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Water is an essential resource for the survival of living organisms and the balance of the planet; however,
its quality has been compromised by the presence of potentially toxic elements (PTES), which can cause
damage to aquatic ecosystems and human health. Thus, this study aimed to analyze the chemical
characteristics of different types of estrogens and evaluate the toxic action of the compound 17f-estradiol
on Fleischmann® yeast. A solution of 17f3-estradiol, with purity greater than 99%, was prepared in ethanol
and diluted to reach a concentration of 100 ng.L*. The yeast was cultured in a liquid medium containing
water, 2% glucose, and 17p-estradiol, with exposure times of 30, 60, 90, 120, and 150 minutes. Colony
growth was assessed on Petri dishes containing solid Sabouraud medium, while cell mortality rate and
budding were analyzed by cell counting using a Neubauer chamber and methylene blue staining. The
chemical characteristics of 17B-estradiol, such as low volatility, low water solubility, and high
hydrophobicity, contribute to its persistence in the environment. Exposure of the yeast to the compound
resulted in gradual inhibition of colony growth, with greater impact after 150 minutes. The study
demonstrated that even low concentrations of 17f3-estradiol caused toxic effects, increasing cell mortality
and reducing budding after 90 minutes of exposure, indicating potential risks for other organisms and
humans. The yeast stood out as an efficient bioindicator.
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A agua é um recurso essencial para a sobrevivéncia dos organismos vivos e o equilibrio do planeta, porém
sua qualidade tem sido comprometida pela presenca de elementos potencialmente toxicos (PTES), que
podem causar danos aos ecossistemas aquaticos e a saude humana. Assim, este estudo visou analisar as
caracteristicas quimicas dos diferentes tipos de estrogénios e avaliar a acdo tdxica do composto
17B-estradiol na levedura Fleischmann®. Uma solugdo de 17f-estradiol, com pureza superior a 99%, foi
preparada em etanol e diluida até atingir uma concentragéo de 100 ng.L*. A levedura foi cultivadas em
meio liquido contendo agua, 2% de glicose e 17p-estradiol, permanecendo nos tempo de exposicéo de 30,
60, 90, 120 e 150 min. O crescimento das coldnias foi avaliado em placas de Petri contendo meio solido
Sabouraud, enquanto a taxa de mortalidade e o brotamento das células foram analisados por contagem
celular utilizando uma camara de Neubauer e corante azul de metileno. As caracteristicas quimicas do
17B-estradiol, como baixa volatilidade, baixa solubilidade em &gua e alta hidrofobicidade, contribuem para
sua persisténcia no ambiente. A exposicdo da levedura ao composto resultou em inibicdo gradual do
crescimento das coldnias, com maior impacto apés 150 min. O estudo demonstrou que mesmo baixas
concentragdes de 17B-estradiol causaram efeitos toxicos, aumentando a mortalidade celular e reduzindo o
brotamento ap6s 90 min. de exposicdo, indicando riscos potenciais para outros organismos e humanos.
A levedura se destacou como bioindicador eficiente.

Palavras-chaves: Saccharomyces cerevisiae, estrogénios, compostos emergentes.

1. INTRODUCTION

Water is an essential natural resource for the survival of living organisms and for maintaining
the balance of the planet. However, the quality of this vital resource has been compromised due
to various human activities [1]. The increasing presence of chemical products, such as medicines,
cosmetics, cleaning products and anticorrosive, has been identified in bodies of water [2]. It has
resulted in the degradation of environments. These compounds are widely recognized as emerging
pollutants, substances that may pose environmental risks due to their ability to react with other
substances present in the environment, generating new compounds whose effects are still
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uncertain but have the potential to cause significant harm to the ecosystem. Such elements are
considered "emerging"” when they arise from new sources, alternative routes of human exposure,
or new treatment approaches. [3].

These emerging contaminants are also recognized as Potentially Toxic Elements (PTEs). This
type of contamination emerges as a deep threat to the environment, making it imperative to
implement effective detection and monitoring strategies [4]. The presence of contaminants in
water resources not only threatens the balance of aquatic ecosystems, but also endangers living
organisms, given the ability of these chemical substances to cause harm [5]. In this context, the
detection and monitoring of these elements in water emerge as a fundamental foundation for
preserving the environment and promoting the population’s quality of life. Since the presence of
these contaminants throughout the hydrological cycle, which includes groundwater, surface water
courses and effluents from wastewater treatment plants, raises concerns about the negative impact
on terrestrial and aquatic life and human health [1].

Emerging contaminants such as pesticides, personal care products, X-ray contrast media,
endocrine disruptors and pharmaceuticals have been extensively reported in wastewater,
groundwater and surface water in recent years [5]. These substances, whether natural or synthetic,
are associated with significant changes in the natural processes of several species, especially fish
[6]. In the group of emerging contaminants, pharmaceutical and personal care products (PFCPSs)
have been increasingly mentioned in the scientific community. Analgesics, antiseptics, antibiotics
and other compounds in this category are among the most investigated. Due to the common polar
functional groups in PFCPs, the identification and removal of substances becomes a challenging
task [7].

The source of emerging contaminants influences the characteristics of these substances. The
transport and transformation of these contaminants depend on physical-chemical characteristics
and environmental parameters, such as water solubility, temperature, polarity, volatility, organic
matter content, pH, precipitation, altitude and latitude [8]. These factors are crucial in determining
the life expectancy of an emerging contaminant in the environment. There are diverse sources of
emerging contaminants, both in terms of number and nature. Point sources of pollution and diffuse
sources are two main types [9]. When present in bodies of water and beyond permitted limits,
these compounds can cause toxic effects to living organisms, altering morphological, biochemical
and genetic aspects, which has driven research to minimize the effects of these pollutants in the
environment or even to promote its removal.

The application of the use of microorganisms as an efficient, ecological and economical tool
in the detection and removal of emerging pollutants has been systematically used in recent years.
However, more studies are needed about the use of microbial community with the potential to
degrade potentially toxic elements [10]. However, some studies report that different groups of
microorganisms used alone or in combination can be used both to promote the accumulation and
to degrade numerous PTEs [6].

In this sense, the yeast Saccharomyces cerevisiae can be an innovative tool to evaluate the
toxicity of emerging compounds, as it has characteristics that make it effective. Firstly, this
microorganism has an extraordinary ability to survive, multiply and even adapt to adverse
conditions, which can allow a rapid response to environmental stimuli [11]. Furthermore, it has a
high degree of genetic correlation with eukaryotic organisms, including humans [12]. Such
attributes are important to be considered for their use as a bioindicator to evaluate the genotoxic
and mutagenic potential of potentially toxic elements (PTEs), which may be present in various
ecosystems [13]. Another advantage of S. cerevisiae is its ease of cultivation, growth and
manipulation in the laboratory, as it is a non-pathogenic organism, which allows experiments to
be carried out under controlled conditions. This experimental capacity makes it possible to
evaluate the yeast’s response to different samples, facilitating the identification of potential
contaminants and the quantification of the effects caused [14].

This microorganism is capable of selectively accumulating potentially toxic elements,
concentrating them, allowing a direct analysis of the effect of exposure time and minimum
inhibitory concentration in a timely manner [10]. This characteristic can provide important
information about the presence and concentration of toxic elements in the environment.
Understanding the response of S. cerevisiae to contaminants in natural habitats can be an
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important tool for implementing strategies to preserve environmental quality, promoting public
health and the conservation of ecosystems.

In fact, environmental degradation, perpetrated by different organisms that cohabit the
environment, manifests characteristics that provide a dynamic response to xenobiotic substances,
such responses being correlated with changes in their physiology, morphology and adaptations,
due to the capacity to accumulate such substances [15]. In this sense, the use of microorganisms
provides a faster and more efficient response to the toxicity of compounds and their effects at the
cellular and molecular level [16]. Among other aspects, they highlight the reduced cost, quick
analysis time and reduction of waste generated during analysis as advantageous [17].

The use of microorganisms as bioindicators has stood out as a promising approach, allowing
the assessment of the presence and impact that these contaminants can cause ecosystems. These
are living organisms capable of responding, in a measurable way, to environmental changes
resulting from the presence of pollutants. They reflect the interaction between the environment
and organisms, providing valuable information about the quality of ecosystems. Among potential
bioindicators, S. cerevisiae, a unicellular yeast, has been widely used in microbiological research
and offers significant advantages for contaminant detection. Therefore, the study aims to analyze
the chemical characteristics of estrogen types, as well as evaluate the toxic action of the compound
17p-estradiol on Fleischmann® yeast.

2. MATERIAL AND METHODS

2.1 Study development location and Microorganism used

The studies were developed at Centro de Estudos em Recursos Naturais — CERNA, in
Universidade Estadual do Mato Grosso do Sul, Dourados/MS. In this study the S. cerevisiae
Fleischmann® lineage was used.

2.2 Evaluation of estrogen types

The research was carried out through an exploratory/descriptive bibliographic review of
chemical characteristics of estrogen types. Furthermore, exploratory/descriptive research
contributes to the understanding and contextualization of the researched data and focuses on
themes in order of importance regarding their content [18].

2.3 Preparation of 17p-estradiol solution

To prepare the stock solution, the compound 17-estradiol with a purity level of (>99%) was
solubilized in ethyl alcohol PA and vortexed. Successive dilutions were performed to a
concentration of 100 ng. L.

2.4 Preparation of cultivation conditions

For cell growth, yeasts were grown in 10 mL test tubes containing 0.05 g of Iyophilized yeast,
1.0 g of glucose, 9.0 mL of sterile distilled water and vortexed. After sample homogenization,
1.0 mL of the compound 17p-estradiol at a concentration of 100 ng. L™ was added to the reaction
medium. The tubes were incubated at a temperature of 30 °C at 250 rpm, for times of (30, 60, 90,
120 and 150) minutes, methodology adapted from Sarabia et al. (2019) [19]. Aliquots were
collected for analysis of colony growth, assessment of mortality rate and budding.

2.5 Colony growth

To evaluate colony growth in response to 17p-estradiol, previously cultured cells were used.
Petri dishes containing Sabouraud solid medium were sterilized in an autoclave for 20 min and
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0,5 pL of the culture solution was dripped onto the plate. The plates were incubated at 30 °C for
48 hours, or until colonies appeared. The analysis performed visually and qualitatively, according
to the methodology adapted by Mueller et al. (2020) [20].

2.6 Assessment of mortality and sprouting rate

To evaluate the mortality rate and the number of shoots, previously cultured cells were used.
Aliquots of 10 pL of the sample were removed and added to an Eppendorf containing 90 uL of
methylene blue dye and shaken. The samples were counted in a Neubauer chamber with the aid
of an optical microscope [21].

2.7 Statistical analysis

The data obtained were analyzed with Microsoft Excel 16 software and the graphs were plotted
in GraphPad Prism version 9.5.1 showing mean and standard deviation.

3. RESULTS AND DISCUSSION

Hormones can be classified as natural or synthetic hormones, which vary according to their
structural and molecular form. Chemical characteristics such as the amount of carbon and
hydroxyl make a difference in relation to the type of estrogen, (Table 1). The physical-chemical
characteristics and environmental conditions are fundamental parameters in the degradability of
these compounds and in the lifetime of these molecules presents in ecosystems.

Estrogens are presented as estrone (El), 17p-estradiol (E2), estriol (E3) and
17a-ethynylestradiol (EE2) and act as possible endocrine disruptors, being natural or synthetic
[22]. Its fate in aquatic ecosystems has been a cause for great concern. The detection of
17p-estradiol in surface waters is a global concern. Long-term exposure to this compound, even
in very small concentrations, has caused changes in aquatic organisms [23].

Table 1. Classification and chemical characteristics of estrogen types.

Estrogen Structure Formula Molecular Classification
Formula

Estrone (E1) 0 C1gH2,0; Natural

17p-estradiol (E2) 0. Ci1sH240; Natural

A0H
Estriol (E3) O il Ci1sH2403 Natural

OH

17a-ethynylestradiol

(EE2) Ca0H2402 Synthetic

Source: Adapted from Li et al. (2020) [24].
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According to Li et al. (2020) [24], estrogens are organic compounds with low volatility, low
solubility in water, weak acids and hydrophaobicity; this makes them easily degraded in aquatic
organisms and remain in sediments for a long time. However, due to the large amounts of
chemicals found in the environment, extra attention must be paid to endocrine disruptors, as they
are compounds that can trigger harmful effects, both for the environment and for human health
hermaphroditism. Among these we have natural hormones such as estrone, 174-estradiol and
estriol that can alter hormone levels, increase the risk of cardiovascular diseases, prostate cancer,
breast cancer, induce reproductive disorders, malformations, infertility and hermaphroditism [25].

According to Wilkinson et al. (2022) [7], the main sources of pollution come from hospital
waste, sewage treatment plants, septic tanks and pharmaceutical production sites. Furthermore,
these compounds can be disposed of in the ecosystem through sewage treatment plants (STPs),
which are not always carried out effectively and can result in the release of effluents containing
high concentrations of chemical products [26].

However, another important point to be discussed is the concentration of these compounds in
the environment, since the levels found from below the detection limits to hundreds of nanograms
per liter. According to studies carried out by Alnashiri (2021) [27], presented several compounds
in different concentrations, as they ranged from 0.1 to 219.800 ng. L%, these include compounds
such as heavy metals, pesticides, perfluorinated acids, benzotriazoles, hormones, alkylphenols,
pharmaceuticals and personal care products.

In the evaluation of colony growth in response to the action of the compound 174-estradiol at
the times analyzed, it was observed that even at a low concentration the yeast showed inhibition
in colony development. The reduction in colony growth occurred gradually in relation to the time
of exposure to the compound, so the greatest inhibition occurred at 150 minutes (Figure 1).
Possibly the longer duration of action of 174-estradiol against yeast triggered a more severe
response in inhibiting cell growth.

Time (min)

Concentration 30 60 90 120 150

Negative control

Ethanol

100 ng.L™

Figure 1. Evaluation of Fleischmann® yeast colony on the action of 17p-estradiol at a concentration of
100 ng.L™* at different exposure times.

There are several test organisms used as estrogen detection agents in water, such as fish,
microcrustaceans, molluscs, fungi such as yeast, bacteria and others [4]. A study carried out using
zebrafish, modified in the expression of a fluorescent protein, found that in the presence of
17B-estradiol at a concentration of 100 ng.L™, there was induction of specific expression of the
protein in different tissues and with different response patterns in relation to the compound [28].
Studies developed using the pesticide 2,4-dichlorophenoxyacetic acid, in evaluating the
dose-response relationship against the yeast S. cerevisiae, showed cytotoxic and genotoxic
changes [10]. A widespread test in the literature is the Yeast Estrogen Screen (YES assay), a
biological assay that uses yeast to detect the presence and measure the activity of estrogenic
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compounds in environmental samples, foods or chemical products. This test was used by da
Cunha et al. (2019) [29], to detect endocrine disruptors with estrogenic activity in surface waters
of Santa Maria Madalena (RJ) and as a result observed that there was estrogenic activity, with
concentrations of 23 ng.L* in the dry season and 10.4 ng.L™ in the rainy season, indicating high
and medium ecological risk, respectively.

In the analysis of the yeast cell mortality rate in relation to the compound 174-estradiol at the
analyzed times, a gradual increase in the lethality of the Fleischmann® yeast can be observed. It
is noted that in the 90-minute period there is a certain resistance of the yeast to survival in relation
to the action of the compound, however in the longer periods of exposure to the compound there
was grater lethality to the cells. Regarding budding, a gradual decrease in the number of buds is
observed, mainly at 90 minutes, at the tie of the second generation of yeast. It can be observed
that the number of sprouts in the mortality rate occur more markedly in the longer periods of
action of the compound, which may have possibly induced the Fleischmann® yeast to a toxicity
response in relation to the action of the compound (Figures 2A e 2B).
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Figure 2. Evaluation of the mortality rate (A) and budding yeast cell (B), Fleischmann®, on the action of
17p-estradiol, at different exposure times.

Saccharomyces cerevisiae was used as a test organism to evaluate the toxicity of chemicals to
verify changes in gametogenesis, in other words, in cell division and correlate the effects in
humans due to the high dree of homology. 174-estradiol was listed in this study as one of the
chemicals that is toxic to yeast, and when mixed with other compounds can enhance its effects.
Studies developed by Wang et al. (2024) [30], using fish as a biomarker of gene expressions in
the response of hepatocytes to the action of the natural hormones such as estrone, 173-estradiol
and estriol, the data showed several gene responses. Literature reports show that mussels cultured
with 17p-estradiol suffered hormonal imbalances compromising food safety.

Furthermore, there are several test organisms used as bioindicators in toxicology studies. In
this study, we can observe that Fleischmann® yeast presented a sensitivity response to toxicity to
the compound 174-estradiol in relation to colony growth, mortality rate and budding, mainly in
low concentrations and in longer exposure times. Such cellular characteristics are important to be
considered in test organisms. However, additional studies should be carried out to better
understand the yeast’s response mechanisms to the toxic action of the compound, which could
become a valuable tool for use in environmental analyses

4. CONCLUSION

The study showed the importance of investigating emerging compounds such as estrogens
present in the environment which can interfere with organisms. The physical-chemical
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characteristics of the types of estrogens are important, as these compounds can be natural and
synthetic in nature; the structural and molecular formulas are fundamental, as these molecules
interfere in the degradation and interaction in ecosystems.

In the evaluation of the growth of Fleischmann® yeast colonies, a more pronounced inhibition
of growth occurred in the longer periods of exposure to 17-estradiol. In the evaluation of the
mortality and budding rate, the 90-minute period provided greater cell development, however, in
the times of greater exposure to the compound, there was a marked loss of yeast cell vitality under
the conditions analyzed. The exposure time in relation to the dose of the compound triggered an
effective response of the yeast against the toxic action of 174-estradiol.
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