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ABSTRACT
In the last 50 years the incidence of infertility, testicular and prostate cancers and associated maladies has increased significantly. Infertility 
now affects 15-20% of couples as opposed to 7-8% fifty years ago. Average sperm counts among adult men have decreased by 50% since 
1938, with a decline of 2% every year from 1973. This decline in male reproductive health has been linked to an increased presence in the 
environment of chemical contaminants in the form of pesticides and plastics. Rapid and unplanned industrialization caused large amounts 
of these synthetic compounds and their by-products to be released in the environment (air, soil, water and food). Studies have shown that 
occupational exposure to pesticides caused neonatal deaths, congenital defects, testicular dysfunction and male infertility. Many of these 
chemicals found in our environment and households have oestrogenic properties (“xenoestrogens”) and are toxic because they affect the 
endocrine system (“endocrine disruptors”). Evidence of the health hazards of endocrine disrupting chemicals continues to mount. In terms 
of male fertility, it now seems that these ubiquitous chemicals are a significant threat at various stages, from testicular development to 
sperm production to the functionality of healthy sperm. This class of chemicals appears to be threatening male fertility on several fronts. 
That endocrine disruptors abound in our environment is not in doubt. Clinicians and other health practitioners confronted with the 
challenges of managing male infertility should attempt to identify the aetiology of a possible exposure to endocrine disruptors, and initiate 
a plan to control and prevent exposure to others. In addition, concerted efforts should be made by both government and non-governmental 
agencies to institute local studies that will assess local endocrine disruptors, degree of contamination, level of exposure and proffer control 
and preventive measures. Emphasis should be placed on establishment of chemical screening and testing program, research into dose and 
vulnerable periods, institution of surveillance of disease incidence, improvement of exposure monitoring, and educating community 
leaders and the public in general.
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INTRODUCTION

Concern is fast growing that male sexual development and 
reproduction have changed for the worse over the past five 
decades (1). There seems to be some reasonable level of awareness 
among patients and health practitioners on testicular toxicants of 
therapeutic origin.  For example, it has been demonstrated in 
animal studies that chloroquine, quinine, indomethacin, 
quinacrine are anti-spermatogenic (2-19). However, very little 
attention is given to testicular toxicants of environmental origin. A 
growing body of scientific research (20-24) indicates that 
substances in the environment may interfere with normal function 
of the endocrine system of humans and wildlife. These compounds 
may be synthetic (xenoestrogens) e.g., industrial chemicals, crop 
protection chemicals, or they may be natural like phytoestrogens. 
Some scientists have hypothesized that minute amounts of these 
chemicals are able to disrupt the endocrine system and cause 
cancer, harm male (e.g., reduced sperm counts) and other adverse 
effects (25). Therefore, those substances are called “endocrine 
disruptors.” 

BACKGROUND

The possibility that some chemicals may disrupt the 
endocrine systems in humans and animals has received 
considerable attention in the scientific and public community. 
Endocrine disruption is on the agenda of many experts’ groups, 
steering committees and panels of governmental organizations, 
industry, and academia throughout the world. Because the 
disturbance of the endocrine system is a very sensitive topic, 
scientific findings or observations are often controversially 
discussed among scientists, environmentalists, and authorities. 

Therefore, the aim of this review is to provide a science-based 
insight into endocrine disruption caused by chemicals. Owing to 
the complexity of this topic and the tremendous scientific 
research in this field, only a general overview can be given, 
which might be, however, beneficial and helpful for interested 
parties of academia and practicing endocrinologists.

Since the publication of Rachel Carson’s silent spring (26), 
there has been concern that chemicals in the environment might 
exert profound and deleterious effects on wildlife populations, 
and that human health is inextricably linked to the health of the 
environment. The book is widely credited to have helped launch 
campaign against indiscriminate and uncontrolled use of 
pesticides and facilitated the ban of the pesticide 
dichlorodiphenyl-trichloroethane (DDT) (27,28) in 1972 in the 
United States. The book documented detrimental effects of 
pesticides on the environment, particularly on birds. Carson 
argued that uncontrolled and unexamined use of pesticide was 
harming and even killing not only animals and birds, but also 
humans.

Although researchers have studied the endocrine effects of 
chemicals in the past, the term “endocrine disruptor” was coined 
in 1991 at a conference at Wingspread Conference Center in 
Racine, Wisconsin, United States of America. This conference 
was chaired by Theo Colborn, then with the World Wildlife Fund 
and the W. Alton Jones Foundation. The term was introduced 
into the scientific literature with her 1993 paper (29). In this 
paper, it was stated that environmental chemicals disrupt the 
development of the endocrine system, and that effects of 
exposure during development are invariably permanent.

The presence of these environmental chemicals disrupting 
the endocrine was thought to be the explanation for deteriorating 
reproductive health statistics globally (30-34). In the meta-
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analysis of 61 studies conducted worldwide between 1938 and 
1990 (35), the following findings were reported: 15-20% couples 
were reported infertile as opposed to 7-8% couples 50 years before; 
the average sperm counts among male adults have decreased by 
50%; with a decline of 2% every year from 1973 (figure 1). This 
study supported a significant decline in sperm density in the United 
States and Europe, and that the changes could not be explained by 
methodological variation or selection bias but reflected a “true 
biological phenomenon”.

Figure 1: Sperm density declines: A meta-analysis  
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Source: Swan SH, Elkin EP, Fenster L. Environ Health Perspect, 
1997.

DEFINITIONS

The working definition for endocrine disruptors that was 
adopted by the Organization for Economic Cooperative 
Development (OECD) at a workshop sponsored by the European 
Union (EU), World Health Organization (WHO), and OECD in 
Weybridge, United Kingdom in December 1996 is as follows: an 
endocrine disrupting chemical (EDC) is an exogenous substance 
that causes adverse health effects in an intact organism, or its 
progeny, secondary to changes in endocrine function (36). 
Endocrine disruptors (i) mimic natural hormones, (ii) inhibit the 
action of hormones, and/or (iii) alter the normal regulatory 
function of the endocrine systems (37). A potential EDC is a 
substance that possesses properties that might be expected to lead 
to endocrine disruption in an intact organism (36).

In May 1997, the U.S. Environmental Protection Agency 
(EPA) task force on endocrine disruption (EDSTAC) agreed on the 
following operational definition:

“An endocrine disruptor is an exogenous chemical substance 
or mixture that alters the function(s) of the endocrine system and 
thereby causes adverse effects to an organism, its progeny, or (sub) 
population” (38). 

In a scientific statement by the endocrine society (39), an 
endocrine-disrupting substance is defined as a compound, either 
natural or synthetic, which through environmental or inappropriate 
developmental exposures alters the hormonal and homeostatic 
systems that enable the organism to communicate with and 
respond to its environment.

PROPERTIES OF ENDOCRINE DISRUPTORS
The properties of endocrine disruptors include the following 
(40,41):

· They interfere with normal hormone function.
· They are mostly fat soluble.
· Most of them are synthetic.
· Their effects are often significant at very low levels of 

exposure.

· They are particularly effective during early 
development of the organism.

THE REPRODUCTIVE ENDOCRINE SYSTEM

The mammalian endocrine system is very dynamic, and 
 undergoes frequent physiological fluctuations due to diurnal 

 variations and cyclical hormonal feedback systems. Both 
 hormonal modulations and chemical drug perturbations can 

 affect the reproductivesystems in males and females (42,43).
To allow a better understanding and appreciation of the 

mechanisms by which endocrine disruptors might exert their 
effects, a short introduction into the endocrine system of 
mammalian species shall be presented. Typically, the endocrine 
system is composed of several brain regions (such as the 
hypothalamus and pineal) and distinct glands (pituitary, thyroid, 
pancreas, adrenal, ovary, testis and placenta) that produce 
hormones that are either proteins or steroids. Hormones are 
chemical messengers produced by one tissue and conveyed by 
the bloodstream to another to effect physiological activity by 
transferring information and instructions between cells in 
animals and plants. They regulate growth and development, 
control the function of various tissues, support reproductive 
functions, regulate metabolism, and responses to surroundings, 
stress and injury. Indeed, hormones ensure appropriate 
communication, control and coordinate the body’s functions.

The primary function of an endocrine system is to transform 
various exogenous stimuli into “chemical messengers” 
(hormones), resulting at least in the expression of the appropriate 
gene and thus in the synthesis of proteins or in the activation of 
already existing tissue-specific enzyme systems. The endocrine 
system represents an important tool for the timely coordination 
of development (e.g., induction of spawning cycles or sexual 
maturity) and metabolism (e.g., glucose homeostasis). 
Exogenous stimuli like day light, temperature and light as well as 
endogenous stimuli generally known as the “internal” clock are 
processed in the central nervous system. After a complex chain 
of biochemical processes, the hypothalamus secretes releasing-
hormones or inhibitory hormones that control the secretion of 
hormones from the pituitary gland. These secreted 
glycoproteins, the so-called glandotrophins, induce synthesis 
and release of tissue specific hormones in the various glands 
(thymus, thyroid, parathyroid, adrenals, pancreas, pineal, testes, 
and ovary). Hormones secreted by these internal glands travel 
through the bloodstream to their target tissues and target cells 
where they initiate a change in cellular activity by attaching to 
receptor proteins. This change is transmitted across the plasma 
membrane of a cell in different ways depending on the type of 
hormone. The cascade of different, interdependent physiological 
processes is regulated by complex mechanisms such as a 
negative-feedback pathway that is turned on and off in response 
to fluctuating levels of hormone. When hormone production of 
the gland peaks, the hormone acts as an inhibitor and causes the 
hypothalamus and/or pituitary gland to shut down or down-
regulate the pathway producing the substance. For example, in 
the male monkey, luteinizing hormone (LH) secretion is 
regulated by a negative feedback action of testicular testosterone 
that is exerted indirectly at the hypothalamic level to decelerate 
pulsatile gonadotrophin-releasing hormone release (44). 

Although many steps of this sensitive system can be 
influenced by different external stimuli, most effects of 
endocrine disruptors observed and explained until now are 
attributed to the function of the gonads, which control the 
development of sexual differentiation, secondary sex 
characteristics, and functioning of sex organs (45).
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MALE HORMONES

The pr incipal  androgens are  tes tosterone and 
dihydrotestosterone. They promote the development and 
differentiation of male reproductive organs before and after birth. 
Androgens determine secondary male sex characteristics, and also 
contribute to generalized anabolic functions of bone growth and 
increase protein synthesis, especially in muscles. Follicle-
stimulating hormone (FSH) and testosterone released from the 
Leydig cells under the influence of LH are the key regulators of the 
spermatogenic function of the testis. LH and FSH are produced in 
the anterior pituitary and are secreted episodically in response to 
the pulsatile release of gonadotrophin-releasing hormone from the 
hypothalamus. The principal role of LH in the regulation of 
spermatogenesis appears to be indirect in that it stimulates the 
release of testosterone from the interstitial cells of Leydig. 
Negative feedback from the concentration of testosterone in blood 
can down-regulate or block LH production. Androgens are 
transported in the blood mainly bound to a special testosterone-
oestrogen-binding protein. Testosterone is metabolized both in 
peripheral tissues and in the liver. Degradation products such as 
androsterone and etiocholanolone, are excreted free or as 
glucuronide conjugates in the urine. Testosterone is reduced to the 
more potent androgen 5-á-dihydrotestosterone (DHT) by the 
microsomal fraction in target organs (e.g., prostate and 
epididymis) and is the precursor of oestradiol and oestrone. The 
male and female hormones (androgens and oestrogens, 
respectively) are actually secreted by both sexes. However, male 
hormones are secreted in higher quantities and are more potent in 
males whereas female hormones are secreted in higher quantities 
and are more active in females. Sex steroids have important 
functions during sexual differentiation of mammals, and this is 
genetically and hormonally regulated.

MECHANISM OF ENDOCRINE DISRUPTION
 

Endocrine disrupting chemicals can affect biological 
processes by several different modes of action. They may alter rate 
of synthesis or clearance of endogenous hormones. They may also 
act as agonists or antagonists of normal hormones. Owing to the 
complex nature of the endocrine system, it is obvious that external 
stimuli, e.g., exposure to xenobiotics (mimicking endocrine 
activity), can influence its important functions. The first 
observations of endocrine effects in wildlife research activities 
were focused on the explanation of main mechanisms underlying 
the observed effects. Several possible modes of actions have been 
cleared up in recent years:

I. Direct interactions with hormone receptors
a) Agonistic action

An exogenous agonist can be defined as a ligand that can bind 
to a receptor that finally leads to same effects that can be caused by 
endogenous hormone action. The potency of an exogenous agonist 
depends on its affinity to the receptor as well as on its ability to turn 
the receptor on. Well-known examples for oestrogen copycats are 
the synthetic oestrogen diethylstilbestrol (DES) and 
ethinyloestradiol. A large number of xenoestrogens, bind to the 
oestrogen receptor (ER) and evoke biological responses. The 
activity of a number of xenoestrogens is probably weak (compared 
to that of oestradiol). These substances (the xenoestrogens) 
interact with the binding pocket of the ER because they have 
chemical similarities to oestradiol (usually a phenolic A-ring). 
Reduced activity of xenoestrogens probably results from lack of fit 
of the remainder of the molecule within the binding pocket. 
However, at higher doses, these chemicals can evoke endocrine 
disruptive effects. The nature (oestrogenic or antioestrogenic) or 

magnitude of the response is a function of the substance itself, 
complexities within the various stages of the ER signaling 
pathway, as well as other factors (such as, plasma binding of 
xenoestrogens, cross-talk between ER and other signaling 
pathways, androgen antagonism, and alternate modes of 
oestrogen action)(46).

b) Antagonistic action
Some endocrine disruptors act on the hormone receptors via 

an antagonistic mechanism. An antagonist is a ligand that blocks 
or diminishes responses elicited by agonists because the receptor 
cannot be activated as usual. Competitive inhibition can lead to 
total de-activation of the receptor. Typical antagonists for 
hormone receptors are the herbicides vinclozolin, linuron and 
their metabolites (47,48). Available toxicological evidence 
indicates that some environmental contaminants with strong 
affinity to the aryl hydrocarbon receptor (AhR) have anti-
oestrogenic properties in both mammalian and non-mammalian 
in vivo and in vitro studies (49). Some endocrine disruptors 
interfere by attaching to protein receptors but then trigger an 
abnormal response in the cell. These triggers (as they are 
commonly called) cause growth at the wrong time, an alteration 
of metabolism or synthesis of a different product. The best 
known triggers are dioxin and dioxin-like chemicals. Dioxin acts 
through a hormone-like process to initiate entirely new 
responses. One study indicates that 2,3,7,8-tetrachlorodibenzo-

 p-dioxin (TCDD) directly actswith isolated cytosolic AhR under 
 cell-freeconditions even without the presence of the nucleus and 

 is capable of activating key protein kinases that are involved in 
 the growth factorsignal-transduction pathway (50).

II. Indirect interactions with the endocrine system 
a) Alteration in the hormone concentration can influence 
hormone metabolism in different ways. Hormone production 
can be impaired by inhibiting important enzyme-catalyzed 
reactions. Biosynthesis of oestrogen includes conversion of 
testosterone to an oestrogen catalyzed by the enzyme aromatase. 
Xenobiotics can inhibit this enzyme, leading to higher 
testosterone concentrations and to lower oestrogen 
concentrations. The effects observed can be interpreted as 
antioestrogenic or androgenic, depending on the point of view. 
This is probably the mechanism of action of tributyltin (TBT).
Hormone metabolism can also be influenced by induction of 
hormone-metabolizing enzymes like the cytochrome P-450 
group in the liver. These enzymes have a key function in the 
synthesis and degradation of steroid hormones and their 
production or activity can be influenced by various xenobiotics 
such as dioxin (51). 
An influence on the transport of the hormones via the blood 
stream to the target tissues and organs can also lead to a 
disturbance of the endocrine system. Chemicals that compete 
with sex steroids for the binding sites of transport proteins may 
increase the level of free and, therefore, effective hormones.
b) Alteration in hormone-receptor concentration can greatly alter 
hormone metabolism. In receptor-mediated processes, 
endogenous ligand and hormone receptor own a key function. 
Exogenous influence may, therefore, shift this sensitive balance. 
A so-called “down-regulation” of steroid hormones has been 
proposed for some antioestrogenic compounds, especially for 
dioxin. In this mode of action, the receptor is not directly 
involved in hormone metabolism, but its activation can have 
different influences on the endocrine system by (52): 
· An increased degradation rate of oestrogen receptors 

(down-regulation)
· Induction of oestradiol metabolizing enzymes
· Inhibition of gene expression controlled by oestradiol or 
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growth promoters.

SOME EFFECTS OF ENDOCRINE DISRUPTORS ON THE 
MALE REPRODUCTIVE AXIS

Some endocrine disruptors alter the delicately balanced 
hypothalamo-pituitary-testicular axis, causing either a decline in 
pituitary-secreted gonadotrophins or an alteration in 
intratesticular concentrations of androgens (1). Endocrine 
disruptors (e.g., polychlorinated biphenyls [PCBs], DDT, dioxin, 
and some pesticides) are oestrogen-like and anti-androgenic 
chemicals in the environment. They mimic natural hormones, 
inhibit the action of hormones, or alter the normal regulatory 
function of the endocrine system and have potential hazardous 
effects on male reproductive axis causing infertility (37).

Antiandrogenic effects may take 2 forms: either a reduction in 
the amount of testosterone produced in the body or a replacement 
by the chemical in the cell’s receptor where a testosterone 
molecule would normally go. 

In addition, some oestrogen mimickers also have been 
observed to possess antiandrogenic effects. These new findings 
show that certain chemicals actually demasculinize, and can affect 
sperm counts and the structure of the prostate, or cause delayed 
puberty and extra nipples in males (53,54).

Chemicals that act as androgen receptor (AR) agonists and 
antagonists or inhibit foetal steroidogenesis can induce 
reproductive malformations in humans and laboratory animals 
(53). Malformations and reduced fertility have been (53) seen 
even at levels ten-fold smaller than levels otherwise known to 
cause effects, suggesting that there is no “safe” threshold for 
exposure.  The pesticides vinclozolin, procymidone, linuron and 
DDT are AR antagonists (54-58). Vinclozolin is a dicarboximide 
fungicide used in the control of Botrytis cinerea, Sclerotinia 
scierotiorum, and Moniliniam spp. on several fruits, vegetables, 
ornamental plants, and turf grass.  Administration of vinclozolin 
to pregnant rats during the period of sexual differentiation 
(gestational day 14 to postnatal day 3) demasculinizes and 
feminizes the male offspring. Vinclozolin-treated male offspring 
display female-like anogenital distance (AGD) (distance from the 
anus to the genitals) at birth, retained nipples, cleft phallus with 
hypospadias, suprainguinal ectopic testes, a blind vaginal pouch, 
epididymal granulomas, and small to absent sex accessory glands 
(54,58). In contrast, female offspring display no malformations or 
functional alterations.

Dieldrin has been shown to cause a decrease in sex ratio 
(number of males/number of males plus females) (59). It was 
found that exposure to the insecticide dieldrin causes a decrease in 
the production of male Daphnia (water flea), which may have 
long-term ecological effects. Chemicals that change Daphnia 
development or reproduction are definitely of ecological concern. 
Daphnia are ecologically important algae-consumers and fish-
food in lakes all over the world. In particular, a decrease in the 
number of males has the potential of reducing Daphnia’s 
ecological success over many generations, because the genetic 
recombination associated with sexual reproduction allows a 
population to adapt to on-going environmental change. In 
addition, the juvenile hormone-mimicking insecticides kinoprene, 
hydroprene, epofenonane, or fenoxycarb reduced reproductive 
rates in the water flea Daphnia magna (60). 

Though a direct extrapolation of these effects observed in 
animals cannot be made to human, concerted efforts should, and 
must be made to commence evaluation of individuals suspected to 
have been exposed to these agents. 

SOME POTENTIAL ENDOCRINE DISRUPTORS IN THE 
ENVIRONMENT

Chemical substances enter the environment in different 
ways. Pesticides are released at their point of application; 
industrial chemicals are unintentionally (our assumption) 
released by volatilization, leaking or leaching either during a 
product’s lifetime or after ultimate disposal (table 1) (61). 
Natural hormones are excreted by various organisms and enter 
environmental compartments directly or through wastewater 
treatment plants (figures 2 & 3) (62). Once a substance has 
passed through the environment, it can undergo different fates, 
such as:
· Further distribution between the environmental 

compartments water, air and 
      soil/sediment, as well as their sub-compartments.
· Degradation and transfer processes in the compartments 

and sub-compartments. 

As useful tools for predicting and understanding the 
behavior of chemicals in the environment, physicochemical 
properties can be used. The most important parameters are:
· Water Solubility: The water solubility is the maximal 

concentration of a substance that can disolve in pure water 
at a given temperature.

· Absorption coefficient:  Absorption coefficient is a 
measure of the solubility of a substance in a liquid. The 
knowledge of absorption coefficient is useful for the       
description and prediction of the incorporation of a 
chemical substance or suspended matter in surface water.

· Bioconcentration: Bioconcentration factor refers to the 
uptake from water and food.

SOME EFFECTS OF ENDOCRINE DISRUPTORS ON 
WILDLIFE

Environmental pollutants have been linked to adverse male 
reproductive effects in wildlife species ranging from 
invertebrates to mammals (63). Although such reproductive 
outcomes have been studied most intensively in amphibians and 
reptiles, related male reproductive disorders occur in many other 
species of wildlife. The causes of many of these disorders are 
unknown, but exposure to hormonally active agents in the 
environment has been implicated (1). Research on wildlife has 
shown that endocrine disrupting chemicals profoundly impair 
animal reproduction and development. All of the following 
examples represent animal populations that had extreme 
exposure to known endocrine disruptors:
· Alligators in Lake Apopka, Florida, United States, 

contaminated with dicofol, DDT, other industrial chemicals 
showed reduced survival rates and egg hatching, 
combinations of male and reproductive organs, abnormal 
ovaries and testes, small penises, males with elevated 
oestrogen and females with elevated testosterone levels 
(64,65). The Lake Apopka alligator is one of the best-
known wildlife species in which environmental 
xenoestrogens appear to have damaged the male 
reproductive system. The freshwater Lake Apopka in 
Florida is adjacent to the former Tower Chemical Company, 
which is now a superfund site. From 1970 to 1980, a 
mixture of pesticides containing high levels of DDT and its 
metabolites contaminated the area. Research comparing 
alligators from Lake Apopka to those in other Florida lakes 
found that Lake Apopka juvenile alligators have 
significantly smaller penis size as well as abnormalities in 
gonadal morphology and lower concentrations of plasma 
testosterone. Although the exact cause has not been 
determined, these alligators have significantly elevated 
serum concentrations of organochlorine pesticides 
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compared to alligators at other lakes in Florida. 
Environmental xenoestrogens and antiandrogens such as 
these may contribute to abnormal or subnormal reproductive 

system development and appear to act on the males 
specifically during embryonic development (66).

Table 1: Endocrine Disruptors and their Sources

CATEGORY ENVIRONMENTAL SOURCES
ENDOCRINE DISRUPTORS

· Gonadal Steroids Estrogens: Estradiol
Natural: By animals Estrone, Estriol

Adrogens: Testosterone,
 Androsterone

Municipal effluents
Agricultural runoff

Synthetic Ethinylestradiol, mestranol,
(Pharmaceuticals): Diethylstibestrol (DES)
Contraceptives . 

· Phytoestrogens (found in plants) Isoflavones (daidzen, Pulp mill effluents
genistein)Coumestan

· Pesticides/herbicides (Currently in use) Atrazine, Vinclozolin Agricultural run-off
Agricultural run-off

· Organochlorines DDT, Dieldrine Atmospheric transport
(Many now phased out) Incineration

· Polychlorinated compounds Polychlorinated dibenzodioxins Land Fill 
from industrial production or by 
products of banned substances. 

· Organotins (found in antifoulants used Tributyltin (TBT) Harbours
 to paint the fulls of ships)

· Phthalates (found in plasticizers) Dibutyl phathalate, Industrial effluents
Bisphenol A (BPA)

· G)Alkylphenols (surfactants, certain Nonylphenol  Industrial and
kinds of detergents used for municipal effluent
removing oil)    

DDT: Dichlorodiphenyl-trichloroethane
Source: Environment Canada “Endocrine Disrupting Substances Environment, 1999

Figure 2 : Potential exposure routes of natural human 
hormones

Figure 3 : Potential exposure routes of sex steroids from 
livestock

Source: International Union of Pure and Applied Chemistry 
(IUPAC). Pure and Applied Chemistry, 2003; 75: 631-681

Source: International Union of Pure and Applied Chemistry 
(IUPAC). Pure and Applied Chemistry, 2003; 75: 631-681
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· The Florida panther is another species in which environmental 
pollutants may be the cause of significant male reproductive 
defects (66). The endangered Florida panther suffers from 
inbreeding and vastly reduced habitat. The remaining 
population, estimated at only 30-50 individuals in 1995, 
exhibits a variety of problems, including reproductive and 
endocrine disorders (66). The males have an extremely high 
rate of cryptorchidism (estimated as 90% in 1995), as well as 
low ejaculate volume; low sperm concentration; poor sperm 
motility; and high proportion of sperm with morphologic 
abnormalities. Due to the small population size and the 
reduced habitat area, researchers have hypothesized that 
inbreeding may be the cause of the myriad health problems, 
but another possible explanation is exposure to environmental 
xenoestrogens. Florida panthers eat hogs, deer, armadillos and 
raccoons. Raccoons are suspected to account for much of the 
exposure to environmental xenoestrogens. In that area, 
raccoons eat fish and bioaccumulate mercury as well as 
endocrine-disrupting pesticides (67). Although the causes of 
the reproductive problems in the Florida panther have not 
been specifically identified, oestrogen mimics and 
antiandrogens in the environment are emerging as strong 
possibilities. These facts have significant implications for 
other wildlife species as well as for humans. 

· Studies of the population of western gulls nesting in the 
Channel Islands, off the coast of southern California and 
herring gulls from the Laurentian Great Lakes in the 1960s 
and 1970s, showed a high incidence of supernormal clutches 

 and female-female pairing (68,69). This is an abnormal 
phenomenon since gulls are long-lived monogamous species 
that usually lay 2 or 3 eggs every year. Fry and co-workers 
(70,71) studying female-female pairing of western gulls, 
California gulls, and herring gulls concluded that the 
increased number of females and decreased population of the 
gulls could be a reflection of the fact that the majority of male 
gulls in 1970s were feminized and incapable of reproduction 
and also very few eggs in supernormal clutches were fertile. 
Embryonic feminization of males may result in suppression of 
sexual behaviour and self-exclusion from the breeding 
colonies (72,73). 

· The  femin iz ing  e ffec t  o f  the  pes t i c ide  DDT 
(dichlorodiphenyltrichloroethane) in roosters was reported in 
the 1950s (74).

· Endocrine disruptors have been found to affect sexual 
development of salmon as well. Investigating the troubling 
phenomenon of sexual reversal/feminization in salmonids, 
Nagler et al., (75) found that 84% of phenotypic females 
tested positive for the male genetic marker and this could be 
attributable to exposure to endocrine disruptors.

· Between 1996 and 2005 the carcasses of 355 harbour seals 
(Phoca vitulina) originating from the coast of Schleswig-
Holstein, Germany, were either found dead or were killed due 
to severe illness. Necropsy was performed in each case, in 
addition to histopathological, immunohistochemical, 
microbiological and parasitological examinations. The most 
common cause of death was bronchopneumonia caused by 
parasitic and/or bacterial infection of the lung, but in addition 
had high levels of PCBs and DDT in their tissues (76). Was the 
real culprit a compromised immune system caused by 
exposure to endocrine disrupting chemicals?

When taken together, these studies paint a picture that has a 
cumulative power that is not only compelling but urgent as well. 

SOME OTHER EXAMPLES OF TESTICULAR 
ENDOCRINE DISRUPTORS 

Bisphenol A (BPA)
BPA (2,2-Bis4-Hydroxyphenylpropane) is manufactured 

by the acid catalyzed condensation of phenol and acetone. It is 
one of the most important chemicals worldwide. BPA is a high-
production volume chemical used in the production of epoxy 
resins, polyester resins, polysulfone resins, polyacrylate resins, 
polycarbonate plastics, and flame retardants. Polycarbonate 
plastics are used in food and drink packaging; resins are used as 
lacquers to coat metal products such as food cans, bottle tops, 
and water supply pipes. Polycarbonate plastic, which is clear and 
nearly shatter-proof, is used to make a variety of common 
products including baby and water bottles, sports equipment, 
medical and dental devices, dental fillings and sealants, eyeglass 
lenses, CDs (compact discs) and DVDs (digital video discs), and 
household electronics (77). Exposure to the general population 
can occur through direct contact with BPA or by exposure to food 
or drink that has been in contact with a material containing BPA. 
BPA is a known oestrogenic compound; it reduces sperm 
production and causes increase in adult prostatic duct volume 
(78-83).

Diethylstilbesterol (DES)
DES is a synthetic steroid which was used for fattening of 

thcattle as well as in humans to prevent miscarriages in the mid-20  
century. This resulted in high exposure of the foetus to the 
synthetic sex steroid. The offspring of these women had to fight 
with some severe conditions: daughters developed vaginal 
cancer, sons suffered from malfunctions of the sexual organs 
such as sperm anomalies, hypospadias, and ectopic testes. These 
diseases were linked to perinatal exposure to DES during 
sensitive stages of sexual differentiation of the developing 
foetus (84-86). With data available both on women who took 
DES and on their adult children, the experience with this drug 
serves as a model demonstrating the possible effects on humans 
of exposure to synthetic oestrogens in utero. The DES 
experience showed that chemical exposure in utero can have 
serious, long-term, delayed effects; that substances that have 
little apparent effect in adults can cause substantial damage to a 
developing foetus; and that the human body can mistake a 
synthetic hormone for a natural one (87).

Nonpersistent pesticides
Nonpersistent pesticides (also referred to as 

“contemporary-use pesticides”) are chemical mixtures that are 
currently available for application to control insects 
(insecticides), weeds (herbicides), fungi (fungicides) or other 
pests (e.g., rodenticides), as opposed to pesticides that have been 
banned from use in most countries (e.g., many of the formerly 
popular organochlorine pesticides such as DDT). Three 
common classes of nonpersistent pesticides in use today include 
organophosphates, carbamates and pyrethroids. Although 
environmentally nonpersistent, the extensive use of pest control 
in these various settings results in a majority of the general 
population being exposed to some of the more widely used 
pesticides at low levels. Exposure among the general population 
occurs primarily through the ingestion of foods that contain low 
levels of pesticide residue or through inhalation and/or dermal 
exposure in or around the home and in other indoor 
environments (39). 

In Nigeria, rodenticides and insecticides are used 
indiscriminately and without any control. Rodenticides are even 
sold at the roadside on most of our highways. The present and 
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long-term effects of these agents on mammals including humans 
are largely yet to be evaluated. Quite a number of these rodenticides 
and insecticides locally made are yet to be ascertained whether they 
are environmentally persistent or not; and this makes the case in our 
environment even more precarious. 

A potential role of non-persistent pesticides (e.g., 
organophosphates, pyrethroids and carbamates) in the alteration of 
circulating oestradiol levels has been reported in experimental 
studies (88,89). Although oestradiol is regarded as a female steroid 
hormone, it circulates in low but measurable levels in human males 
(90,91) and has been reported to play an important role in male 
reproductive health (92-94). The net biologic effect of oestradiol in 
the testis appears to be inhibition of androgen production, either by 
limiting development and growth of the Leydig cell population or 
through direct action in the Leydig cell (95). However, oestradiol is 
now considered as a survival factor for germ cells (99,100), and it 
appears that a balanced ratio between testosterone and oestradiol is 
critical to normal spermatogenesis (1). In a study (101) conducted 
on subjects attending a Massachusetts infertility clinic from years 
2000-2003, it was reported that 3,5,6-trichloro-2-pyridinol, the 
major urinary metabolite of chlorpyrifos and chlorpyrifos-methyl, 
may be associated with altered oestradiol levels in adult men. The 
same study also found evidence suggestive of an inverse 
association between exposure to 1-naphthol, a urinary metabolite 
of carbaryl and naphthalene or its parent compound and circulating 
oestradiol.

Several studies have suggested an association between non-
persistent pesticide exposure and altered semen quality (101-110). 

THE ON-GOING DEBATE
The hypothesis that chemicals in the environment can interfere 

with the development and action of hormones has sparked debate 
among scientists both because of the inconsistency of findings and 
because of certain features of the substances in question (111). 
Critics of the hypothesis argue that phytoestrogens and synthetic 
oestrogens are weaker than endogenous oestrogens; that exposure 
to oestrogenic substances occurring naturally in food outweighs 
exposure to environmental pollutants; and those chemicals that 
mimic oestrogen and those that block its action cancel each others’ 
effects, much as acids and bases neutralize each other. These critics 
also discount evidence from animal studies, which are based on 
higher levels of exposure to contaminants than humans are likely to 
encounter in their environment, and challenge the relevance of 
wildlife studies conducted in “hyperpolluted” settings (112).

Those who advance the endocrine disruption hypothesis 
counter that while many exogenous hormones are less potent than 
those produced within the body; they are present in body tissues in 
much higher concentrations than are natural products. 
Furthermore, many synthetic endocrine disruptors may be stored in 
body tissue for long periods, the so called persistent organic 
pollutant (POP), whereas phytoestrogens are rapidly broken down 
or flushed out. Thus, the transfer of these substances to a 
developing foetus or a nursing infant is a function of the mother’s 
lifetime exposure. In addition, some man-made chemicals that bind 
with a hormone receptor may not bind to proteins that limit the 
passage of endogenous hormones from the bloodstream into cells. 
Such chemicals (DES is known to be one) may therefore freely 
enter cells when natural hormones cannot (87).

Refuting the argument that the effects of oestrogenic and 
antioestrogenic compounds in the environment cancel each other 
out, supporters of the endocrine disruption hypothesis contend that 
these substances cannot interact in a way that is analogous to the 
interaction of an acid and a base. They add that studies suggesting 
otherwise have been based on homogenous cell cultures and 
therefore are not relevant to the complex, constantly changing 
biological system of a developing foetus (113).

Supporters of the hypothesis also note that as the dose of 
exposure to an endocrine disruptor increases, the magnitude of 
the effect may initially increase but then diminish. Thus, findings 
based on exposure to high doses of endocrine disruptors may not 
reflect effects of the same substances at lower doses. In addition, 
they point out, most studies have focused only on chemicals’ 
oestrogenicity and have not examined other potential hormonal 
effects; for instance, while DDE has limited ability to bind with 
oestrogen receptors, it is a strong androgen antagonist (33).

Finally, those who hold to the endocrine disruption 
hypothesis agree that evidence from wildlife and laboratory 
animal studies does not prove their case in humans 
unequivocally. However, they state emphatically that humans 
and other vertebrates are similar enough so that even though 
specific effects may differ across species, wildlife can serve as 
“sentinels” of human risk, and wildlife studies can be used in 
conjunction with toxicological research to determine the effects 
of hormone disruptors on men’s and women’s reproductive 
health (29,114). 

IMPLICATIONS AND CHALLENGES AHEAD

The findings and uncertainties regarding endocrine 
disruption and reproductive health have suggested wide-ranging 
agenda for researchers and policy makers (115). The chief 
priority is to identify substances that may have deleterious 
effects, their mode of delivery and mechanism of action, the 
developmental stage at which they have their effects and the 
minimum concentration at which they pose risks. A broad range 
of outcomes needs to be investigated, including functional 
deficits in offspring and reproductive health traits other than the 
ability to conceive and procreate. Changes in these outcomes 
over time and at various levels of exposure must also be assessed.

Other areas of high priorities include: defining normal 
variability in reproductive health characteristics so that trends 
can be identified reliably and hypotheses about their causes 
ascertained; determining the way endocrine disruptors interact; 
and developing risk assessment methods that take these 
interactions into account. This information could be used as a 
basis for considering regulatory measures aimed at limiting 
exposures to substances with known or suspected effects. 

THE HOLISTIC APPROACH

Testicular function and indeed the reproductive health are 
exquisitely sensitive to an individual’s total environment- 
including physical, biological and social factors. The relative 
effect of these features may vary in different parts of the world or 
even within a country.

In our environment a review of environmental endocrine 
disruptors (and potential endocrine disruptors) would necessary 
include “non-chemical endocrine disruptors” belonging to the 
social environment. Worthy of specific mention is stress which 
could disrupt the testicular endocrine function through the 
hypothalamo-pitutary-gonadal axis, hypothalamo-pitutary-
thyroid-gonadal axis, and the hypothalamo-pitutary-adrenal/ 
gonadal axis.

CONCLUSIONS

In view of the prevailing scientific debate on environmental 
endocrine disruptor hypothesis, a decision could be made to wait 
until sufficient data accumulate to show cause and effect before 
taking action or to apply a precautionary principle. The latter will 
involve avoiding practices which have potential to cause damage 
even when all facts are not yet known. We should seek a delicate 
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balance between the two extreme scientific opinions. There is 
need for ecological “common sense”. For instance, if the fish in the 
rivers used for drinking water display sex reversal, action should 
be taken immediately. If minor or localized disturbances are seen 
in wild life ecology, the best course of action would be long-term 
data collection.

It should also be noted that although surface and ground water 
have been extensively surveyed in several geographical areas, 
there is paucity of data from Africa. This situation merits 
additional comments because whereas the industries and their 
finished products are domiciled in the developed world, evidence 
abound that their toxic wastes are dumped in the developing 
world. According to a time-tested toxicology rule, “dose makes 
poison”. This continent may therefore be gradually getting 
“poisoned”. Concerted efforts should also be made by clinicians to 
attempt to identify aetiology of a possible exposure to endocrine 
disruptors when investigating cases of male infertility. Finally, the 
government at all levels must invest in relevant capacity building, 
training and re-training of environmental toxicologists.
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