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Abstract

The harmful effects of chemicals on human reproduction are known from Roman times, when for the first
time it was recognized that lead can cause miscarriage and infertility in both males and females. After World War II
the production of chemicals has increased alarmingly, all around us we find chemicals - in air, water, food, beverage,
cosmetics. Worldwide there are studies that measure human exposure to these chemicals - biomonitoring studies, but
data are sometimes neglected.

These chemicals can interact with nuclear and cellular hormone receptors and causing changes in the
gene function, in the cells and organs, and they’re called Endocrine Disrupting Chemicals (EDC).

Among the best known classes of EDC are synthetic estrogens and are phytoestrogens, pesticides, phthalates,
bisphenol A and heavy metals. These substances negatively influence reproductive function and stimulates the
process of carcinogenesis both in exposed individuals and their offspring.

Rezumat: Efectele secundare ale disruptorilor endocrini pe funcţia reproductivă umană

Efectele nocive ale unor substanţe asupra reproducerii umane sunt cunoscute din timpul romanilor, când
pentru prima dată a fost recunoscut că plumbul poate cauza avort şi pot determina infertilitate la bărbat şi la
femeie. După al doilea război mondial producţia de chimicale a crescut alarmant, astfel în jurul nostru peste tot
găsim substanţe chimice – în aer, în apă, în alimente, în băuturi, cosmetice. În lume au apărut nenumărate studii
care măsoară expunerea umană la aceste chimicale – studii de biomonitorizare, însă datele sunt uneori neglijate.

Aceste substanţe chimice pot interacţiona cu receptori hormonali celulari şi nucleari determinând  schimbări
în funcţia genelor, celulelor şi organelor şi poartă numele de Endocrine Disprupting Chemicals (EDC).

Printre cele mai cunoscute clase de EDC se numără Estrogenii sintetici şi fitoestrogenii, pesticidele,
ftalaţii, Bisfenol A şi metalele grele. Aceste substanţe influenţează negativ funcţia reproductivă şi stimulează procesul
de carcinogeneză atât la persoanele expuse, precum şi la descendenţii acestora.

Cuvinte cheie: disruptori endocrini, pesticide, ftalaţi, metale grele, sterilitate

Introduction

In the past  decades several changes
occurred regarding reproductive health. We are only
half as healthy as our grandparents. Sperm
concentration decreased by 50% in industrialized
regions. Many women, in particular those under age
25 have trouble conceiving and maintaining
pregnancies, and compared with 30 years ago the

incidence of breast cancer has increased by 26%.
13% of babies are born prematurely and all babies
are born with an average one week faster than 15
years ago.

After World War II chemical production
increased by over 30% and the number of newly
registered and marketed chemicals increased by 30%,
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so all around us we find chemicals - in air, water,
food, beverage, cosmetics.

From 1950 it has been demonstrated that the
placenta does not completely protect the fetus from
the harmful effects of chemicals. Since the 70s we
know that some chemicals are not causing visible
lesions, but they create ways of cellular and genetic
destructions that have validated their effect only in
future generations: e.g. daughters of women who took
DES for the prevention of abortion, later developed
rare forms of cancers of the cervix and vagina, and
infertility problems in both girls and boys. Sometimes
these problems arise only from the 3rd generation
(1).

It was a trend to minimize the role of the
environment but it has been proved that there is
undeniable effects and sometimes daily doses
considered normal can cause problems. It has been
found that the mixture of chemicals to which are we
exposed may be more toxic than either taken alone
products.

Most experiments have been carried out on
animals that live in the same environment as man.
And if the human looks, thinks and lives differently
from experience animals, surprisingly they share
similar pathways of reproductive organs
development, the same hormones orchestrate
reproduction and embryo develops through similar
processes. Hence the conclusion that if chemicals
are affecting reproduction in animals should have the
same effect in human reproduction.

Endocrine disrupting chemicals (EDC) are
a heterogeneous group of chemicals that began to
attract attention in about two decades ago due to the
potential harmful effects. According to Protection
Agency of the US Environmental EDC are defined
as “exogenous agents that interferes with the
production, release, transport, metabolism, binding,
action or elimination of natural hormones in the body,
hormones which are responsible for maintaining
homeostasis and regulation of development
processes“ (2).

EDC acts by interfering with the function of
the endocrine glands and they can disrupt the endocrine
system through several different pathways (3).:

1.they disrupt the endocrine control system;

2.they alter the specificity of the system
because the chemicals do not have the exact same
structure as endogenous hormones but they can
interact with the same set of receptors, which will
not determine the exact same genetic response as
natural hormones.

The can interfere directly, usually hormones
agonists or antagonists that interfere with hormone
actions on target cells or indirectly by altering hormone
dynamics in circulation, change in hormone metabolism,
or interfering with hormone regulation (3).

The results of endocrine disruptions can
affect many system from the human body and can
alter the normal homeostasis causing (3) :

· Inability to maintain homeostasis
· Altered differentiation and development
· Altered responses to external stimuli
· Altered behavior
· Altered immune system function
· Suppressed gametogenesis
· Elevated gestational losses
· Embryonic malformation
· Induced neoplasia or carcinogenesis

Figure 1 Mechanism of action for Endocrine Disruptors

The most studied chemicals with endocrine
disrupting function are:

1. Synthetic estrogens (Diethylstilbestrol)
and Phytoestrogens

2. Pesticides,
3. Phthalates,
4. Bisphenol A,
5.Heavy metals.
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1. Synthetic estrogens and
Phytoestrogens

Phytoestrogens are plant-derived estrogens
and we consumethem by eating phytoestrogenic plants
(4). They are a diverse group of naturally occurring
nonsteroidal plant compounds and they have a
structural similarity with estradiol (17-â-estradiol) (4).

A soy-fed baby receives the equivalent of
five birth control pills’ worth of estrogen every day.
These babies’ isoflavone levels were found to be from
13,000 to 22,000 times higher than in non-soy fed
infants (5).

Diethylstilbestrol (DES), is a synthetic, non-
steroidal estrogen of the stilbestrol group that was first
synthesized in 1938 (6) and is a very potent agonist of
the estrogen receptors. Between 1940- 1971, DES was
approved to treat a range of reproductive disorders,
including pregnant women at risk of miscarriage and it
was prescribed to 3 million women (7).

In 1971, DES was shown to cause severe
side effects on babies exposed to this drug in utero.
Also the women who were prescribed DES during
pregnancy have been shown to have an increased
risk of breast cancer and breast cancer mortality (8).

The daughters exposed prenatally to DES
have an increased risk for developing vaginal and
cervical clear cell carcinoma (an approximate 40-
fold increased risk), of uterine fibroids, and
incompetent cervix in adulthood (9,10). DES is also
a known teratogen, causing: vaginal adenosis and
uterine abnormalities, such as T-shaped uterus (9).

Hoover et al (11) in an article from 2011,
concluded that the cumulative risks in women exposed

to DES, as compared with those not exposed,
were almost double for infertility, spontaneous
abortion, preeclampsia, cervical dysplasia and breast
cancer; triple for preterm delivery, stillbirth, early
menopause.

DES-exposure also affected males. The
boys exposed prenatally to DES have an increased
risk for developing testicular cancer, infertility and
urogenital abnormalities in development, such as
cryptorchidism and hypospadias (12,13).

Several published studies in the medical
literature on psychoneuroendocrinology have

examined the hypothesis that prenatal exposure to
DES may cause significant developmental impact on
sexual differentiation of the brain, and on subsequent
sexual behavioral and gender identity development
in exposed males and females (14,15).

2.Pesticides

Pesticides are substances meant for
attracting, seducing, and then destroying any pest.
Since the discovery of DDT in 1939 (16), many
pesticides have been synthesized (organochlorine,
organophosphate, carbamate) and widely used
worldwide, but with few restrictions and no clear
recommendations. World consumption of pesticides
for agricultural purposes has been increasingly, from
0.49 kg / ha in 1961 2 kg / ha in 2004.

Rachel Carson was the first person in 1962
for the first time drew attention to the danger of
widespread use of pesticides for the environment
(birds and implicit threats to human health in the book
“Silent Spring” (17). The book led to major changes
in US national policy on pesticides, leading to a
national ban of DDT and other pesticides.

The World Health Organization (WHO)
reported that about three million pesticide poisonings
occur annually, resulting in 220,000 deaths worldwide
(18). In some cases, it has been suggested that
diseases such as cancer, allergy, neurological disorders
and reproductive disorders may be related to the
exposure to pesticides.

In humans, pesticides can act as endocrine
disruptors and may cause reproductive and sexual
development disturbances, but these effects appear
to depend on several factors, including gender, age,
diet, and occupation.

Age is a factor particularly sensitive in human
fetuses, infants and children showing greater
sensitivity than in adults (19). The most harmful
effects of these substances are validated during
gametogenesis and early fetal development (20,21),
but sometimes harmful effects can validate only in
adulthood. The highest rate of transfer of these toxics
to the fetus occurs by mobilizing of maternal fat
reserves during pregnancy (22) and during lactation
(23). Infants and children are particularly vulnerable
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to pesticides, which can cause a wide range of
negative effects on health,  affecting intellectual
function (24) and central nervous system
development (25,26).

Also, housing in proximity of farming regions
is a risk factor described by numerous epidemiological
studies, associating pesticide exposure with low birth
weight (27), fetal death (28), childhood cancers (29).

It has been observed an increased prevalence
of cryptorchidism and hypospadias in the regions with
extensive farming and use of pesticides (30).
Furthermore, there is described a relationship between
the concentration persistent pesticides in breast milk
and the risck of cryptorchidism (31).

One of the most recent epidemiological
studies conducted in Spain between 1999 and 2009
showed that out of a total of 2661 cases of breast
cancer reported in the female population, 2173 (81%)
lived in areas with a high level of pesticide
contamination (32). Furthermore, some studies have
suggested that women with breast cancer have a
higher concentration in the body of DDE
(dichlorodiphenyldichloroethylene) than women with
benign breast diseases (33).

DDT (dichlorodiphenyltrichloroethane)
exposure was associated with a significantly higher
risk of developing prostate cancer among farmers in
a case-control study conducted in five rural areas of
Italy between 1990-1992 (34). Several meta-analyses,
cohort studies and and case - control studies on the
risk of prostate cancer in people occupationally
exposed to pesticides, showed a significantly higher
risk (estimated between 10 and 40%) (35).

3. Phthalates

Phthalates are diesters of 1,2-
benzenedicarboxylic acid (phthalic acid). Phthalates
are a group of chemicals found in a number of
consumer products, which are used as plasticizers
for polyvinyl chloride plastics. Phthalates are one of
the classes which acts as endocrine disruptor, which
has been shown to possess estrogenic activity, as well
as anti-androgenic effects (36).

The widespread use of plastics in our
everyday life and the thousands of workers employed

in the manufacturing of plastics and plastic recycling
industries has led to an increase in exposure to these
chemicals (37). During the last years more attention
has been paid to these chemicals as prenatal exposure
to phthalates of the rats can cause testicular
dysgenesis to male offspring (37).

Phthalates and their metabolites monophtalat
does not bind in vitro to the androgen receptor (AR)
at concentrations of less than 10 ěM, indicating that
phthalates are not direct antagonists of the androgen
receptor (38).

Classification of phthalates (39):
1. Low molecular weight phthalates -

produced from alcohols with straight-chain
carbon backbones of </= C3 [e.g., dimethyl
phthalate (DMP), diethyl phthalate (DEP), dialkyl
phthalate (DAP), dimethylethyl phthalate (DMEP),
and diisobutyl phthalate (DIBP)].

2. Transitional phthalates are defined as
those produced from alcohols with straight-chain
carbon backbones of C4-6 [e.g., dibutyl phthalate
(DBP), benzyl butyl phthalate (BBP) and di (2-
ethylhexyl) phthalate (DEHP)]

3. High molecular weight phthalates were
defined as those produced from alcohols with
straight-chain carbon backbones of =/>C7 or
ring structure [e.g., diisononyl phthalate (DINP),
dinonyl phthalate (DNP), and diisodocyl
phthalate (DIDP)].

Metabolites of phthalates were measured in
80 pregnant women and their children in Canada
Ottawa (2009-2010) in the urine, meconium and
breast milk samples were collected at different time
periods pre and post-partum (40). At least 50% of
women had at least one urine sample above the limit
of detection (LOD) for different phthalate
metabolites during pregnancy and certain metabolites
could be detected in urine and meconium and infants.
This study suggests that at least some of phthalates
are transferred from mother to fetus / newborn and
that meconium can be a useful matrix for measuring
exposure to phthalates in utero (40).

During development, phthalates act toxic in
many ways to the fetal testis. In the Leydig cells of
the fetus it’s act on specific molecular pathways that
are associated with a decrease in lipid and cholesterol

Side effects of endocrine disruptors on the human reproductive function
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synthesis, this causing a reducing in the the transport
and steroidogenesis that will cause a dramatic drop
of testosterone synthesis.

In fact, the toxicity of phthalates to Leydig
cells are depending on the dose and the time of
exposure during development. Leydig cells are the
main source of testosterone in men and differentiation
of Leydig cells in the testicles is one of the main
events of male sexual differentiation, puberty and
fertility (41). The inhibition of cellular function of
Leydig cell disrupt the synthesis of testosterone and
insl3 (Insulin-like 3), this process leading to
disturbances in the normal development of the male
reproductive tract, while interference with Sertoli cells
can cause the inability of germ cell proliferation, and
their exhaustion (41).

Insl3 production (Insulin-like 3) by fetal
Leydig cells is also reduced and this process seems
to cause cryptorchidism and hypospadias (42). A
reduction in the production of alpha-inhibin it’s very
likely to play an important role in altering the
maturation of Sertoli cells and impair their normal
function. This altered maturation along with phthalates
disruption on Sertoli- gonocyte cell interaction likely
plays a role in the emergence of the multinucleated
gonocytes (42).

In addition to endocrine disturbance,
phthalates are able to compromise male fertility by
inducing a state of oxidative stress in the testicles
(43). Early organogenesis is the time when embryos
are particularly sensitive to toxic injuries due to the
transition from the anaerobic to aerobic metabolism,
which coincides with the maturation of mitochondrial
structure and function (43,44).

 These observations may confirm that low
levels of antioxidant enzymes activity are corrected
with the ongoing process of organogenesis and that
the embryo cannot adequately protect itself by the
oxidative imbalances (43,44). At the testicular level
oxidative stress it’s able to disrupt the steroidogenic
capacity of Leydig cells, and can cause the impairment
of germinal epithelium ability to differentiate in to
normal spermatozoa (45).

In a study led by Wang et al (46) they tried
to determine if phthalate levels in seminal fluid is
associated with infertility. They collected semen

samples from 107 men with infertility and 94 men
without fertility problems, and determined the
presence and quantity of five phthalate esters,
demonstrating a significant association of their
presence with infertility (p <0.05) (46).

4. Bisphenol A

Bisphenol A is one of the most investigated
EDC, because it’s one of the most powerful chemical
substances which affects the endocrine system.
Annual production of Bisphenol A worldwide is
currently around 8 billion pounds, of which about 100
tones are released into the atmosphere each year(47).

It is widely used in the production of
polycarbonate plastic and epoxy resin can be found
in water bottles, plastic food containers, household
products (e.g. compact disks, consumer electronics),
medical (dental fillings) and paper heat.

The most important route of entering the body
is oral, but respiratory or transdermal routes are also
possible, in one of the largest US studies detected
BPA in urine samples of 92.6% of men in the United
States (48).

Bisphenol A is considered the prototype of
non-steroidal estrogen, which interferes with the
estrogen receptors at the nuclear level. However, the
binding affinity to the estrogen receptor was found
to be low, studies describing it from 1000 to 100.000
fold lower than that of 17b-estradiol (49).

However, there are metabolites of BPA, such
as 4-methyl-2,4-bis (4-hydroxyphenyl) pent-1-ene
(MBP), which has an ability to bind to estrogen
receptors than 1000-fold more potent compared to
BPA (50).

BPA and its metabolites, MBP and OP can
bind to androgen and progesterone receptors and
interfere with normal interaction between ligand-
proteins this leading to changes in target organs that
have receptors for steroid hormones. Testosterone
and dihydrotestosterone are the main steroid ligands
for androgen receptors, and signaling of hormones
and receptors is important for physiological processes
and development, especially in males, sexual
development and maturation and the spermatogenesis
process (51).

F. Stamatian
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BPA acts by interfering with the production
and function of androgens, but have the ability to
affect the function of Sertoli cells by interfering with
the expression and localization of proteins to the tight
junctions (52). Major targets of BPA, NP and MEHP
in a mammalian testis. Bisphenol A (BPA), 4-
nonylphenol (NP) and di(2-ethylhexyl) phthalate
(DEHP) disrupt spermatogenesis at different levels.
They lower intratesticular and plasma testosterone
(T) by affecting Leydig cells, resulting in decreased
spermatogenesis. In addition, in vitro and in vivo
studies show that Sertoli cells (SC) are primary
targets of these compounds, affecting their
metabolism, protein expression and morphology
(figure 2).

Figure 2 The effect of BPA on Leydig and Sertoli cells(52)

The first data on BPA were published in 2002
by Takeuchi and Tsutsumi, who have shown a positive
correlation between exposure to BPA and values of
total / free testosterone in men (53).

In a rodent model exposed prenatal, perinatal
and in adulthood to BPA by oral or subcutaneous
injection, it has been shown to cause abnormalities
of genitourinary tract, a decrease of the epididymis
weight, a decrease in sperm production, and an
increase in weight of the prostate, even when exposed
at doses below 50 mg / kg / day, which is the lowest
dose at which observable effects occur and is used
to calculate the acceptable daily intake dose for
humans (54).

A small study involving 27 couples undergoing
IVF, even suggested that exposure to Bisphenol A

could adversely affect embryo development after
fertilization of oocytes (55).

In a study from 2016 Vitku et al showed that
only seminal concentration of bisphenol A, and not
the serum concentration is negative associated with
sperm concentration, the number of sperm cells and
sperm morphology (56).

5. Heavy metals

Heavy metals can be regarded as invisible
enemies which attack our health through breathing
air, water, food, domestic objects, furniture, electrical
appliances, cosmetics etc. The great danger of these
invisible enemies is that they do not smell, taste, color
and we cannot realize their presence. For this reason,
they may accumulate in the vital organs and tissues
of the body while triggering major health problems.

The general population is exposed to metals
at trace concentrations either voluntarily through
supplementation or involuntarily through the intake
of contaminated food and water or following contact
with contaminated soil, dust or air. Some metals, such
as cadmium (Cd), lead (Pb), arsenic (As) and
mercury (Hg), are nonessential xenobiotics that are
known to be harmful to human health (57).

Exposure to toxic levels of any of these
environmental contaminants may result in impaired
health in adults, but the toxicological effects of these
metals are often more devastating in the developing
reproductive system of children.

Mercury

Mercury is one of the most toxic heavy
metals commonly found in the global environment and
it’s a naturally occurring metal that has several forms:

· metallic or elemental Hg, which is
commonly used in dental f illings and
thermometers;

· inorganic compounds that are used in
skin care and medicinal products; and

· organic compounds that are used in
fungicides and paints

Side effects of endocrine disruptors on the human reproductive function
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The general population is exposed to mercury
primarily through the diet (contaminated fish) and
dental amalgam.

Animal studies have demonstrated an
adverse effect of Hg on spermatogenesis (58). In
vitro studies have shown that Hg is capable of inducing
sperm abnormalities (59).

There have been numerous studies on the
effects of Hg on the adult reproductive system, which
concluded that Hg can cause spontaneous abortion,
stillbirths, congenital malformations, infertility,
disturbances in the menstrual cycle and inhibition of
ovulation (60).

Cadmium

Most people are exposed to cadmium through
non-occupational situations, such as drinking water,
consuming food, and smoking tobacco. Available
research data indicated that cadmium was toxic to
mammal reproductive system, including structural and
function-degenerative changes in testis, epididymis,
seminal vesicle, ovarian follicle development,
ovulation, ovum transport, and fertilization process
(61,62).

Infertility caused by Cd it’s due to significant
reduction in gonadotropin binding, which alters the
steroidogenic enzyme activity of granulosa cells and
thus a dysfunction in the production of hormones,
leading to infertility (63).

In experimental animals, Cd causes testicular
cancer (64), and several studies on industrial workers
have suggested links between Cd exposure and
prostate cancer (65).

So far, the endocrine disruption of cadmium
has been extensively studied, and the results suggested
that its mechanism involved estrogen and androgen
receptors binding and activation (66).

Lead

Lead is the most abundant of the heavy
metals on earth, the main sources of lead exposure
are paints, dust, soil, kitchen utensils and leaded
gasoline.

The main effects of lead are a reduce the
men’s fertility (63), an increase in the risk of
miscarriage (67), a reduced fetal growth (caused by
preterm delivery and low birthweight) (67).

A recent study by Nampoothiri and Gupta
(63) has shown that Lead can cause a significant
reduction in gonadotropin binding, which alters the
steroidogenic enzyme activity of granulosa cells and
thus interferes with the production of hormones,
leading to infertility.

Arsenic

Exposure to excess Arsenic (As), is due to
contaminated drinking water and it’s considered one
of the  top environmental health threats worldwide.
Epidemiological studies have linked chronic exposure
to As in drinking water with increased risks of
developmental and reproductive problems. Other
sources of poisoning are vegetables and fruits,
shellfish, pesticides, fungicides, rat poison, beer, salt,
smoking, electronics and in Asia rice is the main
source of inorganic arsenic

In a study from 2014, Zubair et al showed
that the reproductive functions of rabbit including
sperm count, motility, morphology was significantly
reduced with arsenic induced toxicity (68).

Other possible effects of As are a reduction
in human semen quality, spontaneous abortion
inwomen, steroidogenic dysfunction that possibly led
to infertility (in rats) (69).

Conclusion

All this information regarding the exposure
to EDC raise a question: “If we are all exposed to
these chemicals which affect the fertility why are
we still capable of reproduction?”. The possible
answer is, because the body is able to repair the
damage. Through a feedback mechanism the body
adjusts its biological functions to compensate for
changes due to exposure to chemicals.  The
environment, nutrition, stress, health status, age,
genetic heritage determines the body’s ability to react
to exposure to chemicals and enable the perpetuation
of the human species.
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