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Abstract: Endocrine disrupting chemicals (EDCs) have been known to adversely affect the endocrine
system leading to compromised functions of hormones. The presence of these compounds in everyday
products such as canned food, water bottles, plastics, cosmetics, fertilizers, kid’s toys and many others goods
is a greater concern for general population. The persistent and long-term use of EDCs has deleterious effects
on human reproductive health by interfering with the synthesis and mechanism of action of sex hormones.
Any change during the synthesis or action of the sex hormones may result in abnormal reproductive
functions which includes developmental anomalies in the reproductive tract and decline in semen quality.

The present paper provides an overview of the EDCs and their possible impact on male reproductive health

with major focus on semen quality which leads to male infertility.
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Introduction

The endocrine system maintains homeostasis of the bodily
systems through hormones that can travel long distances
in the body and often have amplified effects. Endocrine
disrupting chemicals (EDCs) are the substances which
change the course of endocrine systems in a way that
adversely affects the organism itself or its progeny (1).
These chemicals can be found in a variety of everyday
products and goods, such as in foods, water, plastics,
shampoos, clothes, toothpastes, soaps, fertilizers, paper,
textiles, carpets, utensils, bedding, toy, cosmetics, deodorant,
etc. (2-4). Because of the use of EDCs in several consumer
goods and personal care products, humans are exposed
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to the harmful effects of these substances in a variety of
ways which include ingestion, germination, inhalation, and
dermal contact. Hence, EDCs call for greater attention
because of their increasing utility in daily products and
possible correlation with compromised male reproductive
health. The endocrine system is particularly important for
male reproductive development because androgens (such
as testosterone) promote the maturation of male secondary
characteristics as well as the process of spermatogenesis.
Male reproductive health- specifically sperm count and
testosterone-have been declining (5,6), which is correlated
with an increase in a variety of EDCs, such as perfluoroalkyl
compounds (2). Regional differences have also been reported
in urban versus rural areas showing a statistical correlation
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Table 1 Decline in reference values of semen parameters from WHO 1999
to WHO 2010 guidelines

Parameter WHO 1999 WHO 2010 % Decline
Volume (mL) 2 15 25
Concentration (million/mL) 20 15 25
Motility, % 50 40 20
Normal forms, % 14 4 71
Live forms, % 60 58 3

between poor semen quality and higher levels of EDCs
found in pesticides, such as alachlor, diazinon, atrazine,
metolachlor, and 2,4-dichlorophenoxyacetic acid (7).
Such evidence linking the increasing prevalence of EDCs to
declining semen quality and male reproductive health calls
attention to the detrimental effects of EDCs.

Semen parameters

Semen parameters are used to measure the quality of sperm
and are important because they can be used to predict
male infertility, which is defined as the inability to fertilize
an egg after 12 months of unprotected intercourse. From
1999 till 2010, the reference values defined in the WHO
1999 manual were used to consider a semen analysis normal
or abnormal. In 2010, these values were re-evaluated and
new cutoffs were introduced which are lower than WHO
1999 (1able 1). A conventional semen analysis report is
considered the first diagnostic test in male infertility.
Based on the semen parameters results assessed against
WHO 2010 criteria, a decision of abnormal and normal is
declared. However, it is not feasible to certify a male fertile
or infertile just based on the results of a conventional semen
analysis. Low quality semen can be used as a predictor for
male infertility, but such men can still be fertile. Similarly,
men with high quality semen may still be infertile. However,
according to the WHO, only 30% of men with high quality
semen are infertile, whereas men with low quality semen
are much more likely to be infertile. Thus, the semen
parameters are significant as indicators of compromised
male fertility.

Decline in semen parameters and EDCs

Over the past several years, male reproductive health has
been on the decline (5,8). Globally, incidences of testicular
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cancer (TC), cryptorchidism, and hypospadias have
been rising, and sperm quality has been decreasing (5).
Male fertility is measured, in large part, by qualitative
and quantitative measures of semen parameters (9). A
continuous decrease in sperm count, volume, motility,
morphology, and concentration has been reported, which
has contributed to an increase in male infertility (5,8-10).
For instance, Auger er al. (1995) showed a 2.1% decrease in
sperm count and a 0.6% per year decrease in sperm motility
from 1973 to 1992 (11). Swan ez al. (2000) reported that
mean sperm concentration has declined 1.5% per year in
the U.S. from 1938 to 1988, and 3.1% per year in Europe
from 1971 to 1990 (12). Rolland et «l. (2013) showed a
32.2% decrease in sperm concentration, and 33.4% in
sperm morphology from 1989 to 2005 (13).

EDC levels have simultaneously been rising,
supporting the argument that EDC exposure contributes
to decreased semen quality and thus increased male
infertility. For instance, polybrominated diphenyl ethers
(PBDE) have been increasing globally over the past
30 years; dichlorodiphenyltrichloroethane (DDT) and
dichlorodiphenylethane (DDE) use has been increased in
Africa and other parts of the world; and multiple EDCs
such as bisphenol A (BPA), alkylphenols, pentachlorophenol
(PCP), and triclosan have become more prominent in the
environment because of manufacturing and because of their
presence in widespread consumer products such as soaps,
toothpastes, and wood preservations (14-16). Associations
between decreasing male fertility and increasing EDC
levels suggest that the decline of male reproductive health
over the past few decades is due not only to genetic but also
environmental factors.

EDC'’s leading to decreased semen quality

Phthalate metabolites, used in plastic to soften PVC
polymers, have been identified in 75% of Americans.
Children have shown 2—4 times higher levels as compared to
adults (17). Similarly, the plasticizer BPA has been detected
in urine samples of at least 90% of subjects in the United
States, Germany, and Canada (1). Both phthalates and BPA
have been studied as EDCs which negatively affect male
reproductive health. The pre and neonatal exposure and
subsequent effects of these chemicals are especially striking.
Phthalate exposure in neonatal male rats has been
shown to reduce testicular testosterone levels, which
results in down regulation of certain genes associated with
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steroidogenesis (1). Similarly, exposure to the metabolite
di(n-butyl) phthalate (DBP) has shown reduction in
testosterone production in rodents (18). In neonatal
marmosets, DBP exposure induced significant Leydig cell
aggregation (LCA), which can be an indicator of potential
conditions such as cryptorchidism, hypospadias, TC, and
reduced semen quality collectively grouped as testicular
dysgenesis syndrome (TDS) (18). The adverse effects of
phthalates on steroidogenesis in neonatal rodent primates,
including humans, is a matter of great concern because
higher levels of phthalates have been identified in younger
children (1). Exposure to EDCs during critical periods of
neonatal development has been an issue which warrants
attention to the idea that prenatal exposure may be an
even more significant factor than neonatal exposure in the
development of TDS (1). Furthermore, in women 2-4
times higher phthalates have been reported as compared to
men, suggesting a greater risk of exposing the developing
child to such higher phthalates levels (17). In utero exposure
to phthalate esters DBP and di-(2-ethylhexyl) phthalate
(DEHP) caused inhibition of testosterone production as well
as increased LCA, both conditions which are indicators of
impaired spermatogenesis (7). However, in utero exposure
resulted in abnormal seminiferous cord formation and
multinucleation of spermatogonia in cryptorchid boys (7).
Embryonic exposure to DEHP has been linked to a
decrease in sperm motility, disruption of testicular germ cell
organization and spermatogonial stem cell function (17).
Shortened anogenital distance (AGD) and impaired
testicular descent have also been reported as a result of
phthalates exposure (19).

BPA has been associated with an increased risk of
cryptorchidism and reduced semen quality (3). Bilateral
cryptorchidism is associated with greater risk of
azoospermia, poor semen quality, increased risk of TC and
reduced paternal fertility rates, even after treatment (20).
Increased prostate cancer progression has also been
correlated with BPA exposure. The prostate gland has a
crucial role in sperm motility by providing prostatic fluid
(1,21). Prostate cancer is rated as the second most common
male malignancy in North America (21). BPA has shown
higher levels in prostate cancer patients compared to non-
prostate cancer men. Further, BPA exposure has shown
reduction in normal sperm morphology and motility in
mice model (3).

Like rodents, human exposure to EDCs has also been
correlated with decreased semen quality. For example,
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Faure et 4l. 2013 found that men exposed to dioxins had
a greater number of morphologically abnormal sperm
and low linear motility (9). Jurewicz et al. reported that
increased exposure to polychlorinated biphenyls (PCBs)
was associated with decreased sperm count, motility, and
normal morphology (22). Additionally, pesticides have
shown decreased normal sperm morphology, count, volume
and motility (15,22). Organophosphate exposure also
reduced semen volume and increased pH, and exposure to
phthalates decreased concentration, normal morphology,
and motility (22). These findings in humans indicate that
EDC exposure does affect human semen quality in a way
that is similarly modeled by rodents in other studies.

Though the effects of individual EDCs have been
reported, it is important to consider the fact that humans
can be simultaneously exposed to a large variety of these
chemicals. EDCs can have dose-additive effects that
can result in as large as a 50% discrepancy in terms of
malformation in men (1). The combined effect of EDCs is
more alarming and calls for greater attention because it is
more realistic in mimicking human exposure.

Mechanisms of action

Different EDCs impact semen quality through various
mechanisms. It has been shown that phthalates, BPA,
dioxins, and PCB are all associated with decreased semen
quality; however, their mechanisms of action affect different
parts of the endocrine system in relation to semen quality
and male reproduction.

Phthalates are of particular health concern due to their
presence in common consumer goods and their impact on
male reproduction. For example, several studies have shown
that mono-(2-ethyl-hexyl) phthalate (MEHP), the reactive
metabolite of DEHP, activates both PPAR (peroxisome
proliferator-activated receptor) a and PPARy pathways
(23,24). This stimulates PPAR:RXR (retinoid X receptor)
heterodimers to compete for binding sites on DNA and
limited coactivators required for gene transcription, thereby
inhibiting the transcription of aromatase, an enzyme involved
in sexual development (23,25). Additionally, MEHP-
activated PPARy ligands decrease cAMP response element-
binding protein (CREB) and Spl from binding to DNA
for transcription, thereby preventing them from positively
regulating the transcription of steroidogenic genes (24). StAR
and p450cl7 in particular are tightly regulated by cAMP.
PPARYy ligands significantly diminish these steroidogenic
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proteins, leading to low sperm quality (24). StAR’s function
is to mediate the rate-limiting step in steroidogenesis by
transporting cholesterol into Leydig cells’ mitochondria,
while p450scc and p450cl7 are steroid-converting enzymes
(24,26). MEHP decreases the production of these proteins
through the PPAR pathways, thus negatively impacting
male reproductive health. It has also been shown that high
levels of MEHP (2,000 pM and over) inhibit the activity of
these steroidogenic proteins (in addition to inhibiting 3p-
and 17B-HSD enzymes specific to Leydig cell function) by
inducing overloaded oxidative stress in Leydig cells, which
decreases testosterone synthesis (26).

Phthalates’ interference with cholesterol in Leydig
cells poses a major issue. StAR helps in the transport
of cholesterol to Leydig cell mitochondria. High levels
of MEHP decrease the production of StAR and reduce
cholesterol transport to mitochondria, which is a
necessary step for testosterone production (24). MEHP
also decreases the production of p450scc, which converts
cholesterol into pregnenolone, an essential step in
testosterone synthesis (27). Furthermore, DBP, another
phthalate, decreases fetal plasma cholesterol levels,
consequently leading to low fetal testosterone synthesis,
which can impair testicular descendance and secondary
sexual characters (27) (Figure I).

In addition to decreasing fetal plasma cholesterol levels,
DBP has been shown to cause lesions in seminiferous
cords and multinucleated gonocytes (27). Sertoli cells carry
stem cell factor (SCF) ligands while gonocytes carry c-kit
receptors required for interaction between Sertoli cells
and gonocytes. DBP decreases the expression of both SCF
ligands and c-kit receptors, thereby preventing interaction
of Sertoli cells and gonocytes. In a similar mode of action,
MEHP inhibits Sertoli cell-gonocyte interactions. It
inhibits Sertoli cell proliferation by decreasing cyclin D2
mRNA production, which is involved in the G1 phase of the
cell cycle (28). MEHP also causes abnormal vacuolation in
Sertoli cells and disrupts the intermediate filament vimentin,
which normally allows spermatogenic cells to anchor
to Sertoli cells (28,29). MEHP affects spermatogenesis
by decreasing the number of Sertoli cells, reducing the
Sertoli cell proliferation, disrupting the interactions with
gonocytes, and triggering testicular apoptosis by increased
expression of the Fas ligand (28,30,31).

The negative role of MEHP on semen quality has also
been documented by its passing through the blood-testis
barrier (BTB), which distinguishes the basal from the
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adluminal component of the seminiferous epithelium (31).
This separation is essential in creating a specialized
microenvironment in the adluminal compartment in which
germ cells can undergo meiosis and maturation (31). Tight
junctions between Sertoli cells and tight junction-related
proteins in these cells, including claudin-11, occludin, and
zonula occludens-1 (ZO-1), contribute to BTB formation.
Disruptions in these tight junctions significantly decrease
the division of germ cells and the production of sperm
and may lead to development of autoimmunity. MEHP
greatly reduces the levels of claudin-11 and occludin
mRNA expression in Sertoli cells by activating the p44/42
MAPK pathway, thereby disrupting tight junctions and thus
spermatogenesis (31). BPA similarly induces reduction of
occludin and ZO-1 in Sertoli cells through activation of the
p44/42 MAPK pathway (31).

BPA also affects estrogen (ERo and ERB) and androgen
receptors (25,32-35). For instance, BPA competes with
estrogens such as 17B-estradiol and E2, which normally bind
to estrogen receptors in the testis and trigger transcription of
steroidogenic genes (25,32,33,36). Normally, the 3-hydroxyl
group of E2 interacts with Glu353 and Arg394 via hydrogen
bonding to ERa, and the 17p-estradiol interacts with His524;
the 4-hydroxyl group of BPA competitively interacts with
these amino acids and thus decreases steroidogenesis (34).
Additionally, the hydrophobic propane and B-ring moieties
of BPA help it bind to the hydrophobic binding sites of
estrogen receptors (37). BPA also interacts with ASC1
to inhibit binding of androgens to receptors, which is
detrimental to prostate development (33). Another receptor
that BPA interferes with is the luteinizing hormone (LH)
receptor in Leydig cells (33). BPA prevents LH receptors
and adenylate cyclase from coupling in Leydig cells, thus
inhibiting testosterone synthesis (33).

BPA also affects sperm quality by upregulating the
mRNA level of the aryl hydrocarbon receptor (AhR)
repressor (37). AhR is a transcription factor whose function
is to induce expression of the CYPI gene, which encodes
aromatase, an enzyme that biosynthesizes steroids. By
suppressing AhR, BPA inhibits aromatase activity and
steroidogenesis (37) (Figure 1). Additionally, AhR usually
mediates the effects of other endocrine disruptors such as
polyaromatic hydrocarbons, dioxins, and PCBs (37).

BPA also leads to the accumulation of reactive oxygen
species (ROS), which affects mitochondria and the
endoplasmic reticulum (ER) (38). Pathological levels of
ROS damage the ER and compromise its function of
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A Phthalates mechanism of action B BPA mechanism of action
MEHP Trigger transcription of
° Steroidogenic genes
PPMutM PPARy

p450c17 Upregulate
and SIAR

Oxadative stress not combatted
v
APOPTOSIS

Figure 1 EDCs’ mechanisms of action during leading to decrease semen quality. Panel A illustrates how MEHP (phthalates) initiates PPAR
heterodimerization, thereby blocking binding sites on DNA and coactivators needed for transcription of steroid-producing genes. Panel B
illustrates how BPA blocks estrogen receptors so that transcription of steroidogenic genes is blocked. Panel C illustrates how dioxins and
PCB block transcription of steroid-related genes by preventing the ARNT complex from binding to XRE on DNA. It also shows how PCB
specifically causes oxidative stress that leads to apoptosis of testicular cells. EDCs, endocrine disrupting chemicals; MEHP, mono-(2-ethyl-
hexyl) phthalate; PPAR, peroxisome proliferator-activated receptor; BPA, bisphenol A; PCB, polychlorinated biphenyl; ARNT, AhR nuclear

translocator; XRE, xenobiotic responsive element.
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protein folding, thereby triggering the unfolded protein
response (UPR) (38). The UPR favors binding of glucose-
regulated protein 78 (GRP78) to unfolded and misfolded
proteins. This binding in turn stimulates the production of
ER stress transducers protein kinase RNA-like ER kinase
(PERK)), inositol-requiring enzyme 1 (IRE1), and activating
transcription factor 6 (ATF6) (38,39). These stress
transducers collectively stimulate apoptotic factors in the
testicular cells. IRE1 activates the apoptotic transcription
factor Chop; ATF6 activates apoptotic genes such as BiP,
GRPY94, and Chop; and PERK triggers the translation of
ATF4, which then drives the activation of Chop (38).
All these events lead to raised ROS levels, causing a
condition called oxidative stress which negatively affects
spermatogenesis and semen quality (38). ROS accumulation
also triggers mitochondrial apoptosis in testicular cells by
activating the Fas/FasL apoptotic signaling pathway, further
debilitating spermatogenesis (38,40). BPA also suppresses
the Akt/mTOR pathway in testicular mitochondria, which
is crucial in spermatogenesis (40).

Dioxins and PCB are two more EDCs that negatively
impact semen quality using similar mechanisms of action.
Dioxins and PCBs bind to the AhR, which is normally
inactive (9). They activate AhR, causing it to translocate to
the nucleus and dimerize with the AhR nuclear translocator
(ARNT) complex (41). The ARNT complex normally
binds to the xenobiotic responsive element (XRE) on target
DNA to transcribe steroids and growth factors. In cases
of high dioxins and PCB levels, AhR blocks the ARNT
complex, leading to impaired steroidogenesis (41). Since
sperm possess AhR, dioxins and PCBs interfere with these
receptors and cause detrimental consequences for male
reproductive health in terms of capacitation, the acrosome
reaction, sperm-egg binding, and fertilization (9). Further,
dioxins and PCBs inhibit Sertoli cell proliferation and
the development of seminiferous tubules, which results
in reduced semen production (42). Additionally, dioxins
and PCBs interrupt the hypothalamic-pituitary-thyroid
(HPT) axis, which is responsible for regulating hormones
and steroid production (43). Disruption of the HPT axis
decreases spermatogenesis, Leydig cell number, and plasma
testosterone (43). PCBs specifically also produce free
radicals in testicular cells that decrease catalase activity
which is meant to combat oxidative stress (43). PCBs are
known to inhibit gene expression of steroidogenic enzymes
by binding to AhR and androgen receptors, thus resulting
in oxidative stress and ultimately apoptosis (43,44) (Figure I).
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Against argument

Though there is much evidence to support the assertion
that EDCs are detrimental to semen quality and overall
male reproductive health, there are some who claim that
current studies on the effects of EDCs are inaccurate or
unrealistic in their findings. One such concern is that
current studies do not report the body mass indexes (BMlIs)
of their subjects, which could be problematic because
BMI and body fat percentages have been correlated with
variations in both semen quality and levels of reproductive
hormones (12). Past work, however, has addressed
this concern in different ways. For example, one study
compensated for differences among subjects by normalizing
weight in terms of AGD so that individuals could be
compared to each other on the basis of an anogenital index
(AGI), and results showed that AGD was shorter in boys
whose mothers had experienced heightened exposure to
phthalates (19). It was acknowledged in this study that
humans have greater potential sensitivity to toxins because
of their slower metabolic rates as compared to rats and
other rodents that are often used as test subjects in similar
studies (19). It follows that the subject of varying metabolic
rates among humans must account for some of the different
responses to EDC exposure, and this is an especially
important point considering that metabolic rates can vary
greatly between individuals with different weights and body
fat percentages. To address this issue, one study determined
the ratio of metabolized EDC as compared to the amount
of un-metabolized chemical (45). In this work, it was found
that overweight subjects had lower levels of the metabolized
form of di-2-ethylhexyl (DEHP)—MEHP—as compared to
normal and underweight individuals (45). These results are
important not only because they call attention to the higher
health risks associated with overweight exposure to EDCs,
but because they also compensate for the confounding
effects of differing weights among test subjects. Another
concern regarding these studies is that they do not report
on the confounding effects of smoking (12). Though past
studies, such as the one regarding MEHP, have taken note
of smoking versus non-smoking test subjects, the results of
these studies are still limited because they fail to take into
account the fact that many of these same test subjects are
also on prescription medications that could interfere with
the results of the EDC exposure (45). Such concerns limit
the findings of studies that report on the effects of EDCs,
but the mounting amount of evidence still seems to point
toward the direction of these chemicals as harmful agents
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against human hormonal systems.

Conclusions

Opverall, the evidence on EDC exposure points toward the
negative effects they have on humans. The rise of EDCs
in the environment as well as the simultaneous rise of male
reproductive disorders and infertility calls attention to the
idea that EDCs may be responsible for the decline in male
reproductive health (2,5,6). EDCs have been incorporated
into a wide array of consumables and products (foods, water,
plastics, shampoos, clothes, toothpastes, soaps, fertilizers,
paper, textiles, carpets, utensils, bedding, toy, cosmetics,
deodorant, etc.), which puts all people at greater risk for
exposure in daily life (2-4). Additionally, there is an increasing
amount of research to suggest that male children are more
likely to develop reproductive disorders in response to
neonatal and especially prenatal exposure; such exposures are
even more likely to occur now with the increasing prevalence
of EDCs in general consumer goods (1,7,17-19). In order
to tackle this issue, some countries have already established
regulations to remove EDCs from everyday products. For
example, as of January 2015, the French parliament outlawed
the use of BPA in any containers that come into contact with
food. France has also outlawed the use of phthalate DEHP
in toys and products related to childcare. In the United
States, legislation such as the Toxic Substances Control
Act, the Food Quality Protection Act of 1996, and the
Safe Drinking Water Act of 1996 gives the Environmental
Protection Agency (EPA) the power to evaluate and place
regulations upon substances that may act as endocrine
disruptors. Similarly, the Endocrine Disruptor Screening
Program introduced by the EPA in 1998 has allowed for the
testing of over 85,000 chemicals. A comprehensive list of
EDC:s and their potential effects on male reproductive health
in relevance to the published studies are listed in 7able 2.
Clearly, the EDC issue has inspired much legal change,
but it is still necessary that more countries adopt these
regulations and that a wider range of chemicals are screened
for the potential enactment of new legislation. Unless more
laws are put in place to control the increase of EDCs in the
environment, humans and animals alike could be facing the
consequences of decreased health and fertility. The way in
which EDCs have been shown to negatively affect semen
parameters and reproductive health in male subjects is just
one of the many ways in which EDCs have been shown to
be a detriment to humans. These facts warrant the use of
alternatives to EDCs.

© Translational Andrology and Urology. All rights reserved.

Rehman et al. EDCs reduce male fertility potential

Semen quality
Reduction in the number of

Cryptorchidism

Effects
Hypospadias

Testes

Shrinkage and
vacuolation of

testicular, etc.)

Cancers (prostate,

Anogenital
distance

g
Q
3
2
>
7
[
2
5
9
=
ha=
e}
—
j=N
L
-
=2
<
g
L
=
5
=]
° |
g
< el
9-‘ (9]
E =
[0}
=
i} 9
S c 2
=] k] oy
g kS| 2
= 2 I
[+
2 o E
E o 3
i_,) n
: 3
on
£ 3
% >
[0]
&
= 6]
S S —
[} [3Y)
R=) 5} S
= =
o [0
<] a8
=
=}
=
(o'}
2l 8
<
= A &
= [} 0

tau.amegroups.com

spermatogenic cells and sperm

GC2 cells from American

seminiferous tubules

tissue culture collection and

32 adult male Kunming mice

Decreased sperm

Induced testicular

No effect

Male offspring (70 days of

®

BPA

>
=
=
-
EZ 3
£ 2
[~
o 5 =
(IJEG)
IS g
g O
E £ 35
s 8¢
e a
c S ag
g S5
g 5§ 8 E
= = o 2@
o] o £ o
o > g »
c T 5 ©
9] © 2 ¢
o T E & 1
.
s}
®
o
c
S
S5
= 8
o c
29
g 9
5§ ¢
1 =)
%
G =
T © O
O O ®
0 c Q
S & @
¢ T g
6 o &
c €2
1 £ £ &
L
K
=
©
o
Q
C
[}
g o
T 3
E 5
@ O
o o
o | 1
1 1
EE
®
S o
g 8
c 5 0
2 o O
1 »w T <
© 2
5 &
o
3 o
< w ©
2 5%
C
£ 89
5 9}
= ;;
© [OR=
(@] c o
o c 2 »
© 8 O 2
5 IS [9)
—~ 0o 23« =2
52 o 88 B
€ 19}
© ~ -
[} <
= < <
N N S
3
8
]
s
3
~
=
o o -g
0 0 =

Transt Androl Urol 2018;7(3):490-503



497

Translational Andrology and Urology, Vol 7, No 3 June 2018

(ponuizu0d) g d1qe],

uononpoud | pasesioaq

Jequunu D4 peonpey

(sieah 6L

uonouny (D74) = abe ueipaw) uolejndod vO4d
- ~ 190 BipAeT [eyey pairedu) - - [esousb woy ysiueq oL (29) pue SO4d
Aynow aaissaiboid 1yBiam Jejnojysa) paonpal
pue Ajiow [ej0} pasealosq — YlMm pajeloosse ainsodx3 - - sjel Agimeq anbeidg sjey @ SO4d
Ajnow S|9AS| BU0JS}S0]S8) Aasuny ul (-2
wJads @onpai Ajgissod pjno —  paonpai Ylim pajeroossy - - pebe) s||nq [ejuswiwIS N0 (19) a0d
wiads 9|i3ow Jo Jsquinu
|10} pue ‘“Ayjzow aaissalboud UOI1BJIUSOUOD g0d uo saipnis
Junod wJeds peonpey — 9UO0J)IS0}Sa} UO 1088 ON - - snoinaid || Jo malnal Y (09) a90d
suospedwod
alew Ayyeay 8| ‘sdnoib
JUNOD B|1}0W [e}0} pue ‘Ajjirow abe saiy} 1e (gD1) uxoip-d
aAIssaifoid ‘uoiel uaouod $9)$9} 8y} Ul uolesayoid -0ZUaQIP0JO|YOBIIB}-8°L‘E‘T
wJads peseaideq - |199 1|oHaS SHaIyu| - - 0} pasodxa se[ew Gg | (0S) suixolq
uixolp puno.byoeq Ajuo
0] pasodxa sJayjow 0} uloq
suos gg {(9.61) Aley ‘osensg
Ul JUSPIOOk B} JOYE UIXOIP O}
ABojoydiow wiads 1oedwi pasodxa Jaylow 0} 86| pue
Ajoaipebau Ajqissod pinon - - - -  //6] Usamlaq uIog SUos gg (6Y) suixoig
(Ayow pasea.osp) 1002
BOZOJEWIadS SAIJOE JO Jagquinu pue | 00g Usamiag ‘@ouel
ay} asealosp A|qissod pjnon - - - — ‘uoouesag ul Buinl| usw | Gg ®) suixoig
(vSd) usbnue oyioads
-ajejsold peseaioeq
(59> sjuaned sebunoA
u| Jueoiubis Ajjeroadss)
Ajnow Jooueo ajejsoud Jo
wuads sonpai Ajgissod pinon - - 9oUspPIoUl PaSEaIoU| - 9olW pJal sjew zg (81) suixoig
Jojua) [ESIPSIA IFeUUIDUID)
Jo AlsIaAluN Y} 1B O1UlD
- - - - - olbojoin sy} woy syuened 09 (12) vddg
(010 “YBINONS8}
Ajenb usweg wsipiyosordAin se|pedsodAH $9]1S9) .
ajeisoud) sieoue) leyuabouy uonendog QoualeleYy soa3
s10943

(ponurzu0s) g 31qe],

Transt Androl Urol 2018;7(3):490-503

tau.amegroups.com

© Translational Andrology and Urology. All rights reserved.



Rehman et al. EDCs reduce male fertility potential

498

(ponuizu0d) g d1qe],

$9188) papusIsspun
Al[esare|iq pue Ajjesaie|iun
‘wisipiyoio}dAio jo
9oUBpIoUl pasealou|

- Apueoyubig

ABojoydiow [ewiou

yum wiads jo abejusolad pue

‘Aususp wiads “QuUnoo wiads

‘UoIIeJIUBOUOD Wiads ‘“Ajjiow
anissalboud ul asealsoa( -

Ayjigein wiads paseasdaq -

ABojoydiow

lewlou pue ‘Ajjizow

anissaifoid ‘uolesusduod
wads pasealoaq -

Junoo wuads [e10}
‘UOI]EBJ}USDUOD WIadS JomoT] -

- uoleI00SSE ON

Auiow

wads pue ‘qunod wiads
[e10} ‘uofesuaduod wiads
Ul 8sea109p JuedlubISUON

ABojoydiow wiads
[BUWLIOU Ul 8SB3I08P JUBdiIUBIS

(ol GGl e

VO4d-SO4d Moj 0} paiedwiod

SB VOd4d-S04d Ybiy uyum

usw ul uol|iw z'9) aye|noele ul
JUNOS wJads [ewJou padnpay -

asyv
pasesiosp

- - - Apueoyubig

ywmodb Jowny Jooued
- - ojeisoud jo uoljowold

HS4
—  pue H7 Jo sjens)| JaybiH -
uononpoud
uoljeloosse oN 9U0J9}S0}S8)} Pasealou| -

asy
paonpey

sjel sje\

sjel sje\

BUIYD

ul o1ul[o Yifeay aAionpoidai
slew e uUlUBW |/t

(ebe jo

Sypuow g) ualp|iyo uewnH
saul
S¥LNA PuUe ‘g-Od deONT

|80 J80UED 81eIsoid

(snpnu snjosuaoojAbuong)
ulyoin eeg

Arey ur serepy

(sreoh L 261
sabe) sefew uewny g9 |

- (9661-086) shoq ysiueq 69

81 Ul|OZOJOUIA

(69) UljOZOJOUIA

(89) Sell
(] SOL
(29) [Siell
(99) [Sell

SO4d

(59) pue vOd4d

(¥9) VvO4d

(e9) SO4d

Ajenb usweg wsipiyosordAin

(010 “YBINONS8}

seipedsodAH so}sa|
‘ayelsoud) s1eoue)

9oUB)SIp
|leyuabouy

S10843

uonjejndod

LI sDa3

(ponurzu0s) g 31qe],

Transt Androl Urol 2018;7(3):490-503

tau.amegroups.com

© Translational Andrology and Urology. All rights reserved.



499

Translational Andrology and Urology, Vol 7, No 3 June 2018

(panuriu0s) g a[qe],

pejosye 10N

siereweled
uawas pajoaye Ajgissod
os uononpoud | paseasdeq

STITVETE
pue Ajjenb uswag pauloag

uoponpoud wiadg paonpay

pajoaye Jou sem
ABojoydiow Jenonsal

uoonpoid BU0I81S0}Se}

S100)40 B|qISSOd  S108Y8 8|qISSOd Je|nose} e84 SHAIYU|

sioebie juswdojanap
ul wisipiyos03dAio 108} 8AONpoIdal

pesneo | | pue 3ad siopulH -

SUaJojep  SudIajep SEBA pue
seA pue siwApipide siwApipide ayy

8y} JO suolBWLIO)B\ 4O suoiewlOelN  1yBlem seise) pesealos(

asop se|pedsodAy jo
yb1y je seyse) 01dojog 8ouBLIN200 JaYBIH -

sisauabolewsads
paJiedw 01 spes|

(pa1oadxa
uey} Jepoys
%81) AoV abe dan
paseai09Q Jo syyuow gg~g ‘shoq y¢ | (29) dgan
Josowew
- ‘ajewd uewny-uoN (61) dgain
dina
dda
d3a
- olW Ble|\ (99) dad
dH3a
laa
- sioyebije pue syey (59) 3aa
dH3a
asy dgad
pasealoaq s910ads juspoy (¥9) dzgg

- - - 1 paseatdaq - - sjel 9N (£9) opuv)seulq
S9159]
- - - ursisoydode [|90 wien) - - srigl  (29) dgaa
sisoydode s||90 dNia
JUNOo wJads pasealdaq - — ojusborewsads paseaiou| - - sjey ole|\ (22) dH3aa
uolouny
1190 wajs [eluobojewlads
Aynow pUB UOI}elo0SSE |90 Wisb
UN0o wiads pasealnaq - - Je[nopsal jo uondnisiq - - 901w plo-Aep-|g (19) dH3InW
(vD1) uonebaibbe
1190 BipAaT paseaiou|
2U0JB}S01S8]
Je|nolisajesiul Jo S|ans|
- - - Ul esee108p Jofe|y - - solworN  (62) dH3a
Jaquwinu priewJads (5°61.= Aep uoneisab)
pajebuols ul uoonpay - - —  UOljeWWEUl 81e}S0ld — sjeJ wouy sjue|dxs sise} [e1eq (09) dan/daa
("018 “ENONSS} aouelsIp
Ajenb usweg wslipiyosoldAin selpedsodAH S9]1S9] )
a1eysoud) sieoue) |leyuabouy uone|ndod ooualejey sna3
[SEEE]

(ponuizu0) g d1qe],

Transt Androl Urol 2018;7(3):490-503

tau.amegroups.com

© Translational Andrology and Urology. All rights reserved.



500 Rehman et al. EDCs reduce male fertility potential

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

Semen quality
Decline in sperm density and

volume

References

1. Marcoccia D, Pellegrini M, Fiocchetti M, et al. Food
components and contaminants as (anti)androgenic
molecules. Genes Nutr 2017;12:6.

2. Joensen UN, Bossi R, Leffers H, et al. Do perfluoroalkyl
compounds impair human semen quality? Environ Health
Perspect 2009;117:923-7.

3. VilelaJ, Hartmann A, Silva EF, et al. Sperm impairments

Cryptorchidism

Effects
Hypospadias

in adult vesper mice (Calomys laucha) caused by in utero
exposure to bisphenol A. Andrologia 2014;46:971-8.

4. Zhu W, Zhang H, Tong C, et al. Environmental Exposure
to Triclosan and Semen Quality. Int ] Environ Res Public
Health 2016;13:224.

5. Nordkap L, Joensen UN, Blomberg Jensen M, et
al. Regional differences and temporal trends in male

Testes

reproductive health disorders: semen quality may be a
sensitive marker of environmental exposures. Mol Cell
Endocrinol 2012;355:221-30.

6. Mendiola J, Stahlhut RW, Jargensen N, et al. Shorter
anogenital distance predicts poorer semen quality in young

Cancers (prostate,
testicular, etc.)

men in Rochester, New York. Environ Health Perspect
2011;119:958-63.

7. Fisher JS. Environmental anti-androgens and male
reproductive health: focus on phthalates and testicular

Anogenital
distance

dysgenesis syndrome. Reproduction 2004;127:305-15.

8. Lafuente R, Garcia-Blaquez N, Jacquemin B, et al.
Outdoor air pollution and sperm quality. Fertil Steril
2016;106:880-96.

9. Faure AC, Viel JE Bailly A, et al. Evolution of sperm
quality in men living in the vicinity of a municipal solid
waste incinerator possibly correlated with decreasing
dioxins emission levels. Andrologia 2014;46:744-52.

10. Toshima H, Suzuki Y, Imai K, et al. Endocrine disrupting

Population
14,979 men from 1938-1991
Extensive review article

(human)

(68)
(69)

chemicals in urine of Japanese male partners of subfertile

Reference

couples: a pilot study on exposure and semen quality. Int ]
Hyg Environ Health 2012;215:502-6.
11. Auger J, Kunstmann JM, Czyglik E et al. Decline in semen

phthalate; DDT, dichlorodiphenyltrichloroethane; DEP, diethyl phthalate; DPP, diphenyl phthalate; DMIP, dimethyl isophthalate; BPA, bisphenol A; EDC, endocrine disrupting chemical; DTT, dithiothrei-

rodiphenylethane; DBP, di(n-butyl) phthalate; MBP, mono(n-butyl) phthalate; MiBP, mono-isobutyl phthalate; DEHP, di-(2-ethylhexyl) phthalate; MEHP, mono-(2-ethyl-hexyl) phthalate; DINP, diisononyl
tol; TCS, trichlorosilane; BBzp, benzyl butyl phthalate.

AGD, anogenital distance; PCB, polychlorinated biphenyl; PFOS, perfluorooctane sulfonate; PFOA, perfluorooctanoic acid; LH, luteinizing hormone; FSH, follicle-stimulating hormone; DDE, dichlo-

Table 2 (continued)
Review of

61 articles
Phthalates

in general

along with

other

EDC'’s like

BPA

EDCs

quality among fertile men in Paris during the past 20 years.

© Translational Andrology and Urology. All rights reserved. tau.amegroups.com Transl Androl Urol 2018;7(3):490-503



Translational Andrology and Urology, Vol 7, No 3 June 2018

N Engl ] Med 1995;332:281-5.

12. Swan SH, Elkin EP, Fenster L. The question of declining
sperm density revisited: an analysis of 101 studies published
1934-1996. Environ Health Perspect 2000;108:961-6.

13. Rolland M, Le Moal J, Wagner V, et al. Decline in semen
concentration and morphology in a sample of 26,609 men
close to general population between 1989 and 2005 in
France. Hum Reprod 2013;28:462-70.

14. Abdelouahab N, Ainmelk Y, Takser L. Polybrominated
diphenyl ethers and sperm quality. Reprod Toxicol
2011;31:546-50.

15. Aneck-Hahn NH, Schulenburg GW, Bornman MS, et
al. Impaired semen quality associated with environmental
DDT exposure in young men living in a malaria area in the
Limpopo Province, South Africa. ] Androl 2007;28:423-34.

16. Chen M, Tang R, Fu G, et al. Association of exposure to
phenols and idiopathic male infertility. ] Hazard Mater
2013;250-251:115-21.

17. Doyle T], Bowman JL, Windell VL, et al.
Transgenerational effects of di-(2-ethylhexyl) phthalate on
testicular germ cell associations and spermatogonial stem
cells in mice. Biol Reprod 2013;88:112.

18. Hallmark N, Walker M, McKinnell C, et al. Effects
of monobutyl and di(n-butyl) phthalate in vitro on
steroidogenesis and Leydig cell aggregation in fetal testis
explants from the rat: comparison with effects in vivo in
the fetal rat and neonatal marmoset and in vitro in the
human. Environ Health Perspect 2007;115:390-6.

19. Swan SH, Main KM, Liu E, et al. Decrease in anogenital
distance among male infants with prenatal phthalate
exposure. Environ Health Perspect 2005;113:1056-61.
Erratum in: Environ Health Perspect 2005;113:A583.

20. Virtanen HE, Bjerknes R, Cortes D, et al. Cryptorchidism:
classification, prevalence and long-term consequences.
Acta Paediatr 2007;96:611-6.

21. Tarapore P, Ying J, Ouyang B, et al. Exposure to bisphenol
A correlates with early-onset prostate cancer and promotes
centrosome amplification and anchorage-independent
growth in vitro. PLoS One 2014;9:¢90332.

22. Jurewicz J, Hanke W, Radwan M, et al. Environmental
factors and semen quality. Int ] Occup Med Environ
Health 2009;22:305-29.

23. Lovekamp-Swan T, Jetten AM, Davis BJ. Dual activation
of PPARalpha and PPARgamma by mono-(2-ethylhexyl)
phthalate in rat ovarian granulosa cells. Mol Cell
Endocrinol 2003;201:133-41.

24. Gunnarsson D, Leffler P, Ekwurtzel E, et al. Mono-(2-
ethylhexyl) phthalate stimulates basal steroidogenesis by a

© Translational Andrology and Urology. All rights reserved.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

501

cAMP-independent mechanism in mouse gonadal cells of
both sexes. Reproduction 2008;135:693-703.

Akingbemi BT, Ge R, Klinefelter GR, et al. Phthalate-
induced Leydig cell hyperplasia is associated with multiple
endocrine disturbances. Proc Natl Acad Sci U S A
2004;101:775-80.

Zhao Y, Ao H, Chen L, et al. Mono-(2-ethylhexyl)
phthalate affects the steroidogenesis in rat Leydig cells
through provoking ROS perturbation. Toxicol In Vitro
2012;26:950-5.

Barlow NJ, Phillips SL, Wallace DG, et al. Quantitative
changes in gene expression in fetal rat testes following
exposure to di(n-butyl) phthalate. Toxicol Sci
2003;73:431-41.

Li LH, Jester WF Jr, Laslett AL, et al. A single dose of Di-
(2-ethylhexyl) phthalate in neonatal rats alters gonocytes,
reduces sertoli cell proliferation, and decreases cyclin D2
expression. Toxicol Appl Pharmacol 2000;166:222-9.

Tay TW, Andriana BB, Ishii M, et al. Disappearance of
vimentin in Sertoli cells: a mono(2-ethylhexyl) phthalate
effect. Int J Toxicol 2007;26:289-95.

Park JD, Habeebu SS, Klaassen CD. Testicular toxicity of
di-(2-ethylhexyl)phthalate in young Sprague-Dawley rats.
Toxicology 2002;171:105-15.

Chiba K, Kondo Y, Yamaguchi K, et al. Inhibition of
claudin-11 and occludin expression in rat Sertoli cells by
mono-(2-ethylhexyl) phthalate through p44/42 mitogen-
activated protein kinase pathway. ] Androl 2012;33:368-74.
Yin L, Dai Y, Cui Z, et al. The regulation of cellular
apoptosis by the ROS-triggered PERK/EIF2a/chop
pathway plays a vital role in bisphenol A-induced

male reproductive toxicity. Toxicol Appl Pharmacol
2017;314:98-108.

Wetherill YB, Akingbemi BT, Kanno J, et al. In vitro
molecular mechanisms of bisphenol A action. Reprod
Toxicol 2007;24:178-98.

Kitamura S, Suzuki T, Sanoh S, et al. Comparative study
of the endocrine-disrupting activity of bisphenol A and 19
related compounds. Toxicol Sci 2005;84:249-59.

Lee HJ, Chattopadhyay S, Gong EY, et al. Antiandrogenic
effects of bisphenol A and nonylphenol on the function of
androgen receptor. Toxicol Sci 2003;75:40-6.

Kuiper GG, Carlsson B, Grandien K, et al. Comparison
of the ligand binding specificity and transcript tissue
distribution of estrogen receptors alpha and beta.
Endocrinology 1997;138:863-70.

Bonefeld-Jorgensen EC, Long M, Hofmeister MV, et al.
Endocrine-disrupting potential of bisphenol A, bisphenol

tau.amegroups.com Transl Androl Urol 2018;7(3):490-503



502

A dimethacrylate, 4-n-nonylphenol, and 4-n-octylphenol
in vitro: new data and a brief review. Environ Health
Perspect 2007;115 Suppl 1:69-76.

38. LiY, Burns KA, Arao Y, et al. Differential estrogenic actions
of endocrine-disrupting chemicals bisphenol A, bisphenol
AF, and zearalenone through estrogen receptor a and p in
vitro. Environ Health Perspect 2012;120:1029-35.

39. Liu ZW, Zhu HT, Chen KL, et al. Protein kinase RNA-
like endoplasmic reticulum kinase (PERK) signaling
pathway plays a major role in reactive oxygen species
(ROS)-mediated endoplasmic reticulum stress-induced
apoptosis in diabetic cardiomyopathy. Cardiovasc Diabetol
2013;12:158.

40. Quan C, Wang C, Duan P, et al. Prenatal bisphenol a
exposure leads to reproductive hazards on male offspring
via the Akt/mTOR and mitochondrial apoptosis pathways.
Environ Toxicol 2017;32:1007-23.

41. Mocarelli P, Gerthoux PM, Needham LL, et al. Perinatal
exposure to low doses of dioxin can permanently
impair human semen quality. Environ Health Perspect
2011;119:713-8.

42. Minguez-Alarcén L, Sergeyev O, Burns JS, et al. A
Longitudinal Study of Peripubertal Serum Organochlorine
Concentrations and Semen Parameters in Young Men:
The Russian Children's Study. Environ Health Perspect
2017;125:460-6.

43. Phillips KP, Tanphaichitr N. Human exposure to
endocrine disrupters and semen quality. J Toxicol Environ
Health B Crit Rev 2008;11:188-220.

44. Yurdakok B, Tekin K, Daskin A, et al. Effects of
polychlorinated biphenyls 28, 30 and 118 on bovine
spermatozoa in vitro. Reprod Domest Anim 2015;50:41-7.

45. Yaghjyan L, Carlsson NP, Ghita GL, et al. Associations
of individual characteristics and lifestyle factors with
metabolism of di-2-ethylhexyl phthalate in NHANES
2001-2012. Environ Res 2016;149:23-31.

46. Ferniandez MF, Arrebola JP, Jiménez-Diaz I, et al.
Bisphenol A and other phenols in human placenta from
children with cryptorchidism or hypospadias. Reprod
"Toxicol 2016;59:89-95.

47. Miao M, Yuan W, He Y, et al. In utero exposure to
bisphenol-A and anogenital distance of male offspring.
Birth Defects Res A Clin Mol Teratol 2011;91:867-72.

48. Ishiniwa H, Sakai M, Tohma S, et al. Dioxin pollution
disrupts reproduction in male Japanese field mice.
Ecotoxicology 2013;22:1335-47.

49. Mocarelli P, Gerthoux PM, Patterson DG Jr, et al.

Dioxin exposure, from infancy through puberty, produces

© Translational Andrology and Urology. All rights reserved.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Rehman et al. EDCs reduce male fertility potential

endocrine disruption and affects human semen quality.
Environ Health Perspect 2008;116:70-7.

Meeker JD, Hauser R. Exposure to polychlorinated
biphenyls (PCBs) and male reproduction. Syst Biol Reprod
Med 2010;56:122-31.

Zhao B, Li L, Liu J, et al. Exposure to perfluorooctane
sulfonate in utero reduces testosterone production in rat
fetal Leydig cells. PLoS One 2014;9:¢78888.

Toft G, Jonsson BA, Bonde JP, et al. Perfluorooctane
Sulfonate Concentrations in Amniotic Fluid, Biomarkers
of Fetal Leydig Cell Function, and Cryptorchidism and
Hypospadias in Danish Boys (1980-1996). Environ Health
Perspect 2016;124:151-6.

Vested A, Ramlau-Hansen CH, Olsen SE, et al.
Associations of in utero exposure to perfluorinated

alkyl acids with human semen quality and reproductive
hormones in adult men. Environ Health Perspect
2013;121:453-8.

Governini L, Guerranti C, De Leo V, et al. Chromosomal
aneuploidies and DNA fragmentation of human
spermatozoa from patients exposed to perfluorinated
compounds. Andrologia 2015;47:1012-9.

Hwang J, Suh SS, Chang M, et al. Effects of triclosan on
reproductive prarmeters and embryonic development of
sea urchin, Strongylocentrotus nudus. Ecotoxicol Environ
Saf 2014;100:148-52.

Derouiche S, Mariot P, Warnier M, et al. Activation of
TRPAI1 Channel by Antibacterial Agent Triclosan Induces
VEGEF Secretion in Human Prostate Cancer Stromal
Cells. Cancer Prev Res (Phila) 2017;10:177-87.

Lassen TH, Frederiksen H, Kyhl HB, et al. Prenatal
Triclosan Exposure and Anthropometric Measures
Including Anogenital Distance in Danish Infants. Environ
Health Perspect 2016;124:1261-8.

Shono T, Suita S, Kai H, et al. Short-time exposure

to vinclozolin in utero induces testicular maldescent
associated with a spinal nucleus alteration of the
genitofemoral nerve in rats. ] Pediatr Surg 2004;39:217-9;
discussion 217-9.

Cowin PA, Gold E, Aleksova J, et al. Vinclozolin exposure
in utero induces postpubertal prostatitis and reduces sperm
production via a reversible hormone-regulated mechanism.
Endocrinology 2010;151:783-92.

Doyle TJ, Bowman JL, Windell VL, et al.
Transgenerational effects of di-(2-ethylhexyl) phthalate on
testicular germ cell associations and spermatogonial stem
cells in mice. Biol Reprod 2013;88:112.

Bhattacharya N, Dufour JM, Vo MN, et al. Differential

tau.amegroups.com Transl Androl Urol 2018;7(3):490-503



Translational Andrology and Urology, Vol 7, No 3 June 2018

effects of phthalates on the testis and the liver. Biol Reprod
2005;72:745-54.

62. Bowman CJ, Barlow NJ, Turner KJ, et al. Effects of in
utero exposure to finasteride on androgen-dependent
reproductive development in the male rat. Toxicol Sci
2003;74:393-406.

63. Wang YX, Zeng Q, Sun Y, et al. Phthalate exposure in
association with serum hormone levels, sperm DNA
damage and spermatozoa apoptosis: A cross-sectional
study in China. Environ Res 2016;150:557-65.

64. Annamalai J, Namasivayam V. Endocrine disrupting
chemicals in the atmosphere: Their effects on humans and
wildlife. Environ Int 2015;76:78-97.

65. Kumar N, Srivastava S, Roy P. Impact of low molecular

weight phthalates in inducing reproductive malfunctions

Cite this article as: Rehman S, Usman Z, Rehman S,
AlDraihem M, Rehman N, Rehman I, Ahmad G. Endocrine
disrupting chemicals and impact on male reproductive
health. Transl Androl Urol 2018;7(3):490-503. doi: 10.21037/
tau.2018.05.17

© Translational Andrology and Urology. All rights reserved.

66.

67.

68.

69.

503

in male mice: Special emphasis on Sertoli cell functions.
Gen Comp Endocrinol 2015;215:36-50.

McKinnell C, Mitchell RT, Morris K, et al. Perinatal germ
cell development and differentiation in the male marmoset
(Callithrix jacchus): similarities with the human and
differences from the rat. Hum Reprod 2013;28:886-96.
Carlsen E, Giwercman AJ, Keiding N, et al. Decline

in semen quality from 1930 to 1991. Ugeskr Laeger
1993;155:2530-5.

Jenardhanan P, Panneerselvam M, Mathur PP. Effect of
environmental contaminants on spermatogenesis. Semin
Cell Dev Biol 2016;59:126-40.

Jurewicz J, Hanke W. Exposure to phthalates: reproductive
outcome and children health. A review of epidemiological
studies. Int ] Occup Med Environ Health 2011;24:115-41.

tau.amegroups.com Transl Androl Urol 2018;7(3):490-503



