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ABSTRACT 
Atrazine has been widely used in Brazilian agriculture, especially in corn and soybean 
crops. Due to its widespread use, this literature review is relevant to systematize the main 
studies that evaluate the impact of atrazine as an endocrine disruptor leading to changes in 
fertility quality, especially in males. In several tests and studies carried out with the 
exposure of animals to atrazine, negative effects related to changes in factors that are 
essential for male fertility were observed. Therefore, inhibition of the hypothalamic-pituitary-
testicular axis, decreased reproductive cells’s metabolic activity, reduced testosterone 
levels, reduced lactate dehydrogenase (LDH) enzyme, negative effects on 
spermatogenesis and morphological changes in the gonads and sperm are results of 
atrazine toxicity on the male reproductive system that contribute to infertility. In general, it is 
concluded that atrazine has a potential endocrine disruptor effect, leading to changes in the 
form of hormone production, especially in hormones related to male sexual reproduction. 
For this reason, assessing the risks of exposure to this toxin at different stages of life and 
over several generations, combined with knowledge of its pathophysiological mechanism 
on the male reproductive system, is essential to preserve the reproductive health of future 
generations. 
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INTRODUCTION 

Progress in agricultural development and population growth are intrinsically linked. 

According to projections by the Food and Agriculture Organization (FAO), by 2050 the world 

population will exceed 9.5 billion people, so requiring a substantial increase in the food 

supply. However, in 2023, the FAO classified 733 million people as suffering from food 

vulnerability. This raises concerns for the future since, in addition to population increase, 

there is likely to be increased per capita consumption and per capita income, climate 

change, as well as restrictions to the expansion of the agricultural frontier and continuing 

increase in cities. Together, these may result in the inability of agriculture to meet future 

food demands (FAO, 2024). 

Accordingly, and with the aim of increasing agricultural production, the use of 

herbicides to control weeds is a common practice. And, due to their increasing deployment, 

studies evaluating the impact of these agricultural inputs on human health have also grown 

(Centanni, et al., 2023; Mohammed et al., 2023; Zhao et al., 2024; Gomes-Andrade et al., 

2024). 

Among the widely used herbicides, atrazine (IUPAC name: 6-Chloro-N2 

ethylN4(propan-2-yl)-1,3,5-triazine-2,4-diamine) a compound from the class of triazines, is 

considered to be one of the most commonly used on corn and sugar cane crops. However, 

this massive consumption has largely overlooked the broad toxicity of this compound to 

both the environment and living organisms (Vizioli et al., 2023; Chang et al., 2022). 

Considered a persistent pollutant due to its low absorption characteristics, long half-

life in soils and moderate solubility, atrazine is commonly found as a contaminant of surface 

or groundwater and in agricultural soils (Vizioli et al., 2023; Puvvula et al., 2021). As a 

result, a number of pathways exist by which atrazine and its metabolites can be absorbed 

by living organisms. These include ingestion, inhalation and direct contact. Accordingly, due 

to the risks posed to health and the ecosystem, Atrazine was banned in the European Union 

in 2004 due to the extensive contamination of water (Sass & Colangelo, 2006). 

Even though pesticides have greatly increased the quantity of food produced, there 

are studies that question the real need for their use. Numerous authors advocate organic 

farming to maintain the health of the soil, people and ecosystems, rejecting the use of 

pesticides and methods they consider to be environmentally harmful (Javier, 2022; Brito et 

al., 2023; Martínez-Alfaro & Zuñiga-Orozco, 2024). 

However, despite the growing interest in sustainable and organic agriculture, the 

Grow in the use of pesticides in arable fields remains widespead, especially for herbicides, 

which are continuing to be widely used in countries with large agricultural frontiers, such as 
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Brazil and the United States (EPA, 2020; Chang et al., 2022). 

Thus, human exposure to pesticides in their occupational or natural environment has 

been reported widely in the scientific literature and, following the growth of this exposure, 

the occurrence of exposure-related diseases has begun to manifest. as a result, there is 

now considerable scientific interest in the possible relationships between contact with these 

environmental contaminants and the emergence of a gamut of pathologies (Centanni et al., 

2023, Puvvula et al., 2021; Ge et al., 2021). 

A growing number of studies have sought to evaluate atrazine toxicity to organic 

systems, with the impacts it may have on fertility being one of the most studied (Gomes- 

Andrade et al., 2024; Rotimi & Adeyemi, 2023; Rotimi, Ojo & Adeyemi, 2024; Rodriguez- 

Robledo et al., 2022). The association with infertility is mainly due to the action of atrazine 

as an endocrine disruptor (Rotimi & Adeyemi, 2023; Gomes-Andrade et al., 2024; Zhao et 

al., 2024). Research using animal models has shown that atrazine inhibits the function of 

the hypothalamic-pituitary-testicular axis (Rotimi, Ojo & Adeyemi, 2024), causing testicular 

atrophy and degeneration, thus impairing spermatogenesis (Govers et al., 2019; Abarikwu 

et al., 2024a, Pandey et al. 2021), so reducing sperm concentration and motility (Hassanin 

et al., 2024; Leet et al., 2022, Pandey et al. 2021), and resulting in gonadal inflammation 

(Abarikwu et al., 2024b), and oxidative stress (Mohammed et al., 2023). There has been 

warning of the risks of chronic exposure (Galoppo et al., 2020), as well as accumulation of 

metabolites in seminal plasma (Rodríguez-Robledo et al., 2022), which can produce 

transgenerational effects that may impair fertility in subsequent generations (Thorson et al., 

2020; Tan et al., 2021). This current review addresses the effects of atrazine as an 

endocrine disruptor and its effects on the male reproductive system. 

 

MATERIAL AND METHODS 

A qualitative bibliographic review was developed using an analytical interpretation of 

the studied phenomenon. Such a qualitative perspective underpins the broad, and 

integrated, approach to the study topic and the correlation of various factors and events with 

analysis and perception of the internal dynamics of the processes involved. 

This type of scientific product also contributes to the development of critical internal 

and external analysis and, consequently, drives scientific dissemination from both a 

theoretical and methodological standpoint (Botelho 2011; Lakatos & Marconi, 2003). 

To obtain relevant studies, a comprehensive search for articles between 2020 and 

2024 was carried out in Scopus with the title filter “atrazine”, to find studies that had 

conducted research with this pesticide. For the keywords, the following filters were used: 
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“fertility”, “infertility”, “reproduction”, “sperm” and “endocrine”. 

Studies selected were chosen according to the following criteria, that the paper: 

· Was an original article (review articles, conference abstracts, editorials and book 

chapters were excluded); 

· Concerned Atrazine exposure; 

· Dealt with male reproduction. 

Finally, the selected articles were analyzed, and a database was constructed 

containing the relevant information from each article. This was them used to produce the 

contented presented here. 

 

RESULTS 

The Scopus search returned 75 records. Of these, 16 articles were selected as fully 

melding the selection and filtering criteria, the other 51 were excluded. 

The studies were selected and organized as the Table 1:  

 

Table 1 

Concentration Population Study Duration Effects Study 

 
 

50 mg/kg 

 
 

Mices 

 
 

3 days 

↓ Body Weight in the 
testis 

= Estradiol and DHT 
concentration in the 

testis 
↓ Seminal vesicle 

 
 

Abarikwu et al. (2024a) 

   weight 
= Epididymis eight 

↑ Estradiol 
concentration in the 

epididymis 
↓DHT concentration in 

the epidydymis 

 

 
 
 
 
 
 
 
 

25mg/kg 

 
 
 
 
 
 
 
 

Mices 

 
 
 
 
 
 
 
 

30 days 

Absolute testis weight 
was not affected 

↓ TNF-α in the testis 
↑ IL-6 level 
↓ nitric oxid 

concentration 
↓ myeloperoxidase 

activity 
Dead cells in the 

epithelium of the tetis 
Seminiferous tubules 

degenerated 
Desquamates germ 
cells mostly round 

spermatids in the lumen 
Few inflammatory cells 
in the interstitial areas 

 
 
 
 
 
 
 
 

Abarikwu et al. (2024b) 

 
 
 
 

 
 
 

Mouse Sertoli cell 

 
 
 
 

↓ Metabolic activity 
= Mitochondrial function 

and 
reactive oxygen species 

 
 
 

Gomes-Andrade et al. 
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0.3, 3, 30, 300, 3000 μg/L line 24 hours production 
↓ Lactate 

dehydrogenase 
expression in mouse 

Sertoli cells 

(2024) 

50 mg/kg bw of atrazine 20 
mg/kg body weight of 

resveratrol 

 
Male albino rats 

 
2 months 

↓ Ability of male rats to 
fertilize 

↓ Serum level of 
testosterone hormone 

 
Hassanin et al. (2024) 

 
20 µM, 100 µM, 250 µM of 

atrazine 
20 µM, 100 µM, 200 µM of 

Diaminochlorotriazine 

 
 

Egg-laying quail 

 
 

144 hours 

↓ Reduced the Viability 
of Granulosa Cells 

(GCs) 
↑ Steroid Hormone 
Disruption in GCs 
↑ Apoptosis in GCs 

 
 

Xiao-Wei et al. (2024) 

0.7, 7.0, 70 μg/L ATZ O. bonariensis 
larvae 

4 weeks ↑ Testicular germ cell 
number 

Carririborde et al. (2023) 

Exporure to environmental 
pollutants where the mother 
was living when the clid was 

born 

 
Samples from 

newborn 

Birth between 
January 1, 
2021 and 

December 31, 
2021 

No significant tap- 
water contamination 
associated with TSH 

concentration 

 
 

Chamot et al. (2023) 

 
 
 
 
 
 
 
 
 
 
 

0.02 ng/mL 

 
 
 
 
 
 
 
 
 
 
 

Mices 

 
 
 
 
 
 
 
 
 
 
 

3 weeks 

No effect on litter size, 
litter weight, sex ratio or 

mortality rates or 
across generations 
No significant body 

weight change and no 
difference in testis, 

seminal vesicle, liver or 
gonadal fat weights 

No gross morphological 
changes in testis 

No significant change of 
motile sperm 
No significant 

difference in gene 
expression 

No effect on 
seminiferous tubule 

measurements 
No effect in the number 
of proliferating cells or 

Sertoli Cells 

 
 
 
 
 
 
 
 
 
 
 

Kolaitis et al. (2023) 

 
 
 
 
 

120 mg/kg b.w. 

 
 
 
 
 

Wistar-albino rats 

 
 
 
 
 

21 days 

↓ Weight change, 
testicular weight and 

relative testicular 
weight 

↓ Total sperm count 
↓ Testosterone level 
↓ Testicular protein 
concentration and 
levels of glycogen 
↓ Spermatogenic 

activity 

 
 
 
 

Rotimi & Adeyemi (2023) 

 
 
 
 
 
 

120 mg/kg 

 
 
 
 
 
 

Rats 

 
 
 
 
 
 

7 days 

↓gonadal hormonal 
concentrations, semen 
quality parameters and 

testicular function 
indices 

↑oxidative stress 
↓ antioxidant potencial 

↓ sperm quality 

 
 
 
 
 
 

Rotimi, Ojo & Adeyemi 
(2024) 
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↑ inflammatory markers 
in brain, testis and 

epididymis 
↑degeneration histo- 
architecture in brain, 
testis and epididymis 

 
5.4 μg/L 

Largemouth Bass 
(Micropterus 
salmoides) 

 
6 months 

↓ Sperm motility and 
count 

↓ Gonadosomatic index 

 
Leet et al. (2022) 

5, 10, 15 and 20mg/l Crayfish 
Procambarus 

28 days ↑ Mortality 
↑ Reproductive 

hormones of females 

Nassar et al. (2022) 

 clarkii  ↓ Total protein content 
of the ovary and 

haemolymph 
↓ Testosterone levels in 

the testis 
No significant 

difference in the total 
protein content of males 

 

 
NA 

 
Human sperm 

 
NA 

Atrazine's metabolite 
found in four of the six 

samples 

Rodríguez-Robledo et al. 
(2022) 

 
 
 
 
 
 

2, 10, 70, and 100 mg/kg 
b.wt/day 

 
 
 
 
 
 

Male Rats 

 
 
 
 
 
 

21 days 

↑ Body weight 
↓ Testis weight, 

epididymis, adrenal and 
seminal vesicle 
Delayed sexual 

maturation 
↓ Serum testosterone 

levels 
↑ Serum estradiol levels 

↓ Sperm count and 
motility 

Testis histology 
alterations 

↓ Fertility potential 

 
 
 
 
 
 

Pandey et al. (2021) 

ATZ of 0.2 ppm Caiman latirostris 70 days Effects on thyroid 
histoarchitecture 

Galoppo et al. (2020) 

 
 
 
 
 
 
 

5 mg/kg bw/day 

 
 
 
 
 
 
 

Mice 

 
 
 
 
 
 

12 week cohort 
26 weekcohort 

No effect on the sex 
ratio of pups, birth 

weight and survival No 
difference on body 

weight, tissue weight 
and morphology 

↓ Epididymal sperm 
concentration in the 12 

week cohort 
No difference in the 
epididymal sperm 

concentration in the 26 
week cohort 

No effect on daily 
sperm concentration 

 
 
 
 
 
 
 

Harper et al. (2020) 

 
 

100 mg/kg/day 
6.25 and 12.5 mg/kg/day 

 
 

Mice 

 
 

21 days 

No significant changes 
in body and testis 

weight 
Affected penile 

morphology and testis 
descent 

 
 

Tan et al. (2021) 

 
25 mg/kg BW/day 

 
Rats 

 
12 months 

Transgenerational lean 
pathology in nearly a 
third of the animals 

 
Thorson et al. (2020) 
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DISCUSSION 

ATRAZINE EFFECTS ON ENDOCRINE SYSTEM 

Subfertility and infertility related to decreased sperm quality have increased in recent 

decades. Hypotheses related to lifestyle, environmental factors, and occupational exposure 

to endocrine disruptors have been proposed and discussed (Thorson et al., 2020). 

Across the analyzed period, an increasing number of studies sought to evaluate the 

toxicity of atrazine on organic systems, with its impact on fertility being one of the most 

studied aspects. However, the mechanisms by which atrazine interacts toxically with the 

human reproductive system appear to be non-uniform, with several pathways potentially 

involved (Gomes-Andrade et al., 2024; Rotimi & Adeyemi, 2023; Rotimi, Ojo & Adeyemi., 

2024; Rodriguez-Robledo et al., 2022). Among these, atrazine as an endocrine and 

metabolic disruptor is already well characterized (Rotimi & Adeyemi., 2023). However, few 

studies have evaluated long-term contact, especially prenatal exposure to atrazine, see 

study carried out by Tan et al. (2021) for exceptions. This has been interpreted as cause for 

concern, as individuals subjected to chronic exposure may have their health impacted more 

severely (Harper, Finger & Green, 2020). 

Analysis of prolonged exposure to atrazine is relevant since recent research indicates 

that endocrine disruptors from this toxin can bioaccumulate in seminal plasma (Rodríguez- 

Robledo et al., 2022). This provides new avenues for future investigations into the 

association between endocrine disruptors bioaccumulated in seminal plasma and infertility. 

A Spanish study with six semen samples donated by healthy men, identified atrazine 

metabolites in the seminal plasma of four individuals (Rodríguez-Robledo et al., 2022). 

In addition to the detrimental effects on the neuroendocrine system, such as 

inhibition of the function of the hypothalamic-pituitary-testicular axis, research has also 

implicated atrazine in the toxification of the gonads, adrenal glands, thyroid axis (including 

epigenetic changes) (Thorson et al., 2020; Rotimi, Ojo & Adeyemi, 2024; Zhao et al., 2024). 

Additionally, Rodríguez-Robledo et al. (2022) and Galoppo et al., (2020) have described 

possible associations with atrazine and its bioaccumulation in the body. 

In the environment, atrazine can interact with other contaminants and so have its 

toxic effect augmented, increasing its capacity to negatively impact human health. As an 

example of this, a study carried out in the city of Campinas, in the interior of the Brazilian 

state of São Paulo, analyzed the interaction of atrazine with microplastics in aquatic 

environments. The presence of microplastics in water was found to be capable of acting as 

sorption agents, and so capable of increasing the effective concentration of atrazine. The 

study also reported that atrazine has a greater tendency to remain soluble in water; 
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however, the presence of microplastics reduces this capacity by absorbing it onto the surface 

of the plastic particles. Thus, the presence of microplastics in water increases the risk of 

contamination by atrazine, especially because it can be bioaccumulated by humans (Dias et 

al., 2023). 

In another study of atrazine as a water contaminant, Chamot et al. (2023) analyzed 

the effects of this compound on thyroid-stimulating hormone (TSH) newborn children in 

France. They reported no significant changes in TSH levels compared between groups 

exposed and not exposed to water contaminated with atrazine. However, in this study, more 

than half of the samples were below the quantification limit. 

Studies involving humans are the exception, as most evaluations of the effects of 

atrazine on TSH are performed on animals, such as mice and crocodilian. This can make it 

difficult to extrapolate the results to humans (Gomes-Andrade et al., 2024; Harper, Finger & 

Green, 2020). However, studies of vertebrate animals exposed to atrazine during embryonic 

development, have reported that the disruption of the thyroid axis profoundly impacts 

metabolism and reproduction (Galoppo et al., 2020). Additionally, since thyroid hormone 

signaling is strongly conserved among vertebrates, it has been suggested that atrazine 

produces adverse effects in other vertebrates, including humans. Findings of studies of the 

exposure of broad-snouted caiman eggs to atrazine warn of the impacts that long-term 

contact can cause (Galoppo et al., 2020). 

In the context of environmental exposure and persistence, atrazine’s action as an 

endocrine and metabolic disruptor, this compound causes a decrease in the metabolic 

activity of reproductive cells, impaired glycolytic function, reduced expression of the enzyme 

lactate dehydrogenase (LDH), and effects the production and secretion of gonadal 

androgens (Gomes- Andrade et al., 2024; Rotimi & Adeyemi, 2023; Abarikwu et al., 2023; 

Hassanin et al., 2024). 

 

ATRAZINE EFFECTS ON REPRODUCTIVE SYSTEM 

By decreasing the expression of LDH, atrazine impairs the glycolytic function of Sertoli 

cells, directly compromising the nutritional support of spermatogenesis, since this enzyme is 

responsible for the conversion of pyruvate into lactate, a substrate to nourish germ cells in 

spermatogenesis (Gomes-Andrade et al., 2024). Indeed, the action of atrazine is 

sufficiently potent that, at very low concentrations in human biofluids, and at the legal limit in 

drinking water, atrazine is capable of inhibiting the glycolytic function of Sertoli cells (Gomes-

Andrade et al., 2024). 

However, the study by Gomes-Andrade et al. (2024) used the immortalized murine 
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cell line TM4. This is an important methodological limitation, as such cells do not represent 

the complexity of Sertoli cells in vivo. In addition, the tissue microenvironment and cell-cell 

interactions that influence the dynamics of Sertoli cells was absent under the deployed 

experimental. 

Another fundamental element in the spermatogenesis process is testosterone, a 

steroid hormone secreted by Leydig cells, which binds to receptors in Sertoli cells, 

regulating the function of the epididymis in the storage, maturation, concentration, motility 

and protection of sperm (Rotimi & Adeyemi, 2023). 

A plausible and widely accepted mechanism for how atrazine acts to reduce serum 

testosterone, is the inhibition of the enzyme 3β-hydroxysteroid dehydrogenase (3β-HSD). 

This is enzyme expressed in the Leydig cells, which are the site of several steps in the 

steroidogenic cascade that results in the formation of testosterone. As a result, low levels of 

serum and intratesticular testosterone trigger reproductive disorders that affect 

spermatogenesis (Abarikwu et al., 2023). 

Work on mice by Harper, Finger and Green (2020) found that exposure to atrazine 

affects the gene expression of steroids in the testes, this occurs because the herbicide 

produces in a significant increase in the expression of the Cyp19a1 gene, which codes for 

aromatase, the enzyme responsible for converting androgens into estrogens. The study 

also reported a reduction in sperm concentration, which may be related to hormonal 

imbalances. In rats and mice, exposure to atrazine can affect sperm cell count, testicular 

weight, sperm viability and mortality, and also reduce testosterone levels, negatively 

influencing male fertility (Zhu et al., 2021; Rotimi & Adeyemi, 2023). 

Using an endocrine approach Hassanin et al. (2024) and Mohammed et al. (2023) 

found that rats subjected to atrazine via gastric tube had reduced fertilization capacity. This 

was accompanied by decreased serum testosterone levels, upregulated caspace 3 mRNA 

levels, increased iNOS mRNA expression, destruction of seminiferous tubules, damage to 

germinal epithelium, congested and dilated blood vessels, and reduced Leydig cells. 

Regarding mitochondria and production of reactive oxygen species (ROS), several 

studies report a marked increase in oxidative stress and inflammatory markers when 

exposed to atrazine (Rotimi & Adeyemi, 2023; Abarikwu et al., 2024b; Mohammed et al., 

2023). A study carried out by Xiao-Wei Li et al. (2024) with granulosa cells from female 

quail, found that exposure to atrazine decreases cell viability and proliferation, increases 

oxidative stress and inhibits mitochondrial function-related gene expression. However, a 

study by Gomes- Andrade et al. (2024) observed no changes in either mitochondrial 

membrane potential or production of reactive oxygen species in Sertoli cells at all atrazine 
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concentrations tested, even though there was a reduction in the metabolic activity of these 

cells, suggesting that toxic concentrations of atrazine do not specifically affect mitochondrial 

function or cause oxidative stress in these cells. 

As can be seen from the material cited above, collectively, studies have 

demonstrated that atrazine alters the expression of molecular markers associated with the 

development and function of germ cells that can be influenced by low testosterone levels. 

With the suppression of testosterone and defects generated in Sertoli and Leydig cells, 

atrazine affects fertility directly by inhibiting spermatogenesis and/or decreasing the quality 

of sperm produced (Anlar et al., 2021; Abarikwu et al., 2023; Rotimi & Adeyemi, 2023; 

Hassanin et al., 2024; Mohammed et al., 2023, Pandey et al. 2021). 

Additionally, it can also significantly alter the morphology of the spermatozoon. Studies 

have reported damaged spermatogonia, irregular contours of the primary spermatocyte 

nuclei, round spermatids with loss of the acrosomal cap, and a reduced number of 

spermatozoa in the lumen (Hassanin et al., 2024; Mohammed et al., 2023). 

Morphological changes in the reproductive organs, frequently observed with atrazine 

exposure, are directly related to its toxic effects on fertility. Studies have reported atrazine 

produces morphological and functional damage to testicular structures, including gonadal 

atrophy, damage to the seminiferous tubules, and disruption of the germ lines (Rotimi & 

Adeyemi, 2023, Pandey et al. 2021). In addition, abnormal morphology of the urogenital 

mating bulge (MUMP) in rats, as well as reduction in its size and the occurrence of 

hypospadias, have been associated with atrazine toxicity (Govers et al., 2019). 

Research conducted with male mice (Abarikwu et al., 2024a) indicate that exposure 

to atrazine can cause acute and irreversible effects on the testes, including damage to 

Sertoli and germ cells, plus changes in hormone levels, and testicular inflammation. In 

addition, when the mother mouse is contaminated with atrazine during gestation and 

lactation, male offspring can develop testicular alterations, resulting in sexual immaturity, 

histological alterations, subfertility, and cryptorchidism (Govers et al., 2019; Nassar, 

Mohamed & Said, 2022; Pandey et al. 2021, Riera et al., 2022). 

Prenatal exposure of rats to 100 mg/kg of atrazine produced changes in anogenital 

distance, testicular descent, and significantly reduces the size of the glans penis in 

Offspring. This highlights the cumulative effects, as well as their transgenerationality (Tan et 

al., 2021). 

Whether atrazine exposure can produce a reduction in absolute and relative body 

weight and reproductive organs has been a topic of discussion between authors. In a study 

developed by Rotimi and Adeyemi (2023), Wistar rats treated with atrazine (120mg/kg) 
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showed a reduction in the weight of the body, testis and epididymis, as well as a decrease 

in sperm concentration and semen quality. Mohammed et al. (2023), Pandey et al. (2021) 

and Abarikwu et al. (2024b) corroborated these findings, emphasising the role of atrazine in 

reducing body mass. However, other studies did not find significant differences in the 

absolute and relative weight of rats exposed to atrazine compared to controls, suggesting 

the need for further investigations on the impact of the substance on total body mass and 

reproductive organs (Govers et al., 2019; Harper, Finger & Green, 2020). 

Furthermore, a study conducted in Australia on prenatal exposure of rats to 5 mg/kg 

atrazine did not reveal significant weight gains or differences in the absolute and relative 

weights of seminal vesicles, testes, and fat pads. However, it did show decreased 

epididymal sperm concentration in 12-week-old males, suggesting that atrazine exposure 

may have more pronounced effects in younger males (Harper, Finger & Green, 2020). 

While transgenerational effects of atrazine are also of concern, a study using a 

concentration of 0.02 ng/ml atrazine (considered the conservative average in Australian 

waters) did not show significant changes in the timing of puberty onset, body weight, 

testicular morphology, or percentage of motile sperm in two generations of rats (Thorson et 

al., 2020; Kolaitis et al., 2023). 

Other studies, such as those by Carriquiriborde et al. (2023) and Leet et al. (2022) on 

fish, suggest that atrazine may affect the health of testicular germ cells, so interfering with 

reproductive capacity. In addition, research with the freshwater shrimp Procambarus clarkii, 

found that atrazine caused disturbances in the distribution of spermatogonia and necrosis in 

the testicular structure, in addition to decreasing testosterone levels (Nassar, Mohamed & 

Said, 2022). 

Sperm motility is one of the main parameters used to assess fertility and reproductive 

capacity. A reduction in total sperm count, as well as a decrease in motility and the presence 

of sperm with compromised morphology, including head defects, tail division and membrane 

ruptures, were observed in rats exposed to atrazine (Rotimi & Adeyemi, 2023; Hassanin et 

al., 2024). This pattern of impairment was also identified in fish, as demonstrated by Leet et 

al. (2022). 

However, it is also important to note that a study of rats by Kolaitis (2023) did not find 

any significant change in sperm parameters. Sperm are highly sensitive to hormonal 

changes and, probably, the concentration of atrazine used in this study was insufficient to 

generate changes in sperm parameters. Therefore, research on the effects of atrazine 

continues to be a relevant and necessary field to understand its implications on the 

reproductive health across a variety of different organisms. 
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In summary, atrazine has significant potential to cause morphological and functional 

changes in sperm and reproductive structures due to its role as an endocrine disruptor. This 

makes continuous monitoring and more in-depth studies on its consequences for fertility 

and reproductive health in different species. 

 

FINAL CONSIDERATIONS 

Atrazine is an environmental toxin which many studies have associated with male 

infertility. Its toxic impact on the reproductive system of animals occurs because the 

compounds is causes endocrine dysregulation that leads to changes in hormone 

concentrations, contributing to alterations in spermatogenesis, metabolic and glycolytic 

activity of Sertoli and Leydig cells, and histopathological changes in the parenchyma of 

reproductive organs. In addition, it acts as an inflammatory agent and triggers oxidative 

stress in the reproductive system. 

The toxicity of atrazine on the male reproductive system has been widely discussed 

and investigated, with studies addressing such aspects as inhibition of the hypothalamic-

pituitary- testicular axis, decreased metabolic activity of reproductive cells, impairment of the 

glycolytic function of Sertoli cells, reduction of enzyme lactate dehydrogenase, decreased 

serum and intratesticular testosterone, as well as negative effects on spermatogenesis, and 

morphological changes in the gonads and sperm as potential pathways for male infertility. 

However, some studies have noted difficulties in extrapolating the results obtained 

from some animal models to humans due to differences in metabolism, lifespan and 

reproductive system. This also highlights the need for further studies evaluating 

chronic exposure to atrazine. 

Finally, a preventive and dynamic approach to minimize exposure to this toxic 

compound and a reassessment of regulatory guidelines on the legal limits of atrazine in the 

environment are essential to preserve the reproductive health of future generations. 
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