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Introduction
The distribution of adipose tissues and the food intake are 
different between males and females (fat mass is mainly 
located in the abdomen in males or the thighs in females), 
and the reproductive hormones appear to be important 
in these differences.1-3 Moreover, at birth, the number and 
the functional characteristics of adipocyte cells depend 
on endocrine and nutritional conditions during in utero 
development.4

Several human studies suggested a high association 
between endocrine-disrupting chemicals (EDCs) and 
obesity, the National Health and Nutritional Examination 
(NHANES) 2003-2006 study showed that urinary 

Bisphenol A (BPA) was associated with obesity5 in a 
gender-dependent manner.6 A direct correlation of 
urinary BPA level and both body mass index (BMI) and 
waist circumference has been found in a cross-sectional 
study based on NHANES 2003–2008 cycle data.7 Another 
epidemiological study aimed to quantify BPA in mother 
and child was conducted in six European countries 
(Belgium, Denmark, Luxembourg, Slovenia, Spain, 
and Sweden) showed that BPA was found in 91.1% and 
90.5% of children and mothers respectively.8 From the 
Environment and Childhood (INMA) cohort in Granada 
(Spain), BPA concentrations were quantified in spot 
urine samples collected from 298 peripubertal boys aged 
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Abstract
Introduction: Scientific data suggest 
that early exposure to endocrine-
disrupting chemicals (EDCs) affect 
-repro, -neuro, -metabolic systems, to 
which are added other notions such 
as mixtures, window and duration of 
exposure, trans-generational effects, 
and epigenetic mechanisms.
Methods: In the present narrative 
review, we studied the relationship 
between exposure to EDCs with the 
appearance and development of obesity.
Results: Exposure to EDCs like Bisphenol A during the early stages of development has been shown 
to lead to weight gain and obesity. EDCs can interfere with endocrine signaling, affect adipocytes 
differentiation and endocrine function and disrupt metabolic processes, especially if exposure 
occurs at very low doses, in the mixture, during early development stages for several generations.
Conclusion: Exposure to EDCs is positively associated with obesity development. Moreover, 
the use of integrative approaches which mimicking environmental conditions are necessary and 
recommended to evaluate EDCs' effects in future studies.
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A 2016 European Commission defined endocrine 
disruptors as an exogenous substance or mixture that alters 
function(s) of the endocrine system and consequently 
causes adverse health effects in an intact organism, or its 
progeny, or in subpopulations".25

The interaction between EDCs and endogenous 
hormones can occur at several levels: synthesis, transport, 
action and excretion, via their binding and their 
metabolism. EDCs can bind to nuclear hormone receptors 
such as estrogen (ER), androgen (AR), progesterone (PR), 
thyroid (TR), and retinoic acid receptors (RAR). They also 
bind the steroid hormone receptors membrane: ER, non-
steroidal receptors (neurotransmitter receptors: serotonin, 
dopamine), orphan receptors (Aryl hydrocarbon receptor: 
AhR). EDCs can also affect the activity of certain enzymes 
involved in the metabolism and/or biosynthesis of 
steroids.26

In the last decade, the number of natural or synthetic 
molecules that have endocrine disrupting activity has 
increased. In 2002, the European Commission publishes 
a report listing 435 endocrine disruptors.27 To this day 
the number of potential EDCs listed based on TEDX 
(The Endocrine Disruption Exchange) reached 1428 
molecules.28

How do EDCs act?
EDCs act through an illegitimate activation of 
steroid receptors or via non-genomic pathways. 
Organochlorine pesticides endosulfan, toxaphene, o, 
p'dichlorodiphenyltrichloroethane (DDT) and dieldrin 
interact directly with the estradiol receptor and displace 
17-β estradiol from its receptor. The pesticide-estradiol 
receptor complex can therefore trans-activate promoters 
containing estrogen response element, which activate 
estradiol sensitive genes. Other compounds such as o, 
p'DDT, its metabolite p, p'DDE or vinclozolin, have 
an anti-androgenic effect, by binding to the androgen 
receptor, they block its function in an identical manner of 
an antagonist like cyproterone acetate. These compounds 
induce androgen receptor binding to the androgen 
response element and activate the transcription of 
androgen-sensitive promoters.29

Endocrine disruptors can operate on orphan receptors 
belonging to the superfamily of nuclear receptors. 
Moreover, they interfere with the metabolism of steroid 
hormones, by the induction of cytochromes P450 
(CYPs), or by acting on the metabolism of cholesterol 
(precursors of steroid hormones).30 The Trans-nonachlor 
is a component of the banned pesticide chlordane, it is 
considered an endocrine disruptor and can inhibit the 
activation of the orphan constitutive androstane receptor 
(CAR) in mice.31

In rats, DDT increases the transcriptional activity of 
CAR and PXR (pregnane X receptor).32 DTT disrupts 
the neuro-endocrine system via the AhR receptor 
and the AMPA (α-amino-3-hydroxy-5-methyl-4-

between 9 and 11 years old. The results have shown that 
BPA could exert an obesogenic effect by increasing the 
risk of “overweight/obesity” and abdominal obesity.9

In vivo studies endorse these epidemiological 
observations and suggest the influence of the EDCs on 
fatty mass development, mainly when exposure occurred 
in the prenatal phase.10-12

Early exposure demonstrated that EDCs can indirectly 
act through changes in maternal endocrine status (i.e. 
plasma hormone levels)13 and/or nutritional behavior. 
Hence, this can predispose newborns to nutritional 
and endocrine imbalances, adipocyte endocrine 
dysfunction, obesity, and related disorders.14 Nunez et 
al demonstrated the influence of BPA (xenoestrogen) 
exposure on nutritional status: it can affect body weight 
in ovariectomized adult Sprague-Dawley females without 
diminishing food intake, contrary to estradiol-induced 
anorexia. These results reveal that BPA can disrupt mother 
nutritional habits and fetus food intake.15

Several other studies suggest that EDCs can act on taste 
preferences, by increasing or decreasing in fat, salt and 
sugar food preference level,16,17 indicating that EDCs do 
not only have an action that passes through the adipocyte 
cells, but they can act on other peripheral organs involved 
in the regulation of taste preferences, like salivary 
glands.18 This can indirectly affect food intake and weight 
development leading to obesity.

Here, we will outline a narrative review to identify the 
relationship between early EDCs exposure and obesity 
development later in adulthood.

Endocrine disruptors chemicals 
Humans are exposed daily to EDCs, which are very 
heterogeneous exogenous molecules. This list is not 
exhaustive, EDCs can be natural like phytoestrogens and 
mycotoxins; or synthetic like atmospheric pollutants, 
pesticides, detergents, plastic derivatives, varnishes, 
synthetic hormones, medicines and veterinary products.19 
These molecules have distinct hormonal properties 
that can be estrogenic like genistein and BPA,20 or anti-
androgenic like vinclozolin.21

In 1999, the European Commission22 proposed the 
following definition: "An endocrine disruptor (ED) is an 
exogenous substance or mixture, altering the functions 
of the endocrine system and thereby inducing adverse 
health effects in an intact organism, its descendants or 
subpopulations". This definition has been supplemented 
by the following two definitions:

"A potential endocrine disruptor is an exogenous 
substance or mixture with properties that can induce 
an endocrine disruption in an intact organism, in an 
offspring or a population".23

"A known endocrine disruptor is an exogenous substance 
or mixture that alters the function of the endocrine system 
and thus induces adverse effects on the health of an intact 
organism, descendants or a population".24
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isoxazolepropionic acid) glutamate receptor.33

It is known from the literature that PXR and CAR 
are strongly expressed in the liver and intestine, where 
they induce metabolic enzymes [cytochromes P450 
(eg CYP3A)], conjugation enzymes (eg UGT1A1), 
transporters (e.g. multidrug resistance 1, and organic 
anion-transporting peptide 2). Methoxychlor is an 
organochlorine insecticide, which has a similar structure 
with DDT but a relatively low half-life in the environment, 
can activate PXR and CAR and induce CYP3A mRNA 
(metabolism enzyme) in male rat liver, and therefore 
produce metabolites that can be reactive.

CYP3A is involved in the metabolism of steroids and 
is active by precursor of progesterone. The binding of 
the hormone-receptor complex to the hormone response 
element region of the DNA can induce transcription of 
the target gene. The recruitment of co-regulators and 
transcription factors on the promoter regions initiates 
the activation of RNA polymerase II and the synthesis of 
new mRNAs. Alteration of co-activators and transcription 
factors can then modulate gene transcription. Lonard et 
al, show that an increase in the level of steady-state co-
activator induces an increase in ER receptor transcription 
in the presence of selective estrogen receptor modulators 
(4-hydroxytamoxifen and raloxifene).34 In mouse uterus, 
BPA (0.3 mg/kg intraperitoneal injection (IP) every 24 h/5 
days) activates the transcription of TRAP220 co-activator 
(thyroid hormone receptor activator protein 220) which 
increases the ER expression, suggesting that BPA can 
disrupt the endocrine system via an indirect action, by 
acting on the co-activator level.35

Following ubiquitin addition, the degradation of the 
hormonal receptors is finely regulated by proteolysis-
specific proteins called proteasomes. This regulation 
system makes it possible to avoid over-stimulation of 
the cells. The expression of steroidal nuclear hormone 
receptors is regulated by this degradation machinery.36 
EDCs can modify the hormone receptor degradation 
system, which results in disturbances in the endocrine 
system (duration of cellular response to endogenous 
hormones, following a malfunction in the degradation of 
the receptors for example).

The degree of methylation of DNA is considered as 
another way in which EDCs may operate. Exposure to 
Vinclozolin and Methoxychlor decreased spermatogenesis 
and increased the incidence of infertility in Fisher rats up 
to the fourth generation. The effects are correlated with 
alteration in DNA methylation.37

EDCs can also activate the expression of PPARγ 
(peroxisome proliferator-activated receptor-γ) and 
RXRs (retinoic acid X receptors) at the adipocyte level. 
Peroxisome proliferator-activated receptors (PPARs) 
are considered ligand-activated transcription factors of 
nuclear hormone receptors. They are divided into three 
subtypes: PPARα (NR1C1), PPARβ / δ (NR1C2) and 
PPARγ (NR1C3). PPARs are involved in the pathways of 

lipid metabolism, fatty acids synthesis and metabolism, 
cholesterol transport,38,39 and the regulation of energy 
homeostasis.40

PPARγ is activated by the binding of natural ligands 
such as polyunsaturated fatty acids and prostaglandin 
metabolites, such as 15-deoxy-Δ12,14-prostaglandin J2 
(15d-PGJ2). It can also be activated by synthetic ligands 
such as glitazones and causes insulin sensitization and 
enhances glucose metabolism.41 In diabetic patients (type 
II diabetes with insulin resistance), PPARγ activation 
using synthetic ligands increases their insulin sensitivity.42 
PPARγ activators have been also used to treat dyslipidemia 
due to their capacity to decrease plasma triglyceride levels 
and increase HDL cholesterol levels.40 Tributyltin (TBT) is 
another endocrine disruptor that may affect adipogenesis 
via activation of PPARγ and RXRs.43

Pascal Phrakonkham et al., study of 3T3-L1 cells 
shows that early treatment with xeno-estrogens (BPA, 
Genistein and apigenin) can increase the expression 
of differentiation genes as well as endocrine activity of 
adipocyte (leptin synthesis), without modifying estrogen 
receptors expression.44 Anne Riu et al, demonstrated that 
flame retardants, which are analogs of BPA [Tetra Bromo 
bisphenol A (TBBPA)] and [Tetra chloro bisphenol A 
(TCBPA)] can bind to PPARγ and induce adipogenesis in 
3T3-L1 cells.45 In in vitro study, Jedeon et al, show that 
rat ameloblastic HAT-7 cells treated with a combination 
of EDCs (BPA, Genistein and Vinclozolin) reduced klk4 
and enamelin expression and caused Hypomineralization 
incisor.46 Boudalia et al, showed that a mixture of Genistein 
and Vinclozoline administered at the early stage of 3T3-
L1 development affect cells differentiation and endocrine 
activity (Fig. 1).21

Endocrine Disruptors Chemicals and toxicology
Although we are exposed during our life to mixtures of 
contaminants and pollutants most often present in very 
low doses,47 researchers continue to screen the effects 
of EDCs by molecule at higher doses than the NOAEL 
(No Observable Adverse Effect Level). Moreover, 95% 
of toxicological studies including “endocrine disruption” 
evaluate the effects of a single molecule.48

Notions of EDCs low doses
During the last decade, research teams have been interested 
in the question of Low Doses, but the definitions remain 
imprecise, however, three notions seem to stand out:
• Doses below NOAEL, LOAEL (lowest-observed 

adverse-effect level): provoke effects especially during 
exposure in utero.

• Doses to which humans are exposed do not always 
correspond to the lowest doses used in toxicological 
studies.

• Doses administered to animals at serum 
concentrations close to or equivalent to those found in 
humans (taking into account the difference between 
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humans and animals, metabolism, bioavailability, 
excretion, etc).

Welshons et al, defined low doses as concentrations close 
to those of our endogenous hormones, and which act in 
most of the time according to non-monotonic curves".49

EDCs can have more effects at low doses than that at higher 
ones, others have different effects at different doses.12,50-55

The term "low dose" is defined in two ways according 
to Owens and Chaney, (2005) reported by Bergman and 
Heindel:
• The first is a dose below that which is traditionally 

accepted by toxicologists as the no adverse effect level 
(NOAEL);51

• The second is a dose to which humans are exposed.51

A similar definition has been reported in the National 
Toxicology Program's Report of the Endocrine Disruptors 
Low-Dose Peer Review, NTP (2001): "low-dose effects" 
referred to biological changes that occur in the range of 
human exposures or at doses that are lower than those 
typically used in the US EPA's standard testing paradigm 
for evaluating reproductive and developmental toxicity.

Deleterious effects of BPA have been recorded at doses 
lower than the NOAEL, and like most hormones, this type 
of molecule escapes the rule of "The dose is proportional 
to the effects" and causes greater effects at very low doses. 
Another example is phthalates, known for its estrogenic 
and anti-androgenic activity at low doses. In Wistar rat, 
oral exposure to low doses of di(2-ethylhexyl) phthalate 
(DEHP) alters aromatase activity in the brain (aromatase: 
the enzyme responsible for the conversion of testosterone 
to estradiol, plays an important role in dimorphism at 
the cerebral level). This alteration varies according to 
the concentration, which means that the action of the 
molecule follows a non-monotonic curve.56 Exposure to 
DEHP during pre-pubertal, pubertal and post-pubertal 
periods decrease sperm count and increase testosterone 
levels with an enhancement of the Leydig cells number 
and a decrease of Sertoli cells number.55

In ovariectomized mice, exposure to methylparaben 
(EDC with antimicrobial properties, mainly used as a 
foods preservative, and cosmetics, at low doses show an 
alteration in the organization of uterine tissue.57,58

TBT, used in the wood industry, has antifungal 
properties and is considered as an endocrine disruptor; it 
can bind and activate PPARγ and RXRs. In mice, in utero 
exposure to low doses of TBT causes an adipogenic effect, 
and stimulates the differentiation of multipotent cells into 
adipocytes.59,60 Furthermore, neonatal exposure to low 
doses of BPA (20 or 40 mg/kg body weight (BW)) from post 
natal day (PND) 15-PND 30 can affect the thyroid gland 
and induced hypothyroid, it also disturbs the neonatal 
thyroid-brain axis via pro-oxidant and antioxidant system 
disturbance, leading to free radicals production.61

Impact of EDCs exposure window
In the early stages of development, the body is more 
sensitive. Exposure to EDCs, drugs, or any other 
chemical molecules during these stages can have effects 
in adulthood. Several studies suggested the influence of 
malnutrition that causes a delay or dysfunction in “in 
utero” development and the appearance of diseases in 
adulthood (hypothesis of "fetal programming"). Barker 
et al showed a negative correlation between body weight 
at birth and disease development in adulthood such as 
obesity, metabolic syndrome and heart disease.62

This hypothesis is generalized to contain other 
molecules that have an agonist or antagonist activity 
with endogenous hormones such as BPA, phthalates 
and diethylstilbestrol (DES).63,64 In the rodent model, 
postnatal DES exposure leads to fat mass development 
in adulthood.65 In utero exposure to EDCs during the 
early stages of development seems to have more effect: 
this is due to the high plasticity during this period, an 
uncompleted development of the immune system, a 
blood-brain barrier that is not well-differentiated and an 
immature liver detoxification system.26
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Fig. 1. Effects of EDCs on 3T3-L1 differentiation and endocrine activity (from Boudalia et al21).
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In utero exposure to BPA at doses of 25-250 ng/kg 
BW/day affects mammary gland development from the 
embryonic stage, the alteration in morphogenesis relates 
to the distribution of collagen fibers which subsequently 
affect the exocrine activity of the gland.66 In the same 
way, BPA might penetrate the placental barrier and 
perturb the fetal thyroid adipokine axis and influence 
fat metabolism. In utero exposure to low doses of BPA 
(20 or 40 mg/kg BW) from gestational day 1 to 20, 
decreased serum thyroid hormone levels and affected 
gland development. These dysfunctions resulted in the 
suppression of fetal serum growth hormone, insulin 
growth factor-1, adiponectin levels, the increasing of fetal 
serum leptin, insulin and tumor necrosis factor alpha.67 
The same results were observed with the use of other 
EDCs, early exposure to 3,3',4,4',5-pentachlorobiphenyl 
(PCB 126) or 2,3,6-2',5'-pentachlorinated biphenyl (PCB 
95) or 2,3,7,8-tetrachlorodibenzo-p-dioxin can affect 
fat metabolism through an action on thyroid gland 
development.68-70

Epigenetic and trans-generational EDCs effects
The harmful effects of endocrine disruptors can extend 
to several generations. After a single gestational exposure, 
these effects seem to be transmissible via epigenetic 
mechanisms.37,71-75 This change in gene expression occurs 
through two paths:

DNA methylation: a methyl group consists of a carbon 
atom and three hydrogen atoms, the methyl groups are 
attached or removed from the DNA support in specific 
locations, it plays as a switch by turning on/off certain 
genes.

Histone modification: it indirectly affects DNA. 
Histones are proteins that wind the DNA. Indeed, at the 
chromatin level, the nucleosome core consists of two 
histones of each class (H2A, H2B, H3 and H4) which 
associate in an octamer around which the double-strand 
of DNA is wound, which makes it firmly wrapped in the 
chromosomes inside the nucleus of the cell. However, 
different chemical compounds can bind to the histones' 
end and modify the DNA winding, which can be tight 
or loose. If the coil is tight, a gene may be hidden from 
the machinery of protein synthesis in the cell. The gene 
becomes extinct. However, if the coil is loose, the gene can 
be turned on.

In either way, endocrine disruptors cause adverse 
effects transmittable to subsequent generations. Anway et 
al showed that in utero exposure of F1 to vinclozolin can 
extend to the 3rd generation.37 The same team showed that 
exposure to vinclozolin affects the transcriptome of two 
regions of the brain (the hippocampus and amygdala), 
which decrease anxiety behavior in males and increase the 
same behavior in females at the 3rd generation.76

EDCs mixtures effects
The traditional approach in toxicology is to study the 

effects of a single substance. However, over the past 
decade, some research teams have been interested in the 
question of mixtures or cocktail effects. Several chemical 
substances considered independently as non-toxic can 
have adverse effects if they act together.77,78

Kortenkamp and Altenburger tried to find a way that 
can predict the effects of mixtures on the integrity of the 
body. Usually, the calculation is done based on addition; 
in other words, the effect of a mixture of two molecules 
is equal to the sum of the effects of every single molecule. 
For example, in animal experiments, a molecule X leads 
to 35% hypospadias in a lot, a molecule Y leads to 35% 
hypospadias in another batch, the mixture can cause 35% 
× 2 = 70% hypospadias.79 However, in other cases, it is 
more complicated, and mathematical modeling to predict 
the effects of exposure to endocrine disruptor mixtures 
does not give the real effects.80

Also, the majority of studies that deal with the issue of 
EDCs mixtures use the same family of molecules, which 
mean the same type of action (estrogenic, androgenic, 
or thyroid). In that case, prediction by the addition of 
effects is rather effective. Payne et al, studied the effects 
of four oestrogenic o, p'-DDT, genistein, 4-nonylphenol, 
and 4-n-octylphenol molecules in a mixture, using the 
yeast estrogen screen test, which can detect ERs receptor 
activation, due to a colorimetric reaction. The comparison 
between the effects obtained and the effects predicted by 
addition showed that there is no difference, suggesting 
that the effects of the xeno-oestrogens present in a mixture 
can be calculated from the dose-response curves for each 
compound alone.81

Combinations of mixtures of different classes make 
things more complex. From literature, studies with 
binary mixtures [1 mg Genistein (estrogen) + 1 mg v 
inclozolin (anti-androgenic)] showed that these low 
doses caused adverse effects on the male reproductive 
system,82 abnormalities in the testis of fetuses with a 
disturbance in the hormonal secretion (testosterone).83 In 
females, the morphogenesis of the mammary gland was 
affected by these same mixtures at low doses.84 Also, in 
submandibular salivary glands, structural abnormalities 
associated to change in gene expression of endocrine and 
exocrine functions were recorded.85

Adipose tissue
Considered as an endocrine tissue that maintains energy 
homeostasis, the white adipose tissue plays a crucial role 
in lipid and carbohydrate metabolism. There are two types 
of adipose tissue. White adipose tissue (the main energy 
source of the body), which is closely associated with food 
intake control, via the release of leptin. It represents 20 to 
25% of the total mass in women while in men, it varies 
from 15 to 20%, and the maintenance of this balance 
depends on a fine hormonal regulation via the sexual 
hormones. The second type of adipose tissue is brown 
adipose tissue (involved in thermoregulation).86
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Histology of adipose tissue
Adipose tissue is a connective tissue that contains pre-
adipocytes, fibroblasts, macrophages, blood cells and 
endothelial cells; this set of cells constitutes the vascular 
stroma of the adipose tissue. Depending on energy 
balance, hormonal conditions and nutrition, the pre-
adipocytes cells differentiate to form adipocytes.87

Adipocytes are spherical cells about 100 μm in diameter, 
the cytoplasm contains a voluminous vacuole filled 
with lipids (triglycerides) that can be visualized by 
red oil staining. This vacuole is surrounded by a thin 
cytoplasmic corona containing a Golgi apparatus, 
granular endoplasmic reticulum, smooth endoplasmic 
reticulum, and mitochondria. The nucleus, flattened, is 
pushed against the plasma membrane. A thin membrane 
surrounds the plasma membrane.87

Adipose tissue distribution and development
The white adipose tissue is localized differently according 
to age and sex. In women, the white adipose tissue 
represents 20 to 25% of the total mass while in the man; 
it varies from 15 to 20%. We find it especially at the level:
1) Subcutaneous, diffuse and regular in the fetus and 
newborn, predominating on the neck and shoulders in 
men, on the chest, hips, thighs and buttocks in women.
2) Abdominal, such as mesentery, or retroperitoneal 
regions. Adipose tissue appears in the fetus in the second 
trimester of pregnancy in the cheeks, neck, shoulders and 
kidneys.

The mechanisms involved in the development of 
adipose tissue are not yet well defined, but a localized 
modulation of lipolytic activity, via lipoprotein-lipase or 
the stimulation of the adrenergic nerve pathways, could 
play a role, the various fatty deposits are not regulated in 
the same way.88

In humans and from the early stages of development, 
there is a difference in the composition and distribution 
of body fat and lean body mass. At birth, fat mass in girls 
is higher than that recorded for the boys. This difference 
persists from the first to the third month and disappears in 
the sixth month.89 Body fat varies with BMI, and age, this 
variation is more pronounced in adolescent girls.90

Adipocyte differentiation is a process involving 
coordinated and sequential activation of several 
transcription factors. Among them, peroxisome 
proliferator-activated receptors (PPAR), in particular, 
PPARγ2, and CCAT/enhancer-binding proteins (C-EBP), 
lead to the activation of specific genes for mature 
adipocytes.91,92

Adipogenesis can be induced in vitro using a mitogenic 
hormone cocktail on cells of pre-adipocyte lineages such as 
3T3-L1. Briefly, the expression of pre-adipocyte factor-1, 
a differentiation inhibitor, is first inhibited by stimulating 
agents (such as insulin, dexamethasone and 3-isobutyl-
1-methylxanthine) while expression of C/EBPα and C/

EBP increases. This induces the expression of PPARγ2 
and C/EBPα which in turn, stimulate the transcription 
of genes specific to the mature adipocyte. The expression 
of steroid receptors is modulated during adipogenesis 
and may be involved in the control of cascade activation 
of transcription factors.93 The potential role of ER and 
AR receptors in this process is unclear. However, the 
involvement of steroid hormones in the distribution of 
adipose mass and the pathologies associated with obesity 
is recognized.

Hormonal regulation of adipose tissue
The regulation, development and distribution of fat 
are under the control of the endocrine system, and sex 
hormones seem to play a determining role. In men, the 
fat mass is mainly located in the abdomen (android), 
while in women it is rather in the thighs (gynoid). This 
sexual dimorphism observed in humans is influenced by 
sex hormones.94 At the adipose tissue level, AR receptors 
and both types of ER are expressed.95,96 Experimentally, 
the states of estrogen deficiency, as in ovariectomized 
animals and ArKO (aromatase knock-out) and ERKO 
(estrogen receptor knock-out) mice, are accompanied by 
an increase in the weight of the animals mainly affecting 
adipose tissue.97 ARKO (androgen receptor knock-out) 
mice also develop obesity.98 In humans, the alteration of 
estrogen synthesis pathways such as a mutation of the 
aromatase gene (which allows the conversion of androgens 
to estrogens) leads to an early onset of overweight in 
android, with insulin resistance and dyslipidemia.99 
Besides, estrogens seem to play a determining role in the 
proliferation, the differentiation of pre-adipocytes into 
mature adipocytes, as well as the endocrine activity of 
adipocytes such as the synthesis of leptin.44 In rodents, 
estrogens regulate body fat by acting on the adipocyte. 
Heine et al showed an increase in body weight which 
results in hyperplasia and hypertrophy of adipocyte in 
ERKO mice. This change is accompanied by insulin 
resistance, glucose intolerance, an increase in food intake 
and a decrease in energy expenditure.100

Endocrine disruptors and obesity: the case of Bisphenol A
Chemical nature and source of exposure
Bisphenol A [(2,2- (4,4'-Dihydroxydiphenyl) propane] 
(BPA, Fig. 2) is synthesized for the first time in 1891, the 
molecule is used in the synthesis of plastic polycarbonates 
for the manufacture of food packaging (film, plastic 
bottles), internal varnish, cans, medicinal products, but 
also halogenated derivatives used as flame retardants,101 
poor resistance to sterilization by autoclaving lead to 
contamination of foodstuffs.

Human exposure varies with diet and age. It is estimated 
at less than 1 μg/kg BW/day.102 According to the EPA (U.S. 
Environmental Protection Agency), the LOAEL is 50 mg/
kg BW/day.103 However, several studies show that BPA 
at low doses has unpredictable effects, proving that BPA 
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escapes the rule "it is the dose that makes the poison".104

BPA binds to both types of ER receptors, with a 10-fold 
higher affinity for ERβ, but remaining 1000 to 10 000 less 
than that of estradiol.105 It can also bind to other receptors 
in a more moderate way, such as androgen receptors (AR) 
and progesterone (PR) and corticosteroids.106

Several epidemiological studies showed correlations 
between EDCs concentrations recorded in blood and 
urine, and the appearance of pathologies in adulthood 
(obesity, diabetes, cardiovascular diseases).107,108 Other 
studies in rats support the hypotheses of epidemiological 
studies.12,109

Distribution of bisphenol A in adipose tissue
At the gastrointestinal level, BPA was absorbed; then 
metabolized to a hydrophilic form using phase II enzymes 
via glucuronidation in the liver and intestine; it can act 
on several targets such as the brain, gonads, and adipose 
tissue.110

From Bioaccumulation studies; Nunez et al, showed 
that BPA can be detected in blood, brain and adipose 
tissues after repeated doses of 4 or 5 mg/d for 15 days to 
ovariectomized female Sprague Dawley rats. The molecule 
was preferentially accumulated in brown adipose tissue.15

In human studies, BPA concentrations were evaluated 
at 3.16 ± 4.11 ng/g of adipose tissue in adipose tissue 
collected from twenty Spanish adult women in the course 
of surgical treatment of malignant and benign diseases.111 
BPA was also detected in several tissues collected during 
autopsy from eleven patients (eight males and three 
females) at the University Hospital of Antwerp (Belgium) 
with the highest concentrations found in adipose tissue 
(mean 3.78 ng/g adipose tissue) compared to the liver 
(1.48 ng/g adipose tissue) and brain (0.91 ng/g adipose 
tissue).112 However, these concentrations are low 
compared with those found by Olea et al, who detected 
BPA in adipose tissues collected from eighty-six children 
(21 girls and 65 boys) in the course of surgical treatment 
of benign diseases at 17.46±14.82 µg/g of adipose tissue.113

Metabolic disturbance and obesity
From literature, the studies contradict one another on 
the effects of BPA, however, the majority concludes the 
existence of effects at very low doses on energy balance and 
general homeostasis. An epidemiological study conducted 
by the NHANES 2003-2008 in the United States shows a 
correlation between the increase in BPA concentrations 
in urine and the onset of diabetes in 3967 participants 
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CH3
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Fig. 2. Chemical structure of bisphenol A.

(51.7% women).114

In the animal model, in utero exposure from day 6 of 
pregnancy to weaning in drinking water at low doses 
(0.1 mg/kg BW/day and 1.2 mg/kg BW/day) shows 
an increase in body weight in adulthood in both sexes 
with a more pronounced effect in females. The effect is 
also dose-dependent because the low dose has the most 
effect.115 Somm et al, showed that early exposure to 
BPA affects adipogenesis at adulthood. These effects are 
more pronounced in female, which demonstrates the 
determining role of sex hormones.109

In adult male mice, exposure to BPA via subcutaneous 
injections (for 8 days) at relatively low doses (100 μg/
kg BW/day) decreases energy metabolism which results 
in a deficiency in insulin signaling at the peripheral 
level (especially at the muscular level). Bodyweight was 
not affected by decreased food intake, decreased body 
temperature, and locomotor activity, suggesting that BPA 
can be considered as a risk factor for the development of 
diabetes.116

In ovariectomized adult Sprague-Dawley females, 
exposure to BPA at doses of 4 mg/d or 5 mg/d via mini 
pumps implanted at the dorsal level for 15 days showed 
a decrease in weight gain, with preferential accumulation 
at the level of brown adipose tissue.15 Despite the effects 
of BPA on the energy balance, the mechanisms remain 
unclear. Xu et al show a variation in sweetness preference 
(saccharin and sucrose) after in utero exposure at low 
doses of BPA (0.1 mg/kg BW/day, 1 mg/kg BW/day). 
This increase in sugar intake means an increase in energy 
intake that increases body weight.17 Interactions in the 
neuroendocrine system that control the energy balance 
on the one hand and reproduction on the other can be the 
target of endocrine disruptors, which may explain these 
effects.117

In vitro, Phrakonkham has shown that BPA affects the 
expression of genes for adipocyte differentiation in 3T3-
L1, without altering the accumulation of triglycerides.44 
Angel Nadal's team shows that low-dose BPA (1 nM) 
decreases potassium channel activity, increases insulin 
secretion in mouse or human pancreatic cells - with 
a more pronounced effect on human pancreatic cells. 
This means that BPA at very low doses can alter glucose 
homeostasis.118 This analysis suggests that BPA at low 
doses alone or in mixtures can have other effects.

Conclusion
The dramatic increase in obesity incidence has occurred 
in parallel with a dramatic increase in the use of plastic 
and food containing EDCs. Currently, scientific research 
and data on the relationship between obesity appearance 
and development with exposure to EDCs are increasing. 
Epidemiological, in vivo experimental animal, in vito and 
in silico studies research relating environmental chemical 
exposure to obesity has been increased. Findings from 
these studies have shown that EDCs exposure can cause 
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an increase in cells number and size; alter endocrine 
regulation of adipose tissue development, alter hormone 
regulating appetite, satiety and food preferences; alter 
basic metabolic rate; alter energy balance in favor of 
storing calories; alter insulin sensitivity, lipid metabolism 
in endocrine tissues.119

Studies showing a relationship between accelerated 
postnatal growth and obesity appearance due to 
developmental exposure to daily doses of BPA or others 
EDCs within the range of human exposure provide a 
strong argument for competent authorities and policies to 
review the reliance on the use of EDCs in food.

Concluding Remarks
For some years, a large number of studies have shown 
a strong correlation between exposure to EDCs and the 
development of obesity and metabolic disorders. However, 
and with all these data that we have until the day, makes 
this research area “EDCs vs obesity” even more complex 
and involves no longer considering the biological effects 
independently on just one target type (e.g., fat tissue, brain, 
pancreas, thyroid, etc.) but according to an integrative 
approach to the effect of exposure to cocktails mimicking 
environmental conditions and including molecular, 
behavioral and ultra-structural, histological analyses.

There are a number of gaps in our knowledge around 
“EDCs vs obesity” research area and would benefit 
from further research, taking into consideration the 
recommendations that we have developed here: (i) 
Research to develop integrative approaches (exposure to 
cocktails) mimicking environmental conditions. (ii) It 
would be helpful to consider the biological effects of EDCs 
on several target types (e.g.,  fat tissue, brain). (iii) It would 
be useful to re-evaluate acceptable levels of exposure or 
releases to the environment that is protective of human 
health and the environment according to the new data.
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