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Abstract At present, endocrine disrupting chemicals

(EDCs) have gained attention in human pathophysiology,

and many studies have yet been conducted to explain the

mechanism of these chemical compounds on endocrine and

reproductive dysfunctions. In human the maximum studies

focus towards the exposure to endocrine disrupting chem-

icals and their disorders on different endocrine axises

though sufficient information are not available on repro-

ductive systems in human. A huge number of EDCs

resulting the interference of the normal functions of

hypothalamic-pituitary–gonadal axis. There are several

types of EDCs like pesticides, heavy metals, food additives

and contaminants which are responsible to create negative

impact on metabolism and alteration of the homeostasis of

tissue and promoting different disorders such as diabetes,

obesity, cardiovascular disease, infertility etc. Genomic

and nongenomic mechanisms which have been proposed to

clarify these complications together with occupational or

environmental exposure together, the lack of in depth

studies, and the occurrence of different confusing factors

have prohibited to establish the causal relationship between

the reproductive cum endocrine disorders and exposure to

specific EDCs so far. The aim of the manuscript is to

review the scientific literature exists so far on the different

hazardous effects of EDCs on reproductive health focusing

the up to date mode of actions of major EDCs in this

concerns.
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Introduction

Human actions have introduced wide varieties of contam-

inants into the environment globally. These types of con-

taminants include different categories of organic and

inorganic chemical compounds which are endocrine dis-

ruptors, natural toxins, disinfection by products (Fiorentino

et al. 2017), industrial chemicals, persistent organic pol-

lutants (POPs), lifestyle compounds such as caffeine,

brominated flame retardants (BFRs),artificial sweeteners

and pesticides which damage human health and biota

(Khan et al. 2020). Endocrine-disrupting compounds

(EDCs) are also known as endocrine-disrupting chemicals.

The intervention executed by a foreign substance with the

hormonal system is termed as endocrine disruption and the

substances responsible for this aspect are known as endo-

crine disrupting chemicals (EDCs) (Gronemeyer et al.

2004). As per U.S. Environment Protection Agency (EPA),

EDCs is defined as ‘‘an exogenous agent that interferes

with synthesis, secretion, transport, metabolism, binding

action, or elimination of natural blood-borne hormones

those are present in the body and are responsible for

interfering the homeostasis, reproduction, and develop-

mental process. About 85,000 chemicals are manufactured,

of which more than thousands are considered as EDCs.

These types of chemicals are also considered as xenobiotic

compounds mainly present in toys, plastic bottles,
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detergents, polyvinylchloride pipes, cosmetics, toothpaste

(Flint et al. 2012). Endocrine disruptive chemicals (EDCs)

remarkably affect the reproductive processes regulated by

nuclear receptors (NRs) with special reference to estrogen

receptors (ERs) and the androgen receptors through

receptor mediated signal transduction system. More

specifically, these chemicals bind with endocrine receptors

to alter hormone synthesis and degradation. The endocrine

disruptors are identified as highly heterogenous in nature

(Jackson and Sutton 2008). These compounds are found in

the form of nanogram to microgram per litre (ng/L and lg/

L) and these are identified in the water with the help of

different chemical analytical methods. EDCs enter the

body via inhalation, placenta, lactation etc. The chemical

compounds create different pathological complications like

diabetes, infertility, obesity, neurodegenerative diseases,

heart disease, and thyroid dysfunctions by activating,

blocking and altering the hormonal functions (Jackson and

Sutton 2008). The manuscript aims to review the state of

art of scientific literature regarding the effects of EDCs on

human physiology in general with special references to

reproductive system in direct or indirect manner through

negative impact on endocrine systems.

Mechanistic Approach of EDCs

The nuclear receptors (NRs) focus structurally associated

transcriptional factors. About 48 NRs have been identified

in mammals which are involved in all the essential func-

tions e.g. homeostasis, fetal development, metabolism,

reproduction etc. These EDCs bind and activate various

nuclear receptors such as pregnane X receptor, androgen

receptor, estrogen receptor, estrogen related receptor, reti-

noid X receptor, aryl hydrocarbon receptor, thyroid hor-

mone receptor and constitutive androstane receptor (Poland

and Knutson 1982). It has been observed that same sub-

stances activate some of the receptors isoform (i.e. agonist)

and block some other isoform (i.e. antagonist). As per other

description, some EDCs have involvement with aryl

hydrocarbon receptor (AhR). On the other hand, main

targets of EDCs are considered as hypothalamico-pituitary-

thyroid (HPT) axis, hypothalamico- pituitary -adrenal

(HPA), and hypothalamico pituitary gonadal (HPG) axis.

As per some research work, central nervous system is also

affected by EDCs. The AhR mainly belongs to bHLH-PHS

protein (Street et al. 2021). This AhR is mainly acts as a

ligand activated transcription factor. If the ligand formation

is absent, the receptor presents either in the cytoplasmic

compartment or in the nuclear compartment (Gronemeyer

et al. 2004). On the other side, ligand binding aggravates

some cellular changes that guides towards separation of

repressive complex which finally proceed towards the gene

transcription of NR or AhR gene. Recent data focused that

EDCs exposure is not only responsible to damage the

exposed generation but also it affect that future generation

of that individual and this process is called trans genera-

tional inheritance (Diamanti-Kandarakis et al. 2009). The

potency of a hormone to activate its receptor is associated

with several factors such as amount of synthesised and

released hormone by the endocrine gland, way of its

transportation through the circulation, amount of the hor-

mone reaches the target organ, and the time span of which

hormone can activate its receptor (Beato and Sanchez-

Pacheco 2021).

Sometimes, EDCs disturb the endocrine and reproduc-

tive systems by mimicking a hormone and its activity. In

this case, the EDC acts as the hormone followed by

receptor activation in an inappropriate manner. Later on

even after the presence of natural hormone the receptor

remain blocked with the EDCs. Like this way a single EDC

may alter a multiple number of hormone signalling path-

ways (Lee et al. 2013).

Impact of EDCs on Human Physiology in General

It has been estimated that about 24% of human diseases

and disorders are caused by environmental factors

(Fingerhut et al. 2006) and those factors play a pivotal role

in 80% of deadly diseases such as cardiovascular diseases,

cancer and respiratory complications.

EDCs and Endocrine Disease

The rate of high cases of endocrine diseases are parallel

with increased manufacture of chemical goods. Production

of plastics increased globally from 50 million tons to about

300 million tons now a days. An additional challenge came

forward where humans are exposed to a mixture of

chemicals throughout the lifespan by making it more dif-

ficult to proof if health effects result from exposure to a few

problematic chemicals (Zoeller et al. 2012).

Neurological and Behavioural Disorders

The pathological conditions including Attention Deficit

Hyperactivity Disorder (ADHD) and Autism Spectrum

Disorder (ASD), as well as other mood disorders, learning

disabilities, depression, executive function deficits and

conduct disorders which are a few evidences for impaired

neurodevelopment, attention problem, low IQ level,

memory failure, and disturbances in motor skills such as

writing and reading due to EDCs exposure (Bellanger et al.

2015).
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Obesity and EDCs

Obesity cases are rising very fast across the globe. Lifestyle

which include food style and work style are considered as

primary contributors for obesity but on the other side, other

evidence showed that several other factors, such as

chemical exposures also play an important role for the

same (Darbre 2017). The chemicals which are known as

‘‘obesogens’’ are responsible for gaining weight either by

altering or reprogramming key parts of the endocrine sys-

tem especially appetite, metabolism, energy balance that

results obesity and associated adverse health outcomes.

Research shows that developmental exposure is effective in

predisposing an individual to weight gain and its related

health hazards including type-2 diabetes, cardiovascular

disease, altered lipid metabolism and altered glucose sen-

sitivity (Shahnazaryan et al. 2019).

Reproductive Disorders and EDCs

The increased production of EDCs and its link with

reproductive physiology is well known and interesting

domain today. The increased prevalence in past 50 years

regarding hormone-sensitive cancers, early puberty, genital

malformations, compromised fertility, decreased sperm

counts, and unbalanced sex ratios are partially result of

EDCs. Early puberty among girls depends on so many

factors including nutrition, stress, and ethnicity, and

recently EDCs. Such estrogenic compounds are also asso-

ciated with uterine fibroids, ovarian dysfunction, and sub

fertility in humans and in animal models (Fowler et al.

2011).

Cancer and EDCs

Cancer is the outcome of the interplay between genetic

predisposition and the environment encountered. Few

cancers are connected to a single gene along the key role

played by the environment. Surprisingly, about 2 in 3

cancer cases are environmentally associated in many ways.

The American Cancer Society concluded that most of the

cancers are preventable with lifestyle changes i.e. balance

diet, optimum physical activity, and smoking. Certain jobs

are closely linked with an increased risk of cancers, espe-

cially with high load of chemical exposure, including coal

mine, rubber industry, paper manufacturing industry,

painting, fire-fighting, steel manufacturing company etc.

where employees are exposed to different EDCs (Soto and

Sonnenschein 2010).

Endocrine glands Specific Biological Effects
of EDCs

EDCs on Adrenal Gland

Few studies have evaluated the effects of EDC on the

adrenal gland, the risks related to exposure to chemicals.

This lack of evidence is not easily understandable consid-

ering the proper functionality of hypothalamo-pituitary-

adrenal (HPA) axis is very essential for human life and it is

a very common and general target for different chemicals

and drugs. In fact, adrenal glands regulate some bio-

chemical features and structure such as an elevated blood

flow, lipophilic structure due to the high content in

polyunsaturated fatty acids in cell membrane, and presence

of CYP 450 enzymes producing toxic metabolites and free

radicals which make them ideal targets for EDCs (Gore

et al. 2015; Harvey 2016).

The maximum studied showed the effect of EDCs on the

adrenal axis which mainly interfere the biosynthesis and

metabolism of steroidal hormones involved. Different

EDCs affect the function of aromatase, 5-a reductase, as

well as 3-b, 11-b, 17-b hydroxysteroid dehydrogenases

which play crucial role in metabolic pathways of adrenal

steroidogenesis. Synthetic xenoestrogens as EDC some-

times impair adrenal function by inhibiting these above

mentioned enzymes (Kabir et al. 2015). Steroid Acute

Regulatory Protein (StAR) acts as regulator of the first step

of adrenal steroidogenesis is also the target of EDCs

(Hampl et al. 2016). There are hundreds of chemicals and

drugs interact with adrenal axis where each and every step

of steroidogenesis may be affected by the chemical dis-

ruptor. (Martinez-Arguelles and Papadopoulos 2015).

EDCs partially affect the proper adrenal functions may

have severe affect on human health system. In this per-

spective, bioaccumulation of these endocrine disruptors in

adipose tissue might generate a ‘‘cocktail,’’ with clinical

effects that may be observed only after several years of

constant and low-dose exposure. Hexachlorobenzene also

acts as chemical disruptor of adrenal gland which is able to

alter the normal function corticoid hormone in Wistar

strain albino rats (Harvey 2016).

EDCs on Thyroid Gland

There are many environment derived chemical substances

which are responsible to alter iodine absorption by

inhibiting the Sodium-Iodide symporter channel (SIS).

Perchlorate and thiocyanate are also the EDCs which can

able to affect the thyroidal metabolism by inhibiting SIS

(Kabir et al. 2015). This channel transports iodine inside

thyrocytes i.e. thyroid follicular cells which play a pivotal
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role in the biosynthesis of thyroid hormones (Gore et al.

2015). Elevated levels of perchlorate are found in air-bags,

explosives, fertilizers etc. (Kabir et al. 2015). As per survey

conducted by National Health and Nutrition Examination

(NHAMES) (2001–2008), suggests its presence also in

foods, such as milk, vegetables, fruits, eggs in USA (Gore

et al. 2015). Cigarette smoke also contains thiocyanate. A

study was conducted by Braverman et al. to observe 3,100

subjects exposed to different EDC perchlorate, thiocyanate,

and nitrates which resulted a significant decrease of free

thyroxine levels, which was more marked in pubertal

subjects and it was not associated to increase of TSH

levels. Perchlorate, thiocyanate, and nitrates are used

extensively and as industrial products but many foods and

potable water are contaminated by these chemicals. They

can cause a loss of function of NIS binding to NIS and

blocks iodide transporter.

No conclusion can be made from current data, but the

use of iodine supplementation in pregnancy and in children

may protect them from the pathological action of these

EDCs. Further studies should investigate the dose-effects

relationship in these regards (Braverman et al. 2005).

EDCs on Pituitary Gland

Several EDCs act on the pituitary gland, therefore influ-

encing the different endocrine axes: as a result, a wide

spectrum of clinical manifestations has been associated

with exposure to pollutants, such as precocious/delayed

puberty (Soriano-Guillen and Argente 2019) and circadian

disruption (Sen and Sellix, 2016).The diencephalic system

represents a preferential target of EDCs, which may alter

proper function of CNS mimicking neurotransmitter

actions, beside their ability to bind endocrine receptors

(Gore et al. 2015).

EDCs on Reproductive Gland

Most of EDCs can easily mimics sex gonadal hormones

and have the ability to bind with endocrine receptors

interfering the signals generated from hormone. Repro-

ductive system is the the most vulnerable endocrine axis to

EDCs exposure (Monneret 2017). There are five classes of

EDCs capable of showing anti-androgenic properties along

with weak estrogenic activity. These classes are (1) drugs

or synthetic estrogens (i.e., 17 b estradiol, diethylstilbe-

strol), (2) phytoestrogens (i.e., stilbens, cumestans, iso-

flavonoids, lignans), (3) pesticides (i.e., synthetic

pyrethroids, organophosphates, carbamates, organochlori-

nes,); (4) chemicals and plasticizers produced by incom-

plete combustion of polyvinyl chloride (PVC), paper and

putrescible substances (i.e., dioxin); (5) industrial end

products (i.e., phenols, flames retardants, dioxins, heavy

metals, perfluorooctanoic acid etc.). The EDC exposure

should be measured by assessing their effects on the

organism, especially in the basic stages of development,

when the mammalian organism is extremely sensitive to

disturbing agents, exposure might have more pronounced

and long-lasting effects (Mnif et al. 2011; Lubrano et al.

2013; Heindel et al. 2015).

Prenatal exposure to EDCS may result in significant

changes. Animal models or in vitro systems have been used

to investigate the effects of EDC on ovarian development.

Literature review have revealed that some EDC can dam-

age the ovary at primary phase by interfering with meiosis,

germ cell nest destruction, follicle formation and vitality

(Heindel et al. 2015). On the other hand, early postnatal

exposure to EDCs may results significant alteration in

genetic transcription of somatic cells, altering the proper

timing of puberty which may be delayed or anticipated

(Schug et al. 2011). Furthermore, EDCs also play a crucial

role in decreasing both male and female fertility and causes

testicular hypotrophy and polycystic ovarian syndrome

(PCOS). (Schug et al. 2011). EDCs are responsible for the

onset of testicular dysgenesis syndrome (TDS) (Zoeller

et al. 2012; Campion et al. 2012). Impaired spermatogen-

esis, testicular cancer, undescedent testis and hypospadias

may be considered the symptoms of a developmental dis-

order, due to adverse environmental influences. Experi-

ment showed that TDS is the result of an interruption of

embryonal programming and gonadal development during

fetal life (Skakkebaek et al. 2001). Generally, in the most

severe cases,low level of serum testosterone is observed

(Wohlfahrt-Veje et al. 2009) which increased the risk of

testicular cancer compared to milder forms has been

focused (Skakkebaek et al. 2003; Schug et al. 2011).

Vinclozolin, Phthalates, acetaminophen, and polybromi-

nated diphenyl ethers (PBDE) plays a remarkable

etiopathogenetic role in the onset of TDS (Schug et al.

2011; Cook et al. 2011). In case of female subject there is a

very little evidence observed regarding the effects of EDCs

on fertility. Nevertheless, this data seems to suggest that

long-term exposure to EDCs may alter female fertility. In

particular, EDCs appears to have an etiopathogenetic role

in the onset of endometriosis and of ovarian pathology

(Caserta et al. 2013a, b). Phthalates, diethylstilbestrol,

bisphenol A (BPA), TCCD may be involved in the onset of

endometriosis occurring in 10% of fertile women, causing

infertility in 50% of affected subjects (Schug et al. 2011;

Caserta et al. 2013a, b). Ovarian pathology seems to be

related to the exposure to PCB, phtalates, atrazine, genis-

tein, BPA, TCDD, parabens, triclosan, dichlorodiphenyl-

trichloroethane (DDT), and metoxychloride (MXC)

(Minguez-Alarcon and Gaskins 2017). Even in males,

reproductive function may affected by pollutants and

EDCs, but evidence is scarce; EDCs, such as phthalates,
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bisphenol A, biphenyls, and vinclozolin, widespread use of

therapeutic drugs, obesity and sedentary life-style may play

a crucial role in this supposed decrease of male fertility

(Handelsman and Cooper 2013).

EDCs on Male Reproduction

During the last decades, the adverse effects observed by

EDCs in the male reproductive system have been increas-

ing day by day. Although several studies have proved since

1940s that EDCs declines semen quality as the main

adverse effect on the male reproductive system, the

diverging results from the different study designs were

unable to suggest a ultimate conclusion regarding the dose,

the magnitude of exposure etc. Similar types of adverse

effects have been reported on the male reproductive system

that may be connected to exposure of EDC (Nordkap et al.

2012). The latter adverse effects along with the decrease in

the quality of semen share similar pathophysiological pat-

terns and are important risk factors for the development of

the male fertility disorders. The semen quality has been

investigated which an important parameter for detecting

the adverse effects is caused by EDCs. In 1980s initial

studies were conducted on EDC exposure but did not focus

the EDC exposure on the developmental defects in con-

nection with male reproductive system.

The primary hypothesis was framed to delineate the

exact cause of deteriorating semen quality in specific

human populations. A meta-analysis was conducted by

Carlsen et al. (1992) to demonstrate the significant

diminution in mean sperm concentrations from 113 to 66

million/ml. At this period, some additional factors e.g. the

methodological aspects of semen analysis, abstinence

period, the age and the fertility were considered for

decreasing semen quality. In addition, this trend could have

been the output of environmental and geographical varia-

tions. Swan and coworkers confirmed through the follow-

up study that the afore said findings which were mentioned

earlier not the result of biasness, as the different con-

founding factors were attuned accordingly and an overall

diminution in the concentration of sperm was marked

annually at 1.5 and 3.1% of the population in USA and

Europe respectively (Swan et al. 2003). On the other hand

few studies were conducted in North Europe and particu-

larly in Denmark have provided the supportive evidence

that quality of semen can be affected largely by the loca-

tion of population which is examined (Jorgensen et al.

2001). Subsequent studies that were conducted in Finland

by Jorgensen and colleagues in 2001 focused the decrease

semen quality in men at the general population in between

the period of 1998 and 2006 (Jorgensen et al. 2002).

Similar researchers suggested that a large proportion of

young men may exhibit suboptimal sperm counts (less than

40 million/ml). The above mentioned epidemiological

studies recommend that the different geographical loca-

tions of the human population cannot be the own con-

tributing factor for decreasing the sperm count. Thus,

alternative environmental factors have to be considered in

North Europe for increasing incidence of poor semen

quality in specific human populations.

Sperm development and quality is maintained under

multiple factors, therefore it may be disrupted at so many

points. The hypothalamus generates gonadotropin-releas-

ing hormone (GnRH) that stimulates the anterior pituitary

for the synthesis and secretion of gonadotropin, luteinizing

hormone (LH), and follicle-stimulating hormone (FSH)

and this incident can be disrupted at any stage. EDCs

exposure influence sertoli cell damage either by increasing

spermatocyte apoptosis or by up-regulating apoptotic pro-

teins (Zhang et al. 2019). Sertoli cells nourish the devel-

opment of spermatocytes, absorb excess cytoplasm and

accelerate testosterone-linked spermatogenesis. Leydig cell

failed to produce testosterone that leads to collapse the

testosterone-bound androgen receptor-mediated gene tran-

scription that is necessary for spermatogenesis. Some

research focused that EDCs especially BPA inhibits ATP

production probably by mitochondrial disruption that

results impaired sperm motility (Rahman et al. 2017).

EDCs result abnormal hormonal milieu that lead to aneu-

ploidy in sperm and potential transgenerational effects.

Effects of Pesticides as EDCs on Male Reproductive Sys-

tem The occupational exposure to pesticides increases the

risk of morphological abnormalities in the sperm of farm

workers along with decrease sperm count and viability.

Parathion and methyl parathion which are used as pesti-

cides can decrease the sperm concentration by damaging

the seminiferous tubules (Perry et al. 2011). The continu-

ous exposure to pesticides decrease the seminal volume

along with increases the seminal pH and abnormal sperm

head morphology (Yucra et al. 2008). DDT has specific

adverse effects on the male reproductive system due to the

disruption of the hypothalamic–pituitary testicular axis and

the direct interaction with the sex steroid receptors of the

target tissue. Organophosphapte pesticides like malathion

exposure of male farmers and/or paraquat resulted in sig-

nificantly lower values of sperm concentration, pH, mean

volumes of sperm motility of spermatozoa, compared with

thenon-exposed group (Hossain and D’Souza 2010). The

above said results have already been supported by experi-

mental animal studies where both malathion and parathion

were shown to diminish the body weights along with the

reproductive organ weights and the sperm counts of adult

rats. The mode of action was attributed for inducing

spermatogenic apoptosis via the modulation of the

expression of the apoptotic proteins Bax and Bcl-2 along
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with concomitant reduction in the different levels of the

reproductive hormones LH, FSH and testosterone (Geng

et al. 2015).

Effects of Heavy Metal as EDCs on Male Reproductive

Health Cadmium toxicity in male reproductive organs is

very common and through the contaminated food and

environment, the people and animals are exposed. It has

been already been reported that due to cadmium exposure

testes of animals as well as humans were drastically

affected. Cadmium altered the structure of seminiferous

tubules, sertoli cells, and the spermatozoa. It also alters the

development of leydig cell and its function and leads to the

tumor formation in leydig cell. Moreover, cadmium dis-

rupts the vascular system of the testicular tissue. As an

inducer of reactive oxygen species, cadmium possibly

causes DNA damage and subsequently leads to male sub-

fertility/infertility (Rajendar et al. 2012).

There are several pathways which might be involved in

lead-induced impairments of male reproductive health

(Vigeh et al. 2011). Lead is the responsible factor for

reducing male fertility by decreasing the quality sperma-

tozoa. From direct exposure to high blood lead concen-

trations, the blood–testis barrier can protect testicular

tissue. Moreover, it has been marked that occupational and

environmental exposure to lead may drastically affect the

hypothalamico–pituitary–testicular axis which leads to

impair spermatogenesis. Disturbances in the reproductive

axis especially testosterone suppression are most suscep-

tible during the development of puberty. Lead poisoning

hampers the process of spermatogenesis and also alters the

spermatozoa function. Generation of free radicals due to

lead exposure potentially affects viability, count and

motility of spermatozoa and also increases DNA frag-

mentation, and chemotaxis for spermatozoa–oocyte fusion,

all of factors can contribute to deterring fertilization

(Gandhi et al. 2017).

Arsenic exposure may be the responsible factors for

gonadal dysfunction through the diminution of testosterone

production, apoptosis and necrosis. Recently, few studies

have established that arsenic exposure significantly causes

low sperm quality, erectile dysfunction and ultimately

causes infertility in men (Pavlova and Atanassova, 2018;

Lovakovíc, 2020). Several studies have been established

that significant accumulation of arsenic in testes and

accessory sex organs, such as epididymis, seminal vesicle,

and prostate gland (Sarkar et al. 1991; Pant et al. 2001).

Effects of Food Contact Materials as EDCs on Male

Reproductive Status Bisphenol A (BPA) is extensively

used in food industries for producing polycarbonate plastic,

resin, food packaging, and lacquers for food cans. Human

are primarily exposed to BPA through cans and microware

containers during heating of food materials and via bev-

erages in polycarbonate bottles due to frequent usage or

contact with any acid/alkaline. BPA is very common for

our environmental usage and it’s levels have been assessed

in the majority of individuals. BPA is a known endocrine

disruptor (Biles et al. 1997; Moremond et al. 2016).

Phthalates are chemicals used in industry that adversely

affect human reproductive health. Based on molecular

weight and with very different applications they are divi-

ded into two distinct groups i.e. high molecular weight

compounds (di-2-ethylhexyl phthalate with alkyl chain

lengths from 8 to 13 carbons) and low molecular weight

compounds [diethyl phthalate, dibutyl phthalate (DBP)].

Phthalates also include three di-(2-ethylhexyl) phthalate

(DEHP) metabolites, mono-(2-ethylhexyl) phthalate

(MEHP) and two oxidative metabolites, mono-(2-ethyl-5-

hydroxyhexyl) phthalate (MEHHP), and mono-(2-ethyl-5-

oxohexyl) phthalate (MEOHP). Phthalates having high

molecular weight are primarily used as plasticizers for

flooring, wall coverings, consumer products and medical

devices (Meeker et al. 2009). Phthalates having low

molecular weight are used as solvents in personal-care

products and plasticizers for cellulose acetate. Phthalates

mainly exposed through ingestion, inhalation, and dermal

contact which are considered as important routes of

exposure for the general population. After metabolism

phthalates are rapidly excreted through urine and faces

(Meeker et al. 2009). Nonylphenol (NP) is known as an

environmental pollutant that has adverse effects on the

spermatogenesis process. Till date the mode of action of

Phenols behind the free radicals production has not clearly

been established. NP mainly disturbs the balance of

antioxidants present in body by increasing the level of

reactive oxygen species (ROS). ROS causes oxidative

stress and alters the different sperm parameters of rats

(Gautam et al. 2018). Spermatozoa have very little cyto-

plasm which are reached in docosahexaenoic acid, a

polyunsaturated fatty acids, susceptible to lipid peroxida-

tion caused by free radicals (Gautam et al. 2018).

Like other cells in the body, spermatazoa has an

antioxidant defence system to scavenge the ROS to protect

post-meiotic stages such as elongating spermatids and

ultimately spermatozoa. In these stages, it is not possible to

repair the DNA damage of these cells and as they are very

vulnerable. In contrast, when sperms are released from the

seminiferous epithelium, they are no longer supported by

sertoli cells. One of the most momentous factors in

assessing fertility capacity for sperm is motility and via-

bility and these parameters are closely related to the

integrity of the sperm membrane (Kumar and Singh, 2015).

Effects of Electronics and Building Materials as EDCs on

Male Reproductive Status Polychlorinated biphenyls
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(PCBs), class of persistent organic pollutants which were

used widely in the mid-twentieth century. Several decades

ago, most of countries banned their production and use.

According to different studies, public and scientific

concern about the potential risk of environmental chemi-

cals to male reproductive health has been motivated which

focused the downward temporal trends in semen quality

and in male testosterone levels (Swan et al. 2003). The

evaluation of sperm concentration, motility and viability

are used clinically for assessing fertility and also in epi-

demiological studies as biosensors for toxic effects on male

reproductive health. Semen quality may be changed

through action on the neuroendocrine system (i.e. the

hypothalamic-pituitary–testicular axis), the testis (which

includes sertoli and leydig cells as well as the spermato-

genic cells), and on post-testicular sites such as the epi-

didymis. PCBs may hamper the reproductive state by

interacting with or disturbing one or more of these targets.

Recent advances in the measurement of sperm cell DNA

integrity (e.g. DNA damage or chromatin fragmentation)

and circulating reproductive hormone levels have also led

to increased use of these indices in research and clinical

practice (Travison et al. 2007).

Effects of Personal Care Products, Medical Tubing as

EDCs on Male Reproductive Organ Phthalates, group of

chemicals extensively used as personal care products, and

medical devices, building materials, consumer products,

food storage containers etc. (Schettler 2006). For its mas-

sive usage, 18 billions products are produced annually.

Owing to the widespread use of phthalates in many dif-

ferent consumer products, humans are exposed daily to

these chemicals. It is being observed that phthalates have

negative impact on male reproduction. In men, high-

molecular-weight phthalates include di (2-ethylhexyl)

phthalate (DEHP) were negatively associated with pro-

gressive sperm motility (Axelsson et al. 2015).

Moreover, DEHP (20 and 200 mg/kg/d, 500 and

750 mg/kg/d) has been observed early reproductive

senescence in male CD-1 mice by impairing testosterone

production, reducing sperm count, motility, viability and

ultimately decreasing fertility.

1. EDCs on female reproductive health

Biological adverse effects of EDCs with regard to the

development of the reproductive system are attributed to

folliculogenesis. The primordial follicles convert to pri-

mary, pre-antral and antral follicles. There are different

types of EDCs such as Bisphenol A (BPA), Methotrexate

(MTX), 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and

phthalates which can interfere the development of the

above mentioned types of follicles. EDCs can lead to

toxicity and ultimately produces infertility. BPA can be the

responsible factors for different female gynocological

problem such as polycystic ovary syndrome, fertility

problems, and endometriosis (Caserta et al. 2016). On the

other hand, MTX inhibits the process of folliculogenesis by

rising the expression of the anti-Müllerian hormone in the

pre and early antral follicles (Uzumcu et al. 2006), whereas

TCDD shows anti-proliferative effects of the ovary of the

rat which can ultimately interfere the ovarian steroidoge-

nesis (Karman et al. 2012a, b). Decrease in the primary and

secondary follicle numbers and increase in the atretic fol-

licles have been observed in rats having 600 mg/kg of

exposure to the Bis (2-ethylhexyl) phthalate (BEHP) for 60

consecutive days (Xu et al. 2010). Though the toxic effects

of EDCs on female reproductive organ in experimental rat

are very clear but in case of human populations this asso-

ciation is not directly related to causality. This apparent

contradiction occurs mainly on the basis of the severity of

exposure which helps to determine the actual dose of daily

intake. It is very difficult to determine the dose of human

exposure and environmental exposure to EDCs which was

compared to laboratory investigations where the different

conditions and dose treatment are adequately controlled

For example it is being observed that dysfunction of min-

eralocorticoid receptor was noted in rats due to the expo-

sure of DEHP at the dose range of 100 to 950 mg from

gestational day 14 to day 19 (Martinez-Arguelles and

Papadopoulos 2015). This dose is considerably greater than

the actual exposure of humans to DEHP, whereas the life

stage of animal exposure corresponds to early childhood in

humans. According to the study of Wang et al., different

doses of exposure of 0.5, 20, and 50 g/kg of BPA in

newborn FVB mice in order to demonstrated fertility

reduction as an adverse effect of BPA (Wang et al. 2012).

Research has shown that EDCs alter female reproduc-

tive development, fertility capability and also the onset of

menopause. A whole set of abnormalities are associated

with the EDCs and female reproduction including ovarian

dysgenesis syndrome. Some of the EDCs resulted tro-

phoblast and placental function, female hypothalamo-

pitutary gonadal axis, onset of puberty and adult overian

function. Side by side EDCs can alter the epigenome in a

sexually dimorphic manner that may lead towards the

alteration in the germ line especially towards transgener-

ational manner. EDCs may cause cell cleavage and dif-

ferentiation, methylation, implantation, cell linage

determination, organogenesis at the time of early embry-

onic development (Wright et al. 2002). Some of the EDCs

result many problems that endangered female reproductive

health by acting as antagonist endogenous hormone syn-

thesis, bioavailability including reproductive disorders like

fetal birth defects, endocrine and metabolic disorders, fetal

developmental abnormalities, and even gynecological

malignancies (Rao and Kaliwal, 2002). Simultaneously,
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Research shows that EDCs result a huge risk during pre-

natal and postnatal development when organ and neural

systems form. Apart from that, EDCs exposure also result

early pregnancy loss, breast cancer, foetal growth restric-

tion and uterine fibroids (Colon et al. 2000).

Effects of Pesticides as EDCs on Female Reproductive

Organ Although an extensive amount of research has

been conducted to delineate the male infertility due to

exposure to pesticides (De et al., 1994), studies among

women are insufficient. One reason may be that exposure

to pesticides is higher among men, because men usually

apply pesticides whereas women get exposed through re-

entry activities only. On the other hand fertility in women

is more difficult to assess than fertility in men. The ovarian

cycle of women has not been fully explored as the sper-

matogenesis in men. Benzene and polychlorinated biphe-

nyls (PCBs) as pesticides can affect the menstrual cycle

(Cooper et al. 2005). Other report published that exposure

to particular pesticides may initiate ovarian dysfunction.

Recently, Farr et al. examined the association between

pesticide exposure and menstrual cycle characteristics.

From a comparative study it was observed that women who

worked with pesticides experiencing long cycles, missed

periods, and intermenstrual bleeding compared with

women who had never worked with pesticides (Farr et al.

2004). Some pesticides may interfere female hormonal

function and thereby cause negative impact on the repro-

ductive system. Most previous studies focused on inter-

ference with the estrogen and/or androgen receptor, but the

hormonal function can be disrupted in many more ways

through pesticide exposure.

The formamidine pesticides e.g. chlordimeform and

amitraz have been reported to block norepinephrine bind-

ing to the alpha 2-andrenoreceptors (Costa et al. 1988).

Norepinephrine is critical for the preovulatory increase in

the pulsatile release of GnRH and the subsequent ovulatory

surge of LH (Stoker et al. 2001). In female rat, thiram

suppresses the proestrus surge of LH and delays ovulation.

Disruption in the timing of the LH surge could alter the

viability and the quality of the oocyte and a potential

conceptus by pre-ovulatory over-ripeness ovopathy (PrOO)

(Jongbloet 2004). Progesterone secretion was inhibited and

poor conception occurred after the exposure of malathion

at the onset of estrus in cattle (Prakash et al. 1992). Another

two studies confirmed the effects of different pesticide

exposure on the menstrual cycle. Serum levels of DDT and

a metabolite of DDT both found increased in undefined

’menstrual disturbances’ (Windham 2002). A study

observed that women who are frequently using pesticides

experienced longer and irregular menstrual cycles and

missed periods compared with women who never used

pesticides (Farr et al. 2004).

Effects of Heavy Metal as EDCs on Female Reproductive

Health In 1959 the effects of cadmium on the structure

and function of ovaries were first observed and reported

(Kar et al,1959). High cadmium accumulation in repro-

ductive organs was reported in an experiment with rabbits

(Massanyi et al. 1995). Decreased relative volume of

growing follicles and increased stroma were found in

ovaries of rabbits after cadmium administration (i.p. and

p.o.) (Massanyi et al. 1997). Due to the exposure of cad-

mium, the number of atretic follicles was also significantly

elevated. External nuclear membrane undulation and

dilatation of perinuclear cistern and endoplasmic reticulum

were the most frequently observed ultrastructural change of

granulosa, luteal, stroma, and endothelial cells in chronic

cadmium exposure (Massanyi et al. 2007). Alterations in

the mitochondrial structures were evident in all types of

cells studied (Massanyi et al. 2007). A significant

diminution in relative volume of primary follicles was

observed in cadmium-treated groups (Massanyi et al.

1999).

Chronic lead exposure affects female reproduction

mainly by impairing menstruation, delaying conception

time reducing fertility potential, and altering hormonal

production and circulation, affecting pregnancy and its

outcome (Kumar, 2018). Lead toxicity includes miscar-

riage, early membrane rupture, preeclampsia, pregnancy

induced hypertension, and preterm birth and ultimately

infertility (Winder, 1993). A review work published in

China described the possible links between low-level lead

exposure induced adverse effects of the reproductive sys-

tem. Effects mainly focused as high prevalence rates of

menstrual disturbance, spontaneous abortion, and threat-

ened abortion in exposed females (Xuezhi et al. 1992). A

comprehensive study was done on female workers having

mean age of 32 years employed in a storage battery with a

lead exposure period of 7.4 years. The incidence of poly-

menorrhea, abnormal with prolonged menstruations, and

hypermenorrhea was noted in the lead-exposed group, and

the incidence of spontaneous abortions was also reported.

Authors of this work concluded that the occupational lead

exposure results in impairment of the reproductive func-

tions of the females (Tang and Zhu 2003).

Mercury induced reproductive toxicity were first repor-

ted many years ago (Colson 1829). Later studies clear the

knowledge about the effects of mercury on female repro-

ductive organs. Few reports have been published on the

effect of mercury in animal and human female reproductive

organs. In case of females, mercury can accumulate in

ovaries helps to changes in reproductive behaviour, ovarian

failure and ultimately infertility (Bjorklund et al. 2019).

Several studies on experimental animals have shown that

increased doses of mercury causes potential number of
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reproductive disorders i.e., infertility, stillbirth, congenital

malformations, and spontaneous abortion (Schuurs 1999).

Arsenic, an important water pollutant cum EDC as the

exposure of this metalloid results interference in ovarian

dysfunctions, uterine deformity and folliculogenesis

(Chattopadhyay et al. 2001).This metalloid also known as

xenoestrogen cum environmental estrogen that results

interference in uterine glandular development (Chatterjee

and Chatterji 2010, 2011). Diestrous stage is prolonged in

estrous cycle in rat due to arsenic exposure (Chattopadhyay

et al. 2001). Arsenic inhibits the ovarian steroidogenesis by

desensitizing the estradiol receptors in ovarian follicular

cells (Chattopadhyay et al. 2001).

Effects of Food Contact Materials as EDCs on Female

Reproduction Food contact materials (FCMs) can be

defined as materials that come into contact with food and

beverages during food processing, packaging, transport,

storage, cooking, or serving. Different types of FCMs, for

example, plastics, paper, glass, metal, adhesives, or print-

ing inks, can be used, solely or in combination, to produce

food contact articles (FCAs). Phthalates are commonly

used as plasticizers in the manufacturing of flexible poly-

vinyl chloride products. Phthalates can also be found in air,

sediments, agricultural and urban soil, wastewater, and

natural bodies of water (Berge et al. 2013; Martine et al.

2013).

Phthalates have been shown to alter grrafian follicle

development and growth and impair follicle functionality.

Table 1 Some EDCs and their

categories
Category Example EDCs

Pesticides DDT, Chlorpyrifos, Atrazine

Children’s Product Lead, Phthalates, Cadmium

Food contact material BPA, Phthalates, Phenol

Electronics and Building materials Brominated flame retardants, PCBs

Personal care products, medical tubing Phthalates

Antibacterials Triclosan

Textiles, Clothing Perfluorochemicals

Abbreviations: BPA, bisphenol A; DDT, dichloro diphenyl trichloethane; PCBs polychlorinated biphenyls

Fig. 1 The mechanism of action of how EDCs can disrupt the sperm quality (Sharma et al., 2020)
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A study has shown that exposure to phthalates may lead to

acceleration of primordial follicle recruitment. Specifically,

exposure to Di-(2-ethylhexyl) phthalate (DEHP) (20 lg–

750 mg/kg/day) in vivo for 10 to 30 days accelerates pri-

mordial follicle recruitment through a mechanism that

involves over activation of the phosphatidylinositol 3-ki-

nase (PI3K) pathway (Hannon et al. 2014). Health of fol-

licles was adversely affected by the phthalates. Through

oral gavage exposure to DEHP (600 mg/kg) for 60 con-

secutive days diminishes primary and secondary follicle

numbers and increases atretic follicles (Xu et al. 2010).

This may be due to increase of DEHP-induced apoptotic

granulosa cells (Xu et al. 2010). Mono-(2ethylhexyl)

phthalate (MEHP) has been shown to affect follicle health

by inducing oxidative stress by increasing reactive oxygen

species levels and disrupting the expression and activity of

the antioxidants superoxide dismutase 1 (SOD1) and glu-

tathione peroxidase (GPX), thereby, resulting in (MEHP)-

induced inhibition of antral follicle growth (Wang et al.

2012).

Bisphenol A (BPA) is a high production volume

monomer used for making a wide variety of polycarbonate

plastics and resins which is mainly used in food industries.

Polycystic ovary syndrome (PCOS) is the very common

endocrine disorder among women at the time of repro-

ductive age. PCOS is characterized by insulin resistance,

hyperandrogenism and chronic an ovulation. A role for

BPA as an endocrine disruptor in the pathogenesis of

PCOS has been recently proposed (Tarantino et al. 2013).

Several studies reported higher BPA levels in pre-

menopausal women with PCOS when compared to regu-

larly ovulating women. In addition, BPA treatment in rats,

both during gestation and during the neonatal period,

induced the development of a PCOS-like syndrome in

adulthood (Fernández et al. 2010). Moreover, androgen

metabolism in the liver is altered by BPA which acts as a

potent ligand of sex hormonebinding globulin (SHBG);

thus, it can displace androgens from SHBG resulting in

increased levels of serum free androgens (Kandaraki et al.

2011).

Effects of Electronics and Building Materials as EDCs on

Female Reproductive Status Polychlorinated biphenyls

(PCBs), family of industrial compounds which were

extensively used as dielectric fluids in electrical trans-

formers and capacitors, as heat exchangers or hydraulic

fluids, and in a variety of other commercial applications

like building materials. Overall, the studies of reproductive

end points in humans are limited; however, the weight of

the existing human and animal data suggests that PCBs

present a potential reproductive hazard to humans. We

observed an association between increasing levels of serum

Heavy metal as EDCs 

Increase cytotoxicity 
in sertoli cell and 
leydig cell of testis 

Increase 
inflammatory 

markers in testis  

Increase oxidative 
stress 

Reactive oxygen 
species dependent 

DNA damage in testis 

Increased spermatogenic cell 
apoptosis

Altered the function of 
hypothalamico 

pituitary gonadal axis 

Altered the function of 
LH, FSH and 

prolactin 

Decreased 
steridogenesis 

Decrease male 
fertility

Decrease the activity 
of leydig cell-LH 

receptor 

Fig. 2 Proposed model of

heavy metal action as EDCs on

male infertility
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PCBs and longer menstrual cycles. There was weaker

evidence of an association with irregular cycles, but the

effects on cycle length and variability were stronger in the

subgroup analyses conducted to explore the effect of out-

come or exposure misclassification (Cooper et al. 2005).

Effects of Personal Care Products as EDCs on Female

Reproductive Health Cosmetics are used to the body for

beautification, cleansing or improving the look. Cosmetic

products are consisting of different harmful or toxic

chemicals that are capable to cause detrimental effects to

the skin. Sometimes, cosmetic manufacturers not only use

synthetic elements but also natural products, i.e. rose

extract, cane sugar, shea butter, aloe vera etc. which are

pocket friendly and less harmful to the consumer. Skincare

products such as perfumes, nail polish, make up, etc. stay

on the skin for a long period and result massive health

hazards (Tarantino et al. 2013). Among other EDCs in

personal health care, dibutyl phthalates, butylated hydrox-

ytoluene (BHT), talc, parabens, polyethylene glycols

(PEGs), triclosan, formaldehyde cause several complica-

tions to women health especially on female reproduction.

Decreased sertoli cell number and 
function  

Increased tubule atrophy 

Decreased LH secretion  Decreased FSH secretion  

Decreased testosterone 
secretion

Decreased inhibin B 

Decreased leydig cell 
proliferation and function 

Decreased seminiferous tubular activity Increased germ cell degeneration 

Decreased concentration of sperm count, motility, viability

Decreased male fertility

Bisphenol A (BPA) exposure 

Increased free radical generation 

Increased oxidative stress 

Hypothalamus 

Decreased gonadotropin releasing hormone 
secretion (GnRH)  

Fig. 3 Proposed action of BPA as EDCs on male infertility
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Use of these chemicals led to low count of primordial

follicle and increased ovarian cysts. Paraben is another

EDCs used in cosmetics. Higher urinary levels of paraben

among female were strongly linked with reduced antral

follicle count, short menstrual cycle, and decreased the

chance of becoming pregnant. Studies showed that paraben

exposure diminished the ovarian weight, decreased the

number of corpora lutea, increased cystic follicles number,

follicular epithelium thinning, altered estrous cycle, and

decreased level of plasma estradiol (Kandaraki et al. 2011).

Triclosan is an organic lipophilic substance that is gener-

ally used in creams, toothpaste, soap or detergent. Studies

showed that high concentration of urinary triclosan was

linked with low rate of fertilization and implantation which

us directly associated with infertility. Formaldehyde is

hydrophilic commonly used EDCs in cosmetics. Studies

also showed adverse effect on hormones responsible for

fertility among female (Stoker et al. 2001).

Conclusion

From this review we have summarized the mechanistic

approach of role of EDCs on human reproductive systems

especially on reproductive health of both male and female.

In our modern society, the use of EDCs is increasing day

by day in spite of its several health hazards (Table 1). But

its chronic exposure on human-animal health, their long

lasting effect on the environment and of course the reme-

dial approach of these hazards are still in dark. More

research data needs to come forwards to give a solution

about this problem (Figs. 1, 2, 3, 4).
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