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Abstract

Compounds that have negative effects on the endocrine system are called endocrine-
disrupting compounds (EDCs). There are several different types of compounds, with several
different usage areas in the environment, which can be classified as EDCs. These chemicals have
a wide range of negative health effects in organisms, depending on their target hormone system.
EDCs are among the most popular topics of scientific research, as they are widely used and
organisms are frequently exposed to these chemicals. There are various exposure routes for EDCs,
such as oral, inhalation and dermal exposure. Parabens, phenolic compounds, phthalates, and
pesticides are the most common EDCs. Nowadays, intestinal microorganism distribution,
probiotics, and food supplements that regulate these microorganisms and their protective effects
against various harmful chemicals attract attention. For this reason, many studies have been
carried out in this field and certain diet schemes have been created according to the results of
these studies. In fact, probiotics are preferred in order to reduce and eliminate the negative effects
of harmful chemicals and to ensure that the organism reacts strongly in these conditions. In this
review, we will focus on EDCs, their health effects and positive effects of probiotics on EDCs
exposure conditions.
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Introduction

The compounds that disrupt the structure and functioning of the endocrine system
elements in organisms or have negative effects on the structures that are the target of
hormones are called endocrine-disrupting compounds (EDCs). EDCs influence many
stages of hormones, such as synthesis, secretion, transport to target, binding with target
molecule, signaling at target. Therefore, they have a negative effect on many systems.
These effects can be summarized as immune system activation or suppression, impaired
thyroid secretion, reproductive functions in both genders, deterioration of secondary sex
characteristics, and cancer [1]. Pesticides and phthalates are the most common endocrine
disruptors in nature [2, 3]. They show their effects in various ways after they enter the
body by oral, inhalation or dermal route. Most commonly, they bind to the target surface
or intracellular receptor by mimicking the hormone structure and activate or inactivate
cellular signaling pathways [4, 5]. They can also impact on the signaling mechanism that
is activated after binding to the hormone receptor in various ways [6, 7] and disrupt the
production process of hormones.

In recent years, the health effects of various food supplements and the prevention
of adverse health effects that may occur due to exposure to various chemicals in
industrialized societies, and even their therapeutic properties in health deterioration due
to exposure, have gained traction. The number of studies on the preventive or therapeutic
effects of probiotics against endocrine-disrupting chemicals is increasing day by day. As
is known, the intestines are the most active organ and have an important place in whole
body homeostasis. In particular, changes in the intestinal flora caused by various reasons
can result in serious diseases. For this reason, it is important to keep the intestinal flora in
balance and to support it regularly, both for the continuity of the health of the organ and
against the factors that threaten the health from the outside. There are many studies which
show the positive effects of probiotics on various endocrine system elements [8-10].

One of the most important issues in microbiome research is the identification of the
positive effects of various microorganisms on human health and their use for these
purposes. It is known that microorganisms have many positive effects on metabolic
functions, systematic functioning of cellular pathways and the immune system. It has
even been reported that some microorganisms act by degrading toxins in the body [11].
Two very important functions of the bacterial flora in the gut are the regulation of the
immune system and endocrine activities in the body [12]. Interestingly, some commensal
bacteria could have the ability to produce hormones [13]. In the endocrinology research
era, firstly, numerous studies evaluating the effects of changes in the endocrine system
balance on microbiota have been conducted. In addition, studies evaluating the effects of
different neurotoxins on the endocrine system have been carried out. Quorum sensing
(QS) has emerged as a mechanism that can mediate the effects of bacteria on the
endocrine system and the endocrine system on bacteria. This concept can be defined in
simplest terms as the conversation of bacteria with its environment [ 14]. In many different
studies, the effects of changes in the amount of hormone secretion of the host organism
on bacteria have been observed [13, 15, 16].
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There are two main probiotic groups, Lactobacillus and Bifidobacterium, while
potential probiotics are Pediococcus, Lactococcus, Bacillus and yeasts. While probiotics
are mainly ingested through dairy products, they can also be taken through food and food
supplements other than dairy products. Each bacterial species has a different probiotic
positive potential. In this case, it is important which bacterium creates which positive
feature and its specific use for the target. Different probiotic formulations that could
include species of bacteria are recommended for several years for immunomodulation
with antibiotic usage during infections. The standards for the preparation of probiotic
bacteria for therapeutic and food supplement use are regulated by the World Health
Organization (WHO), European Food Safety Authority (EFSA) and Food and Drug
Administration (FDA) [17, 18].

The relationship between the microorganisms in the intestinal flora and the
probiotics taken as supplements with the endocrine system directly or indirectly affects
the mechanisms of action of various endocrine disruptors that naturally have a negative
effect on the endocrine system. In community studies conducted in India, it has been
found that diabetogenic changes and glucose metabolism changes can be observed
together with intestinal flora changes in case of exposure to different endocrine-disrupting
compounds, or when they are detected in high amounts in the body. In different studies,
it has been shown that substances such as Bisphenol A, Carbemazine, Polycyclic aromatic
hydrocarbons (PAH), organophosphate pesticides and phthalates cause changes in the
flora of target organisms, while also causing changes in the amounts of estrogen, cortisol,
adipose tissue hormones, and reproductive system hormones (Table I) [19].

Gut microbiota could affect host behavioral conditions by affecting the release
levels of dopamine, epinephrine and norepinephrine, as well as stress hormones such as
cortisol, corticosterone, adrenocorticosterone and corticotropin through gut-brain axis
modulation [11]. The gut-thyroid axis emerges as an important concept in endocrine
system homeostasis. In autoimmune thyroid diseases, it has been shown that there are
changes in the intestinal microbiota, and these changes cause changes in the absorption
of minerals that mediate efficient thyroid hormone synthesis and, consequently, thyroid
gland dysfunction. In addition, intestinal flora changes may lead to hyperactivation of the
immune system by causing the excessive passage of some antigens, which may pave the
way for autoimmune thyroid diseases [20, 21]. Talebi et al. (2019) suggested in their
study that symbiotic usage could have a positive effect on thyroid hormone release and
anti-inflammatory modulators in Hashimoto thyroid patients [22]. Probiotics have shown
beneficial effects on endocrine system elements and are able to have a positive effect on
trace elements such as selenium, zinc, and copper, which play a role in endocrine system
modulation. Probiotics could constitute an adjuvant therapy for endocrine system
diseases. However, most studies on probiotics rely on animal models; therefore, well-
designed human studies are needed to further elucidate the importance of the endocrine
system.
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Table 1

Effects of probiotics on endocrine disruptor toxicity.

Tabela I  Efekti probiotika na toksi¢nost endokrinih ometaca.

Bisphenol A

Carbemazin

Polycyclic aromatic
hydrocarbons (PAH)

Diazinone, Triclosan
and their mixture

Diethylphtalate,
Methylparaben,
Triclosan and their
mixture

Pentachlorophenol
(PCP)

Estrogenic effects on parents and
offspring

Classical endocrine disruptor
affecting both male and female
reproduction

Changes of hematological and
plasma parameters including
cortisol levels

Affects male fertility by the
destruction of testicles

Endocrine signaling disruptors
(Peroxisome proliferator-
activated receptor and
adinocytokine signaling pathway
decreased with higher PAH
concentration)

Acetylcholinesterase inhibitor,
neurotoxicity

Broad effects on female and male
reproduction

Increase of oxidative stress, liver
damage and reduction of body
weight

Changes of microbiota in relation to
the female sex

Overabundance of Protobacteria
similar to a high-fat diet

Negative correlation of Bacteroides
and Flexispiraphyla with BTA levels

Relative abundance of Firmicutes,
Protobacteria, Actinobacteria,
decrease of Bacteriodetes

Altered Actinobacteria, Bacteriodes
and Proteobacteria communities

Changes of the gut microbiome

Relative increase of Bacteriodes
phyla and decrease of Firmicutes

Increase of phyla Bacteriodes,
Bacteroidetes, decrease of
Fumicutes, Chrysobacterium,
Microbacterium,Legionella,Anthrob
acter

[23]

[24]

[25]

[28]

[29]

[30]
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Degradation of
pesticides via
enzymes

Reduction of
oxidative stress

Increasing
expression of the
tight junction
proteins

Regulation of
intestinal

microbiota Possible
mechanisms of
actions of
probiotics in
reduction of
pesticides toxicity

Figure 1. The relationship between probiotics and pesticide toxicity [31].
Slika 1.  Odnos probiotika i toksi¢nosti pesticida (31).

The possible effects of probiotics on pesticide toxicity are shown in Figure 1.
Probiotics have been found to include pesticide-degrading genes encoded into enzymes
with degrading activities such as organophosphorus hydrolases, methyl parathion
hydrolases, and organophosphorus acid anhydrases. Gene expression in these
microorganisms increased in the presence of pesticides [31]. Studies have shown that
pesticides can interact with gut microbiota, affecting the receptor sites of different tissues
and organs, destroying the intestinal mucosa and cells that lead to pathological changes
[32]. Probiotics produce antimicrobial substances that compete with other gut microbes
for nutrients and binding sites. In addition, probiotics improve the integrity of the
intestinal barrier and regulate intestinal immunity. The relationship between endocrine-
disrupting chemicals and probiotics is explored in more detail below.

Phthalates

Phthalate acid esters have frequently been used in plastic materials in the past, and
some derivatives are still used. They are also widely used as solvents with various
industrial applications. Due to their widespread use, they are considered to be the most
common man-made environmental pollutants. There are many chemicals classified as
phthalates, and most of them have serious toxic effects on organisms. Polyvinyl chloride
plastics (PVCs), are widely make flexible via using as plasticizers including cosmetics,
shoe industry, toys, medical devices, etc. Several different types of phthalates have spread
into the environment through these products or during their production processes [33].

569



Chronic exposure to phthalates in various ways is associated with decreased
fertility, increased miscarriage, impaired ovulation, decreased sperm quality, disorders in
hormonal systems and teratogenicity. Di-2-ethylhexyl phthalate (DEHP) is one of the
commonly detected phthalate types in the environment. DEHP exposure could occur via
oral, inhalation, dermal and intravenous exposure ways. DEHPs main toxic effect is
reproductive toxicity and developmental toxicity. DEHP exerts its toxic effects by
mimicking a steroid hormone and disrupting the intracellular molecular signaling system.
The effects of DEHP include the decrease in testosterone levels, disruption in testicular
development during the fetal period, Leydig cell steroidogenesis disruption and an
increase in estrogenic activity in females. Mono-ethylhexyl phthalate (MEHP) is yet
another important phthalate type. MEHP exerts its endocrine-disrupting effect primarily
on the ovaries via suppressing aromatase activity. MEHP effects aromatase gene
expression levels on peroxisome proliferators receptors (PPARs) activation [33-36].

DEHP has a serious disruptive effect on reproductive health. Tian et al. (2019)
reported that Lactobacillus plantarum TWI1-1 (L. plantarum TW1-1) improved male
reproductive system functions by increasing serum testosterone hormone levels,
improved the quality of semen, and ameliorated gonad development defects in DEHP-
exposed mice [37]. In another study, one by one and mix treatment with probiotics such
as Saccharomyces boulardii, Lactobacillus rhamnosus, Lactobacillus planarum LP 6595,
Lactobacillus planarum, attenuated the toxic effects of a DEHP, Di-n-butyl phthalate
(DBP) and Bisphenol A mixture. Probiotic usage improved serum glucose levels and
organ size changes, and reduced inflammation processes in different organs such as the
liver [38]. Nevertheless, studies on phthalate types and their effects on gut microbiota, as
well as on the determination of changes in different types of phthalate toxic action
mechanisms in probiotic supplementation, are very scarce in the literature. It is important
to determine the effect of probiotic supplements because of involuntary exposure to
phthalates and it is necessary to carry out numerous studies on this subject.

Pesticides

Pesticides are frequently used for the removal of harmful insects in agricultural
lands, and 50% of the pesticides used for this purpose are Organophosphate pesticides.
According to the report of the Commission of the European Communities, 45% of fruit
and vegetables contain pesticide (MRL) residues at a maximum level. These pesticides
get stored in various tissues of plants and become part of the food chain when the edible
parts of these plants are consumed by humans. In a risk analysis study published by Tank
et al. in 2021, it was found that 64% (approximately 24.5 million km?) of global
agricultural lands are at risk of pesticide pollution due to multiple active ingredients, and
31% are at high risk [39].

Pesticides are substances that contain insecticides, herbicides, fungicides,
rodenticides, miticides, and other growth regulators. They are classified according to their
chemical structures, modes of action, and toxicity levels, and they contain different
organic and inorganic active substances. They are divided into 4 main categories:
organophosphates, organochlorines, carbamates, and pyrethroids.
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Various studies are being conducted to identify the potential of probiotics to
prophylactically inhibit the absorption of environmental toxins such as pesticides, heavy
metals, and aflatoxins. Some pesticides are known to be metabolized by enzymes
produced by microbiota. In particular, lactobacilli have been shown to reduce
organophosphate pesticide contamination in dairy products and wheat. Although the
mechanism of action remains unclear, it has been suggested that it is generally dependent
on the phosphatase activity of the bacteria [40]. Chlorpyrifos, an organophosphate
insecticide, is metabolized by the microbiota via biotransformation to a more toxic
molecule, 3,5,6-trichloro-2-pyridinol, with more biologically adverse consequences on
host health. However, some types of bacteria such as Pseudomonas spp. and L. lactis, E.
coli, and L. fermentum found in the gastrointestinal tract can use 3,5,6-trichloro-2-
pyridinol as the sole carbon and energy source [41, 42]. Many studies have analyzed the
viability, colonization ability, and capacity to bind to toxic substances of probiotics.
Lactobacillus casei DN 114001 can bind to in vitro heterocyclic aromatic amines and
reduce the concentration and genotoxicity of these amines [43]. Lactobacillus reuteri
NRRL 14171 and Lactobacillus casei, Shirota and Bifidobacteria strains can bind to
aflatoxin B1 and prevent the absorption of aflatoxins in the intestinal tract [44, 45].
Lactobacillus kefir strains were able to bind Clostridium difficile toxins with surface layer
(s layer) proteins [46]. In vitro studies, studies using cell culture, and in vivo animal
studies have shown that probiotics can bind to toxic substances and prevent their
absorption. For example, in a study conducted to demonstrate the protective effects of
probiotics, it was revealed that the absorption of aflatoxins was reduced by probiotics in
a rat model with liver damage caused by ethanol [47]. Evidence has shown that
Lactobacilli can alleviate acute and chronic cadmium (Cd) toxicity, protect organisms
against pesticide toxicity, reduce the risk of antibiotic-associated diarrhea (AAD), and
rebalance the gut microbiota (GM) [48, 49]. The intestinal flora is known to play an
important role in the regulation of immunity, metabolism, as well as the bioavailability
and toxicity of various pollutants. Strong evidence has shown that intestinal flora can be
modified with probiotics and contribute to the detoxification of environmental pollutants.
Intestinal microbiome development was affected in mice exposed to malathion [50]. The
effect of Glyphosate on poultry microbiota has been proven with the increased resistance
to pathogenic bacteria, including Salmonella gallinarum, Salmonella typhimurium,
Clostridium perfringens, and Clostridium botulinum, and the increased susceptibility to
most beneficial bacteria, such as Enterococcus faecalis, Enterococcus faecium, Bacillus
badius, Bifidobacterium adolescentis, and Lactobacillus spp., which provide protection
against pesticide-induced oxidative stress and cellular damage. Several studies have
shown that endosulfan-induced oxidative stress and MDA concentration in the liver and
kidney can be reduced with Lactobacillus plantarum BJ0021 supplementation [51].
Another study showed that Lactobacillus casei ATCC 334 could reduce DNA damage in
rats exposed to the carcinogen 12-dimethylhydrazine [52]. Probiotics maintain the
integrity of the intestinal barrier and reduce the absorption of pesticides. One study found
that L. plantarum MB 452 increased the expression of proteins that form tight junctions
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between cells, such as occludin, ZO-1, ZO-2, and cingulin in the Caco-2 intestinal cell
line [53]. Lactobacilli activate the host's own immune and detoxification mechanisms to
resist pesticides and reduce pathogen invasion. It was demonstrated that the probiotic L.
plantarum ATCC 14917 stimulated immunity in fruit flies exposed to imidacloprid and
reduces pathogenic microorganism (Serratia marcescens) infections [54].

In a 2016 study, it was stated that Lactobacillus bacteria could bind parathion and
chlorpyrifos, but do not metabolize OP pesticides and reduce intestinal absorption in
vitro. In another study, mortality and growth defects decreased in Drosophila exposed to
CPF and pre-treated with Lactobacillus rhamnosus, while in a study with DZN, other
Lactobacillus strains, such as Lactobacillus casei, were shown to reduce DZN-induced
cytotoxicity [55, 56]. However, there are studies suggesting that AChE inhibition is not
the only mechanism responsible for toxicity and non-cholinergic mechanisms are
responsible for it too. Cardona and Loépez-Granero (2013) showed that acyl peptide
hydrolase was more sensitive to inhibition by OPs than AChE [57, 58]. It has been stated
that agents such as diazinon trigger oxidative stress in biological systems and increase
free radical production, which is a major stimulant of apoptosis in different organs [59].
In another study with male rats, it was shown that Diazinon increased lipid peroxidation
and decreased antioxidant biomarkers [60].

In a study conducted with male rats, it was stated that antioxidant-effective
probiotic Lactobacillus acidophilus increased antioxidant levels such as glutathione
reductase, superoxide dismutase, and glutathione peroxidase, while decreasing
malondialdehyde levels. In another study conducted with DZN, it was stated that the anti-
apoptotic effects of L. casei in HUVEC cells treated with DZN were probably due to the
reduction in oxidative stress and antioxidant effects [56, 61].

Food contact materials and diet

Food products can be contaminated with contaminated raw materials or during
processing, which is a major concern in food health and safety globally. Although many
measures have been taken for safe food production, they have not been sufficient and the
health threat still continues. This is often caused by polycyclic aromatic hydrocarbons,
heterocyclic aromatic amines, and acrylamide, mycotoxins, phthalic acid esters, heavy
metals, and pesticides as process-derived toxic compounds.

Using microbes to reduce pesticides is one of the most important strategies in
innovative technologies with less chemical application. It is known that bacteria can break
down pesticides in environmentally contaminated soil and water [62]. Studies have
shown that L. plantarum, in which 81% of pirimiphos-methyl is decomposed by L.
plantarum during wheat fermentation, decomposes 96.2-99.7% of chlorpyrifos,
dichlorvos, phorate, and trichlorfon in Chinese cabbage pickle [63].

Aflatoxin B1 is an inevitable food contaminant. It has been stated that when
probiotics are used, AFB1 binds less to the intestinal surface and decreases the absorption
of AFBI1, while increasing its excretion. Another study stated that there was a decrease in
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Aflatoxin M1 level in yogurt with 50% L. plantrium added to 50% yogurt culture (S.
thermophilus and L. bulgaricus) [64].

Martinez et al. reported that the probiotics Pediococcus pentosaceus and
Kluyveromyces marxianus could adsorb AFM1 in milk and convert it to less toxic
metabolites [65].

Zhai et al. revealed that exposure to cadmium, which is frequently taken with
drinking water, can be prevented with Lactobacillus strains, and absorption can be
prevented by protecting the intestinal barrier [66].

The presence of heavy metals such as chromium, arsenic, cadmium, and lead, which
are potential bioaccumulative toxins in dairy products, is a serious health risk. Eggs,
which are very beneficial and nutritious, can also contain high levels of heavy metals
through contaminated food and water.

Due to their beneficial effect on human health, probiotic bacteria, which include
several strains of Lactic acid bacteria, are widely used in the food industry. In a study
conducted in 2017, it was stated that the use of E. faecium (E980) may be allowed for the
control of serious heavy metals (lead and cadmium) contaminating foodstuffs used in
infant feeding.

Clostridium (C.) botulinum is the causative agent of foodborne poisonings such as
botulism, which includes high mortality rates in animals and humans. Studies have shown
that Pediococcus pentosaceus ATCC 43200, P. pentosaceus ATCC 43201, L. lactic subsp.
lactic ATCC 11454, L. acidophilus N2, L. plantarum Lb75, L. plantarum Lb592 and L.
plantarum BN provide bacteriocin-like protection against all C. botulinum strains [67].

Cosmetics and Personal care products

The skin creates an interaction between microbes and cells. Recent studies point
out that there is a link between the microbiota, barrier function and the innate immune
system, and that the skin microbiota has a beneficial role. Protection of the microflora is
a good manner to preserve healthy skin functions. The aim of modern therapies is the
maintenance or restoration of healthy skin microbiota [68].

While the use of probiotics in commercial products continues to increase, many
claims about probiotics are based on preliminary evaluations, uncontrolled studies,
observations, or more speculation. However, over time, many studies have been
conducted on the role of probiotics in the treatment of gastrointestinal (GI) disorders. In
addition, the cosmetics industry is conducting research on probiotics to improve the
function and beauty of the skin and is evaluating whether or not probiotics can be used
for skin treatment.

It has been reported that oral intake of lactobacilli can help manage inflammation,
as well as heal burns and scars, rejuvenate skin tissues, protect and heal against ultraviolet
rays, and increase the innate immunity of the skin. A study of topically used
Streptococcus thermophilus on the forearms has suggested that it improves skin
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hydration, while topically used Lactobacillus plantarum HY7714 has led to a decrease in
facial wrinkle depth after 12 weeks [69, 70].

Probiotics for oral health predominantly contain the genera Streptococcus and
Lactobacillus. Kenneth et al. explained that Lactobacillus, Bacillus, Escherichia,
Enterococcus, Streptococcus, Bifidobacterium and /or Saccharomyces can prevent
halitosis, gingivitis, and periodontitis.

Using probiotic bacteria to treat vaginal infections has been well-documented by
Koenig et al. and Huang, respectively, with their topical probiotic compositions in the
forms of lotion, cream, jelly, powder, etc. Generally, Lactobacillus, Saccharomyces,
Bifidobacterium, Pediococcus, Leuconostoc, Micrococcus, Escherichia, Staphylococcus,
Streptococcus, Candida, and Bacillus are included [71].

Conclusion

Endocrine disruptors are a class of environmental xenobiotics which have several
detrimental effects on host organisms. These effects may result in different serious
diseases in organs and systems. Their negative effects on the nervous system, immune
system and their teratogenic effects are well-known. These substances have a dual effect
on intestinal microorganisms, both affecting the number of microorganisms and
disrupting the hormone systems regulated by microorganisms, and disrupting the
hormone systems and causing the dysfunction of microorganisms. With more detailed
studies to be done, the usage areas of different probiotics will be expanded in order to
prevent the negative effects of endocrine-disrupting chemicals. In light of the studies, it
is clear that probiotics have a lot of promise in new treatment strategy applications.
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Kratak sadrzaj

Jedinjenja koja imaju Stetno dejstvo na endokrini sistem nazivaju se endokrinim ometa¢ima
(EDC:s). Postoji nekoliko vrsta jedinjenja, koji razli¢itim putevima dospevaju u zivotnu sredinu,
a koja se mogu svrstati u grupu endokrinih ometaca. Ove hemikalije dovode do Sirokog opsega
efekata Stetnih po zdravlje zivih bi¢a, u zavisnosti od hormonskog sistema na koji deluju.
Ispitivanja u oblasti endokrinih ometaca izuzetno su aktuelna, buduci da su u Sirokoj upotrebi i
da su ziva bica Cesto izloZena ovim hemikalijama. Do izlaganja endokrinim ometac¢ima moze do¢i
na razli¢ite nacine, npr. oralnim putem, udisanjem ili preko koze. Parabeni, fenolna jedinjenja,
ftalati i pesticidi su najces¢i endokrini ometaci. Takode, danas paznju sve viSe privlace crevni
mikroorganizmi, probiotici i dodaci ishrani koji reguliSu ove mikroorganizme i njihovi zastitni
efekti protiv razlicitih $tetnih hemikalija. Iz ovog razloga je sprovedeno mnostvo studija u ovoj
oblasti i date smernice u skladu sa rezultatima tih studija. Pokazano je da probiotici mogu biti
opcija za ublazavanje i eliminaciju negativnih posledica §tetnih hemikalija, kao i za obezbedivanje
snazne reakcije organizma u uslovima izlozenosti. U ovom preglednom radu fokusira¢emo se na
endokrine ometace, njihove posledice po zdravlje i na pozitivne efekte probiotika u uslovima
izloZenosti ovim hemikalijama.

Kljuéne rec¢i: endokrini ometaci, pesticidi, ftalati, probiotici
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