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Abstract 
There have been several reports indicating that the quality and quantity of human sperma­

tozoa are facing a serious decline. This leads some scientists and environmentalists to believe 
that the human species is approaching a fertility crisis. Several factors have been claimed to be the 
attributable causes of the decline in male fertility potentials. These include heavy metals and 
various chemical agents widely used in agriculture and industry. Moreover, other physical 
factors such as the increased global temperature and radiation exposure as well as the biologic 
factors such as the contamination of phyto- and xeno-estrogen in the environment could detri­
mentally affect male reproductive function. These effects can result in, not only a reduction in 
sperm concentration, but also alterations in sexual behavior, mood disorders and the presence of 
genital cancers. The knowledge in male gonadal toxicity, therefore, is very useful in under­
standing the impact of environment to the male reproductive system. This will lead us to 
protective strategies to avoid the adverse effects of environmental factors on the male 
fertility. 
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A serious decline in the quality and quan­
tity of human spermatozoa has occuned over the 
past 50 yearsCl). The study in Scotland revealed 
that men born after 1970 had a sperm count 25 per 
cent lower than those born before 1959 - an 
average decline of2 .1 per cent a year. The lower sperm 
count was also associated with poor semen qua-

lity(2). These data have led some scientists and 
environmentalists to believe that the human species 
is approaching a fertility crisis. Other scientists. 
however, think that the available data are insuffi­
cient to deduce worldwide conclusions(3,4J. 
Decreased semen quality and the total sperm count 
over the past 50 years has been attributed to envi-
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ronmental toxicants, many of which act as "estro­
gens"(5,6). There is still not enough evidence to 
determine whether this decline in semen quality is 
geographically localized or is a global phenomenon. 

Environmental factors which have some impacts 
on male fertility 

Fertility of males requires the competent 
integration of hypothalamic-pituitary-gonadal axis 
and the adequate production of male gametes which 
are capable of fertilizing the eggs. Male fertility 
can be affected by any chemical, physical or biolo­
gical agents that alter physiologic contra! processes 
and impairs the normal functioning of the gonads. 
This can occur either by a direct chemical action of 
the agent or indirectly via the metabolic products 
formed during the reaction process. 

A potential gonadotoxic agent can inter­
rupt the normal function of the male reproductive 
system at 

(1) the level of hypothalamic-pituitary­
gonadal axis 

(2) the gonadal level directly 
or (3) by altering posttesticular events such 
as sperm motility or function or both. Any disrup­
tion of these events mentioned above by toxicants 
may lead to hypogonadism, infertility, decreased 
libido/sexual function or all of these. The effects 
may lead to transient dysfunction or permanent 
gonadal damage. 

Possible environmental toxicants that may affect 
the male reproductive system are : 

1. Heavy metals 
2. Agricultural and industrial chemicals 
3. Cigarette smoking/alcohol/marijuana 
4. Pharmacological agents 
5. Hyperthermia/radiation 
6. Diseases 
7. Oxidative stress 
8. Environmental hormones 

Heavy metals 
Heavy metals such as lead, mercury, cad­

mium, aluminium, cobalt, arsenic, lithium and chro­
mium have been noted to exert adverse effects in 
human and experimental animals. In animals, lead 
exposure results in a dose-dependent suppression 
of serum testosterone and spermatogenesis(?). Lead 
is a direct testicular toxicant and is also able to 
disrupt the hormonal feedback mechanism at the 
hypothalamic-pituitary leve](8,9). 

Mercury exposure can alter spermatoge­
nesis and it has been found to decrease fertility in 
experimental animals( I 0). 

Boron has a major adverse effect at the 
hypothalamic-pituitary axis in a manner similar to 
lead. Oligospermia and decreased libido were 
reported in men working in boric acid-producing 
factoriesCll). 

Polycyclic aromatic hydrocarbon (PAHs) 
is another ubiquitous undefined complex mixture 
encountered in the environment, as a consequence 
of combustion as well as the use of tobacco pro­
ducts02). The toxicity of PAHs to the male repro­
ductive system, however, has not been examined in 
a well-designed study. 

Cadmium, another heavy metal used 
widely in industries (electroplating, battery elec­
trode production, plastics, alloys, paint pigments) 
and present in soil, coal, water and cigarette smoke. 
is a testicular toxicant. In animal studies, cadmium 
has been shown to cause testicular necrosis. It can 
also induce the expression of heat shock proteins. 
oxidative stress response genes, and heme oxyge­
nase induction mechanism. Clinacal studies have 
associated cadmium exposure with testicular toxi­
city, altered libido, and infertility03). 

Agricultural and industrial chemicals 
Agricutural chemicals implicated in male 

reproductive toxicity include epichlorhydrin, DDT. 
ethylene dibromide, kepone. and the dioxins. 

DBCP, a nematocide widely used in agri­
culture, is a testicular toxicant and induces hyper­
gonadotropic hypogonadism ( 14). 

DDT, a commonly used pesticide. has 
estrogenic effect in males by blocking the andro­
gen receptors OS). 

Methyl chloride, used in the production of 
organosilicated and gasoline antiknock additives. 
has been reported to induce changes in semen qua­
lity, testicular size, and serum gonodotropi ns06). 

Cigarette smokinglalcohoVmarijuana 
The association between cigarette smok­

ing and infertility has been investigated but with 
conflicting conclusions( 17). A detrimental effect of 
smoking on sperm concentration, motility, and mor­
phology may be caused by impaired spermatogene­
sis secondary to various hormonal alterations( 18). 
Smoking and the presence on varicocele have also 
been proposed as having an additive detrimental 
effect on sperm density( 19). 
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Chronic high-level consumption of alcohol 
has been shown to decrease sperm concentration 
and the number of normal sperm forms, and to 
impair sexual function in men with alcohol depen­
dence syndrome. Alterations in the hypothalamic­
pituitary-gonadal axis is contributary to the gona­
dotoxicity of alcohol. Avoidance of chronic, heavy 
alcohol use can reverse these effects(20). 

Marijuana can decrease sperm number and 
motility and increase abnormal forms. Other "re­
creational drugs" such as cocaine, heroin and metha­
done have also been found to cause decreased 
testosterone and altered gonadotropin levels(21). 

Pharmacologic agents 
Anabolic steroids : Steroid abuse in athletes 

has been found associated with severe impairment 
of normal sperm production. This effect is due to 
feedback inhibition of the hypothalamic-pituitary 
axis by steroids and this effect can be reversed 
within 4 months of nonuse(22). 

Chemotherapeutic agents : 
I. Antibiotics : Some antibiotics such as 

tetracycline derivatives, sulfa drugs, nitrofurantoin 
and macrolide agents impair spermatozoal function 
and spermatogenesis(23). 

2. Cancer chemotherapy usually damages 
the germinal epithelium. Mechlorethamine (nitrogen 
mustard) causes spermatogenic arrest. Cyclophos­
phamide affects the decondensation potential of 
spermatozoa due to alkylation of the nuclear pro­
teins or DNA. This may also contribute to conge­
nital abnormalities of the off spring(24). 

The severity of germ cell damage is related 
to the category of the agent used, the dose, the 
duration of the treatment and the developmental 
stage of the gonad. Prepubertal and adolescent 
gonads are reportedly affected less by chemotherapy 
and radiation than the postpubertal testis(24,25). 

3. GnRH agonists lead to suppression of 
gonadotropins and spermatogenesis. It may have 
the potential to be utilised as a male contraceptive 
agent in the near future(26). 

4. Ketoconazole, an antifungal agent, inhi­
bits testosterone biosynthesis primarily by inhibit­
ing the activities of steroidogenic enzymes in 
Leydig cells without direct effect at the pituitary 
level(27). 

5. Cyclosporin, the immunosuppressive 
drug used in patients who have undergone organ 
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transplant, has hypoandrogenic effects mediated 
through the hypothalamic-pituitary axis(28 l. 

Hyperthermia/ radiation 
Hyperthermia results in impaired Leydig 

cell function, a gonadal loss in size of seminife­
rous tubules and the peritubular hyalinization with 
fibrosis of the testis(29). Hyperthermia of testis can 
occur on several occasions such as in persons who 
uaually wear very tight underwear, in persons who 
spend a very long time sitting daily such as truck 
drivers, in persons who usually take a hot bath 
instead of taking a shower and in persons who have 
cryptorchid testis or varicoceles. 

Gonadal damage due to radiation exposure 
(X-rays, neutrons and radioactive materials) is 
generally more severe and difficult to recover from 
than that induced by chemotherapy. A direct dose 
of irradition to gonads greater than 0.35 Gy causes 
aspermia. The time taken for recovery increases 
with larger doses, and doses in excess of 2 Gy will 
likely lead to premanent azoospermia. Leydig cells 
will also be affected at higher radiation doses (> 
15 Gy)(30). 

Diseases 
Acute and subacute infection and inflam­

mation of the male gonads and accessory glands 
can be associated with disturbances in both sex 
gland function and sperm quality. Some of these 
conditions such as chlamydia! infection, mumps 
orchitis, tuberculosis, syphilis and leprosy can cause 
irreversible sterility. These conditions are usually 
assoicated with leucospermia or bacteriospermia. 
The pathophysiology of these conditions involves 
damage to the seminiferous tubules or obstruction 
to the passage of sperm at the level of epididymis 
or ejaculatory ducts(31 ). 

Oxidative stress 
Oxidative stress is a condition associated 

with an increased rate of cellular damage induced 
by oxygen and oxygen-derived oxidants. Chronic 
disease states, aging, toxin exposure, physical injury 
and exposure to many types of food can enhance 
this oxidative process and cause cell damage. 

The generation of nitric oxide in response 
to infection and inflammation can contribute to 
poor sperm motility and function and lead to infer­
tility. Nitric oxide along with superoxide radicals 
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(peroxynitrite) induces endothelial cell injury, 
which may result in gonadal dysfunction due to 
vasoactive effects of nitric oxide rather than by 
direct effects on gonadal cells(32,33). 

Environmental hormones 
Several agents that some males are 

exposed to in their daily lives may have estrogenic 
effects. These include non-ionic surfactant deter­
gents which are used mainly in industries, cosme­
tic materials, and food which produces phyto­
estrogen such as soybean. Exposure to high estro­
gen in utero or early neonatal life has been shown 
to be associated with low sperm count, small testis 

Summary of the common gonadotoxic agents(34). 

Class 

A· 

B: 

Environmental/occupational agents 
Organochemicals 

Heavy metals 

Recreational drug 

Agent 

DBCP 
DDT 
PCBs 
Dioxins 
Methyl chloride 
Lead 
Mercury 
Cadmium 
Cobalt 
Chromium 
Nicotine 
Alcohol 
Marijuana 
Steroids 

and the increased possibility of development of 
testicular cancers in the young. Exposure of adult 
males to environmental estrogen may also have 
some impact on the male reproductive system(6,34). 

SUMMARY 
The dramatic increase in knowledge of 

male gonadal toxicity and subsequent changes in 
fertility will be of use in understanding the impact 
of the environment on the male reproductive sys­
tem. This will lead to protective strategies which 
can be suggested to avoid or decrease the detri­
mental effects of environmental factors on male 
fertility. 

Adverse effects/comments 

-L Fenility. -L libido: embryo fetal loss. 
binh defects. cancer: estrogenic 
effects, poor semen quality 

-L HPG-axis. -L spermatogenesis. CNS 
effects, testicular damage 

-L Spermatogenesis. poor sperm function 
-L HPG axis 

Pharmacologic agents 
Antimicrobials Tetracyclines, sulfas, 

gentamicin, 
-L Sperm function. -L spermatogenesis. 
testicular damage. -L sperm motility 

Antineoplastic 

Radiations 
Other drugs 

C : Biological agents 

neomycin, nitrofurantoin 
Nitrogen mustard, 
Cyclophosphamide 
X-rays, y-rays 
Cimetidine 
GnRH analogs 
Cyclosporine 
Lithium, Ketoconazde 

Hyperthermia 

Infection/inflammation 
Oxidative stress 
Age related 

Germ cell and Leydig cell damage 

-L HPG-axis. -L sperm: -L libido. 
-L steroidogenesis 

i ROS, -L spermatogenesis, testicular 
damage, poor sperm morphology 
i ROS. i WBC, J- SOD. i IL-8 J- sperm function 
i ROS, i LPO i cytokines. -L T. -L sperm function 
i ROS, J- HPG, i LPO J- spermiation 

DBCP, dibromochloropropane; DDT, dichlorodiphenyl-trichloroethane; ROS, reactive oxygen species. 
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