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Abstract: A large number of industrial chemical products (paints, flame retardants, pharmaceuticals, pesticides) are
suspected or proved to act as endocrine disruptor compounds (EDCs). In the present survey of the literature, the main issue is
to consider how to classify individual products as EDC or not. In this perspective, the different mechanisms leading to
endocrine disruption are described: either by direct interaction with hormone receptors leading to its stimulation or inhibition,
or by effect on endogenous hormone concentration through stimulation or inhibition of its synthesis or its degradation, or its
binding to transport binding proteins. The present review takes particularly in consideration the effects of EDCs on the
endocrine control of Reproduction in human and animals. Indeed, a number of EDCs can act as anti-androgens, anti-estrogens,
and steroidogenic enzyme inhibitors that interfere with steroid action or production and thus can alter reproductive health.
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1. Introduction

Many chemicals have been shown or suspected to exhibit
endocrine disruption activity. This means that these
endocrine disruptor compounds (EDCs) can, in various ways,
interfere with the endocrine system of animals. EDCs
potentially interfere with the production, secretion,
metabolism, transport or peripheral action of endogenous
hormones by means of their binding to hormone receptors.
These substances display a variety of idiosyncratic
biochemical effects, with complex and multifactorial
mechanisms of disruption of endocrine systems. In the
present paper the functional characteristics of endocrine
disruptors are defined in order to evaluate if their toxicity
toward non-target species is primarily due to endocrine
disruption. Particular emphasis is put on the reproductive
system of vertebrates as this function is primordial in the
survival and evolution of animal species. In this scope it is
nevertheless important to differentiate endocrine disruption
from reprotoxicity directly affecting reproduction steps (for
example gametes production or survival).

The main mechanisms of action of EDCs are described as
well as their main impacts on the reproductive function in
vertebrates. The cocktail effect and non-monotonous dose-

response effects are also discussed in relation with

differences between EDCs and hormones.

2. Mechanisms of Action of EDCs

Drugs and their metabolites are a source of possible or
proved EDCs. Their ED activity is a consequence of their
normal therapeutic action considered as an EDC when peoples
other than those taking them to cure their illness are
unintentionally exposed to it (presence of these drugs or their
metabolites in drinking water for example). Similarly,
pesticides that are synthetic molecules not aiming at curing,
but at being toxic towards fungi, plants or animals detrimental
to cultures. Nevertheless, these pesticides can be toxic to
Human and wild fauna. Other proved or suspected EDCs are
not aimed at curing or destroying living beings (paints, anti-
fowling coatings, cans coatings, medical tubings) but their
structures lead them to interfere with the endocrine system.

Endocrine Disruptor Compounds (EDCs) are molecules,
natural or synthetic, that interfere with the endocrine network
of vertebrates, provoking adverse dysregulation of the
hormonally-controlled physiological parameters or functions
[1], including reproduction. EDCs include persistent
pesticides and herbicides, methoxychlor, biocides, heat
stabilizers, and chemical catalysts, plastic contaminants,
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pharmaceuticals, or dietary components. Those exogenous
compounds can arise from industrial and domestic effluents
or agricultural and urban runoff. The general population
continues to be exposed to EDCs through ingestion of
contaminated food, inhalation of contaminated air and dust,
and skin contact. This interference can occur through
different mechanisms [2]: either directly by binding to the
hormone receptor, or indirectly by increasing or decreasing
the concentration of available active hormone (s).

The most direct mechanism is an interaction of the EDCs with
an hormone receptor leading either to stimulation [3] or
inhibition of downstream cellular pathway in target cells. Figure
1 shows this type of mechanism where an exogenous molecule
can bind to the hormone receptor. Doing so this molecule can
either inhibit hormone action or stimulate by itself the receptor
activation pathway. Usually, only nuclear receptors are the
targets of such direct action by EDCs i.e. the receptors for
steroid hormones (progesterone, estrogens, testosterone,
glucocorticoids, mineralocorticoids), for thyroid hormones
(thyroxine), for vitamin D (calcitriol), for cis- or trans-retinoic
acids, for PPAR and also a number of orphan receptors.
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Figure 1. Scheme of endocrine disruptor direct interaction with a hormone
receptor leading to indue receptor stimulation or to inhibition of hormone
action on its receptor.

The second type of mechanism is through modification of
endogenous hormone concentrations [3-4], by stimulation or
inhibition of either their synthesis (Figure 2) or degradation
(Figure 3).
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Figure 2. Scheme of endocrine disruptor indirect action through stimulation
or inhibition of a hormone biosynthesis.
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Figure 3. Scheme of endocrine disruptor indirect action through stimulation
or inhibition of a hormone degradation or elimination from blood
circulation.

Finally, interference by EDCs can also occur through
modulation of hormone-binding proteins concentrations that
control the availability of active hormones (Figure 4).
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Figure 4. Scheme of endocrine disruptor indirect action through stimulation
or inhibition of a hormone-binding protein leading modification of free
active hormone concentration in blood.

A number of in vitro and in vivo tests have been set up by
diverse national and international agencies to identify EDCs
[4-7]. Only the first mechanism (direct action on a receptor)
can be easily tested in vitro using either soluble receptors or
cells cultures expressing the receptor in a functional state.
The three other mechanisms can only be evidenced in in vivo
tests.

3. Endocrine Networks and

Hypothalamus-Pituitary-Gonads
(HPG) Axis

The endocrine system is constituted by several networks of
hormones, allowing the coordinate functions of dozens of
different cell types. Each network possesses numerous loops
of stimulation and retroaction in cascade so that the different
physiological parameters (such as glycemia, lipidemia,
hydro-mineral balances, etc) and physiological functions
(such as development, growth, immunity, reproduction, etc.)



20 Thi Mong Diep Nguyen: Endocrine Disruptor Compounds (EDC) Effects on Reproduction

are set in the proper range for the good health of the whole
organism and for the survival of species. In this paper, my
aim is to introduce a number of central questions concerning
EDCs with particular interest in vertebrate reproduction.

The general control of reproduction in vertebrates occur
through HPG axis that can be the target of EDCs at different
levels [8-11]. Also the hypothalamo-pituitary-adrenocortical
(HPA) axis can impact on mammalian male and female
reproduction and development of offspring [12] as will be
detailed below.

4. Examples of Endocrine Disruption
Affecting Reproduction

In males, it has been found that a number of recognized
EDCs can affect steroidogenesis and sperm production in
adults but also affect normal testis, seminiferous ducts or
brain development [13]. In females EDCs exposure can lead
to precocious puberty, polycystic ovary syndrome, and
premature ovarian failure.

There are many examples of direct interaction of
xenobiotics with nuclear receptors, particularly the estrogen
receptor. It is puzzling that bisphenol A (BPA) that has been
used for years in plastic bottles and cans, had been initially
developed for contraceptive pills. It was thus not a surprise
later to detect its estrogenic activity that, nevertheless, is 100
000-fold less than that of ethinyl-estradiol, the currently most
used estrogen in contraceptive pills. Because of its estrogenic
activity, BPA has been banned first from use in plastic bottles
for babies and in many countries from any alimentary
packaging. The effects of this type of EDCs is due to their
ability to accommodate the receptor binding pocket for
hormone. Upon binding, the EDC can promote a change of
receptor conformation that leads either to its activation or its
inhibition (Figure 1). Of course, the EDCs that activate the
estrogen receptor exhibit lowering of fertility in females.

As shown in Figure 2, endocrine disruption can occur
through impact on hormone synthesis. For example, stress in
rats suppresses testosterone secretion via a direct inhibitory
effect of elevated glucocorticoids on Leydig cells. A number
of xenobiotics have been shown to affect 11p-HSDI
(reductase) and 11B-HSD2 (oxidase) that play important roles
in glucocorticoid synthesis. Therefore, they can act as EDCs
through their influence on glucocorticoid circulating
concentrations. Through their direct effect they can impact
fetal development and through their effect on testicular
testosterone, they can impact male reproduction.

The mechanisms shown in figures 3 & 4 are much more
difficult to detect but should not be discarded in efforts to
understand the different ways of EDCs actions.

5. What Make Endocrine Disruptors
Different from Hormones

Hormones and their receptors have co-evolved as to ensure
proper specificity of hormone-receptor pairs in all

generations of evolving and diversifying species. The natural
ligands for nuclear receptors are not polypeptide or protein
hormones and therefore, they are not directly encoded by
genes. It can also be observed that the hormones binding to
nuclear receptors are very well conserved during evolution
(estrogens, progestagens, thyroid hormones etc.). It can thus
be concluded that the evolution of nuclear receptors has been
restricted by the need for recognizing its cognate hormone
and, also by the need NOT to bind another circulating
molecule. It can be hypothesized that an animal with a
receptor allowing its stimulation by a wrong circulating
ligand would not survive or would not be able to reproduce
(which is the same in term of Evolution).

The problem with the arrival of thousands of small
industrial organic molecules is that the nuclear receptors have
not been selected during Evolution to avoid their binding.
Therefore, a certain percentage of these molecules can, more
or less, accommodate the receptors binding pocket and
promote receptor activation or inactivation; i.e. these
molecules act as endocrine disruptors. Moreover, conjugating
and degrading systems have also been set up during
Evolution to limit the half-life of hormones whereas synthetic
molecules can remain unchanged and potentially accumulate
in the body.

6. Hazard Versus Risk of
Endocrine-Disruptors

As for all other forms of toxicity, it is important to
consider both the potential hazard of all suspected molecules
as thoroughly as possible in order to evaluate the risk for
human and/or wildlife populations. In this prospect, it is
important to consider 1/ exposure of populations to the
chemical under study, 2/ the dose-responses of its effects and
3/ the cocktail effect.

In the case of pesticides, it is clear that the professional
exposure [14] is considerably higher than the general
population exposure but the former can take appropriate
measures, if correctly informed while the latter should not be
exposed to detrimental levels of pesticide (s). Moreover, the
prenatal and postnatal periods of development until puberty
are particularly sensitive because of their persistent effects
due to possible detrimental effects during developmental
steps [15]. Exposure of the general population to persistent
organic pollutants, including pesticides, can be followed by
detection of their presence in body fluids or tissues. Due to
the extreme sensitivity of most modern assays, it is necessary
to consider not solely the presence of these molecules, but
their actual concentration.

As for all other forms of toxicity, potency of potential
endocrine disruptors is an important information to consider and
the risk is generally dependent on both exposure and potency.

Non-monotonous dose-responses are sometimes claimed
as a hallmark of endocrine disruptor effects. The observation
in some experiments, of U-shape dose-response curves where
low doses of chemical exhibit higher effect than medium
doses, and comparable effect with high doses cannot be
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attributed to intrinsic properties of endocrine disruptors.
Indeed, it is rather due to the complexity of endocrine
regulations in animals and depends on the chosen end-point
for the study of the effect (s). The EDCs exhibit low affinity
and low specificity towards their target-proteins. Indeed, they
generally bind to one or several proteins (receptors, binding
proteins, conjugating enzymes etc...) susceptible to affect
animals’ endocrine system. Their positive and negative
effects at different sites can lead to non-monotonous
responses, eventually different depending on the endpoint
chosen. Moreover, the view that it is a property of EDCs to
exhibit higher activity at lower doses than at higher doses,
could lead to the erroneous simplistic opinion that it would
better to always have a certain level of EDCs in the
environment to avoid the low-doses effects.

It is clear that the number of potentially toxic molecules in
the environment leads to take in consideration the possibly
additive, or worse, synergic effects of EDCs. Owing to the
complexity of endocrine regulations, such effects would
require to study EDCs two by two or more. It is of course an
impossible task, and rather, representative molecules with
given mechanisms should be studied for additive, synergic or
counteracting effects with representative molecules of other
groups to detect the most likely cocktail effects.

7. Cocktail Effect

When several endocrine disruptors are present together
(cocktail), it is expected that they exhibit either additive or
synergic effects. It is extremely difficult to tackle this
problem because all mixtures at all concentrations cannot be
studied. It is thus necessary to make theoretical assumptions
and select mathematical models that greatly influence the
final conclusion.

In a recent study [16] an organotypic culture system of
human fetal testes explants was used to screen eleven selected
compounds individually or as mixtures of 4 to 8. Their effects
as antiandrogens were tested and analyzed. No clear cut
conclusion is drawn by the authors but our interpretation is that
the effects are additive rather than synergic.

It must be stressed here that this study was performed in
vitro, i.e. in a simplified system compared to in vivo. Due to
the multiplicity of cell interactions in a human or animal
body, much more complex interactions between endocrine
disruptors can occur.

Classification of molecules under study per mechanism (s)
of action permits to take into account potential additive [17-
18], synergistic or counteracting cocktail effects [18-19].

8. Conclusion

Endocrine disruption is a mild but insidious form of
toxicity so that it is often difficult to prove or reject its
involvement. The complexity of endocrine regulations in
vertebrates together with the high number of new synthetic
molecules render the task of determining the endocrine
disrupting risk for each molecule, enormous and often

contradictory. For these reasons classification of molecules
under study per mechanism (s) of action on endocrine
regulations would be helpful to reduce the number of assays
needed to validate endocrine disruption.

Concerning Reproduction, there are many steps that can be
sensitive to potential endocrine disruptors. The most sensitive
periods to EDCs during lifetime are the fetal and perinatal
periods as well as puberty during which proper regulations
must be set for permitting good fertility at adulthood.
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