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Abstract 

Synthetic estrogen 17α-ethinyl estradiol (EE2) is recognized for its ability to cause endocrine disruption in aquatic organisms 
and its high resistance to environmental degradation, being found in Brazilian waterbodies up to 100 ng L-1. Thus, the aim of 
this study was to evaluate the exploratory behavior and the histological effects on zebrafish gonads, caused by environmentally 
relevant concentrations of EE2. Females were exposed to nominal concentrations of 25 ng L-1 and 100 ng L-1 EE2 for 21 days. 
After that, a behavioral and histological analysis of gonads was performed. The EE2 caused the reduction of the exploratory 
activity of the animals, when observed the behavior, and an acceleration of the maturation process of the oocytes evaluated 
in the histological analysis. Considering the results obtained after the exposure to EE2, we highlight the concern about the 
potential risks it may cause to the aquatic biota, alerting to the need to control and monitor these micropollutants present in 
Brazilian water resources.
Key words: endocrine disruptor, histopathology, exploratory behavior

INTRODUCTION

17α-ethinyl estradiol (EE2) is an estrogenic compound 
used in the formulation of oral contraceptives, recognized as 
an endocrine disruptor, which can potentially cause effects on 
aquatic organisms (Cunha et al., 2016). Because it is a widely 
used drug in humans and has its form of excretion through 
the urine and feces, which enter the water treatment plants 
(WWTPs) (Ternes et al., 1999; Balest et al., 2008; Wang et 
al., 2012; Bai & Acharya, 2019), there is an environmental 
concern, since this estrogen has a high resistance to degradation 
(Aris et al., 2014) and even at low concentrations may cause 
risks to the aquatic environment (Kidd et al., 2007; Smolarz 
et al., 2017).

Water treatment plants that use activated sludge are unable 
to remove EE2 from wastewater, leading to the accumulation 
of EE2 (Ghiselli, 2007; Forrez et al., 2009; Zhao et al., 
2018; Taseidifar et al., 2017), especially in urbanized areas 
(Chang & Huang, 2010). The concentrations reported in the 
literature range from 62 ng L-1 in WWTPs to 0.5 and 8.7 

ng L-1 in drinking water (Atkinson et al., 2012; Larcher & 
Yargeau, 2013; Li et al., 2013) presenting higher values than 
the predictive non-effect concentration (PNEC) (0.002 ng L-1), 
and characterizing this question as a public health problem. In 
addition, according to Barel-Cohen et al. (2006), the substance 
could be detected up to 100 km along a river. 

Several studies have reported remains of EE2 as a 
cause for biochemical, histopathological, behavioral and 
reproductive process dysfunctions and damages on living 
organisms (Cunha et al., 2016). Such damages may vary 
depending on the concentration and species used (Aris et al., 
2014). Fish are among the most investigated organisms, given 
their environmental exposure to this and others substances 
(Dalzochio et al., 2016; Altenhofen et al., 2017; Nabinger et 
al., 2017; Rodrigues et al., 2018). 

Zebrafish (Danio rerio) are considered the ideal model for 
ecotoxicological studies, as a result of their high sensitivity 
and ease of manipulation in the laboratory. Speed of sexual 
maturation (4 months) lend zebrafish to be the suitable model 
for reproductive studies (Luzio et al., 2016a). Zebrafish 
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hypothalamic-pituitary-interrenal axis resemble human 
hypothalamic-pituitary-adrenal axis and are thus suited to 
behavioral studies as well (Alsop & Vijayan, 2009; Altenhofen 
et al., 2017a).  

The damage caused by EE2 in zebrafish exposed in the 
early stages of larval development to adult life has been 
reported before. Baatrup and Henriksen (2015) showed 
changes in reproductive behavior, while Luzio et al. (2015) 
reported accelerated development of the fish and its gonads 
exposing embryos to EE2 for 60 days. However, for numerous 
substances, it has been shown that exposures in the early stages 
of zebrafish are more toxic than in adult life, due to the greater 
sensitivity of embryos and larvae to adult fish (Altenhofen et 
al., 2017b; Gao et al., 2019). In other species of freshwater 
fish, reproductive alterations such as feminization of males and 
morphological changes in the gonads have also been reported 
(Scholz & Gutzeit, 2000; Mortensen & Arukwe, 2007).  

Therefore, the aim of this study was to chronically expose 
adult zebrafish to EE2 concentrations similar to those found in 
Brazilian WWTPs, thus to evaluate the exploratory behavior 
and histological alterations in their gonads. 

MATERIALS AND METHODS

Determination of hormone concentrations and solution 
preparation

Based on a recent literature review on the occurrence of EE2 
in the environment (Aris et al., 2014), the concentrations of 25 
and 100 ng L-1 were chosen for the experiments considering 
the relevance and environmental occurrence. So the exposure 
concentrations (nominal) of EE2 (Sigma-Aldrich, USA) were 
determined based on average values available in the literature 
for Brazilian WWTPs (Bila & Dezotti, 2007; Barcellos, 
2016), being 25 ng L-1 and 100 ng L-1. The preparation of 
the stock solution was carried out by diluting the estrogen in 
absolute ethanol (Neon Comercial, BR) (1 mg mL-1, resulting 
in a final concentration of 0.01% ethanol per liter of water in 
the final aquaria of the experiment). Since the ethanol used as 
solvent did not exceed the limits set by the Organization for 
Economic Cooperation Development, the control group was 
reared only with fresh water (OECD, 2012), as well as other 
studies conducted in the area (Forner-Piquer et al., 2018). 

Animal Experimental Procedure

This study preserves the ethical aspects related to the 
research animals and was approved by the Feevale University 
Ethics Committee on Animal Use, on February 21, 2017, 
according to protocol nº 03.16.049.

Adult females of zebrafish were purchased from a 
commercial breeder, from the city of Porto Alegre, RS. 
Acclimatization of the animals occurred for seven days in 
aquariums (12 L) with reconstituted water (ISO, 1996) (pH 
at 7.0, water hardness: 75 - 100 µg L-1, temperature of 26 ± 2 

ºC)   with constant artificial aeration, in controlled temperature 
(24 ° C) with cycles of 12 hours of light and 12 hours of dark. 
After acclimatization, the animals (n= 30 per group) were 
transferred to aquarium (2 L) (respecting the density of 5 
animals per liter of water) and exposed to EE2 (25 and 100 
ng L-1). A third group was maintained in reconstituted water 
(control group). The exhibition comprised 21 days, and the 
renewal of 50% of the water of each aquarium was done every 
48 hours. Feeding occurred daily (Alcon®). 

Behavioral analysis

For the exploratory behavior analysis, the protocol 
established by Cachat et al. (2011a) was followed, where at the 
end of the experiment the animals were filmed individually for 
6 minutes in trapezoid format aquarium (2.5 L). The images 
were analyzed through the software Ethovision R XT7, which 
evaluated the parameters of average speed, distance traveled, 
number of entrances in the upper and lower areas of the 
aquarium, and the time that remained in each area.

Histological analysis
After the behavioral analysis, the animals were sacrificed 

according to the protocol established by the Feevale University 
Ethics Committee on Animal Use. Fish (n= 9 per group) were 
fixed in 4% formaldehyde for 8 hours and dehydrated in a 
gradual series of ethanol, paraffin embedded, sectioned in a 
rotating microtome (10 μm) and stained with Hematoxylin 
and Eosin (HE). An optical microscope was used for the 
analysis at a magnification of 100x, in which the number of 
pre-vitellogenic and vitellogenic oocytes was quantified in 08 
fields per animal, totaling 72 fields per group.

Statistical analysis
For the statistical analysis, the normality of the data was 

tested, and the Analysis of Variance (ANOVA) test was 
applied, followed by Tukey post-hoc when appropriate. 
Differences were considered significant when p <0.05 and 
data were expressed as mean ± standard deviation. 

RESULTS

During the 21 days of exposure, 4 animals of the 100 ng 
L-1 concentration group and 1 of the 25 ng L-1 group died. 
A significant decrease in mean velocity was observed in fish 
exposed to a concentration of 100 ng L-1 when compared 
to the control group (p= 0.001) (Figure 1). Fish exposed 
at concentrations of 25 ng L-1 and 100 ng L-1 entered less 
frequently in the lower aquarium area than in the control group 
(p=0.0006) (Figure 2). However, there were no significant 
differences between groups for the parameters of distance 
traveled, number of entries in the upper area of the aquarium 
and time of permanence in the lower and upper areas (p <0.05) 
(Table 1).

In relation to the histological analysis, a significant 
increase in the number of vitellogenic oocytes was observed 
in the animals exposed to 100 ng L-1 when compared with 
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Figure 1: Mean velocity developed by the animals exposed at EE2. (Data 
expressed in mean ± standard deviation, and asterisk represents statiscal 

difference in relation to the control group). 

the control (p = 0.0034) and 25 ng L-1 (p = 0.0007) (Figure 
3), characterizing an acceleration of the maturation process. 
On the other hand for pre-vitellogenic oocytes, there was no 
significant difference (p = 0.65). No morphological changes 
were observed in the analyzed fields (Figure 4).

DISCUSSION

The behavioral repertoire of the zebrafish is diverse and 
allows the analysis of a serie of parameters (Gerlai et al., 
2000). The natural tendency of zebrafish is to spend most 
of the time in the background when introduced into a new 
environment and then gradually explore the upper area of the 
test tank (Levin et al., 2007). The fish at the concentrations of 
25 ng L-1 and 100 ng L-1 had a significant decrease of entrances 
in the lower area of the aquarium, compared to the control 
group, indicating an exploratory decrease. The significant 
decrease in the mean velocity developed by the animals of the 
100 ng L-1 concentration when compared to the control group 
can be explained according to the study reported by Gerlai et 
al. (2009), where anxious animals can constantly change their 
swimming speed while unaffected individuals move at a fairly 
normal and continuous pace. 

It is known that the reduction of zebrafish swimming 
activity indicates an increased stress phenotype. Under 
such conditions, the serotonergic system (associated with 
stress in fish) causes high levels of serotonin in the brain to 
stimulate the release of gonadotrophins in the pituitary gland, 
which controls gonad maturation and egg release. Therefore, 
behavior changes can directly influence reproductive behavior 
(Prassad et al., 2015; Winberg & Thörnqvist, 2016).

Figure 3: Quantification of vitellogenic (A) and pre-vitellogenic (B) oocytes. (Data expressed in mean ± standard deviation, and asterisk represents statiscal 
difference in relation to the control group). 

Figure 2: Number of entries in the top of the aquarium by the animals 
exposed at EE2.  (Data expressed in mean ± standard deviation, and asterisk 

represents statiscal difference in relation to the control group). 

Table 1: Behavioral parameters of zebrafish exposed to EE2. (Values expressed as mean ± standard deviation).

Travelled distance                  
(cm)

Top frequency Time in top       (s) Time in bottom (s)

Control 1142,94 ± 524,91 50,52 ± 32,06 33,54 ± 24,63 212,20 ± 73,05
25 ng L-1 EE2 1372,76 ± 654,03 54,46 ± 60,12 41,02 ± 39,03 247,94 ± 80,06
100 ng L-1 EE2 1059,95 ± 686,82 43,54 ± 66,80 38,18 ± 40,49 218,19 ± 115,09
p 0,18 0,9 0,7 0,3
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Goundadkar and Pancharatna (2017) studied the effects of 
5 ng L-1 concentration of EE2 in zebrafish and demonstrated 
that only after 30 days of exposure a significant decrease 
in swimming time occurs, with a corresponding increase in 
immobility. The movement of the fish was confined largely to 
the lower half of the aquarium over the 75 days of exposure 
corroborating to the present experiment.

According to Scott and Sloman (2004) behavioral 
changes can have shocking ecological consequences. The 
authors report that reducing the ability to prevent predators 
can directly affect the size and structure of fish populations 
and that interference in social interactions associated with 
territoriality and dominance may influence the search for food 
and shelter. 

They also point out that changes in behavior may 
reflect partner selection, make fertilization unsuccessful, or 
compromise the survival of offspring. For example, males 
(Danio rerio) exposed to ethinylestradiol (25 ng L-1) were 
not able to induce spawning of untreated females (negative 
control), indicating failures in the reproductive process 
(Reyhanian et al., 2011).

Histological analysis showed an acceleration of the 
maturation process caused by a significant increase in the number 
of vitellogenic oocytes in animals exposed to 100 ng L-1 when 
compared to the control and 25 ng L-1. Studies with EE2 have 
shown similar results, indicating an acceleration of the oocyte 
maturation process in zebrafish, in which zebrafish exposed to 4 
ng L-1 of EE2 showed a trend towards higher absolute volumes 
of gonads causing a development of gonads when compared with 
the control (Luzio et al. 2016a; Luzio et al. 2016b)

In contrast, Chen et al. (2015) reported a decrease in the 
maturation process of ovarian follicles in zebrafish females 
exposed from 20 hours post-fertilization (hpf) to 45 days post-
fertilization (dpf) at 5 and 20 ng L-1 of EE2. Xu et al. (2008) 
also reported delayed differentiation of gonadal tissue from 
zebrafish exposed from 2 hpf to 3 months of age to 10 ng L-1 
of EE2, indicating that exposures in early life lead to different 
responses in relation to adult life. 

The findings of this study demonstrated that EE2 in 
environmentally relevant concentrations and similar to those 
found in WWTPs around the world can modify the exploratory 
behavior and histology of zebrafish gonads after 21 days of 
exposure. Due to the findings of abnormal behavior and the 
accelerated maturation of the fish exposed to this estrogen, the 
importance of monitoring and controlling this substance in the 
aquatic environments is emphasized.
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