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ABSTRACT 

It is widely acknowledged that our environment is becoming 
increasingly contaminated with man-made chemicals. Mam-
mals, as well as lower organisms, are vulnerable to exposure 
to these agents through a variety of different sources and 
routes and there are concerns that they may be having a det-
rimental effect on ecological and population health. 
Endocrine disruptord (EDs) have been described as exoge-
nous agents that interfere with the production, release, 
transport, metabolism, binding, action or elimination of the 
natural ligands responsible for maintaining homeostasis and 
regulating body development.  Many different EDs are pre-
sent in the various compartments of the environment (air, wa-
ter and land) and in foods (of plant and animal origin). They 
may originate from food packaging, combustion products, 
plant health treatments, detergents and the chemical indus-
try in general. The potential effects of these compounds on 
adults, the sensitivity of embryos and fetuses to many of the 
xenobiotic compounds likely to cross the placenta has raised 
considerable concern and led to major research efforts. 
Te deterioration in male reproductive health is at the heart of 
preoccupations and progress in analyses of the relationship 
between EDs and human health. This review aims to describe 
the current state of knowledge about endocrine disruption 
and its effect on the male reproductive system. 
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Introduction 

 
During the past 50 years, tens of thousands of chemicals have 
been synthesized and released into the general environment. 
Some of these chemicals inadvertently interfere with hor-
mone function in animals, and in some cases, humans[76]. 
There is increasing concern about chemical pollutants that 
have the ability to act as hormonal mimics. Because of the 
structural similarity with an endogenous hormone, and its 
ability to interact with hormone transport proteins, or its abil-
ity to disrupt hormone metabolism, these chemicals have the 
potential to mimic, or in some cases block, the effects of the 
endogenous hormone. In either case, these chemicals serve 
to disrupt the normal action of endogenous hormones and 

thus become known as “endocrine disruptors” (EDs)[69]. An 
‘endocrine disruptor’ is anything (not just an environmental 
chemical) which can cause an imbalance within the endocrine 
system. The endocrine system is not only concerned with the 
reproductive tract, but with all the hormone-producing or-
gans/glands which maintain bodily homeostasis (e.g. thy-
roid,  parathyroids,  anterior and posterior pituitary,  pan-
creas,  adrenals,  pineal,  and the gonads [30].  

In Europe, endocrine disruptors (EDs) have been defined 
as substances foreign to the body that have deleterious effects 
on the individuals or their descendants, due to changes in en-
docrine function. In the United States, EDs have been de-
scribed as exogenous agents that interfere with the produc-
tion, release, transport, metabolism, binding, action or 
elimination of the natural ligands responsible for maintain-
ing homeostasis and regulating body development. These 
two definitions are complementary, but both indicate that the 
effects induced by EDs probably involve mechanisms relating 
in some way to hormonal homeostasis and action. Many dif-
ferent EDs are present in the various compartments of the en-
vironment (air, water and land) and in foods (of plant and 
animal origin). They may originate from food packaging, 
combustion products, plant health treatments, detergents 
and the chemical industry in general[18].  

The endocrine system can be regarded as a number of in-
terconnecting and interacting axes. The major regulator of the 
mature reproductive system is the hypothalamo–pituitary–
gonadal (HPG) axis that functions as a classical negative 
feedback system. This consists of the gonadotrophin-
releasing hormone (GnRH) neurons in the hypothalamus 
(brain) that release GnRH into the portal blood supply. GnRH 
stimulates the release of gonadotrophins (luteinising hor-
mone (LH) and follicle-stimulating hormone (FSH)) from the 
gonadotroph cells in the pituitary gland. LH and FSH travel 
through the systemic circulation and act on the endocrine ac-
tive cells of gonad (testis or ovary). Within the testis, the Ley-
dig cells secrete testosterone and oestradiol and the Sertoli 
cells secrete inhibin B. These gonadal signals a feedback to 
the pituitary and hypothalamus to regulate the release of 

GnRH and the gonadotrophins. There is the potential for en-
docrine disrupting chemicals (EDCs) to act at any level of the 
HPG axis but there is general support for the view that the de-
velopment and programming of the axis during fetal life 

could be the most sensitive window to permanently alter the 

homeostatic mechanisms of the endocrine system[30].  
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Endocrine disruption is not a new phenomenon. In the 
1930s studies involving laboratory animals demonstrated es-
trogenic properties of a number of industrial chemicals in-
cluding bisphenol A, now widely used in plastics, resins and 
dental sealants[25, 76]. The feminizing effect of the pesticide 
DDT (dichlorodiphenyltrichloroethane) in roosters was re-
ported in the 1950s[13, 76].  

The life stages most vulnerable to endocrine disruption 
are the prenatal and early postnatal periods, because these are 
the times when organ and neural systems are changing most 
rapidly. Pubertal and peri-menopausal periods may also be 
sensitive windows of exposure because of changing hormo-
nal effects during these periods [6, 33]. 

The epidemiologic data have also shown an increase in 
male reproductive function disorder over the past 50 years, 
with the suggestion of a relation with the increase in the 
amounts of endocrine disruptors in the environment[24]. Al-
terations in male reproduction were first observed in wild 
animals, in studies reporting the effects of accidental expo-
sure of estrogenic chemicals on wildlife in the natural envi-
ronment.  

These changes in male reproductive function vary from 
very subtle changes to permanent alterations, such as femini-
zation or changes in reproductive behavior[85]. Alteration 
caused by endocrine disruptors can be temporary or perma-
nent[48, 66, 86]. Endocrine disruptors can cause the follow-
ing, among others: reproductive anomalies (morphological 
and functional gonadal dysfunction, e.g., infertility and de-
creased libido) and congenital malformations (altered em-
bryonic and fetal intrauterine development)[59, 86]. 

 The principal effects of exposure to endocrine disruptors 
on male fertility are Deterioration of sperm quality[64], high 
incidence of cryptorchidism and hypospadias[55], increased 
incidence of testicular cancer[26], and altered sex ratio[56, 
88]. 

 
Deterioration of sperm quality 
It is undeniable that good quality semen is essential for re-
productive success. This quality appears to have been directly 
affected in recent years. Since 1970s, various authors have re-
affirmed that possible significant drop in sperm quality and 
consequently an increase in male infertility rates[58].  The ac-
tual causes of increased infertility remain controversial, but 
research suggests that many substances to which men are ex-
posed can affect their fertility [66].  

Conclusions from a meta-analysis have shown a decrease 
in sperm quality of 40% worldwide since the 1940s [15]. Ol-
sen and his colleagues [61] questioned these results, but re-
analysis by [80] confirmed the originally described time trend 
and pointed out that, at least, regional differences exist in 
sperm quality and/or concentrations. This has been substan-
tiated by mono- and multilaboratory studies in e.g. Belgium 
[84],  Finland [62], France[7] and Danmark [5]. The regional 
differences are suggestive of the involvement of environ-
mental factors, which is corroborated by a number of expo-
sure studies[26]. 

 Bibbo and his colleagues [9] recorded a decrease of ejacu-
late volume, of sperm concentration and of the percentage of 
normal motile spermatozoa in sons of women, who were 
treated with diethylstilbestrol during pregnancy.  

A recent study found an inverse correlation between the 
concentration of polychlorinated biphenyls (PCBs) metabo-
lites in blood and seminal plasma and sperm motility as well 
as concentration [20]. Guo and his colleagues[37] concluded 
that heavy exposure to PCBs resulted in negative effects on 
sperm morphology and motility, but not on sperm concentra-
tion. 

 It became obvious from these studies that, in a number of 
cases, negative effects could be linked to exposure to envi-
ronmental contaminants (beside genetic predisposition), 
when the latter occurred during a well-defined sensitive life 
stage, the so-called “critical window of exposure”[4, 5] . 

 
Increased incidence of testicular cancer  
There was a significant increase in the incidence of testicular 
cancer in the 20th century, which could be correlated with the 
increase in male infertility[66]. 

Several studies have correlated the increase in testicular 
cancer with exposure to certain substances. As important as 
the chemical agent is the duration of exposure to inductive 
agent[47, 66]. There is evidence that poor semen quality, tes-
ticular cancer, undescended testes and hypospadias are symp-
toms of one underlying entity, testicular dysgenesis syndrome 
(TDS), which may be increasingly common due to adverse 
environmental influences. Experimental and epidemiological 
studies suggest that TDS is the result of disruption of embry-
onal programming and gonadal development during fetal 
life[74]. 

 In Western countries, testicular cancer is the most com-
mon malignant tumour in young males. Testicular cancer 
arises from carcinoma in situ (CIS) cells, which should have 
their origin in fetal life. How these cells persist during devel-
opment and what causes them to proliferate after puberty is 
not well understood, although it is thought that the factors 
that promote normal germ cell division may also be impor-
tant in promoting CIS proliferation. Abnormal intrauterine 

hormone levels i.e. decreased androgen and/or increased es-
trogen levels are believed to be important in the occurrence of 
testicular cancer [30]. 

 The main risk factor for testicular cancer is cryp-
torchidism, followed by hypospadias[14, 71]. Decreased an-
drogen and/or increased estrogen levels have also been impli-
cated in the occurrence of cryptorchidism, hypospadias and 
low sperm counts[73]. 

Ninety five per cent of the malignant tumours, arising in 
the testis, are classified as seminomatous or non-
seminomatous, reflecting their origin in primordial germ 
cells [10] . 

During recent decades, there has been a significant in-
crease in the prevalence of testicular cancer, albeit with clear 
racial and geographical differences[23]. The obvious regional 
differences in incidence and the association with birth co-
horts suggest a possible involvement of environmental fac-
tors in the development of testicular cancer[53]. Ohlson and 
Hardell [60] reported with some reservation regarding the 
study design, a significantly increased risk of seminoma 
among plastic workers exposed to polyvinyl chloride (PVC). 

 The mycotoxin ochratoxin A, naturally occurs as a con-
taminant of cereals, pig meat, and other foods and is a known 
genotoxic carcinogen in animals. Schwartz,2002 [70] hy-
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pothesizes that ochratoxin A could be a cause for the devel-
opment of testicular cancer. Incidence rates for testicular 
cancer in 20 countries were significantly correlated with the 
per-capita consumption of coffee and pig meat, the principal 
dietary sources of ochratoxin A.  

 
High incidence of cryptorchidism and hypospadias  
Cryptorchidism is a disorder whereby the testis fails to de-
scend into its normal position in the scrotum.   It is the most 
common congenital condition in babies [3] Prevalence values 
of cryptorchidism are difficult to compare due to differences 
in screening techniques[81] . 

Two English studies (one in the late 1950s and one in the 
1980s), using the same diagnostic parameters, reported a 
prevalence of cryptorchidism of 1% and 5% respectively[45]. 
In exposure studies, the risk for cryptorchidism was higher in 
sons of women, working with pesticides[87], while signifi-
cantly higher concentrations of hexachlorbenzene and hepta-
chlorepoxide were found in adipose tissues of boys with tes-
ticular maldescent, compared to those of a control group 
[39].  

Hypospadias is a displacement of the urethral meatus 
onto the underside of the shaft of the penis. As is the statis-
tics of cryptorchidism, there are differences in the methods of 
analysis and in the definitions of this disorder [81].  Although 
these differences hamper cross-study comparisons, there are 
clear indications of a rise in incidence in a number of Euro-
pean countries, the United States and Japan[44] [22, 63].  
Furthermore, exposure of fathers to dioxins in the Seveso ac-
cident in 1976 resulted in an increased incidence of hypo-
spadias among their sons [8].  

In addition, Klip and his Colleagues,[49] reported an in-
creased transgenerational risk of hypospadias in sons of 
women that were exposed in utero to diethylstilbestrol (DES). 
Since registry data for cryptorchidism and hypospadias cases 
are highly unreliable, due to different diagnostic approaches, 
there is a need for prospective studies to make trustworthy 
conclusions [71].   

 
Alteration in sex ratio  
Under “normal” conditions, the ratio of newborn boys to 
girls is higher than one. Several studies reported a small but 
significant decrease in this sex ratio in Canada and the United 
States [21],  the Netherlands, Denmark and several other 
European countries [52]. 

The finding of the very recent report on the Aamjiwnaang 
First Nation community in Canada are striking[51], the pro-
portion of male live births in this community has been de-
creasing continually from 1990 to 2003, the sex ratio (number 
of male births/total number of births) reaching only 0.3. 

The most important explanatory variables are probably re-
lated to the highly changed socio-economic situation in the 
Western countries since World War II. In addition, there are 
secular trends in sex ratios [42] which maybe related to hor-
monal factors. 

 Certain studies describe a negative influence of environ-
mental pollution on the percentage of newborn boys. In Tur-
key, mothers exposed to high concentrations of hexachlor-
benzene, beared a lower proportion of boys during their fer-

tile period [34, 43]. Gomez and his colleagues (34) noticed a 
remarkable decrease in the number of sons of fathers who 
were exposed to PCBs before (but not after) the age of 19 dur-
ing the Yu-Cheng disaster.  

Dioxin exposure during the Seveso accident resulted in a 
dose-dependent decrease in the sex ratio of the offspring of 
males that were younger then 19 years of age at the moment 
of exposure[57]  

 
Endocrine disruption during male sexual 
differentiation and masculinisation 
An increasing number of chemical compounds in the envi-
ronment have been identified as endocrine disruptors using 
in vitro and in vivo bioassays. These include pesticides, indus-
trial chemicals, pharmaceuticals and natural hormones act-
ing as ligands for the estrogen-, androgen- or arylhydrocar-
bon receptor or exerting a combined action (e.g. estrogenic 
and anti-androgenic activity) [26]. 

One of the key areas of concern relating to ‘endocrine dis-
ruption’ and male reproduction is interference with male sex 
determination and sexual differentiation. Though these two 
processes form a continuum, with differentiation immedi-
ately following sex determination, they are traditionally dis-
tinguished as being separate events.  

The term ‘sex determination’ is usually taken to describe 
the formation of a testis or ovary from the sexually indif-
ferent genital ridge[12, 38] and this process is hormone-
independent – the gonad has not yet formed and has not ac-
quired the capability of making hormones. Once the gonad 
has formed and the relevant cell types have differentiated, 
hormones take over the next steps of ‘sexual differentiation’ 
(40)  and this will be referred to as masculinisation. As the 
masculinisation process is completely hormone-dependent, it 
is theoretically at risk of endocrine disruption.  

 
Male sexual differentiation and masculinisation 
In mammals, the set-up program is for a fetus to develop into 
a female. This is not a completely default pathway, but it is 
designed to operate in such a way that the external genitalia 
and internal reproductive tract will develop along the female 
pathway without any specific intervention process being re-
quired[72] (Figure 1).  

Thus,  the Müllerian ducts will persist internally and de-
velop into the fallopian tubes, uterus and upper part of the 
vagina, whereas the Wolffian ducts, which will otherwise de-
velop into the epididymis, vas deferens and seminal vesicles 
(in the male), will spontaneously degenerate (Figure 1).  

Similarly, development of the brain and other organs will 
proceed along the set-up female pathway without the need for 
any specific interventions of which we are aware.  

To become a male requires intervention to modify the fe-
male set-up program [40]. This intervention is initiated by ac-
tivation of the Sry gene on the Y chromosome. SRY is the 
principal initiator of the cascade of gene interactions that de-
termines the development of a testis from the indifferent go-
nad [40]. Via processes that are completely understood – but 
which involve activation of factors such as WT1, SF1 and in 
particular Sox9 – the indifferent gonad takes its first step tow- 
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Figure 1.  Sex determination and sexual differentiation 
in humans. 

The preset program is for the sexually indifferent fetus to develop along the 
female pathway of development, and diversion from this pathway is achieved 
by formation of the testes. Hormone production by the testes is then respon-
sible for the masculinisation process that makes up most of sexual differen-
tiation. As a consequence, male development, but not female development, 
is totally hormone-dependent and is thus inherently more susceptible to en-
docrine disruption; from[72] 

 
 
 

Figure 2.  Embryologic events in male sex differentiation de-
picted in temporal fashion; from (40). 

 
ards becoming a testis via differentiation of the Sertoli cells 
[12, 40, 72].  This is followed by a number of events that re-
sult in the formation of seminiferous cords containing pre-
meiotic germ cells and, outside of and between the seminif-
erous cords, hormonally active Leydig cells. In this way a tes-
tis is formed (Figure 2). 

Completion of testis formation does not, however, lead 
automatically to diversion of development along the male 
pathway of development (Figure 1). For this to happen, hor-
monal intervention is required on three separate but interre-
lated fronts, involving the production and secretion by the 
testis of anti-Müllerian hormone (AMH), testosterone and in-
sulin-like factor 3 (Insl3) [72]. It should therefore be appar-
ent that ‘becoming a phenotypic male’ is not just about form-
ing a testis, it is very largely a hormone-dependent process, 

with each of the hormones playing a role to divert develop-
ment from the female pathway[72]. 

 This recognition raises three key points, first, develop-
ment into a male is inherently more susceptible to endocrine 
disruption than is female development, simply because of 
this hormone dependence; anything that interferes with the 
production and/or action of any of the three ‘male’ hor-
mones will potentially disrupt the masculinisation process 
(Figure 1).  

Second, as each of the three hormones is produced by the 
foetal testis, anything that interferes with development and/or 
function of the testis via non-hormonal mechanisms may 
secondarily affect the masculinisation process by perturbing 
hormone production by the testis itself. Third, as the mascu-
linisation process occurs within a defined period of develop-
ment, susceptibility to endocrine disruption – for example 
from exogenous chemical exposures – is also confined to 
these periods(72). 

 
Anti-Müllerian hormone (AMH)  
The first hormonal event, temporally, is that the Sertoli cells 
secrete AMH into the bloodstream, which then acts on the 
Müllerian ducts to actively induce their regression (Figure 2, 
Figure 3). 

 
Figure 3.The hormonal processes involved in masculinisation 
The diagram illustrates the sites of production and pathways to their target 
tissues of the three hormones – testosterone, Insl 3, and anti-Müllerian hor-
mone (AMH) – responsible for the masculinisation process in the foetal 
male. Note that the majority of hormonal effects are achieved after transfer 
of the hormone into the bloodstream and delivery via this route to target 
sites. The exception is that testosterone is delivered to the Wolffian duct via a 
local transport mechanism and also has effects within the testis itself. Note 
also that the peripheral effects of testosterone are achieved primarily after an 
amplification step (conversion to 5 -dihydrotestosterone, DHT) or after con-
version to oestradiol; from  [72] 
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The AMH acts via type II AMH receptors in the mesen-
chyme surrounding the epithelium of the Müllerian ducts  
[72, 91]  and, via processes that are incompletely understood 
but which involve activation of matrix metalloproteinase 2  
[67, 72], regression is induced via apoptosis of the epithelial 
cells.  

So far, no environmental chemical has been identified 
that interferes with the production or action of AMH, and 
persistence of Müllerian ducts is a rather rare event  [31] so 
AMH has not been a focus of endocrine disruption research.  

 
Testosterone  
The second and most important hormonal event of mascu-
linisation, is the secretion of testosterone by the foetal Leydig 
cells. It is this hormone secretion that underpins most of the 
body-wide masculinisation process (Figure 3). Testosterone 
is delivered locally to the Wolffian duct from the testis to res-
cue it from its programmed degeneration, how this delivery 
occurs is unclear. It is presumably via the lumen of the Wolf-
fian duct  [82].  

 In contrast to this local delivery system, the effects of tes-
tosterone on the rest of the body – including its effects on the 
external genitalia to induce formation of a penis and scro-
tum – occur after its secretion into the bloodstream. 

 As the levels of testosterone in the bloodstream are rela-
tively low, a hormonal ‘amplification’ step is activated locally 
in androgen target tissues to ensure that they will be fully 
masculinised. This amplification is achieved via the enzyme 
5α-reductase (Figure 3), of which there are two forms: type I 
and type II [40, 78].  Therefore, in tissues such as the prostate 
and external genitalia, 5α-reductase converts testosterone de-
livered from the bloodstream into 5α-dihydrotestosterone 
(DHT), which has 10-fold higher potency than does testoster-
one for activating the androgen receptors (ARs), and genes 
that are in turn regulated by activated ARs. It is emphasised 
that testosterone can also bind to the AR and activate the 
same genes/processes as DHT, but a higher concentration of 
testosterone would be required to achieve the same level of 
stimulation as a given level of DHT. 5α-Reductase distribu-
tion in the body during foetal life, therefore provides some 
indication of ‘sites of masculinisation’, and the brain and 
skin (5α-reductase type I) as well as the reproductive tract are 
among the tissues that express these enzymes during foetal 
life[27, 83]. An alternative is to survey tissues that express the 
AR in foetal life, and this extends to the majority of tissues in 
the foetus, notably including the brain (Figure 3).  

The importance of 5α-reductase in masculinisation of dis-
tal androgen target sites in the male is the demonstration in 
humans that XY individuals with mutations par-
tially/completely inactivating 5α-reductase type 2 usually pre-
sent at birth with ambiguous genitalia[40, 78].  

 Circulating testosterone is able to partially masculinise 
these individuals, but the levels are insufficient to complete 
the process in foetal life. The extent to which other body tis-
sues, including the brain, may also be ‘under-masculinised’ is 
a topic of considerable interest, but one which has received 
relatively little research attention[16]. 5α-Reductase is also 
potentially a target for disruption by environmental chemi-
cals, but no such effects have yet been reported.  

An alternative to conversion of testosterone to DHT is to 
convert testosterone to oestradiol via activation of the aroma-
tase enzyme (Figure 3). Any oestradiol generated locally in 
target tissues can then bind to oestrogen receptors (ERα or 
ERβ) and induce biological effects. Though it may seem 
rather odd that a male uses a ‘female hormone’ like oestradiol 
to induce masculinisation, it should be remembered that this 
activity occurs locally within a given tissue, and so oestradiol 
levels in the bloodstream will probably remain very low thus 
non-detectable. It is well established that in rodents local 
conversion of testosterone to oestradiol within specific brain 
regions is responsible for ‘masculinising’ some areas of the 
brain, for example the regions that regulate sexual behaviour 
and the sex-specific differences in gonadotrophin secre-
tion(41). In the human it appears that testosterone/DHT are 
more important than oestrogens for masculinising the brain, 
which occurs during foetal life[16, 35, 79]. The most convinc-
ing pieces of evidence for this difference in the human are the 
apparently normal sexual orientation and behaviour of XY in-
dividuals who have either an inactivating mutation of the 
aromatase or ER genes, and who therefore cannot 
make/respond to oestradiol[36] .  

It may be that in the human, in whom very highe levels of 
oestradiol occurs during pregnancy than occur in rodents 
during pregnancy[89] , there would be the danger that any 
foetus could become masculinised as the result of placenta-
derived oestradiol interacting with ERs in the brain, so the 
oestrogen pathway of masculinisation has been selected 
against.  

In this regard, in both the human [19] and rat [46]  foetus, 
ERs are expressed in the developing penis, indicating a role 
for oestradiol in penile development. It is fair to say, in sum-
mary, that we still have a poor understanding of the role of 
oestrogens in sex-specific programming of body develop-
ment in foetal life, but the widespread distribution of ERs[11]  
is suggestive of considerable influence. 

 
Insulin-like factor-3 (Insl3)  
The third testicular hormone involved in masculinisation of 
the male is Insl3, produced—like testosterone—by the foetal 
Leydig cells (Figure 3)[72]. The importance of Insl3 was first 
identified serendipitously in transgenic mice in which the 
Insl3 gene had been ‘knocked out’ [2]. In male Insl3 −/− mice 
there was complete failure of testicular descent due to lack of 
development of the gubernaculum. Conversely, transgenic 
over-expression of Insl3 results, in females, in ‘descent’ of 
the ovaries and inguinal hernias[1, 50].  

In the normal male foetus, development of the gubernacu-
lum is a key event in guiding the testis into the scrotum and 
fixing it there [2]; such descent of the testis is a prerequisite 
for normal spermatogenesis and fertility in adulthood. How-
ever, it is equally evident that testosterone and/or DHT also 
play a role in gubernacular development (Figure 3)[72]. This 
is indicated by the widespread expression of AR throughout 
the gubernaculums[77], the expression of 5α-reductase [32], 
and in vitro evidence showing that androgens and Insl3 inter-
act to regulate growth of the gubernaculum[28].  

Estrogen may also affect gubernacular development, 
based on expression of ERs [77]  and maldevelopment of the 
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gubernaculum in male mice exposed to abnormally high 
oestradiol levels during pregnancy[2]. As such oestrogen ex-
posure can also suppress Insl3 production by the foetal Ley-
dig cells[29]. 

Irrespective of the relative importance of androgens, oes-
trogens and Insl3 in development of the gubernaculum and 
subsequent testicular descent, the important point to recog-
nize is that these are completely hormone-dependent proc-
esses, and that all of the hormones involved derive ultimately 
from the foetal testis (Figure 3). Therefore, when testicular 
descent is incomplete (i.e. there is cryptorchidism), it is likely 
to indicate that hormonal function of the foetal testis is ab-
normal[75].  Moreover, the complete hormone dependence 
of testicular descent renders this process inherently suscepti-
ble to endocrine disruption. 

 
Identification of the points of vulnerability to endo-
crine disruption 
As outlined earlier, the masculinisation process depends 
upon the conversion of circulating testosterone to either DHT 
or oestradiol within target tissues, via the actions of 5α-
reductase or aromatase, respectively.  

Any environmental chemical that is able to alter activity of 
either of these enzymes is therefore also likely to affect the 
masculinisation process. So far there are no reports of com-
pounds that can affect 5α-reductase, but there is a well-
established example from wildlife in which worldwide 
changes infertility of certain marine snails has been impaired 
by exposure to a compound—tributyl tin [68] the main action 
of which is to inhibit aromatase activity[17]. In this instance, 
the main problem appears to be the build-up in the female 
snails of androgen precursors due to their lack of conversion 
to oestradiol, which then leads to the partial masculinisation 
of the females[72]. 

For androgens and oestrogens to act on their target tis-
sues, there has to be expression of appropriate levels of an-
drogen receptor (AR) and estrogen receptors (ERs), respec-
tively. Any compound that alters the availability of these re-
ceptors can therefore potentially interfere with masculinisa-
tion[72]).  

It is becoming increasingly apparent that expression of 
AR, and probably of steroid receptors in general, is regulated 
primarily via alteration of the rates of receptor degradation 
rather than from altering the rate of receptor gene transcrip-
tion and mRNA translation. This has been most clearly dem-
onstrated for the AR, in which altered proteosomal degrada-
tion has been shown to occur in response to abnormally high 
exposure to potent oestrogens  [90]. 

 This ability of over-exposure to oestrogens to dramati-
cally reduce AR expression in reproductive target tissues in 
the male rat has been well described[54, 65], and raises the 
possibility that environmental oestrogenic chemicals could 
induce similar effects and thus interfere with masculinisa-
tion.  

 
Summary 
The epidemiologic data have shown an increase in male re-
productive function disorder over the past 50 years, with the 
suggestion of a relation with the increase in the amounts of 

endocrine disruptors in the environment. These changes in 
male reproductive functionary from very subtle changes to 
permanent alterations, such as feminization or changes in 
reproductive behavior. Alteration caused by endocrine disrup-
tors can be temporary or permanent. Endocrine disruptors 
can cause the following, among others: reproductive anoma-
lies (morphological and functional gonadal dysfunction, e.g., 
infertility and decreased libido) and congenital malforma-
tions (altered embryonic and fetal intrauterine development). 
An increasing number of chemical compounds in the envi-
ronment have been identified as endocrine disruptors using 
in vitro and in vivo bioassays. These include pesticides, indus-
trial chemicals, pharmaceuticals and natural hormones act-
ing as ligands for the estrogen-, androgen- or arylhydrocar-
bon receptor or exerting a combined action (e.g. estrogenic 
and anti-androgenic activity). 

One of the areas of concern relating to endocrine disrup-
tion and reproduction is interference with male sex determi-
nation which is hormone independent and sexual differentia-
tion and masculinisation, it is completely hormone depend-
ent and it is theoretically at risk of endocrine disruption. 
Three hormones, testosterone, Insl3, and anti mullerian 
hormone responsible for the masculinisation process, in the 
fetal male. 

The future challenge is to collect evidence to confirm (or 
reject) suspected effects on the male reproductive system, and 
to faze out compounds with hormone disruptive characteris-
tics.  
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