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Abstract  One of the key ingredients in oral 

contraceptives and the most extensively researched 

endocrine disruptor globally is 17α-ethynylestradiol (EE2), 

a synthetic estrogen. The primary way it gets into the 

environment is via wastewater discharges. In this work, 

Channa punctatus, a freshwater vertebrate model fish, was 

used to examine the potential effects of ecologically 

relevant concentrations of EE2 on behaviour and brain 

histology. Fish that had been laboratory acclimated and 

were in good condition were split into three groups and 

given medium treatment exposure to one treatment at each 

concentration (5, 10, and 20 ng/L of EE2) for 28 days along 

with the controls in order to study the potential biological 

pathways. When the concentration of EE2 was raised after 

28 days of exposure, there was an increase in structural 

damage to the brain. The degradation of brain cells with 

cytoplasmic vacuolization, alterations in the quantity of 

grey and white matter, and neuronal necrosis were also 

noted. The Group 4 (20 ng/L) group showed the worst 

damage to the brain tissues of both males and females. 

Male brains have the highest levels of necrosis (22.23±0.54) 

and vacuolization (16.37±0.44), while female brains 

exhibit lower levels of necrosis (13.73±0.24) and 

vacuolization (6.3±0.24), respectively. When exposed to 

17α-ethinylestradiol, the test fish displayed various 

unusual behaviours, including restlessness, asymmetrical 

swimming movements, loss of balance, motionlessness, 

and sluggish movement. When exposed to 

17α-ethynylestradiol, Channa punctatus internal brain 

structure had severe histopathological abnormalities, and 

its behaviour responded differently from that of control 

fish, demonstrating the severity of synthetic hormones. 

Keywords Channa punctatus, Brain Histology, 

17α-Ethinylestradiol, Behaviour 

1. Introduction

Diverse chemicals found in aquatic environments have 

the potential to disturb the endocrine system, which in turn 

may have an impact on organisms. The main sources of 

steroids in aquatic environments are sewage waste and 

animal rearing. In the influents and effluents of wastewater 

treatment facilities (WWTPs), swine farm wastewaters, 

surface water, and even groundwater, elevated 

concentrations of steroids have regularly been found [1,2]. 

According to Aris et al. and Laurenson et al. [3,4], 

17α-ethinylestradiol (EE2) is the most powerful endocrine 

disrupting chemical (EDC) polluting the aquatic 

environment. Its widespread worldwide presence in 

effluents of sewage treatment plants (STPs) and surface 

water [3] and reclaimed water is a matter of great concern 

[5-8]; it is 10 times more active than estradiol itself and has 
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a predicted adverse effect level of 0.1 ng/L for water-living 

organisms. According to Ternes and Kolpin et al. [9,10], it 

is found in effluents in quantities ranging from 1 ng/L to as 

high as 2–300 ng/L (U.S. streams). According to Aris et al. 

[3], EE2 is persistent in the environment and exhibits 

evidence of biomagnification. Mammal fertility and 

behaviour have been demonstrated to be impacted by EDC 

effects at the level of tissue organization in the brain 

[11-12]. In addition to transcription factors, endogenous 

hormones like gonadal steroids also play a critical role in 

the regulation and direction of brain development [13,14]. 

Histopathology has been extensively used as a 

biomarker in the evaluation of various stressors (microbial 

pathogens, toxic compounds, nutritional deficiency, and 

adverse environmental conditions), both in the laboratory 

[15] and in field studies [16]. It is an effective tool for 

visualising the structural changes caused by stress in cells 

and tissues. As a consequence, an organism experiences 

negative physiological changes as a whole. Vacuolation of 

the brain parenchyma and mild enlargement of the 

cerebrum's pyramidal cells are two characteristics of 

histopathological alterations in the brain. Vacuolation 

could have resulted from micorsomal and mitochondrial 

malfunctions brought on by glycolysis. The chemical's 

neurotoxic character was shown by the loss of Nissl 

substances and glial cell responses, including the 

appearance of glial nodules in certain areas [17]. 

By regulating, integrating, and managing biological 

systems, hormones coordinate an individual's physiology 

and behaviour. As a result, hormones in the environment 

may have an impact on an animal's behaviour [18]. 

Although toxicants discharged into natural systems have 

been shown in several studies to have deadly consequences 

[19], it has only recently become clear that these chemicals 

may also have non-lethal behavioural impacts [20]. The 

behavioural effects of EDCs on freshwater fish are of 

special relevance since these species are in constant and 

direct contact with EDCs from a range of sources, such as 

treated sewage effluent and agricultural runoff [21]. 

Individual EDCs are often examined in isolation during 

laboratory studies that quantify EDC effects; however, 

EDC combinations may have behavioural effects that are 

distinct from those of a single exposure, such as synergistic 

or antagonistic effects [22]. There is evidence that EDCs 

have an impact on non-reproductive behaviour. Fish 

reproductive behaviour has been extensively examined; 

however, there is little information on non-reproductive 

behaviour brought on by EDC exposure. Adult EDC 

exposure has been linked to changes in bottom living, 

hazardous behaviour, and school performance [23-27]. 

Natural estrogens may have neuromodulatory effects on 

vertebrate locomotor activity by directly influencing 

neuron function, as shown in earlier investigations on 

vertebrates [28-30]. Numerous behavioural activities, 

including courtship displays, foraging, and escape from a 

dangerous region, may be affected by changes in 

locomotor activity [31]. Animals' aggressive behaviour 

facilitates the preservation of a territory or the formation of 

a dominance hierarchy, which facilitates access to 

resources including mates, the best places to forage, and 

shelter [32]. 

According to several studies, estrogenic EDCs reduce 

male dominance behaviour and plasma levels of 

endogenous male hormones (such as 11-ketotestosterone) 

or change courting behaviour to favour males that are 

unable to take care of their eggs [33,34]. However, since 

hormones control behavioural reactions driven by 

aggressiveness or fear, EDCs may potentially have an 

impact on an individual's fitness by altering crucial 

survival behaviours. Fish antipredator and risk-taking 

behaviours may potentially be affected by EDCs [21]. 

According to Sih et al. [35], neuroendocrine pathways may 

be in charge of behavioural syndromes, in which people 

exhibit linked behaviours in a variety of social or 

environmental circumstances.  

According to Segner [36], an increasing number of 

chemicals, including those from wastewater treatment 

facilities, agricultural runoff, industrial effluents, and 

urban runoff, are polluting aquatic ecosystems and having 

a negative impact on fish populations. An increasing 

number of studies over the past few decades have focused 

on the impact of EDCs on the ability of various fish species 

to reproduce (Marlatt et al., current issue). But very little is 

known about the specific mechanism of action of EDCs, 

and very little research has focused on the impact of EDCs 

in fish before the commencement of pubertal development. 

However, research shows that exposure to EDCs causes the 

following in fish: 1) disruption of gonad development and 

sex differentiation, causing intersex; 2) abnormal gonad 

differentiation, affecting the number of germ cells and 

causing episodes of sterility; and 3) changes in the timing 

of puberty. The purpose of the current investigation is to 

look at histological changes in the brain and behavioural 

reactions of the fish Channa punctatus since earlier 

research has shown the effects of exposure to the synthetic 

hormone 17α-ethinylestradiol [37]. 

2. Material and Methods 

2.1. Collection and Acclimatization of Test Animal 

With the assistance of fishermen, 130 live Channa 

punctatus (15±2 cm and 30±5 g) were procured from 

adjacent ponds in the month of October 2022. The fish 

were transported to the lab in a large, well-ventilated 

bucket and submerged for 5 minutes in a 0.05% KMnO4 

solution to eliminate any skin infections. According to 

protocol, fish were given two weeks to become used to the 

lab environment [38]. The physicochemical parameters, 

such as DO, hardness, TDS, alkalinity, temperature, and 

pH, were observed and confirmed to be within the 

established limits [39]. Fish were fed artificial fish meal at 

a regular rate of 2% of body weight twice a day [40]. 
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2.2. Test Chemical 

SIGMA-ALDRICH, Co., 3050 Spruce Street, St. Louis, 

MO 63103, USA; 314-771-5765, produced 

17α-Ethynylestradiol (EE2) (>98%). In order to establish 

specified stock solutions at each test concentration of 0, 5, 

10, and 20 ng/L, stock solutions of EE2 in ethanol (purity 

of 99.9%) were first created. 

2.3. Experimental Setup 

The experiment was conducted as static. Only healthy 

and well-acclimatised fish were divided into four groups of 

three triplicates, each with 12 fish. One control group and 

three exposure groups each received 5, 10, and 20 ng/L 

concentrations of EE2 for 28 days, with samples being 

taken every 7, 14, 21 and 28 days from each group. 

Throughout the 28-day study period, there was no fish 

mortality noted. The handling and laboratory-based 

experimentation procedures were carried out in accordance 

with the Institutional Animal Ethics Committee's (IAEC, 

Registration No. 1861/GO/Re/S/16/CPCSEA) published 

criteria. 

2.4. Identification of Male and Female Fish  

The gonads of the fish in the sample are paired; they are 

long, elongated structures that are located ventral to the 

swim bladder and dorsal to the alimentary canal. The 

mesenteries held them to the bodily cavity. The size of 

males was often greater than that of females. Males have an 

extended genital entrance, while females have a circular 

aperture. The gonads were taken out of each specimen after 

it was dissected. The gonads of each specimen were 

examined to determine their sex. The sex ratio was 

determined by dividing the proportion of the two sexes by 

two. 

2.5. Histological Evaluation 

For histological evaluation n=4 samples were taken 

throughout the 28-day study period. Clove oil was used as 

an anaesthetic before the treatment and control groups' fish 

were slain, and the brains were then removed and stored in 

Bouin's fixatives. Tissues were processed using the method 

outlined by Bernet et al. [41] in order to prepare them for 

histological analysis. To put it quickly, after a 24-hour 

fixation in Bouin's solution, tissues were dehydrated with 

alcohol. After being dehydrated, paraffin wax was used to 

create tissue blocks. Sagittal slices (5 m thick) of the 

paraffin blocks were cut for histological investigation, and 

they were then stained with hematoxylin and eosin stains. 

Photomicrographs of stained sections were taken using 

light microscopy (a Nikon or Eclipse camera fitted with a 

Spot Inside DS-Fi2 digital camera). The damage to brain 

tissue was examined using ImageJ software; version 

ImageJ comes with 64-bit Java 1.8.0_172 image software. 

2.6. Behaviour of Fish 

Video-based behavioural monitoring is now often used 

to collect quantified behavioural data for aquatic risk 

assessment. A popular method for gathering quantitative 

behavioural data for aquatic risk assessment is video-based 

behavioural monitoring. The test fish's behaviour after 

being exposed to 17α-ethynylestradiol in each tank was 

regularly observed by eye as well as captured on camera 

and recorded. Anhui Sharetonic Data Technology Co., Ltd., 

Anhui Province, China, BHR5003IN, produced the camera 

that was used to track the changes in the behaviour of the 

test fish. The fish were recorded on video, which was then 

thoroughly examined to count the number of lunges, chases, 

bites, and violent side-to-side and quivering displays they 

made towards the intruder. 

3. Result and Discussion 

Histopathology is the study of an illness's or damage's 

outward symptoms via microscopic inspection of tissue. 

For information on the alterations caused by chemicals at 

the tissue and cellular level, toxicological histopathology is 

helpful [42-44]. Any chemical compound's harmful effects 

might potentially target any of an animal's tissues or organs. 

A histological analysis gives insight on the kind of tissue 

change and the degree of damage, which in turn reveals the 

compound's toxicity. Different parts of the fish brain are 

focused on different kinds of significant responsibilities. 

These compulsive modifications to the brain's tissue might 

impair a certain function in fish by preventing it from 

performing its purpose. The fish's physiological and 

behavioural characteristics are changed as a result. This 

supports the fish's respiratory issues, loss of harmony, and 

erratic swimming patterns that were reported in the present 

inquiry. Due to the adverse effects of fenvalerate on the 

mind, tremors and convulsions were seen in rainbow trout 

[45]. Fish mind vascular expansion was seen after exposure 

to 2,4-D and endosulfan independently, according to 

Nordin et al. [46]. Pugazhvendan et al. [47] observed that 

Ophiocephalus punctatus exposed to malathion pesticide 

had dispersed brain cells, severe rot, and a lack of 

separation in the synapses. 

All of the fish in Group 1, the control group, had normal 

brain tissue in both the male and female fish (Figs. 1 a and 

b), and there was no evidence of damage to the neural cells. 

While groups 2, 3, and 4, which were subjected to 5 ng/L, 

10 ng/L, and 20 ng/L of EE2 for 28 days, respectively, 

showed degeneration of neuronal cells, including necrosis 

and vacuolization (Figs. 2 a & b and 3 a & b). The degree 

of necrosis in the brains of female fish increased by 9 folds, 

from 1.43±0.12 to 13.73±0.24, between the 7th day sample 

of group 1 (with exposure to 0 ng/L of EE2) and the 28th 

day sample of group 4 (with exposure to 20 ng/L of EE2). 

When analysing each group separately, it was observed 

that group 1 had a degree of necrosis that varied between 
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1.43±0.12 and 1.5±0.22, which was not as significant (P > 

0.05) as the ranges for the other three groups: group 2's 

range was between 3.17± 0.23 and 6.13±0.24, group 3's 

range was between 7.4±0.24 and 9.67±0.24, and group 4's 

range was between 11.2±0.25 and 13.73±0.24. The amount 

of necrosis in the male fish's brain increased by 24 times, 

from 1.43±0.22 to 22.23±0.54, between the 7th-day sample 

of group 1 (with exposure to 0 ng/L of EE2) and the 28th 

(final-day) sample of group 4 (with exposure to 20 ng/L of 

EE2). When each group was examined separately, it was 

observed that group 1 had a degree of necrosis that varied 

between 1.43±0.22 and 1.47±0.22, which was not as 

significant (P > 0.05) as the ranges for the other three 

groups: group 2's range was 8.3±0.53 to 12.27±0.54, group 

3's range was 13.3±0.54 to 16.57±0.54, and group 4's range 

was 18.63±0.45 to 22.23±0.54. 

  

Figure 1a.  Histology of brain of female fish Channa punctatus of 

control group showing normal condition on exposure to 

17α-ethynylestradiol for 28 days  

Figure 1b.  Histology of brain of male fish Channa punctatus of control 

group showing normal condition on exposure to 17α-ethynylestradiol for 

28 days 

  

Figure 2a.  Histology of brain of female fish Channa punctatus exposed 

to 20 ng/L showing necrosis on exposure to 17α-ethynylestradiol for 28 

days 

Figure 2b.  Histology of brain of male fish Channa punctatus exposed to 

20 ng/L showing necrosis on exposure to 17α-ethynylestradiol for 28 days 
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Figure 3a.  Histology of brain of female fish Channa punctatus exposed 

to 20 ng/L showing vacuolization on exposure to 17α-ethynylestradiol for 

28 days 

Figure 3b.  Histology of brain of male fish Channa punctatus exposed to 

20 ng/L showing vacuolization on exposure to 17α-ethynylestradiol for 28 

days 

Neuronal vacuolation is a hallmark of hydropic 

degeneration, which may cause neuronal loss in the dorsal 

root ganglia and the growth of nodules in Nageotte to 

replace the lost neurons. It goes without saying that 

"apoptosis" is the only way that neurons might conceivably 

die in the eyes of certain neuropathologists. However, this 

is untrue. We have shown in Krinke's work that 

cytoplasmic vacuoles may be readily produced in an 

experimental setting and that they are signs of neuronal 

death due to the toxicity of extraordinarily high dosages of 

pyridoxine (vitamin B6) [48]. When comparing the level of 

vacuolization in the brains of female fish from group 1's 

7th day sample to group 4's 8th day sample, the level of 

vacuolization rose similarly by nine times, from 0.67±0.13 

to 6.3±0.24. (Table 1). When analysing each group 

separately, it was observed that group 1's degree of 

vacuolization ranged between 0.67±0.13 and 0.68±0.12, 

which was not as significant (P > 0.05) as the other three 

groups, whose ranges were as follows: group 2's range was 

between 1.73±0.15 and 3.17±0.21, group 3's range was 

between 2.17±0.22 and 4.3±0.22, and group 4's range was 

between 4.27±0.25 and 6.3±0.24. So, it can be inferred that 

as EE2 concentration grew from 5 ng/L to 20 ng/L and 

exposure time extended from 7 days to 28 days, the 

damage to brain tissue significantly increased (Tables 1 

and 2). 

Table 1.  Mean value along with standard error of damage observed in 
the histology of brain of female fish Channa punctatus on exposure to 
17α-ethynylestradiol for 28 days 

Groups Conc. 

(ng/L) 

Exposure 

period 

Vacuolization Necrosis 

Group 1 0 ng/L 7 days 

14 days 

21 days 

28 days 

0.67±0.13 

0.67±0.13 

0.68±0.12 

0.68±0.12 

1.43±0.12 

1.47±0.13 

1.43±0.13 

1.5±0.22 

Group 2 5ng/L 7 days 

14 days 

21 days 

28 days 

1.73±0.15 

2.17±0.18 

2.57±0.21 

3.17±0.21 

3.17±0.23 

4.27±0.24 

5.5±0.25 

6.13±0.24 

Group 3 10ng/L 7 days 

14 days 

21 days 

28 days 

2.17±0.22 

2.77±0.21 

3.63±0.21 

4.3±0.22 

7.4±0.24 

8.13±0.25 

8.83±0.26 

9.67±0.24 

Group 4 20ng/L 7 days 

14 days 

21 days 

28 days 

4.27±0.25 

4.87±0.24 

5.7±0.23 

6.3±0.24 

11.27±0.25 

11.97±0.24 

12.83±0.23 

13.73±0.24 
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Table 2.  Mean value along with standard error of damage observed in 
the histology of brain of male fish Channa punctatus on exposure to 
17α-ethynylestradiol for 28 days 

Groups Conc. 

(ng/L) 

Exposure 

period 

Vacuolization Necrosis 

Group 1 0 ng/L 7 days 

14 days 

21 days 

28 days 

0.68±0.12 

0.67±0.13 

0.67±0.13 

0.68±0.12 

1.43±0.22 

1.5±0.23 

1.47±0.23 

1.47±0.22 

Group 2 5ng/L 7 days 

14 days 

21 days 

28 days 

4.37±0.23 

5.13±0.24 

5.8±0.25 

6.23±0.24 

8.3±0.53 

9.67±0.54 

11.3±0.45 

12.27±0.54 

Group 3 10ng/L 7 days 

14 days 

21 days 

28 days 

8.2±0.34 

8.83±0.35 

9.3±0.36 

9.73±0.34 

13.3±0.54 

14.77±0.45 

15.83±0.66 

16.57±0.54 

Group 4 20ng/L 7 days 

14 days 

21 days 

28 days 

10.4±0.33 

12.63±0.54 

14.67±0.45 

16.37±0.44 

18.63±0.45 

19.67±0.54 

20.2±0.45 

22.23±0.54 

In the brain of male fish, when the degree of 

vacuolization was compared between the 7th day sample of 

group 1 and the 28th day sample of group 4, it also 

increased by 24-fold, from 0.68±0.12 to 16.37±0.44 (Table 

2). When examining each group separately, it was 

observed that group 1 had a degree of vacuolization that 

varied between 0.68±0.12 and 0.68±0.12, which was not as 

significant (P > 0.05) than the ranges of the other three 

groups: group 2's range was 4.37±0.23 to 6.23±0.24, group 

3's range was 8.2±0.34 to 9.73±0.34, and group 4's range 

was 10.40±0.33 to 16.37±0.44. With rising EE2 

concentrations from 0 ng/L to 20 ng/L and an increasing 

time period from 7 days to 28 days, brain tissue damage 

increased dramatically. In an experiment investigating 

histological indications of sublethal toxicity of copper ions 

in Labeo catla, [49] found similar results. 

3.1. Changes in Behaviour of Test Fish 

In fish and other aquatic species, animal behaviour 

offers a crucial integrated measurement of neuroendocrine 

function. According to Scott and Sloman [50] behaviour 

serves as a connection between ecological processes at the 

scale of populations and communities and physiological 

processes at the scale of the individual animal. Changes in 

social dominance and courting behaviours might indicate 

the possibility of adverse impacts on the lifetime 

reproductive success of exposed animals in the case of 

environmental pollutants that operate on the fish endocrine 

system [51]. 

Channa puctatus behaviour was significantly altered in 

the current study as a result of exposure to EE2. Unstable 

behaviour, uneven swimming movements, loss of stability, 

motionlessness, and sluggish movement were observed, as 

well as a decrease in swimming activity, a change in 

pigmentation, and bottom dwelling throughout the 

experiment. 

They first stopped moving and gathered at the bottom, 

but after some time, they resumed their regular pace of 

swimming. During the second exposure week, the colour 

patterns in group 3 (10 ng/L) aquaria receiving EE2 were 

transformed from normal to brilliant, while the controls 

and the aquaria of groups 2 and 4 treated with 5 and 20 

ng/L concentrations maintained their typical colouring. 

Zebrafish exposed to lead showed reduced learning and 

changed colour preferences [52,53].  

Controlling the fish's hormone flow is one of the duties 

of the medulla oblongata, which is located underneath the 

cerebellum. Additionally, it regulates the rhythmic 

contraction of the gill muscles during breathing, the heart, 

and the smooth muscles of the internal organs. With the 

greatest concentration of EE2 dissolved in aquaria, the 

degree of necrosis and vacuolization in this region were 

observed, and as a result, the highest rate of air gulping was 

seen in fish from groups 3 (10ng/l) and 4 (20 ng/L). When 

there is not enough oxygen in the water, test animals will 

air gulp, coming to the surface to get oxygen from the air. 

Additionally, fish in group 4 (20 ng/L) exposed to EE2 

swim erratically and exhibit circular movement. Fipronil 

generates notochord degeneration and locomotor 

abnormalities in zebrafish embryos and larvae, and it 

causes neuronal hyperexcitation by blocking GABAergic 

neurotransmission [54].  

It is possible to hypothesize that the increased lethargy 

of EE2-exposed spotted snakeheads is due to estrogenic 

neurotoxicity because of the processes of EE2 disruption. 

In fact, estrogens have previously been proven to be 

neurotoxic in mammals, inducing variations in locomotor 

activity [29] and the motor-sensory endocrine axis of 

vertebrates tends to be well preserved [30]. 

According to the study's findings, behavioural endpoints 

may be very helpful in determining the danger of EDCs in 

wild fish populations. However, we must consider that 

field animals are exposed to chemical combinations, which 

may result in behavioural reactions that are different from 

those of single exposures. In fact, according to Sarria et al. 

[21] this seems to be the case for combinations of EE2 and 

the androgenic substance tributyltin. 

This research assessed the association between hormone 

levels and levels of behaviour, drawing on behavioural 

endocrinological investigations that have shown that 

androgens influence the presence or absence of nest 

building and territorial activity [55,56]. 

In their F1 generation of zebrafish, Nash et al. [57] 

showed that low and environmentally relevant 

concentrations of EE2 (5 ng/L) significantly reduced 

reproductive success. Their findings have been confirmed 

in other species, including minnows [58] and medaka [59]. 

Fenske et al. [60] observed gonadal feminization in 100% 

of exposed zebrafish at a dosage of just 3 ng/L EE2 
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throughout development, which clearly has an impact on 

the survival of the species. A long-term experimental lake 

study by Kidd et al. [61] showed that fathead minnow 

populations completely collapsed after being exposed to 5–

6 ng/L EE2. 

4. Conclusions 

To the best of our knowledge, this is the first 

investigation into how the EDC EE2 affects freshwater fish 

behaviour and brain histology. Growing attention is being 

paid to environmental issues, including how to safeguard 

them and what effects contaminants have on the health of 

living things. One class of contaminants that has lately 

caught the attention of scientists is sex hormones. 

According to the material that is currently available, 

estrogen-related hormones are the most significant of them 

in terms of their effects on the environment. They may 

have a variety of detrimental effects on health or the 

operation of organisms that are directly or indirectly 

connected to them when they occur in the environment. 

These effects may include feminization, dysregulation of 

biological processes involved in reproduction, degradation 

of organismal health generally, problems in the control of 

apoptotic processes, or even encouragement of processes 

involved in the development of cancer. Even with the use 

of current filtering techniques, it is difficult to completely 

remove estrogen from the aquatic environment. 

Because several of its concentrations cause significant 

alterations in the histology of the brain and behaviour of 

the fish Channa punctatus, the use of EDCs, particularly 

17α-ethynylestradiol, should be carefully monitored. 
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