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Abstract. Chemicals reaching the human body can affect the endocrine system by inducing
hormone agonist or antagonist effects or by altering hormone synthesis reactions. Exposure to
the body can be either through ingestion or inhalation (food, drinking water, air) or through
direct contact with certain substances in general use (industry, cosmetics, etc.). The human
health problems identified and associated with endocrine disrupters are mainly related to
dysfunctions of the reproductive system or lipid metabolism. Also, exacerbating exposure can
lead to irreversible changes at the molecular level and carcinogenesis. Worryingly, it can have
long-term consequences through changes in genetic and epigenetic regulatory pathways.
Legislation at the European level seeks to harmonize ways of protecting human health through
regulations related to basic research, environmental risk assessment, promotion of sustainable
development, protection of vulnerable ecosystems, and continuous information and updating of
risk data.
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1. Chemical pollutants, endocrine disruptors with implications on human health
Chemical substances are a key component of our day to day lives. However, some substances,
known as endocrine disruptors, can have negative effects over the organism through a
perturbation of the endocrine system. According to the World Health Organization (WHO),
endocrine disruptors are defined as “substances or exogenous mixtures that modify the
function of the endocrine system and, as a result, cause adverse effects on the health of an
intact organism or on its descendants or on a population group” [1].

Human exposure to endocrine disruptors takes place through the consumption of edibles,
dust particles, water, through the inhalation of gasses and particles in the air and through the
skin. Substances can also be transferred from a pregnant woman to her fetus over the course
of its development through the placenta and to the newborn through the mother’s milk.
Pregnant women and children are the most vulnerable population groups that can suffer direct
exposure, but the effects of said exposure may only become obvious later in life [2]. In
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addition, research shows that this can increase susceptibility to non-transmissible genetic
diseases [3].

Almost 800 chemical substances are suspected to interfere with endocrine functions. For
example, dioxins are a byproduct of the production of herbicides, paper bleaching or in the
incineration of waste, while perchlorate is a byproduct of the aerospace, armaments and
pharmaceutical industries that is frequently found in drinking water. Other endocrine disruptor
substances are perfluoroalkyl and polyfluoroalkyl (PFAS), which has industrial applications
as fire extinguishing foams and materials for the manufacture of household items (non-stick
pans).

Another category is represented by phytoestrogens that are natural endocrine disruptors
from plants, with a similar function to hormones. Part of this group are isoflavones: the
genistein and the daidzein found in soy products such as tofu or soy milk, but also in cosmetic
products.

Bisphenol A (BPA) and phthalates are of peculiar interest, being investigated on a large
scale as obesogenic factors that could interfere with pregnancy physiology and fetal
development, thus being a primary cause of pregnancy disorders. BPA is found in numerous
common use items such as reusable cutlery and plastic bottles, sports equipment, CDs and
DVDs. The epoxy resins containing BPA are utilized as coating layers on the inside of water
pipes as well as drink and food cans to extend the period of validity, while also preventing the
victuals and drinks from gaining metallic flavors. In addition, BPA is utilized, for example, as
a color developer for thermal paper, in order to make the ink visible
(https://chemicalsinourlife.echa.europa.eu/ro/bisphenol-a). Fresh meat, fish and vegetables
that are wrapped in plastic have a low concentration of BPA and phthalates, while ready-to-
eat products and fast food stored in plastic bags and boxes are a major source of exposure.

Other endocrine disruptors can be found in pesticides, metallic materials and in many other
day to day products, including plastic containers for edibles, detergents, flame retardants, toys
and cosmetic products [4]. All of these are also found in the environment as pollutants in the
air, water [5, 6, 7] and later in the human body, or as compounds ingested from some victuals
[8, 9]. In certain mechanisms of carcinogenesis an increased risk of breast cancer, as well as
of other types of hormone-dependent cancers was observed, under the influence of many
different compounds from any given diet, that contribute to the disruption of hormone
production, to their metabolism or to action on a cellular level.

Non-chemical compounds with a disruptive effect on the endocrine system also exist;
artificial light, radiation, temperature and stress can also influence the endocrine system, thus
modulating hormonal functions [10, 11, 12].

Endocrine disruptors, regardless of category, imitate endocrine action through the linking
of multiple hormonal receptors of different endocrine glands and act as agonists or antagonists
[13].

2.  Entry routes and molecular interactions
In general, two interaction paths exist: with receptors binded with the membrane and with
nuclear receptors. Endocrine disruptors that link membrane receptors can affect the non-
genomic signaling pathways [14], they modify the endocrine functions primarily through the
imitation of natural hormones such as estrogens, androgens or thyroid hormones.
Furthermore, they can modify hormone metabolism, blocking and antagonizing their
interaction with their specific membrane and/or their intracellular receptors [15].

For example, the biological effects of estrogens are mediated through estrogen receptors
ERa and ERp, that are members of a superfamily of nuclear receptors. These receptors act as
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transcription factors, being activated by ligand (direct genomic signaling). The classical
mechanism of action involves the binding of estrogen to the receptors in the nucleus, after
which the receptors will dimerize and will link to specific elements, known as estrogen
response elements (EREs) found in the targeted gene’s promoters [16] (Figure 1).

Membrane receptor hormone binding also causes a conformational change in the domain of
the binding of the ligand, a change which allows co-activator proteins to induce cellular
signaling and the transcription of genes (indirect genomic signaling). That being said,
evidence shows explanations for signaling pathways that deviate from this classical model,
and now it's widely accepted that hormones are capable of modulating gene expression
through a series of distinct mechanisms, through kinases protein (nongenomic signaling).

The pathways of signal transduction can connect the nongenomic actions of estrogen to
genomic feedback. The functions of many transcription factors are modulated through the
mediated phosphorylation of kinases protein, these transcription factors thus being able to be
targeted for the nongenomic actions of estrogens (Figure 1). This type of nongenomic
signaling is a distinct mechanism through which receptors can regulate the transcription with
the formation of a variety of molecular elements as an alternative answer. This mechanism
functions in addition to the genomic actions described previously, which implies protein-
protein interactions within the nucleus [17].
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Figure 1 The schematic representation of gene activation pathways by estrogen hormones
(E-molecule hormones; Rm - membrane receptor, Pa - the activated protein, Ms - secondary
messenger, Ra / B - nuclear receptor)

The estrogenic receptor is involved in many different physiological processes that can be
affected by multiple xenobiotics. Some of these compounds can be bisphenols, pesticides,
phthalates, phytoestrogens and can influence receptors in conformance with the previous
mechanisms or can influence the enzymes that intervene in molecular transformation
mechanisms [18, 19, 20].

For example, the phytoestrogens in common foods (isoflavones, flavones and flavonols)
such as mycotoxins, pesticides, herbicides, fungicides, surfactants, plasticizers and other
substances with applications in the chemical industry can induce changes of aromatase
enzymes (CYP 19).

CYP 19 named estrogen synthetase, is a member of the superfamily of the cytochrome
P450. The enzyme catalyzes the conversion of the androgens in estrogens (Figure 2).

105


https://techniumscience.com/index.php/socialsciences/index
https://techniumscience.com/
https://techniumscience.com/

H Technium BioChemMed vol. 7, pp. 103-110 (2023)
BioChemMed |SSN: 2734-7990

www.techni umscience.com

Cholesterol
Pregnenolone - _

il ~, Cortisol
Progesterone AN

! - * Androstenedione Jes—— Testosterone
Aldosterone / (?n‘}a ose

<—— | inhibitors and —
Estrone inactivartors

Estradiol

Figure 2 The synthesis mechanism of estrone and estrogen starting from cholesterol and the
inhibition of aromatases (estrogen synthetase) [18]

Aromatase is situated in the ovary and placenta and participates in the regulation of
reproductive functions. The enzyme is also distributed on a large scale in other tissues or
structures, such as the muscles, the liver, hair follicles, the adipose tissue and the brain. This
suggests that the estrogen produced by this enzyme has physiological functions not only as a
steroid sexual hormone, but also in growth or cellular differentiation [21].

The adipose system is a true endocrine system and as such, is very susceptible to disruption
by chemical substances. A group of chemical disruptors, known as obesogens, promote
adiposity through the modification of the programing of the development of adipose cells, the
increase of energy storage in adipose tissue and interferes with the neuroendocrine control of
appetite and fullness (Figure 3).
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Figure 3 The action pathways of obesogenic substances at a metabolic and cellular level

Amanda S. Janesick and Bruce Blumberg (2016) in their study Obesogens: an emerging
threat to public health launch a theory according to which the adipogenic stimuli (such as the
exposure to chemical obesogenic compounds) received in the perinatal period or during
adolescence, permanently increase the number of adipose cells, thus forging a modified
metabolic ensemble [22, 23, 24]. If following studies will support this theory, the implications
are profound: the increased number of adipose cells at the beginning of life cannot be reduced
through diet, physical exercise or even surgery [23].

106


https://techniumscience.com/index.php/socialsciences/index
https://techniumscience.com/
https://techniumscience.com/

H Technium BioChemMed vol. 7, pp. 103-110 (2023)
BioChemMed |SSN: 2734-7990

www.techni umscience.com

Some of the dire consequences of exposure to endocrine disruptors can be transmitted
epigenetically to the future generations. This involves modifications in gene expression
without mutations to the DNA sequence. The major factors that form the basis of epigenetic
inheritance include the expression of uncodified RNAs, modifications of the structure of the
chromatin and of the transcriptional activity.

Other modifications of histones (acetylation, phosphorylation, ubiquitination) affect gene
expression, though these aren’t considered to be hereditary. The most frequent modification of
the epigenome that results from the exposure to disruptive endocrine factors is the methylation
of DNA. The regular function of DNA methylation is transcriptional, intervening in the
regulation of certain specific genes in order to promote and stabilize a certain cellular line. For
example, if the osteogenic genes’ promoters are methylated in the mesenchymal stem cell
population, but those of the adipogenic genes are demethylated, the adipogenic line will be
favored due to the increased expression of adipogenic genes.

Although the direct cause-and-effect relation between the specific chemical exposures and
the corresponding harm to humans can never be substantially established for certain, potential
benefits exist quite evidently in the conciliation of patients, in order to avoid exposure to
endocrine disruptors with no perceivable risk. This “principle of precaution” is approved by
the American Medical Association and is an eminently sensible strategy to protect public
health in comparison as opposed to waiting until the reaching of the legal threshold for the
triggering of actions aimed to ban or restrict the use of certain chemical substances [22].

3.  Regulations and legislative perspectives

At the European level, an acceleration of the harmonization between the norms of regulation
for health research and in the exchange of useful data in the medical field is pursued. The
functioning bodies of the EU, as well as the national ones should balance out the best existing
practices and to catalyze their adoption in the transnational health research [25].

The list of substances that are suspected to be a part of endocrine disruptors, created by the
European Chemicals Agency (ECHA) includes all categories that are subject to evaluations
and debated within the group of experts of the ECHA.

In February of 2020, a total of 205 substances have been included in the list of compounds
that present reasons for particular concern (the substances of very high concern, SVHC) due
to their properties that disrupt the endocrine system and that face an increased regulatory
control and of a higher standard of reports. Out of these, 43 substances have been included in
the REACH™ list, marking the intention to ban their use as soon as appropriate alternatives
from a technical and economical point of view are made available.

These pieces of information are further detailed in two separate lists (lists I and II) on the
basis of the EU reglementations for REACH (registration, evaluation, authorization and the
restricting of the chemical substances; (CE) 1907/2006), BPR (Biological Products
Regulation; (EU) 528/2012 and (EU) 2017/2100), PPPR (Plant Protection Products
Regulation; (CE) 1107/2009 and (EU) 2018/605) and CR (Cosmetic Regulation; (CE)
1223/2009). The development of list I and II is supported by the competent national
authorities from Belgium, Denmark, France, the Netherlands, Spain and Sweden.

A third list, based on the dangers (list III) details the substances that can have endocrine
disruptor properties and that were proposed by an individual national authority. As such, these
aren’t necessarily supported by other member states and it is acknowledged the fact that these
substances have never undergone evaluation at the level of the EU Commissions.

These lists are periodically updated and presented for further consultation [26, 27].
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The decline of water quality with a negative impact over human health is one of the major
problems of the governments of the world’s states, at the dawn of the 3 millennium. As such,
the European Commission has proposed the development of a framework directive regarding
water, whose final text was adopted in the October of 2000 and was enforced upon
publication in the official journal OJ L327 from December 2000 under the name of Directive
2000/60/EC of the European Parliament and the Council establishing a framework for
Community action in the field of water policy.

This EU framework directive regarding water represents a cornerstone in the political
history of water in Europe. It establishes a common framework for the durable and integrated
management of all bodies of water (subterranean waters, interior surface waters, transitional
and coastal waters) and demands that all impact factors as well as the economical implications
be taken into consideration. The purpose of the directive is the maintenance and the improving
of the aquatic environment, while also contributing to the progressive reduction of emission of
dangerous substances in water, thus a better water quality will contribute to the ensuring of
water supply for the population [28].

In the context of the continuous tracking of pollution sources and of the impact of aquatic
micropollutants (parabens, microplastics, pesticides etc.) which later end up through fish and
sea foods into the human body, the Marine Strategy Framework Directive (2008) aims for an
improved ecological state (GES) of the marine waters of the EU as well as protecting the
resource base on which economic and social activities related to the marine environment
depend.

The directive consecrates in a legislative framework the ecosystemic approach a
management of human activities that have an impact over the marine environment, integrating
concepts of environmental protection and of durable protection. The new EU strategy
regarding biodiversity for 2030 (adopted in 2020) involved the consolidation of protecting the
marine ecosystems and their restoration in order to achieve a ‘“good ecological state”,
including the expansion of protection zones and the creation of strict protection areas for the
restoration of habitats and of fish stocks and the fight against practices that lead to the
deterioration of water quality.

4.  Conclusions

A number of chemical substances that reach the human body become factors with a high
health risk through physiological, cellular and molecular modifications. The consequences for
such modifications are varied, but the most concerning are those that influence gene
regulation and that can be transmitted hereditary.

Since 2020, over 200 substances have been included in the list of compounds that present
reasons of concern (the substances of very high concern, SVHC) due to their properties that
disrupt the endocrine system and that are subject to a supplementary evaluation, including the
finding of alternatives in order to reduce the impact over human health.

Legislative concerns at an European level are directed at the protection of ecosystems and
at the limiting of pollutants that affect human health. The politics regarding substances that
are suspected to be part of the endocrine disruptors, developed by the European Chemical
Agency (ECHA) provide in their regularly updated lists substances that undergo evaluation
and that are brought up to debate within the group of experts of the ECHA.
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