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ABSTRACT
Background: Male factor infertility contributes for ~50% of the overall cases of infertility. Several causes have been 
attributed to male factor infertility,which may be pre-testicular, testicular, or post-testicular factors. Exposure to gonadotoxins 
is nowadays an increasing etiology of male factor infertility,at either the environmental or occupational levels. One of the 
commonly encountered gonadotoxins is bisphenol A, a xenoestrogen that carries a potential risk on male fertility potential at 
various levels in several animal species and humans, thus negatively affecting the reproductive capacity (i.e. Spermatogenesis 
and steroidogenesis) as well as deteriorating sperm quality and functions. Besides that, growing evidence has shown that it 
may carry a hazardous risk that may lead to other health problems and diseases, such as diabetes, obesity, thyroid dysfunction, 
cardiovascular diseases, and cancer. Hereby, we focus on the negative effect of bisphenol A exposure on male reproductive 
function with an up-to-date review of literature.
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INTRODUCTION                                                      

Infertility is defined as the inability of sexually active 
and noncontracepting couples to achieve spontaneous 
conception within one-year duration. It affects 10–15% 
of couples around the world and ~50% of infertility cases 
are attributed to male factors[1]. Male factor infertility 
may be due to pretesticular (at the level of hypothalamus 
or pituitary gland), testicular, or post-testicular causes[2].
Among the causes of male factor infertility is the exposure 
to gonadotoxins,owing to either environmental or 
occupational biohazards such as heavy metals, chemicals 
with estrogenic properties (Xenoestrogens), pesticides,and 
various organic solvents that may negatively affectthe 
hypothalamo–pituitary–gonadal axis as well as sperm 
functions and DNA integrity[3].

Bisphenol A (BPA) is one of the endocrine disruptors of 
the xenoestrogen family that possess a chemical structure 
similar to estrogens, thus it may interact with estrogen 
receptors and act as an agonist or antagonist via endocrine 
receptor (ER)-dependent signaling pathways[4]. It is 
commonly encountered owing to the wide use in several 
industries, especially plastics to make them shiny, flexible, 
and durable. It may enter the human body mainly via 
several routes such as consuming contaminated food and 

drinking water, although exposure via environmental (from 
polluted air and water), domestic (household products and 
cosmetics), medical (from contaminated equipment and 
devices), and occupational sources (inhalation, dermal 
contact, and ingestion during manufacturing processes or 
industrial use) also occurs[5].

Several studies have reported the potential risk (BPA) 
exposure and various health hazards in different animal 
species as well as humans. Health risks owing to BPA 
exposure may include several endocrine disorders including 
female  and male infertility, precocious puberty, polycystic 
ovary syndrome (PCOS), hormone-dependent tumors such 
as breast, ovarian,and prostate cancer and several others, as 
well as metabolic disorders including diabetes mellitus and 
thyroid dysfunction[6].

Chemistry of bisphenol A

BPA is an organic synthetic compoundthat belongs to 
the group of diphenylmethane derivatives with the chemical 
structure (CH3)2C(C6H4OH)2. It is characterized as 
colorless crystalline solid particles with an estimated 
molecular weight of 228.291g/mol and a boiling point of 
360.5°C at 760 mmHg. In the 18th century, the Russian 
chemist Aleksandr P. Diani had synthesized BPA by 



66

BPA AND MALE REPRODUCTIVE FUNCTION

combining phenol with acetone in the presence of an acid 
catalyst. Later on, scientists discovered that the reaction 
of BPA with phosgene (carbonyl chloride) produced a 
clear hard resin known as polycarbonate, which have been 
widely used in the manufacture of plastics since 1950[10].

Sources of bisphenol A

BPA is a commonly used compound in the industry of 
plastics, primarily certain polycarbonates and epoxy resins, 
as well as some polysulfones.In 2008, it was estimated 
that the total world production of BPA was ~5.2 million 
tons, and USA was ranked as world’s largest producers, 
contributing with ~22.9% of global production[11]. BPA-
based plastic is characterized by being clear and tough 
and is made into a variety of house-hold utensils, such as 
plastic water bottles, sports equipment, CDs, and DVDs.
Additionally, epoxy resins containing BPA are used to 
line water pipes, as coatings on the inside of many food 
and beverage cans, and in making thermal paper as that 
used in sales receipts. Besides that, it is commonly used 
in dental materials, particularly in the form of bis-GMA                                                                                     
(BPA-glycidyl methacrylate). It was found that this 
compound could be released from the dental fillings, 
sealants, or materials used to rebuild the crown of the 
tooth[12].

Human exposure to bisphenol A

Owing to the widespread use of BPA in the 
manufacturing of plastics, which is incorporated in our 
daily uses. Its exposure is considered to be inevitable 
through various routes such as oral, by inhalation, and 
transdermal. However, exposure in the general population 
comes primarily from oral consumption of food and 
beverages.The latest national survey by the Centers for 
Disease Control and Prevention found BPA in the urine 
of more than 90% of the people studied, and among these 
people, the highest average concentrations were found in 
children[13]. In addition, BPA has been found in human 
breast milk; however, several reports have mentioned that 
infants who are formula-fed have higher daily BPA intake 
levels than those who are breastfed, because there is more 
BPA in infant formula than in breast milk, as BPA may 
be excessively released from baby bottles that are used for 
formula feeding, especially if the bottles are heated[14].

Recently, scientists have concluded that sources of 
exposure to BPA other than food may be important. For 
example, there have been calls for assessments of human 
exposure from other FDA-regulated products such as 
drugs and medical devices. Some are concerned about 
medical devices, such as contact lenses, probes, inhalers, 
intravenous cannulas, catheters, neonatal incubators or 
hemodialysis apparatus that could release the chemical 
into tissues, and in particular, the possible health effects of 
such exposures in critically ill patients and in whom such 
products may be used for long periods of time[15,16]. On the 

contrary, several studies indicated that skin contact with 
BPA in thermal paper coatings (e.g. the paper used for cash 
register receipts) may contribute significantly to human 
exposure[17]. Moreover, some studies have concluded that 
BPA can be transmitted through the inhalation of dust 
from laminate flooring, adhesives containing epoxy resins, 
paints, and household electronic equipment. However, 
exposure through dust was estimated to be less than 5% 
of the total exposure to BPA. Exposure resulting from 
polluted air is less than 0.4ng/kg body weight per day in 
adults, whereas in infants, it is estimated to be 5.3ng/kg of 
body weight per day[18].

Health hazards related to bisphenol A exposure

Despite the occupational and environmental exposure 
to BPA, limited studies have been conducted on health 
hazards related to exposure. Several reports have shown 
that chronic exposure to BPA was related to pathogenesis 
of several disorders.

Bisphenol A and hormone-dependent tumors

Owingto the xenoestrogenic properties of BPA, several 
studies suggested that prolonged exposure to BPA could 
predispose to the development of hormone-dependent 
tumors such as prostate and testicular cancersin males 
and breast, uterine, and ovarian cancer in females via 
nuclear estrogen receptor (ER-α and ER-β) as well as 
trans-membrane G protein-coupled receptor 30 (GPR30) 
receptor signaling pathway that leads to genetic and 
epigenetic alterations with subsequent defective gene 
expression. However, the exact molecular mechanisms by 
which BPA could lead to the initiation and the progression 
are still obscure[19,20].

Bisphenol A and metabolic disorders

Obesity and metabolic syndrome are commonly related 
to each other. A few studies have reported a correlation 
between BPA exposure and the occurrence of obesity 
and metabolic syndrome owing to estrogenic effects as 
well as impaired glucose tolerance and disturbed lipid 
metabolism[21]. In addition, some studies suggested that 
chronic BPA exposure was associated with increased 
cardiovascular metabolic risks especially in children and 
adolescents[22]. In the same context, a few studies have 
suggested that BPA could play a role in development 
of diabetes by various mechanisms, such as disturbed 
insulin secretion from the pancreas, increased insulin 
resistance, impaired glucose tolerance, as well as inducing 
autoimmune response destroying the secretory cells of 
islets of Langerhans, thus leading to diabetes especially 
type I diabetes in genetically predisposed children owing 
to either prenatal maternal exposure or through breast milk 
feeding; however, scarce data are present to support those 
findings[23,24]. On the contrary, BPA could lead to thyroid 
dysfunction; however, the exact etiopathogenesis is still 
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controversial, including direct effect on thyroid follicular 
cells, inhibition of T3/T4 synthesis pathways, suppression 
of thyroid hormone receptor transcription, as well as 
inducing autoimmune affection of the thyroid follicles[25–27].

Bisphenol A and precocious puberty

Many studies have observed an increasing incidence for 
the occurrence of earlier onset of puberty and have disclosed 
an increasing number of children who display precocious 
puberty. Several theories tried to explain the pathogenesis 
of precocious puberty among boys and girls; however, none 
of them are definitive. One of the hypotheses is prenatal 
and early developmental exposure to endocrinal disruptors, 
including BPA. Notably, the exact mechanism underlying 
its activity as a puberty disruptor is not clear;however, it 
could beowing to its potential estrogenic activity through 
the positive feedback mechanism that renders the activity 
of the GnRH pulse generator, with subsequent early 
release of pituitary gonadotropins (luteinizing hormone 
and follicle-stimulating hormone)[28].

Bisphenol A and polycystic ovarian disease in 
females

PCOS is a common endocrinal disorder among 
women of child-bearing age owingto hyperandrogenism 
characterized by obesity, hirsutism, acne, menstrual 
irregularities, infertility, as well as polycystic ovaries 
by ultrasound PCOS. The exact etiology of PCO is still 
controversial and complex. Prepubertal exposure to 
BPA has been proposed to be a cause of PCO owingto 
its endocrinal disrupting nature. The exact pathogenesis 
by which BPA can cause this syndrome is still obscure; 
however, it has been postulated that it may induce the 
activation of the hypothalamic GnRH pulse generator, 
leading to a constant increase of plasma luteinizing 
hormone concentrations, which in turn stimulate the 
ovarian androgen production and impair proper ovarian 
follicle development. In addition, BPA has been shown to 
directly increase ovarian androgen synthesis[29,30].

Effects of bisphenol A on male reproductive function
Effects of inutero exposure to bisphenol A on male 
reproductive development

Few studies have been conducted to verify the harmful 
effect of in utero exposure to BPA, and almost all of these 
studies showed its effect on animal models such as mice. It 
was found that BPA exposure could have a negative effect 
on the sexual development of male fetus and may cause 
a feminizing effect owingto disturbed embryogenesis 
concerning male internal and external genitalia. Several 
mechanisms have been postulated trying to verify the 
feminizing effect of in utero exposure of BPA, including 
binding to ERs, inhibition of androgen-induced androgen 
receptor transcriptional activity, and androgen binding 

to androgen receptor. Recently, some studies suggested 
an additional mechanism of action of BPA via non-
genomic pathway that could be initiated at membrane 
receptors,including classical ERs and/or GPR30. In 
the same context, it could prevent AMH action on the 
Müllerian ducts in the male, leading to the feminization 
of male fetus. This could be triggered by upregulation of 
genes required for ovary development (Foxl2 and Wnt4), 
with simultaneous down-regulation of genes responsible 
for testis development (Sox9 and Fgf9) in the embryo, 
therefore increasing incidence of disorders of sexual 
development[31,32].

Effects of bisphenol A on spermatogenesis and sperm 
functions

Spermatogenesis is the process of sperm formation 
starting from the spermatogonial cells up to mature sperm 
in the seminiferous tubules under the hormonal influence 
of the hypothalamo–pituitary–testicular axis. BPA could 
alter spermatogenesis via several mechanisms, including 
its estrogenic and antiandrogenic properties, alteration of 
GnRH release from the hypothalamus with subsequent 
decrease in gonadotropin release, accumulation of ROS, 
induction of spermatogonial apoptosis, as well as direct 
toxic effect on spermatogenic cells and Leydig cells. In 
addition, it was found that BPA could increase expression 
and production of sex hormone-binding globulin, thus 
decrease the free bioavailable testosterone with subsequent 
impairment of spermatogenesis[33–35].

Concerning the effect of BPA on sperm functions, it 
has been suggested that BPA increases ROS production, 
increases sperm DNA fragmentation, leads to alteration 
of sperm motility via disruption of mitochondrial ATP 
synthesis, leads to interruption of cell membrane integrity 
via increased lipid peroxidation, as well as leads to 
induction of apoptosis via activation of caspases(cysteine-
aspartic proteases, cysteine aspartases, or cysteine-
dependent aspartate-directed proteases)-induced intrinsic 
and extrinsic pathways[36–38]. However, all of them are 
still theoretical hypothesis,and further researches should 
be conducted trying to confirm these postulations. The 
end result is alteration of sperm parameters as well as 
impairment of spermatogenesis leading to reduction 
of fertilization ability, predisposition to infertility, and 
increased incidence of miscarriages.

Effects of bisphenol A on accessory reproductive organs

Male accessory glands (MAGs) play an important role 
in seminal fluid secretion, through production of buffers 
and micronutrients in semen that are essential for sperm 
motility and vitality to survive in the female reproductive 
tract as well as promoting the sperm fertilization ability. 
Very limited research studies have been conducted to 
assess the harmful effect of BPA on MAGs; besides that, all 
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of them were conducted on animal models. They showed 
that BPA had a deleterious effect  on MAGs secretory 
functions as well as reduction of the size of testis, seminal 
vesicle,and epididymal volumes up to atrophy,which is 
evident by alterations of histopathology[39–41]. On contrary, 
it has been found that BPA leads to prostatic enlargement; 
moreover, malignant changes to the adenocarcinoma could 
be encountered. These mitogenic effects in the prostatic 
gland have been confirmed by invitro and invivo studies[42].

CONCLUSION                                                           

BPA is a commonly encountered environmental 
contaminant, resulting mainly from the manufacturing, 
use, and disposal of plastics and related products. Several 
reports have mentioned that it could have negative effect on 
both animals and human subjects on various body systems. 
Moreover, BPA end products were found to have an 
endocrinal disrupting property by its xenoestrogenic effect; 
thus, it could adversely affect male reproductive function. 
Up till now, all recommendations point at minimizing 
the use and exposure to BPA and its related products, 
besides shifting toward less biohazardous compounds 
in the industry of plastics. In addition, many countries 
have reinforced laws against the use of BPA owingto its 
deleterious effects on both animals and humans.
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