fish [26]. Impaired level of cortisol after the treatment of
atrazine-simazine based herbicides caused hampered metabolism
and altered ionic responses in fish fingerlings as reported by
Koakoski et al., (2014). Variation in cortisol activity shows that
how the fish mobilize energy substrate to cope with the stress, the
increased catabolism of cortisol may have an adverse effect on the
performance of fish to stressful situations [28].

The recent study of Castaneda-Cortes and Fernandino (2020)
explained that the brain, through the hypothalamus detects the
changes in the environment by increasing the level of cortisol
and finally caused changes to the ratio of sex steroids. For the
balanced production of androgen, cortisol directly may inhibit
the aromatase activity which converts androgens into estrogens
to maintain ovarian function resulting in the suppression of
estrogen synthesis. Estrogen-E2 is produced via aromatization
of T by aromatase enzyme and is responsible for inducing and
maintaining the ovarian development in fish like other vertebrates.
Environment relevant concentration of ASDI exposure to goldfish,
C. auratus successfully inhibit aromatase activity in long duration
leading to significant reduction in T and continuous reduction
in E2. Furthermore, brain AA activity was positively and
significantly correlated with plasma E2 during long-term exposure
and shown remarkable 11-KT lower level than the level of T in
the initial weeks of exposure. Aromatase is located in estrogen-
producing cells in the adrenal glands, ovaries, testicles, adipose
tissues and brain essentially the forebrain and specially implicated
in reproduction [21,25,29]. Therefore, AA is known as regulating
enzyme of brain function in teleost fishes and its level maintenance
play a major role in maintaining the high-level sexual plasticity
in fishes into adulthood [30]. Present study is in agreement that
either the diuron and its metabolites individually or atrazine and
isoproturon mixture at their realistic level in the environment
targets behavior, metabolism and steroid biosynthesis in goldfish
and other aquatic animals that is associated with impairment of
the neuroendocrine and immune system of the fish [5,9,12,35,44].

Moreover, decreased level of steroid hormones like 11-keto and
E2 due to the exposure of herbicides cocktail may be the indication
of adverse reproductive effects in fishes including reduced number
of eggs production by females [4]. Because during gametogenesis,
eggs and sperm are arrested at specific developmental stages and
their maturation is induced by steroids. Therefore, disruption in
the synthesis of reproductive hormones like T, E2 and 11-keto
levels may be associated with skewed sex ratios [3], and absence
of reproductive behaviour [3,14]. Such abnormalities may result
in declining the population of fishes [32, 4]. However, further
studies are needed to monitor the deleterious effects of mixture of
the pesticides having the low degradation rate and continuously
reported in the aquatic impoundments.

Protein vitellogenin (Vtg) induction in male fish is a biomarker for
exposure to xenoestrogen-chemicals that mimic steroid hormones
through an interaction with the estrogen receptor. And if male
fish are exposed to such exogenous estrogens like herbicides,
may synthesize Vtg protein equivalent to a mature female fish
[40]. In the present finding the ASDI-exposed male fish shown
remarkable induction in plasma Vtg in comparison to control
group of fish. The results from this study indicated that although
ASDI cocktail induced significant effects at a lower concentration
causing increased level of Vtg in male fish. The present result is
in agreement to the finding of Sumpter and Jobling (2013) that the
increased level of Vtg in male fishes is an early warning indicator
to assess the water bodies contamination with endocrine disrupting
chemicals. Besides that, high level of Vtg may also be responsible
for the removal of calcium from the scales and bones as well
damage the liver and kidney of exogenous estrogen stressed fish

[7].

Conclusion

The findings of the present study revealed that the approximately
realistic concentration of ASDI mixture (50pg/l) contamination
in our experimental condition may alter the physiological and
reproductive performances through decreased steroid hormones,
egg production and semen quality. So, herbicides can carefully be
suggested to use for weed controlling because their ambiguous
presence in water may arrest metabolism and physiological
success, influencing not only the gonadal differentiation but also
the reproductive functions of fishes. Because the alteration caused
by these xenoestrogen on gametogenesis and steroidogenesis of
fishes ultimately affect the reproductive success and fish culture
practices.
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Highlights of this paper:

1.

Chronic exposure of environmental relevant concentration
(50pg/1) of triazine-atrazine and simazine and phenyl urea-
diuron and isoproturon (ASDI) cocktail treatment showed
modulatory effects on goldfish steroid hormones.

Herbicides cocktail exposure to goldfish, C. auratus
successfully inhibit aromatase (AA) activity in long duration
(ASDI) mixture caused remarkable reduction in testosterone
(T), estradiol (E2) and 11-Ketotestosterone.

Brain AA activity was positively and significantly correlated
with plasma E2 during long-term exposure

ASDI cocktail induced significant effect on male goldfish by
increasing level of Vtg.

References

1.

Agbohessi, T. P., Toko, I. 1., N’tcha, 1., Geay, F., Mandiki,
S. N. M., & Kestemont, P. (2014). Exposure to agricultural
pesticides impairs growth, feed utilization and energy budget
in African Catfish Clarias gariepinus (Burchell, 1822)
fingerlings. International Aquatic Research, 6, 229-243.
Amenyogbe, E., Huang, J. S., Chen, G., & Wang, Z. (2021).
An overview of the pesticides' impacts on fishes and humans.
International Journal of Aquatic Biology, 9(1), 55-65.
Andersen, L., Kinnberg, K., Holbech, H., Korsgaard, B.,
& Bjerregaard, P. (2004). Evaluation of a 40 day assay for
testing endocrine disrupters: effects of an anti-estrogen
and an aromatase inhibitor on sex ratio and vitellogenin
concentrations in juvenile zebrafish (Danio rerio). Fish
Physiology and Biochemistry, 30, 257-266.

Ankley, G. T., Kahl, M. D., Jensen, K. M., Hornung, M.
W., Korte, J. J., Makynen, E. A., & Leino, R. L. (2002).
Evaluation of the aromatase inhibitor fadrozole in a short-
term reproduction assay with the fathead minnow (Pimephales
promelas). Toxicological Sciences, 67(1), 121-130.

Boscolo, C. N. P., Pereira, T. S. B., Batalhdo, I. G., Dourado,
P. L. R,, Schlenk, D., & de Almeida, E. A. (2018). Diuron
metabolites act as endocrine disruptors and alter aggressive
behaviorin Niletilapia (Oreochromis niloticus). Chemosphere,
191, 832-838.

Carr, J. A., Gentles, A., Smith, E. E., Goleman, W. L.,
Urquidi, L. J., Thuett, K., Kendall, R. J., Giesy, J. P., Gross,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

T. S., Solomon, K. R., & Kraak, G. V. D. (2003). Response
of larval Xenopus laevis to atrazine: Assessment of growth,
metamorphosis, and gonadal and laryngeal morphology.
Environmental Toxicology and Chemistry, 22(2), 396-405.
Carragher, J. F., & Sumpter, J. P. (1991). The mobilization of
calcium from calcified tissues of rainbow trout (Oncorhynchus
mykiss) induced to synthesize vitellogenin. Comparative
Biochemistry and Physiology Part A: Physiology, 99(1-2),
169-172.

Castafieda Cortes, D. C., & Fernandino, J. I. (2020). Stress and
sex determination in fish: : From brain to gonads. International
Journal of Developmental Biology, 65 (4-6), 207-214.
Fatima, M., Mandiki, S. N. M., Douxfils, J., Silvestre, F.,
Coppe, P, & Kestemont, P. (2007). Combined effects of
herbicides on biomarkers reflecting immune—endocrine
interactions in goldfish: immune and antioxidant effects.
Aquatic Toxicology, 81(2), 159-167.

Felicio, A. A., Freitas, J. S., Scarin, J. B., de Souza Ondei,
L., Teresa, F. B., Schlenk, D., & de Almeida, E. A. (2018).
Isolated and mixed effects of diuron and its metabolites on
biotransformation enzymes and oxidative stress response
of Nile tilapia (Oreochromis niloticus). Ecotoxicology and
Environmental Safety, 149, 248-256.

Firat, O., Cogun, H. Y., Yiizereroglu, T. A., Gok, G., Frat, O.,
Kargin, F., & Kotemen, Y. (2011). A comparative study on the
effects of a pesticide (cypermethrin) and two metals (copper,
lead) to serum biochemistry of Nile tilapia, Oreochromis
niloticus. Fish Physiology and Biochemistry, 37, 657-666.
Gandar, A., Jean, S., Canal, J., Marty-Gasset, N., Gilbert, F., &
Laffaille, P. (2016). Multistress effects on goldfish (Carassius
auratus) behavior and metabolism. Environmental Science
and Pollution Research, 23, 3184-3194.

Goikoetxea, A., Todd, E. V., & Gemmell, N. J. (2017).
Stress and sex: does cortisol mediate sex change in fish?.
Reproduction, 154(6), R149-R160.

Hallgren, S. L., Linderoth, M., & Olsén, K. H. (20006).
Inhibition of cytochrome p450 brain aromatase reduces two
male specific sexual behaviours in the male Endler guppy
(Poeciliareticulata). General and Comparative Endocrinology,
147(3), 323-328.

Kalamarz-Kubiak, H. (2018). Cortisol in correlation to other
indicators of fish welfare. Corticosteroids, 155-185.
Kamarudin, N. A., Zulkifli, S. Z., Aziz, F. Z. A., & Ismalil,
A. (2019). Histological alterations in liver and kidney of
Javanese medaka (Oryzias javanicus, Bleeker 1854) exposed
to sublethal concentration of herbicide Diuron. Pertanika
Jounal of Science and Technology, 27(3), 1041-1050.
Koakoski, G., Quevedo, R. M., Ferreira, D., Oliveira, T. A., da
Rosa, J. G. S., de Abreu, M. S, ... & Barcellos, L. J. G. (2014).
Agrichemicals chronically inhibit the cortisol response to
stress in fish. Chemosphere, 112, 85-91.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J.
(1951). Protein measurement with the Folin phenol reagent.
Journal of Biological Chemistry, 193, 265-275.

Martyniuk, C. J., Mehinto, A. C., & Denslow, N. D. (2020).

Eart & Envi Scie Res & Rev, 2023

Volume 6 | Issue 2 [437


https://doi.org/10.1007/S40071-014-0083-5/FIGURES/9
https://doi.org/10.1007/S40071-014-0083-5/FIGURES/9
https://doi.org/10.1007/S40071-014-0083-5/FIGURES/9
https://doi.org/10.1007/S40071-014-0083-5/FIGURES/9
https://doi.org/10.1007/S40071-014-0083-5/FIGURES/9
https://doi.org/10.22034/IJAB.V9I1.972
https://doi.org/10.22034/IJAB.V9I1.972
https://doi.org/10.22034/IJAB.V9I1.972
https://doi.org/10.1007/s10695-005-8246-3
https://doi.org/10.1007/s10695-005-8246-3
https://doi.org/10.1007/s10695-005-8246-3
https://doi.org/10.1007/s10695-005-8246-3
https://doi.org/10.1007/s10695-005-8246-3
https://doi.org/10.1007/s10695-005-8246-3
https://doi.org/10.1093/TOXSCI/67.1.121
https://doi.org/10.1093/TOXSCI/67.1.121
https://doi.org/10.1093/TOXSCI/67.1.121
https://doi.org/10.1093/TOXSCI/67.1.121
https://doi.org/10.1093/TOXSCI/67.1.121
https://doi.org/10.1016/j.chemosphere.2017.10.009
https://doi.org/10.1016/j.chemosphere.2017.10.009
https://doi.org/10.1016/j.chemosphere.2017.10.009
https://doi.org/10.1016/j.chemosphere.2017.10.009
https://doi.org/10.1016/j.chemosphere.2017.10.009
https://doi.org/10.1002/ETC.5620220222
https://doi.org/10.1002/ETC.5620220222
https://doi.org/10.1002/ETC.5620220222
https://doi.org/10.1002/ETC.5620220222
https://doi.org/10.1002/ETC.5620220222
https://doi.org/10.1002/ETC.5620220222
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\0300-9629(91)90253-9
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\0300-9629(91)90253-9
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\0300-9629(91)90253-9
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\0300-9629(91)90253-9
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\0300-9629(91)90253-9
https://doi.org/10.1387/IJDB.200072JF
https://doi.org/10.1387/IJDB.200072JF
https://doi.org/10.1387/IJDB.200072JF
https://doi.org/10.1016/J.AQUATOX.2006.11.013
https://doi.org/10.1016/J.AQUATOX.2006.11.013
https://doi.org/10.1016/J.AQUATOX.2006.11.013
https://doi.org/10.1016/J.AQUATOX.2006.11.013
https://doi.org/10.1016/J.AQUATOX.2006.11.013
https://doi.org/10.1016/j.ecoenv.2017.12.009
https://doi.org/10.1016/j.ecoenv.2017.12.009
https://doi.org/10.1016/j.ecoenv.2017.12.009
https://doi.org/10.1016/j.ecoenv.2017.12.009
https://doi.org/10.1016/j.ecoenv.2017.12.009
https://doi.org/10.1016/j.ecoenv.2017.12.009
https://doi.org/10.1007/S10695-011-9466-3/TABLES/2
https://doi.org/10.1007/S10695-011-9466-3/TABLES/2
https://doi.org/10.1007/S10695-011-9466-3/TABLES/2
https://doi.org/10.1007/S10695-011-9466-3/TABLES/2
https://doi.org/10.1007/S10695-011-9466-3/TABLES/2
https://doi.org/10.1007/s11356-015-5147-6
https://doi.org/10.1007/s11356-015-5147-6
https://doi.org/10.1007/s11356-015-5147-6
https://doi.org/10.1007/s11356-015-5147-6
https://doi.org/10.1530/REP-17-0408
https://doi.org/10.1530/REP-17-0408
https://doi.org/10.1530/REP-17-0408
https://doi.org/10.1016/J.YGCEN.2006.02.005
https://doi.org/10.1016/J.YGCEN.2006.02.005
https://doi.org/10.1016/J.YGCEN.2006.02.005
https://doi.org/10.1016/J.YGCEN.2006.02.005
https://doi.org/10.1016/J.YGCEN.2006.02.005
https://doi.org/10.5772/INTECHOPEN.72392
https://doi.org/10.5772/INTECHOPEN.72392
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\J.CHEMOSPHERE.2014.02.083
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\J.CHEMOSPHERE.2014.02.083
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\J.CHEMOSPHERE.2014.02.083
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1016\J.CHEMOSPHERE.2014.02.083
https://doi.org/10.1016/J.MCE.2020.110764

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Organochlorine pesticides: Agrochemicals with potent
endocrine-disrupting properties in fish. Molecular and
Cellular Endocrinology, 507, 110764.

Menuet, A., Pellegrini, E., Brion, F., Gueguen, M. M., Anglade,
1., Pakdel, F., & Kah, O. (2005). Expression and estrogen-
dependent regulation of the zebrafish brain aromatase gene.
Journal of Comparative Neurology, 485(4), 304-320.

Mnif, W., Hassine, A. 1. H., Bouaziz, A., Bartegi, A., Thomas,
0., & Roig, B. (2011). Effect of endocrine disruptor pesticides:
a review. International Journal of Environmental Research
and Public Health, 8(6), 2265-2303.

Mommsen, T. P., Vijayan, M. M., & Moon, T. W. (1999).
Cortisol in teleosts: dynamics, mechanisms of action, and
metabolic regulation. Reviews in Fish Biology and Fisheries,
9(3), 211.

Oropesa, A. L., Garcia-Cambero, J. P., & Soler, F. (2009).
Effect of a subchronic exposure to simazine on energetic
metabolism of common carp (Cyprinus carpio). Journal of
Environmental Science and Health Part B, 44(2), 144-156.
Pellegrini, E., Menuet, A., Lethimonier, C., Adrio, F., Gueguen,
M. M., Tascon, C., ... & Kah, O. (2005). Relationships between
aromatase and estrogen receptors in the brain of teleost fish.
General and Comparative Endocrinology, 142(1-2), 60-66.
Pereira, T. S. B., Boscolo, C. N. P, da Silva, D. G. H.,
Batlouni, S. R., Schlenk, D., & de Almeida, E. A. (2015). Anti-
androgenic activities of diuron and its metabolites in male
Nile tilapia (Oreochromis niloticus). Aquatic Toxicology, 164,
10-15.

Pesce, S., Margoum, C., & Montuelle, B. (2010). In situ
relationships between spatio-temporal variations in diuron
concentrations and phototrophic biofilm tolerance in a
contaminated river. Water Research, 44(6), 1941-1949.
Pfalzgraff, T., Lund, I., & Skov, P. V. (2022). Prolonged cortisol
elevation alters whole body and tissue metabolism in rainbow
trout (Oncorhynchus mykiss). Comparative Biochemistry and
Physiology Part A: Molecular & Integrative Physiology, 263,
111098.

Francesc, P., & Mercedes, B. (2005). Aromatase distribution
and regulation in fish. Fish Physiology and Biochemistry,
31(2-3).

Rahman, M. S., & Thomas, P. (2021). Molecular
characterization and expression of cytochrome P450 aromatase
in Atlantic croaker brain: regulation by antioxidant status
and nitric oxide synthase during hypoxia stress. Frontiers in
Physiology, 12, 1-18.

Rehman, M., Ali, R., Bilal, S., Gull, G., Hussain, I., Mudasir,
S., & Mir, M. (2017). Endocrine disrupting chemicals (EDCs)
and fish health: a brief review. International Journal of

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Livestock Research, 7(11), 45-54.

Roy, B., Basak, R., & Rai, U. (2022). Impact of xenoestrogens
on sex differentiation and reproduction in teleosts. Aquaculture
and Fisheries, 7(5), 562-571.

Sanderson, J. T. (2006). The steroid hormone biosynthesis
pathway as a target for endocrine-disrupting chemicals.
Toxicological Sciences, 94(1), 3-21.

Schreck, C. B., Contreras-Sanchez, W., & Fitzpatrick, M. S.
(2001). Effects of stress on fish reproduction, gamete quality,
and progeny. In Reproductive biotechnology in Finfish
aquaculture (pp. 3-24). Elsevier.

Scott, G. R., & Sloman, K. A. (2004). The effects of
environmental pollutants on complex fish behaviour:
integrating behavioural and physiological indicators of
toxicity. Aquatic Toxicology, 68(4), 369-392.

Spano, L., Tyler, C. R., Van Aerle, R., Devos, P., Mandiki, S. N.
M., Silvestre, F., ... & Kestemont, P. (2004). Effects of atrazine
on sex steroid dynamics, plasma vitellogenin concentration
and gonad development in adult goldfish (Carassius auratus).
Aquatic Toxicology, 66(4), 369-379.

Stara, A., Machova, J., & Velisek, J. (2012). Effect of chronic
exposure to simazine on oxidative stress and antioxidant
response in common carp (Cyprinus carpio L.). Environmental
Toxicology and Pharmacology, 33(2), 334-343.

Sumpter, J. P., & Jobling, S. (2013). The occurrence, causes,
and consequences of estrogens in the aquatic environment.
Environmental Toxicology and Chemistry, 32(2), 249-251.
Vasanth, S., Arul, G., Karthikeyeni, S., Kumar, T. S. V,,
Vignesh, V., Manimegalai, M., & Subramanian, P.
(2015). Influence of triazine herbicide exposure on guppies
(poecilia sphenops) aromatase activities, altered sex steroid
concentration and vitellogenin induction. Indian Journal of
Pharmaceutical Sciences, 77(2), 156.

Velisek, J., Stara, A., Machova, J., & Svobodova, Z. (2012).
Effects of long-term exposure to simazine inreal concentrations
on common carp (Cyprinus carpio L.). Ecotoxicology and
Environmental Safety, 76, 79-86.

Velki, M., Di Paolo, C., Nelles, J., Seiler, T. B., & Hollert,
H. (2017). Diuron and diazinon alter the behavior of
zebrafish embryos and larvae in the absence of acute toxicity.
Chemosphere, 180, 65-76.

Yang, C., Lim, W., & Song, G. (2021). Reproductive
toxicity due to herbicide exposure in freshwater organisms.
Comparative Biochemistry and Physiology Part C: Toxicology
& Pharmacology, 248, 109103.

Copyright: ©2023 Masroor Fatima, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Eart & Envi Scie Res & Rev, 2023

https://opastpublishers.com/

Volume 6 | Issue 2 [438


https://doi.org/10.1016/J.MCE.2020.110764
https://doi.org/10.1016/J.MCE.2020.110764
https://doi.org/10.1016/J.MCE.2020.110764
https://doi.org/10.1002/CNE.20497
https://doi.org/10.1002/CNE.20497
https://doi.org/10.1002/CNE.20497
https://doi.org/10.1002/CNE.20497
https://doi.org/10.3390/IJERPH8062265
https://doi.org/10.3390/IJERPH8062265
https://doi.org/10.3390/IJERPH8062265
https://doi.org/10.3390/IJERPH8062265
https://doi.org/10.1023/A:1008924418720
https://doi.org/10.1023/A:1008924418720
https://doi.org/10.1023/A:1008924418720
https://doi.org/10.1023/A:1008924418720
https://doi.org/10.1080/03601230802599068
https://doi.org/10.1080/03601230802599068
https://doi.org/10.1080/03601230802599068
https://doi.org/10.1080/03601230802599068
https://doi.org/10.1016/J.YGCEN.2004.12.003
https://doi.org/10.1016/J.YGCEN.2004.12.003
https://doi.org/10.1016/J.YGCEN.2004.12.003
https://doi.org/10.1016/J.YGCEN.2004.12.003
https://doi.org/10.1016/j.aquatox.2015.04.013
https://doi.org/10.1016/j.aquatox.2015.04.013
https://doi.org/10.1016/j.aquatox.2015.04.013
https://doi.org/10.1016/j.aquatox.2015.04.013
https://doi.org/10.1016/j.aquatox.2015.04.013
https://doi.org/10.1016/j.watres.2009.11.053
https://doi.org/10.1016/j.watres.2009.11.053
https://doi.org/10.1016/j.watres.2009.11.053
https://doi.org/10.1016/j.watres.2009.11.053
https://doi.org/10.1016/j.cbpa.2021.111098
https://doi.org/10.1016/j.cbpa.2021.111098
https://doi.org/10.1016/j.cbpa.2021.111098
https://doi.org/10.1016/j.cbpa.2021.111098
https://doi.org/10.1016/j.cbpa.2021.111098
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1007\S10695-006-0027-0
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1007\S10695-006-0027-0
C:\Users\Mahendra\Desktop\1.	https:\doi.org\10.1007\S10695-006-0027-0
https://doi.org/10.3389/fphys.2021.720200
https://doi.org/10.3389/fphys.2021.720200
https://doi.org/10.3389/fphys.2021.720200
https://doi.org/10.3389/fphys.2021.720200
https://doi.org/10.3389/fphys.2021.720200
https://doi.org/10.5455/ijlr.20170812034344
https://doi.org/10.5455/ijlr.20170812034344
https://doi.org/10.5455/ijlr.20170812034344
https://doi.org/10.5455/ijlr.20170812034344
https://doi.org/10.1016/J.AAF.2022.02.001
https://doi.org/10.1016/J.AAF.2022.02.001
https://doi.org/10.1016/J.AAF.2022.02.001
https://doi.org/10.1093/TOXSCI/KFL051
https://doi.org/10.1093/TOXSCI/KFL051
https://doi.org/10.1093/TOXSCI/KFL051
https://doi.org/10.1016/B978-0-444-50913-0.50005-9
https://doi.org/10.1016/B978-0-444-50913-0.50005-9
https://doi.org/10.1016/B978-0-444-50913-0.50005-9
https://doi.org/10.1016/B978-0-444-50913-0.50005-9
https://doi.org/10.1016/j.aquatox.2004.03.016
https://doi.org/10.1016/j.aquatox.2004.03.016
https://doi.org/10.1016/j.aquatox.2004.03.016
https://doi.org/10.1016/j.aquatox.2004.03.016
https://doi.org/10.1016/j.aquatox.2003.10.009
https://doi.org/10.1016/j.aquatox.2003.10.009
https://doi.org/10.1016/j.aquatox.2003.10.009
https://doi.org/10.1016/j.aquatox.2003.10.009
https://doi.org/10.1016/j.aquatox.2003.10.009
https://doi.org/10.1016/j.etap.2011.12.019
https://doi.org/10.1016/j.etap.2011.12.019
https://doi.org/10.1016/j.etap.2011.12.019
https://doi.org/10.1016/j.etap.2011.12.019
https://doi.org/10.1002/ETC.2084
https://doi.org/10.1002/ETC.2084
https://doi.org/10.1002/ETC.2084
https://doi.org/10.4103/0250-474X.156549
https://doi.org/10.4103/0250-474X.156549
https://doi.org/10.4103/0250-474X.156549
https://doi.org/10.4103/0250-474X.156549
https://doi.org/10.4103/0250-474X.156549
https://doi.org/10.4103/0250-474X.156549
https://doi.org/10.1016/j.ecoenv.2011.10.013
https://doi.org/10.1016/j.ecoenv.2011.10.013
https://doi.org/10.1016/j.ecoenv.2011.10.013
https://doi.org/10.1016/j.ecoenv.2011.10.013
https://doi.org/10.1016/j.chemosphere.2017.04.017
https://doi.org/10.1016/j.chemosphere.2017.04.017
https://doi.org/10.1016/j.chemosphere.2017.04.017
https://doi.org/10.1016/j.chemosphere.2017.04.017
https://doi.org/10.1016/j.cbpc.2021.109103
https://doi.org/10.1016/j.cbpc.2021.109103
https://doi.org/10.1016/j.cbpc.2021.109103
https://doi.org/10.1016/j.cbpc.2021.109103

