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Abstract
Introduction  According to the World Health Organization, infertility is a public health problem that affects around 48 mil-
lion couples and 186 million individuals worldwide. Endocrine disruptors are one of the causes that raise more concern, 
given that it is a problem that has evolved with the progress of society. Many chemicals are used by food industry, entering 
food chain, and directly affecting human health. Endocrine disruptors have the capacity of interfering with the normal hor-
monal action, metabolism, and biosynthesis, which can lead to a variation of the normal hormonal homeostasis. Some of 
these endocrine disruptors are highly associated with diseases that are positively correlated with female infertility, such as 
polycystic ovary syndrome, endometriosis, irregular menstrual cycle and also disturbances on processes as steroidogenesis 
and development of the ovarian follicles.
Results The present literature review covers various aspects of the possible relationship between endocrine disruptors and 
female infertility. Bisphenol A and its metabolites, phthalates, dioxins, organochlorine, and organophosphate compounds are 
groups of chemicals considered to have the capacity to disrupt endocrine activity and herein addressed. The results reported 
in in vivo studies and in clinical trials addressing endocrine disruptors and female infertility were discussed as well as their 
possible mechanism of action.
Conclusions  Large, double-blind, placebo-controlled randomized clinical trials are needed to better understand the mecha-
nisms of action of endocrine disruptors in female infertility, as well as the doses and frequency of exposure responsible for it.
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MCOP  Monocarboxyisooctyl phthalate
MCPP  Mono(3-carboxypropyl) phthalate
MECPP  Mono(2-ethyl-5-carboxypentyl) phthalate
MEHP  Mono-2-ethylhexyl phthalate
MEOHP  Mono(2-ethyl-5-oxohexyl) phthalate
MEP  Monoethyl phthalate
MiBP  Mono-isobutyl phthalate
NIH  National Institutes of Health
OCPs  Organochlorine pesticides
OPs  Organophosphate pesticides
PCBs  Polychlorinatedbiphenyls
PCDDs  Polychlorinateddibenzo-p-dioxins
PCDFs  Polychlorinated dibenzofurans
PCOs  Polycysticovary syndrome
POPs  Persistent organic pollutants
PR  Progesterone receptor
PVC  Polyvinyl chloride
SML  Specific migration limit
SWHS  Seveso Women’s Health Study
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Introduction

Infertility is a global public health problem that affects 
around 8 to 12% of couples in reproductive age worldwide. 
According to the World Health Organization (WHO), infer-
tility is defined as “a disease of the male or female repro-
ductive system defined by the failure to achieve a pregnancy 
after 12 months or more of regular unprotected sexual inter-
course” [1]. It has a huge impact on the population in cause 
since the couples can experience depression, anxiety, dis-
tress, reduced self-esteem, and a feeling of guilt and blame 
during the process.

There is a growing interest in the role that endocrine dis-
ruptor (EDs) can play in Public Health, namely in repro-
ductive female health. The recent changes in the lifestyle 
of individuals and societies are one factor that contributes 
to the higher exposure to these harmful chemicals and there 
is a huge contribution of Endocrine-Disrupting Chemicals 
(EDCs) from agriculture and industrial waste and climate 
change. These substances are increasingly present in our 
environment, in our food and food packages and, in con-
sumer products (cosmetic, daily use, etc.) and still manages 
to occur via inhalation of gases and air particles. Moreover, 
a transmission from the pregnant woman to the developing 
fetus or child, during gestation and lactation, through the 
placenta and breast milk, was also demonstrated [2].

The scientific community is quite unanimous regard-
ing the definition of endocrine disruptors, “an endocrine 
disruptor is 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 (sub)populations.” [3]. The European Chemi-
cal Agency alongside with European Food Safety Author-
ity (EFSA) has published in 2018 a guidance document for 
the identification of endocrine disruptors [4].

The present literature review covers various aspects 
of the possible relationship between endocrine disrup-
tors and female infertility. The main groups of endocrine 
disruptors associated with female infertility are herein 
addressed, including bisphenol A (BPA), phthalates, diox-
ins and dioxin-like compounds and organochlorine and 
organophosphate pesticides. Finally, the results reported in 
in vivo studies and in clinical trials addressing endocrine 
disruptors and female infertility were covered as well as 
their possible mechanism of action.

A review very important is from Gone et al. (2015). 
because they summarize female reproductive health, and 
indicate EDCs can affect the ovary, uterus, vagina, ante-
rior pituitary, and/or steroid production, which can lead to 
reproductive disorders including early puberty, infertility, 
abnormal cyclicity, premature ovarian failure/menopause, 
endometriosis, fibroids, and adverse pregnancy outcomes 
[5].

Endocrine disruptors

Endocrine disruptors, also called endocrine active sub-
stances, endocrine disrupting chemicals or endocrine dis-
rupting compounds are chemicals with the ability to inter-
fere with normal hormonal action leading to adverse health 
effects on an organism and/or its future generations. These 
abnormal activities can result in many adverse health 
effects since they interfere with natural hormone systems 
and its respective maintenance of the normal pathway of 
body hormones.

Endocrine disrupting chemicals, which can be found 
in agriculture, industry, drugs or food chain, comprise a 
wide variety of exogenous chemicals including synthetic 
compounds able to affect hormones synthesis, metabolism, 
and function [2]. In this work, three major groups of endo-
crine active substances that have a more distinguished role 
on female health will be explored, since they are often 
referred as food contaminants. Bisphenol A andphthalates, 
are some of the chemicals that can be found frequently in 
food packaging industries and can be easily identified in 
contamination processes. Another vast group is pesticides, 
more specifically organophosphate and organochloride 
compounds that are also very linked to adverse repro-
ductive effects. Finally, we have dioxin and dioxin-like 
compounds that emerge very frequently from uncontrolled 
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incinerations, accidental fires, and waste burning, where 
the principal source of human contamination is through 
food and through environment [6].

Endocrine disruptors associated with female 
infertility

EDs appear to have a role that negatively affects female 
infertility, examples of well-known EDs for this negative 
effect are present in Table 1. An increasing number of 
papers aim to explain and explore the aspects involving 
this activity and its role on reproductive health. Since the 
chemical structure of most EDs mimics sex gonadal hor-
mones (e.g. Fig. 1), the reproductive system is the most 

vulnerable system to EDs actions. They have the ability to 
bind to endocrine receptors and interfere with hormonal 
signals, representing a threat to the normal function of the 
endocrine system.

The mechanisms by which these compounds act, are still 
one of the major concerns to be solved. Most EDs have syn-
ergistic or antagonistic outcomes, and many can interfere 
with estrogen receptors (ER) or androgen receptors (AR). 
Aryl hydrocarbon receptor (AhR) is the most studied protein 
concerning its activity with EDs [7].

Fig. 1  Example of an analogy 
of the chemical structures of the 
natural estrogen hormone estra-
diol and bisphenol A, a xenoes-
trogen endocrine disruptor.

Table 1  Classifications, chemical properties, and sources of the most common EDs

BPA Bisphenol A, DEHP Di(2-ethylhexyl) phthalate, DDT Dichlorodiphenyltrichloroethane, TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin, 
PVC Polyvinyl chloride

EDC General Chemical Structure Group Route of exposure Sources Half-life

BPA

 

Bisphenols/plas-
ticizers

Ingestion, inhalation, dermal 
absorption

Polycarbonate plastics, ther-
mal paper, epoxy resins, 
plastic toys, and bottles, 
lining of food cans.

4–5 h

DEHP

 

Phthalates/ 
plasticizers

Ingestion, inhalation, dermal 
absorption

Medical devices, artciles 
made of PVC.

4–8 h

DDT

 

Organochloride/
pesticides

Ingestion, inhalation, dermal 
absorption

Contaminated water, soil, 
fish.

6–10 years

TCDD

 

Dioxin Ingestion, inhalation Combustion of fossil fuels, 
incineration processes.

1.6–3.2 years



7072 Molecular Biology Reports (2023) 50:7069–7088

1 3

Bisphenol A

BPA is a xenoestrogen, exhibiting estrogen-mimicking, 
hormone-like properties and is widely present in daily 
life, mainly in plastic materials [8]. Among the numerous 
exposures possible from this compound, food exposure 
is the one that brings more concern, being the one that 
reaches the greatest number of people which can occur for 
a long time without being detected. It is used to produce 
synthetic polymers, including epoxy resins and polycar-
bonate, which are used in reusable bottles, kitchen uten-
sils, varnishes and protective coatings for canned food and 
beverages [9]. Is one of the most investigated ECs [2].

The specific migration limit (SML) of BPA has 
decreased from 0.6 mg/kg food to 0.05 mg/kg food. This 
alteration was established on the regulation 2018/213, 
modifying the previous SML foreseen on the regulation 
(EU) N°10/2011 [10]. The main dietary source of exposure 
to BPA are canned food, meat products, and fish can also 
show high levels of BPA [9].

BPA can disrupt at many levels, the feedback control 
system including hypothalamic–pituitary–gonadal (HPG) 
axis is one of them (Fig. 2), being the reason why this 
ED is closely connected to reproductive health. On the 
HPG axis there is evidence that this chemical can alter the 
levels of Gonadotropin-releasing hormone (GnRH), regu-
lating kisspeptin expression. This alteration traduces in 
the release of Follicle-stimulating hormone (FSH), Lute-
inizing hormone (LH), and sex hormone, which results in 
adverse effects on the reproduction system via irreversible 
impairment of the HPG axis [11].

The International Agency for Research on Cancer 
(IARC) has designed a system to categorize different 
agents and their carcinogenicity to humans. Based on this 
classification BPA is inserted in group 2 A- “Probably car-
cinogenic to humans” [13]. This designation is attributed 

when component lacks evidence of carcinogenicity in 
humans but, in animals experiments, there is strong and 
sufficient evidence of the carcinogenicity, and that the 
mechanistic in cause also runs in human organism [14].

Phthalates

Another group of substances used in the plastic industry is 
phthalates. It is estimated that 4,9 billion kilograms are the 
global production of this plasticizer per year [15].

Phthalates are used to make the plastic more malleable, 
more transparent, and with larger durability. They are con-
sidered endocrine disruptors since they have the capacity to 
interfere with biosynthesis, metabolism, and hormonal activ-
ity, changing the natural way of our hormonal system [15].

There is a growing concern about the role that phthalates 
play in fertility. Some of them had already been character-
ized as toxic substances for reproduction and because of that, 
some restrictions have been made on the industry [16]. And 
can disrupt follicle growth pattern, increase oxidative stress 
and cause follicle death [17].

It is unquestionable that the production of polyvinyl chlo-
ride (PVC) is the most common use of phthalates. PVC is an 
extensively used plastic around the world, and it is present in 
numerous products present in our daily life [14]. In plastics, 
phthalates are not covalently bound to the structure, which 
means that they leach from the products and end up contami-
nating food, water, soil, air, and dust [17]. Examples of that 
are food packaging and packaging in general, manufacture 
of toys, certain pharmaceutical formulations, and thousands 
of consumer goods [16].

Phthalates have been found in liver, lungs, urine, amniotic 
fluid, ovarian follicular fluid as well in adipose tissue. The 
presence of phthalates in ovaries and amniotic fluid means 
that exposure in life-long starting from germ cell develop-
ment and fetal life. Occupation can be a factor leading to 

Fig. 2  Disruptive mechanism induced by BPA on HPG axis.BPA 
regulating kisspeptin expression leads to alterations in GnRH 
levels,affecting the release of FSH, LH, and sex hormone, resulting in 
adverse effectson the reproductive system; BPA Bisphenol A, GnRH 

Gonadotropin-releasinghormone, TRH Thyrotropin-releasing  hor-
mone, CRH Corticotropin-releasing hormone, E2 Estradiol, LH Lute-
inizing hormone, FSH Follicle-stimulating hormone.   Adapted from 
[12]           
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higher levels of exposure, for example in hairdressers’ urine 
phthalate levels are elevated compared to the general popu-
lation [17]. Urinary phthalate levels in women have been 
associated to decrease rates of pregnancy, increased rates of 
miscarriages, pregnancy complications as well a diminished 
ovarian reserve [17].

A very extensive and robust study was carried out in order 
to analyze the presence of phthalates in food and beverages, 
such as those included in Table 2, and also highlights the 
many different toxic effects that these chemicals may per-
form on human health, namely the adverse effects on repro-
ductive health. What arises from all the different analyses 
on the different groups of food and beverages, was that there 
are a lot of factors that contribute to the migration of these 
chemicals from packaging into food. Another conclusion 
was that alongside the evolution of the food chain is the 
increase of the phthalate’s concentration [16].

Di(2-ethylhexyl) phthalate (DEHP) is one example of a 
high-molecular-weight phthalate and one of the most studied 
phthalates. It is mostly used as a plasticizer in the produc-
tion of PVC. This phthalate formerly had been classified 
as possibly carcinogenic, however, according to the most 
recent IARC evaluation DEHP “is not classifiable as to its 
carcinogenicity to humans (Group 3) because peroxisome 
proliferation has not been documented in human hepatocyte 
cultures exposed to DEHP nor in the liver of exposed non-
human primates. Therefore, the mechanism by which DEHP 

increases the incidence of hepatocellular tumors in rats and 
mice is not relevant to humans” [19].

For the past years, the effects of phthalates in the male 
reproductive system were much more documented and 
explained than the effects on the female reproductive system. 
Nowadays is clear that phthalates play a severe role in both 
genders [20]. The disruptive mechanism behind this class of 
EDs is not fully understood, nevertheless, disorders on the 
HPG axis have been associated with some phthalates, which 
is crucial to develop a correct reproductive development 
[20]. The mechanism involved is still uncertain, neverthe-
less, studies have revealed the structure dictates the response 
that will be triggered, that is, it can have an inhibitory or 
stimulating response on the AR and ER activity. For exam-
ple, it was shown that DEHP, and its respective metabolites, 
do not bind to AR [20].

Dioxins and dioxin‑like compounds

The term dioxin is applied for a group of 210 chlorinated 
compounds which divides into two subgroups, the poly-
chlorinated dibenzofurans (PCDFs) and the polychlorinated 
dibenzo-p-dioxins (PCDDs). Within these 210 compounds, 
the 17 congeners with chlorine atoms at the 2,3,7 and 8 posi-
tions are found to be of major importance once this charac-
teristic gives them a more resistant metabolic degradation, 
which results in body accumulation [21].

Table 2  Principal phthalates that had been demonstrated to interact with estrogen receptor and progesterone receptor (PR) in humans. Data 
extracted from [18]

DEHP Di(2-ethylhexyl) phthalate, MEHP Mono-2-ethylhexyl phthalate, DiBP Di-iso-butyl phthalate, MiBP  Mono-iso-butyl phthalate

Parent phthalates
(Phthalate-diester)

Primary metabolites
(Phthalate-monoester)

 DEHP

 

MEHP

 

DiBP

 

MiBP
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Dioxins are dangerous environmental pollutants that 
belong to a group called persistent organic pollutants 
(POPs). The interest in this group, to the scientific commu-
nity, has been growing due to their toxic effects on animals, 
the environment, and human health [22].

The main source of dioxins is anthropogenic especially 
due to combustion processes but can also emerge due to 
natural processes. The formation occurs at high tempera-
tures between organic compounds and chlorine. Another 
huge source of dioxins is uncontrolled waste incinerators 
[23]. Although many of these releasing events of dioxins 
to nature are local, the spreading is global. According to 
the WHO “the highest levels of these compounds are found 
in some soils, sediments and food, especially dairy prod-
ucts, meat, fish, and shellfish. Very low levels are found in 
plants, water, and air” [22]. As mentioned, fatty food is an 
important source in terms of human exposure. A study con-
ducted in Norway was performed in order to evaluate the 
risk-benefit of consumption of seafood, more specifically 
fish fillet, farmed salmon, wild mackerel, herring and spring 
spawning. Despite the important role as a huge supplier of 
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), 
and vitamin D, it is also pointed out as a source of dioxins. 
It has been concluded that even with the high levels of EPA, 
DHA, and vitamin D, if the species were consumed accord-
ing to the recommendations, the levels of dioxins consumed 
were exceeded [24].

In the field of dioxin toxicology, even though the mecha-
nism is not fully comprehended, is clear that these com-
pounds induce various toxicities through their tight relation 
with the AhR. AhR is present in ovaries tissues and performs 
a starring role in the regulation of ovarian follicular growth 
and steroidogenesis [25]. This connection between AhR and 
dioxins triggers all the endocrine signaling routes that are 
mediated by the steroid hormones [26].

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was clas-
sified in 1997 by the IARC as a group 1 carcinogen. This 
category “is used when there is sufficient evidence of carci-
nogenicity in humans” [27]. A very high number of studies 

have proven that TCDD is a potent carcinogenic with vast 
mechanistic information indicating that this substance could 
disrupt multiple endocrine pathways through a mechanism 
involving AhR [28].

Organochlorine and organophosphate pesticides

Pesticides are synthetic molecules that emerged with the 
aim of killing or repelling pests, fungi, insects, diseases 
from plants during their growth. Their use is growing 
stronger since the global market for these pesticides is 
steadily expanding and are widely used in agriculture, 
consumer products, and industrial products. Pesticides 
have attracted international attention and have recently 
come to be regarded as possible contributors to reduced 
human fertility [29, 30].Human exposure to organophos-
phate pesticides is now widespread in many countries and 
has become a global health issue [29]. The Table 3 sum-
marizes the most common organochlorine and organo-
phosphate compounds, their chemical structure, use, and 
persistence [31].

It has been studied that the long exposure to these com-
pounds its dangerous even in very low doses, they have the 
power to affect the organism since that many of them play a 
role as endocrine disruptors [32, 33].

One specific group of pesticides, which is widely used, 
is organochlorine compounds (OCPs) wich can be consid-
ered as persistent organic pollutants (POPs) that are envi-
ronmental pollutants and known as carcinogenic chemicals. 
The organophosphate insecticides were created to replace 
the so relentless OCPs, since they were proven to have low 
persistence in the environment and a rapid breakdown [34].

Dichlorodiphenyltrichloroethane (DDT) is one of the 
most studied substances since a huge number of hormone-
related effects on wildlife have been attributed to it. It was 
created around 1940, initially used to combat insect-borne 
human diseases such as typhus and malaria. As one of the 
first synthetic insecticides was also effective for insect con-
trol and was extensively used during many years after that. 

Table 3  The most common organochlorine and organophosphate compounds, their chemical structure, use, and persistence. Adapted from [21]

DDT Dichlorodiphenyltrichloroethane, DDD Dichlorodiphenyldichloroethane, DDE Dichlorodiphenyldichloroethylene

Chemical name IARC group Use Persistence in environment WHO classification 
based on rat oral LD50

DDT Group 2A Acaricide insecticide High persistence
Half-life: 2–15 years

Moderately hazardous

DDD – Insecticide High persistence
Half-life: 5–10 years

Acute hazard in unlikely

DDE – Insecticide High persistence
Half-life: 10 years

Slightly hazardous

Diazinon Group 2A Insecticide Moderately persistence
Half-life: 37–38 days

Moderately hazardous
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Despite its abolishment around 1970, DDT remains relevant 
to living populations for many reasons, it is a persistent pol-
lutant in the environment, so people worldwide continue to 
be exposed [16].

Endocrine disruptors can alter the pathway of hormones, 
acting as agonist or antagonist. DDT (isomers and metab-
olites), as an organochlorine pesticide that has reported 
endocrine disruptive activity, has demonstrated its danger-
ous activity when binding with hormone receptors, such as 
AR, where displays an antagonistic role, and its capacity to 
increase the progesterone receptor in the ovary and uterus, 
also raises concerns [35, 36].

This insecticide was classified, by IARC evaluation, 
as a group 2 A substance that is probably carcinogenic to 
humans. The mechanistic data provide strong support for 
the carcinogenicity findings of DDT [37].

Parabens

Parabens are widely used, as efficient preservatives in the 
cosmetic industry, food, pharmaceutical products, and other 
products that care for their use as antimicrobial agents. They 
are structurally similar to bisphenols, comprising many sub-
classes including methyl, propyl and butyl parabens [38].

On a first approach, parabens were considered in this 
paper as a relevant endocrine disruptor to explore and study 
their possible role in female infertility. However, after a 
long search and study of diverse publications and studies, 
they were left out, because the most recent studies report 
that parabens are still considered safe to use since there is a 
lack of scientific evidence about their toxicity and endocrine 
disruption activity. Nevertheless, studying this class of sub-
stances is still necessary to better address the scientific gaps 
and disagreements existing and to provide better and more 
exact answers [1, 39].

Infertility

Infertility is a worldwide problem that has a huge impact 
on families and communities. It is estimated that 48 million 
couples and 186 million individuals are affected by infer-
tility globally. It is a disease that can affect both genders. 
Female infertility is a condition that happens due to disor-
ders in the female reproductive system, such disorders can 
present as uterine, tubal, and ovaries disorders, and also can 
come from endocrine disorders that led to abnormalities of 
reproductive hormones [36].

“The most widely used indicator of fertility is the total 
fertility rate: this is the mean number of children that would 
be born alive to a woman during her lifetime if she were 
to pass through her childbearing years conforming to the 

age-specific fertility rates of a given year”. In 2018 the fer-
tility rate in the Europe was calculated, 1.55 live births per 
woman were the result. The lowest fertility rate was 1.43 
and it was registered in 2001 and while the highest rate was 
1.57 in 2010 [40].

Main causes

There are many causes pointed as responsible for female 
infertility. For a normal function of the reproductive sys-
tem, women need to have functioning ovaries, uterus, fal-
lopian tubes, and a normal endocrine system. When some-
thing compromises one of these systems, fertility may be 
jeopardized [41].

Hereupon infertility may be caused by tubal disorders, 
uterine disorders, among which endometrioses stand out, 
ovaries disorders, such as polycystic ovary syndrome 
(PCOS), and disorders that endanger the endocrine system 
and its normal function [27, 42].

Growing evidence proposes a possible connection 
between endometriosis and environmental pollutants, more 
specifically the ones with disruptive activity. Environmen-
tal pollutants, such as dioxins show strong evidence that 
this exposure can lead to diseases as endometriosis [43].

Besides the conditions referred above, there are many 
risk factors that contribute in a very sharp way, such as 
smoking [44], excessive alcohol drinking [45], obesity 
[46], and age [47]. Other curious studies reveal many other 
possible risks that can contribute to infertility itself, there 
are numerous publications about the role of vitamin D in 
female infertility, revealing that this vitamin is essential 
to the reproductive system, and without it, the fertility can 
be compromised [56, 57, 58]. Another interesting find-
ing during this research was that contrary to what most 
women think [48], there is no evidence that the use of 
an intrauterine device can play a negative role in female 
fertility [49, 50].

Effects of endocrine disruptors on female 
fertility

Endocrine disruptors have gained a lot of attention from 
the scientific community in the past years. A lot of labo-
ratory and human studies have been published regarding 
the numerous chemicals causing this dangerous endocrine 
activity. The health effects that these compounds cause, 
have been increasing alongside the publications, proving 
that can be responsible for multiple diseases.

The endocrine system has an essential role in many 
physiological systems since it is responsible for hormonal 
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communication, which is based on the production and 
release of hormones from different glands in the blood-
stream, which coordinates various functions in our body 
by carrying messages. Hormones are essential for many 
processes such as metabolism, development and growth, 
and reproductive functions. When the hormonal imbalance 
is not accurate, health problems can arise due to these 
alterations in the number of hormones produced by the 
glands. Many things can affect this balance, and endocrine 
disruptors, as the name indicates, are one of the major 
responsible [51].

Bisphenol A and phthalates

Studies performed in vivo, and some clinical trials in dif-
ferent populations, have been crucial to the understand-
ing of the different ways BPA and phthalates can affect 
reproductive health.

The most common cause of infertility, as a result of 
anovulation, is PCOS and it is estimated to affect 6–9% 
depending on the used criteria of the National Institutes 
of Health (NIH) [52]. Women that suffer from this condi-
tion, present a hormonal imbalance that interferes with 
reproductive processes.

  Some human studies (Table 4) demonstrate that ele-
vated BPA concentrations are detected in adolescent girls, 
and women with PCOS, when compared to the control 
group, suggesting the potential role of this substance in 
this pathology [53]. Serum BPA level in market seller 
women with PCOS was evaluated, as well as metabolic 
and hormonal effects of this exposure, comparing to a 
control group, and a positive correlation has been demon-
strated between the exposure and the PCOS physiopathol-
ogy [54]. Another study was conducted on adolescents’ 
girls with PCOS, to observe the serum levels of BPA and 
its possible relationship with obesity. It was concluded that 
adolescents with PCOS had higher levels of BPA than the 
group control, independently of obesity, carrying again 
to the perspective that BPA can be part of the cause of 
PCOS [55]. Table 4 shows the in vivo studies with differ-
ent chemicals found in food [12, 56].

  As can be seen in Table 5 [54, 55, 60, 61], a study in 
China found strong evidence that BPA is also disruptive 
to women’s hormone homeostasis, compromising repro-
ductive health. This cross-sectional study was based on 
the assumption that women working in a factory of epoxy 
resins, which is a major source of this dangerous chemical, 
would be much more exposed. As expected, the group of 
women working in the epoxy resin factory, had signifi-
cantly higher serum levels of bisphenol A than the group 
of workers in other factories. This study underlines the 
importance of assessing BPA contamination and all its 
concerns related to Human Health [60].

The hypothalamic-pituitary-ovarian (HPO) axis is a 
complex system responsible for many processes, that must 
be functioning correctly in order to accomplish reproduc-
tion. If these complex interactions between the brain and 
the reproductive tract are disrupted, this system may alter 
its normal function, and lead to reproductive health prob-
lems, such as reduced fertility or even infertility itself [62].

A study, performed on female rats, showed that early 
exposure to small doses of BPA has a huge impact on the 
normal function of the reproductive axis, where there are 
significant changes in the hormones [63].

To investigate the effects of oral exposure to BPA on 
ovarian folliculogenesis and steroidogenesis, a study was 
conducted on adult female rats, which were exposed to 
different doses of environmental estrogen (BPA50 and 
BPA0.5). Ovaries from both BPA-treated groups showed 
some changes, corpora lutea numbers were increased with 
incomplete folliculogenesis. BPA50 group showed a reduced 
expression of androgen receptors at distinct stages. BPA 0.5 
showed a changed expression of AR where the expression 
of the mRNA-follicle-stimulating hormone receptor was 
higher. These results came to support the idea that follicu-
logenesis and steroidogenesis are targets of BPA [12].

An additional study investigated the outcomes of BPA on 
female germline stem cells (FGSCs) and the development 
of mice ovaries. Female mice were administered solutions 
of BPA (12.5, 25 and 50 mg/kg/day). There was a slight 
increase in the number of follicles that had degenerated 
before coming to maturity, the atretic follicles. Furthermore, 
a reduction in the counting of primordial and primary fol-
licles and corpus luteum was registered on higher concentra-
tions of BPA. Another conclusion that came with this study 
was the suggestion that this chemical can accelerate ovaries 
apoptosis and promote the inhibition of its follicles [18].

Speculations on the influence that the exposure of high 
concentrations of BPA has on the normal development of 
the ovarian follicles were the starting point for this study. 
Pre-puberty female rats were exposed to BPA (0, 10, 40, 
160 mg/kg) to investigate its effects on ovarian development, 
and also the levels of expression on the development-related 
genes. In summary, BPA exposure during this pre-puberty 
period may interfere with the development and function 
of ovaries, and gene-related processes can be behind this 
mechanism of BPA toxicity during the development of the 
ovaries [64].

The industry, when confronted with all the objections cre-
ated against the use of BPA, started to use other compounds 
to replace it. Bisphenol S (BPS), bisphenol F (BPF), and bis-
phenol E (BPE) are three examples of BPA analogs, created 
to be inserted in the production of polycarbonates and epoxy 
resins. There are few studies about their endocrine activity 
and adverse health effects, but they raise similar concerns to 
BPA [64]. An example is this study performed on CD-1 mice 
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orally exposed to different concentrations of the analogs: 
BPA, BPE, or BPS (0.5, 20, and 50 µg/kg/day). The begin-
ning of puberty and irregular estrous cyclicity, particularly 
with lower doses, was correlated to this exposure, as well as 
matting problems beginning at 6 months of age. By the time 
of 9 months, the pregnancy rate was diminished, and some 
deaths at birth were reported. All of this data conducts us to 
the dangerousness of the analogs and BPA itself, on fertility 
problems that can be observed later in life [65].

Even more about an observational prospective cross-
sectional study carried out in Italy, was performed in a 
women aged 18–40 years, 43 fertile and 110 infertile 
women (153 women) enrolled in 3 different areas in Italia 
representing different living environment scenarios, such 
as Roma (Lazio, Central Italy), a metropolitan city, with 
specific metropolitan environment and lifestyle; Ferrara 
(Emilia-Romagna, Northern Italy), a medium-sized town 
amid a prosperous area with many farms and small-sized 
or medium-sized industries; Sora (Lazio, Central Italy), a 
rural municipality characterized by intensive agricultural 
activities. BPA levels were detected in infertile women, 
41.8% and in fertile women with 23.3%, a slightly lower 
value. BPA levels, in a metropolitan area, are 71.4% in 
infertile women and 23.1% in fertile women, in urban 
area are 26.3% in infertile women and 27.3% in fertile 
women, lastly in rural area are 4.4% infertile women and 
12.5% fertile women. These values demonstrating that 
infertile women living of metropolitan area had a trend 
toward higher percentage of BPA detection compared 
to infertile women living urban and rural areas and that 
infertile women had a trend toward higher percentage of 
BPA detection than fertile women in metropolitan area. 
The mean of serum BPA levels was 10.6 ng/ml in infer-
tile women and 4.8 ng/ml in fertile women [2]Another 
class of chemicals, which has been raising some con-
cern related to the impact on female reproductive health, 
are phthalates. However, when compared to BPA is an 
impact much less studied [66]. The effects of phthalates 
on female reproductive health have been studied and high-
lighted by various in vivo/in vitro studies and some clini-
cal trials too.

In this study, different doses of a mixture of three phtha-
lates, DEHP, di-n-butyl phthalate (DBP), and benzyl butyl 
phthalate and two alkylphenols (1 and 10 mg/kg body 
weight) were administrated on female mice. This complex 
EDs mix was proven to modify reproductive parameters, 
such as the weight of the uterus and ovaries, the estrous 
cyclicity, levels on the reproductive hormones, and altered 
some features in the steroidogenesis too [67].

Another research focused on the disruptive activity of 
another phthalate, DBP, analyzed the effects of a short 
exposure (10 days) in CD-1 mice. DBP showed evidence 
of ovarian toxicity, where alterations on different levels of BP
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hormones, such as luteinizing hormone (LH) follicle-stim-
ulating hormone (FSH) and estradiol (E2) were verified. 
Complex processes as steroidogenesis were altered by the 
disruption of genes involved. Future work on clarification of 
how this endocrine disruptor may act on the changes at the 
gene expression is needed [68].

DEHP is the most ubiquitous phthalate in the environ-
ment. There are already many studies about is disrupting 
activity in the reproductive female system [56] evaluated 
complex factors, after administration during 14 days of 40 
µg/kg body weight. This exposure resulted in expression 
problems, represented in Fig. 3, in actin and Juno protein, 
the morphology of the spindle meiotic altered, also resulted 
in oxidative stress and apoptosis, the ATP content and mito-
chondria were also affected, DNA destruction, and epige-
netic modifications in DEHP-exposed mouse oocytes.

The results obtained confirm the disruptive activity that 
DEHP can cause on these structures, leading to the conclu-
sion that this compound can diminish maturation and fer-
tilization on oocytes. Disturbances in numerous processes 
as steroidogenesis that affect the hypothalamic-pituitary-
ovarian axis formation were also found after the exposure 
in the mouse ovary [69].

  A prospective cohort study carried out between 2004 
and 2012 analyzed two urine samples per cycle before 
oocyte retrieval from 256 women. Eleven phthalate metab-
olites (MEHP, MEHHP, MEOHP, MECPP, MiBP, MBP, 
MBzP, MEP, MCOP, MCNP, and MCPP) were measured. 
These urinary samples were evaluated in different models 
and women with the higher DEHP metabolites were directly 
associated with diminished oocyte production, clinical preg-
nancy, and live birth [70]. The Fig. 4 shows a comprehen-
sive explanation about the possible mechanisms of action of 
DEHP; DEHP: Bis(2-ethylhexyl) Phthalate.

  The objective of the cross-sectional study was to use 
a nationally representative sample from the 2013–2016 
National Health and Nutrition Examination Survey 
(NHANES) data to assess the potential association between 
DEHP exposure and infertility in women, therefore deter-
minate urinary phthalate metabolite levels as biomarkers for 
DHEP exposure were associated with infertility. Data was 
only available in women ages 20–44. The study starts with 
1199 participants, but final study population was 975 and the 
measurement of infertility was assessed with response of two 

questions: “Have you ever attempted to become pregnant 
over a period of at least a year without becoming pregnant?” 
and “Have you ever been to a doctor or other medical pro-
vider because you have been unable to become pregnant?”. 
Any women who responded “Yes” to either of these ques-
tions was considered to have a history of infertility. They 
examinated four metabolites of DHEP (Fig. 5): mono (2- 
ethylhexyl)phthalate (MEHP), mono(2-ethyl-5-hydroxy-
hexyl) phthalate (MEHHP), mono(2-ethyl-5-oxy-hexyl) 
phthalate (MEOHP), and mono(2-ethyl-5-carboxy-pentyl)
phthalate (MECPP). Phthalates, including DEHP, have 
short half-lives in humans and are excreted as monoester 
metabolites in urine, making these appropriate biomarkers 
of DEHP exposure. In this study, they don´t find any asso-
ciation between DHEP metabolites and reduced fecundity. 
And metabolites of DHEP were associated with reduced 

Fig. 3  Structure of dioxins 
(PCDDs and PCDFs). Relevant 
PCDD/Fs are substituted with 
additional chlorines at positions 
2,3,7 and 8; PCDDs Polychlo-
rinated dibenzo-p-dioxins, 
PCDFs Polychlorinated diben-
zofurans

Fig. 4  Comprehensive explanation about the possiblemechanisms of 
action of DEHP; DEHP Bis(2-ethylhexyl) Phthalate. Adapted from 
[50]
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probability of clinical pregnancy and live birth. They rein-
forced that are several limitations in their study, like the 
measurement of exposure to DHEP is limited due to the 
fact that it does not bioaccumulate and has a short half-life 
in the body and they cannot rule out potential confounding 

variables thar were either unmeasured or not included in the 
analysis [71].

Together, these data raise concerns about the impacts 
of chemicals on female reproductive health. There is still 
a data gap that needs to be filled with more studies on this 
field, epidemiological studies, in vivo and in vitro studies, 
and environmental studies to clarify all the exposure routes 
to human health. Nonetheless is evident the association 
between this class of chemicals environmental disruptors 
and female infertility, and the need for public awareness on 
this subject is urgent as well as the right protection against it.

Pesticides: organochlorine and organophosphate 
compounds

The use of pesticides has been growing as mentioned 
above. The purpose was to improve agriculture, but not 
only affected the crop but also altered the food chain and 
the ecosystem. OCPs are a group of chlorinated compounds, 
widely used as pesticides, and known for their high persis-
tence in the environment. Dietary exposure to OCPs and 
their damages to reproductive health is now the highlights 
of the research, they bioaccumulate and are toxic to humans 
and wildlife. They can be found among food items, fatty food 
and dairy products [72, 73].

  Another group of pesticides called organophosphate pes-
ticides (OPs) has replaced some groups of organochlorines 
due to its fast degradation, a lower accumulative potential in 
the environment and animal tissues, a diminished possibility 
to enter to the ecosystem through food, and a greater selec-
tive process on causing toxicity only among insects and not 
on other vertebrates. In Fig. 6 are a schematic explanation 

Fig. 5  Metabolites of DHEP. Adapted from [62].  DHEP di(2-eth-
ylhexyl)phatalate, MEHP mono(2-ethylhexyl)phthalate, MEHHP 
2-ethyl-5-hydroxy-hexylphthalate, MEOHP 2-ethyl-5-oxy-hexyl-
phathalate, MECPP 2-ethyl-5-carboxy-pentylphthalate

Fig. 6  Schematic explanation 
of the OP potential target sites 
of action in the regulation of 
reproductive female functions 
through the HPG axis; OP 
Organophosphate pesticides, 
GnRH Gonadotropin-releasing 
hormone, FSH Follicle-stimu-
lating hormone, LH Luteinizing 
hormone. Adapted from [75]
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of the OP potential target sites of action in the regulation of 
reproductive female functions through the HPG axis [74].

  However, studies present in Table 6 [76-78] and 7 [79] 
reported their severe toxicity and pointed out some OPS as 
probable disruptors on the reproduction physiology, even 
at very low doses. Impaired functions as processes of HPG 
axis are the result suspected by the release of neurotransmit-
ters by this class of pesticides, being this the mechanisms 
by which OPs interfere with the reproductive health system 
[74].

In Taiwan, a study was conducted to examine OCPS in 
breast milk, and their association with female reproductive 
function, making connections with other parameters such 
as dietary and sociodemographic factors. 68 samples of 
breast milk were examined, and DDT and Hexachlorocy-
clohexane were the most abundant OCPs. Also, the rela-
tion between the presence of OCP residues in the breast 
milk and factor such as family income, cow milk, and beef 
intakes were positive. This study allows concluding about 
the tight connection between dietary habits and the expo-
sure levels of OCPs [76].

With the aim of investigating the possible outcomes 
of infertility treatment, when associated with the intake 
of pesticides present in fruits and vegetables, a study was 
conducted in a group of 325 women, under 541 assisted 
reproductive technologies at a fertility center. The expo-
sure regime was divided into two groups of high and low 
exposure to pesticide residues present in fruits and veg-
etables, based on questionnaires performed on the woman 
involved. With this, it was possible to associate the con-
sumption of higher levels of pesticides with lower prob-
abilities of achieving clinical pregnancy and live birth. On 
the other hand, no significant relations between low pes-
ticide residues were made. This data suggests that dietary 
pesticide exposure, in a range of typical daily consump-
tion, may be associated with adverse reproductive conse-
quences [77].

A preliminary case-control study undertaken at a repro-
ductive Center with 50 women affected by PCOS, was taken 
upon the question if there is an association between this clin-
ical condition and serum levels of organic pollutants. The 
results of this study take us to the positive relation between 
PCOS and organic pollutants, since the serum levels were 
substantially higher in PCOS group when compared to the 
control one, especially DDE and polychlorinated biphenyls 
[78].

In another study, they wanted to focus specifically on 
fertility in women and investigated associations between 
chemical exposures and ovarian reserve. Thereunto they 
used a cohort pregnant woman undergoing caesarean section 
(n = 145) was recruited at Karolinska University Hospital 
Huddinge in Stockholm, Sweden, during years 2015–2018. 
To analyse the effects of environmental chemicals on 

ovaries. They measured nine OCPs, between others per-
sistent organic pollutants. The result of the study shows 
that exposure to chemicals may reduce the size of ovarian 
reserve in humans, and they strongly encourage new studies 
for infertility in women in more detail [73].

Epidemiological studies connected in China have demon-
strated relatively high levels of exposure to OCPs in women, 
raising concerns about chronic exposures and potential 
effects on reproductive health. In this study they aimed to 
prospectively evaluate the associations between precon-
ception pesticide exposure and couple fertility in Shangai, 
China, where OCPs are the most widely used pesticides, and 
confirmed that affect time to pregnancy (TTP) and couple 
fertility [29].

DZN is another concerning organophosphate insecticide 
extensively used in agriculture that is responsible for many 
negative effects on humans, including reproductive ones. 
This study evaluated the effects of DZN on apoptosis of 
ovarian follicles in adult rats and also assessed the possible 
protective role of vitamin E. Thirty adult female rats were 
divided into groups, control, sham, and two experimen-
tal (one with DZN + olive oil, another with only vit.E and 
DZN + vit. E). As expected, DZN demonstrated apoptotic 
activity in secondary follicles (group with DZN + olive oil), 
and another interesting data was that the group DZN + vit. 
E exhibited a protective role on DZN toxicity [79]. This 
compound is also pointed as an inducer of oxidative stress, 
in tissues such as the reproductive system. Other studies had 
already approached the protective role that this vitamin can 
display, showing some interesting data on this concern [80].

The interest within the general population on this matter 
has been rising in the last decades. A growing concern in the 
search for organic products, free from pesticides, antibiotics, 
and genetically modified organisms has been observed. In 
general terms, the awareness on this topic has been growing, 
and in this line a more conscious attitude about environ-
mental contamination which leads to a higher demand for 
organic products [81, 82].

There are already many different studies on the benefits 
of the consumption and preference for organic food, as well 
studies that compare the exposure of pesticides, through the 
analyses of the urine, that confirms the positive relationship 
between consumption of organic food and lower pesticides 
metabolites in the urine [83, 84].

Dioxins and dioxin‑like compounds

Major concern over the chemical group of dioxins has arisen 
since the discovery of the highly toxic and teratogenic 
TCDD. They belong to the persistent organic pollutants and 
act via a common mechanism that consists of stimulating the 
receptor of aryl hydrocarbon. The main source of dioxins in 
animals and humans is through food, and due to their highly 
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lipophilic profile, they tend to accumulate in tissues with a 
high-fat percentage. The metabolism and excretion of these 
chemicals are generally extremely slow [85, 86].

  Some studies (Table 8, [16, 87]) have investigated the 
correlation between the serum levels of dioxin-like sub-
stances in patients with endometriosis. Endometriosis is an 
estrogen-dependent disease of the reproductive feminine 
health tract [42, 43]. Adipose tissue from patients diagnosed 
with endometriosis was analyzed and compared to a control 
group, to see if there was a positive correlation with the pres-
ence of dioxin-like substances. Their results suggest a rela-
tion between this exposure and this female disorder [87, 88].

Since Seveso’s incident in 1976, a huge study called 
Seveso Women’s Health Study (SWHS) was created to fol-
low 981 women that were exposed to TCDD. In the last 
report of this study population, the median factor time to 
pregnancy (TTP) on SWHS women was 3 months, but 18% 
reported TTP ≥ 12 months. On other hand, SWHS daughters 
had different results, their median TTP was 2 months, and 
11% reported taking more than 12 months to conceive. The 
results expressed an association between TCDD exposure 
and decreased fertility and probably exposure in utero [16].

  To investigate the effect of TCDD exposure on mater-
nal ovaries, a study summarized in Table 9 [88, 89] was 
performed on pregnant rats treated with TCDD with differ-
ent doses (100 and 500 ng/kg), contrasting with a control 
group (corn oil). Ovary weight, E2 and FSH concentrations, 
estrous cycles, and the number of follicles were studied fac-
tors that expressed changes. The results obtained in this 
study demonstrated that the exposure in utero of TCDD, 
especially the highest exposure level, may display a sig-
nificant change in the parameters evaluated, leading us to 
its possible negative role on the ovary development and its 
functions. It was also made a positive relation between the 
down-regulation of mRNA and protein expression with these 
outcomes [89].

On the same matter, but studying the transgenerational 
impact on F3, another study assessed the TCDD exposure 

and ancestral effects on ovarian toxicity, directing their 
attention to the Igf2/H19 pathway, an important route for 
follicular development. F0 pregnant rats were divided, and 
some received the TCDD in 100 or 500 ng/kg BW/day and 
others vehicle as part of the control, through 8–14 days of 
gestation. The results indicated a decrease in the ovarian 
coefficient, LH concentration, number of primary follicles, 
and a rise in the apoptosis of granular cells was also regis-
tered. Through an RT-PCR analysis, it was possible to record 
an increased level of expression on H19 mRNA in ovaries 
treated with F3. All this data led us to the transgenerational 
impairment on the adult ovary enhancement and functions 
when exposed to TCDD and possibly bound to an Igf2/H19 
inhibition [91].

Equine gametes were also investigated to study the effect 
of TCDD exposure (0.32 ng, 3.2 ng, and 32 ng/mL). 28.38% 
of the oocytes under the lowest concentration reached the 
oocyte maturation and on the 3.2 ng/mL the percentage was 
reduced to 5.14%. The highest concentration in the study 
was 32 ng and non-matured oocytes were observed. This 
came to add evidence of the negative impact on the female 
reproductive system [92].

The awareness on this matter is urgent. There is still a 
lot to study and ascertain about the effects on reproductive 
health coming from dioxin exposure. It is clear that there are 
intrinsic harmful effects, but the mechanism behind it and 
all the physiological processes within are still very unclear. 
There are a lot more studies connecting this chemical family 
with male reproductive health when compared to females, 
and even with a lot more biography uncertainties still exist.

Conclusions

In the last two decades, there has been a growing awareness 
of endocrine-disrupting chemicals and their possible adverse 
effects on human health. This subject is considered a severe 
health problem worldwide, as well as infertility. Data from 

Table 8  Observational studies with dioxins found in food

TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin, TTP Time to pregnancy, DIE deep infiltrating endometriosis, PCBs Polychlorinated biphenyls

Participants/subjects and research 
design

Patients Patient parameters Outcomes/main conclusion of 
the study

References

Examined relationships of TCDD 
exposure with TTP (TTP, the 
monthly probability of concep-
tion within the first 12 months 
of trying) and infertility (12 
months of trying to conceive)

981 women exposed 
to TCDD in a 1976 
accident

Serum TCDD concentration and 
estimated TCDD concentration 
at pregnancy

TCDD exposure may be associ-
ated with decreased fertility in 
Seveso mothers and potentially 
in their daughters exposed in 
utero

[18]

To study the levels of biologically 
active dioxin-like substances in 
adipose tissue of patients with 
DIE

30 patients Dioxin-like substances were 
analyzed in adipose tissue

The total toxic equivalence and 
concentrations of both dioxins 
and PCBs were significantly 
higher in patients with DIE

[83]
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WHO revealed that nowadays about 48 million couples and 
186 million individuals suffer from infertility around the 
globe. Where these two subjects meet is determined by the 
intimate role that these endocrine disruptive chemicals play 
in female and male infertility, being the female infertility the 
focus of this study [93].

During the past 6 years, several studies examined the 
effects of endocrine disrupting chemicals on female fer-
tility. Collectively, these studies showed that the com-
pounds that are most frequently related and responsible 
for regarding female fertility are plasticizers, particularly 
BPA and phthalates, such as DEHP and its metabolites, 
organochlorine, and organophosphate compounds, namely 
diazinon, and dioxins and dioxin-like compounds. The first 
two groups interfere with different processes within ovar-
ian development, such as folliculogenesis, steroidogenesis, 
development of the female germline stem cells, follicle 
formation, and also present strong associations with dis-
eases such as PCOS. The imbalance of the HPO axis is 
another issue pointed out for the failure of the reproductive 
tract, generating disturbances in hormone homeostasis.

Organochlorine and organophosphate compounds have 
also been shown to affect ovaries parameters as well as 
the mentioned above. They have been proven to induce 
follicles apoptosis and display impaired processes on the 
HPO axis. Associations between this family of chemicals 
and ovaries diseases, such as PCOS, were also established.

At last, dioxins and dioxin-like compounds are also 
related to female infertility, however, there is a lot to 
explore in this group, especially related to female health 
issues. The most presented compound throughout the 
research was TCDD, which was shown to have a clear 
negative impact on the female reproductive tract, display-
ing threats to ovarian function and other related diseases 
for example endometrioses. The TTP was also reduced 
when exposed to this chemical, which is another indicator 
of the negative role of the biological processes regarding 
reproduction.

The endocrine system is complex, which consists of one 
difficult barrier on the discovery of the different mecha-
nisms around these compounds. Whereas this exposure 
can trigger failures on the reproductive system or not, 
has created a credible and alarming question. The bio-
logical complexity behind it is still to discover and clarify. 
The present literature review revealed that despite all the 
quality work involving all the scientific community, a lot 
more is needed to solve this complex and urgent subject 
that created a major threat to Human Health. In this line, 
large, double-blind, placebo-controlled randomized clini-
cal trials are needed to better understand the mechanisms 
of action of these compounds in female infertility, as well 
as the doses and frequency of exposure responsible for it. 
It would also be of great value to know which compounds Ta

bl
e 

9 
 In

 v
iv

o 
stu

di
es

 w
ith

 d
io

xi
ns

 fo
un

d 
in

 fo
od

TC
D

D
 2

,3
,7

,8
-te

tra
ch

lo
ro

di
be

nz
o-

p-
di

ox
in

, P
C

R 
Po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n,

 B
W

 B
od

yw
ei

gh
t, 

E2
 1

7β
-E

str
ad

io
l, 

FS
H

 F
ol

lic
le

-s
tim

ul
at

in
g 

ho
rm

on
e,

 L
H

 L
ut

ei
ni

zi
ng

 h
or

m
on

e

Re
se

ar
ch

 d
es

ig
n

D
os

ag
e 

re
gi

m
en

Pa
ra

m
et

er
s m

on
ito

re
d

O
ut

co
m

es
/m

ai
n 

co
nc

lu
si

on
 o

f t
he

 st
ud

y
Re

fe
re

nc
es

To
 in

ve
sti

ga
te

 th
e 

eff
ec

t o
f m

at
er

na
l e

xp
os

ur
e 

to
 T

C
D

D
 o

n 
ov

ar
ie

s
TC

D
D

 (1
00

 ng
/k

g 
or

 5
00

 ng
/

kg
) o

r o
nl

y 
ve

hi
cl

e 
an

d 
co

rn
 o

il

Th
e 

va
gi

na
l o

pe
ni

ng
 a

nd
 e

str
ou

s c
yc

le
 o

f 
fe

m
al

e 
off

sp
rin

g 
ra

ts
 w

er
e 

m
on

ito
re

d 
tw

ic
e 

a 
da

y.
 T

he
 o

va
ria

n 
hi

sto
lo

gy
, f

ol
lic

le
 

co
un

ts
, r

ea
l-t

im
e 

PC
R

, w
es

te
rn

 b
lo

tti
ng

, a
nd

 
D

N
A

 m
et

hy
la

tio
n 

an
al

ys
is

 a
bo

ut
 G

df
9 

an
d 

B
m

p1
5 

w
er

e 
ca

rr
ie

d 
ou

t i
n 

F1
 ra

ts

M
at

er
na

l e
xp

os
ur

e 
to

 T
C

D
D

 c
ou

ld
 a

ffe
ct

 th
e 

ov
ar

y 
de

ve
lo

pm
en

t a
nd

 fu
nc

tio
ns

 w
hi

ch
 w

er
e 

po
ss

ib
ly

 a
ss

oc
ia

te
d 

w
ith

 d
ow

n-
re

gu
la

tio
n 

of
 

m
R

N
A

 a
nd

 p
ro

te
in

 e
xp

re
ss

io
n 

of
 G

D
F9

 a
nd

 
B

M
P1

5

[8
7]

Th
e 

ai
m

 o
f o

ur
 st

ud
y 

w
as

 to
 e

va
lu

at
e 

th
e 

eff
ec

t 
of

 a
nc

es
tra

l T
C

D
D

 e
xp

os
ur

e 
on

 o
va

ria
n 

to
xi

c-
ity

 in
 o

ffs
pr

in
g 

ra
ts

 (F
3)

, f
oc

us
in

g 
on

 th
e 

Ig
f2

/
H

19
 p

at
hw

ay

10
0o

r 5
00

 n
g/

kg
 B

W
/d

ay
O

va
ry

 c
oe

ffi
ci

en
t; 

Va
gi

na
l o

pe
ni

ng
 ti

m
e;

 R
eg

u-
la

rit
y 

of
 e

str
ou

s c
yc

le
; O

va
ria

n 
pa

th
ol

og
y;

 
Fo

lli
cl

es
 c

ou
nt

s;
 A

po
pt

os
is

 o
f g

ra
nu

la
r c

el
ls

; 
Le

ve
ls

 o
f E

2,
 F

SH
, a

nd
 L

H

O
ur

 d
at

a 
sh

ow
ed

 th
at

 a
nc

es
tra

l T
C

D
D

 e
xp

os
ur

e 
m

ay
 im

pa
ir 

tra
ns

ge
ne

ra
tio

na
l a

du
lt 

ov
ar

y 
de

ve
lo

pm
en

t a
nd

 fu
nc

tio
ns

[8
9]



7086 Molecular Biology Reports (2023) 50:7069–7088

1 3

(e.g. vitamins) can play a protective effect regarding the 
Human Health damages caused by endocrine disruptors.
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