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affecting male fertility. Although many of the metals are essential for various
biological processes but on the other hand, these essential metals become
toxic with the increasing dose and exposure. The primary objective of this
review article is to find out the various metals induced toxicity on the
reproductive system of male, especially on testicular system. The main aim is
to collect the all data in a cumulative way and to compile all of these and
represent them in a tabulated form. The overall result of this review offer a
confirmation that certain transition metals such as As, Cd, Cr, Hg, Mn, Mo, Pb,
Ni, V and Zn may adversely affect male reproductive functions such as
spermatogenesis, sperm quality, secretory functions of accessory glands,
libido, fertility, serum testosterone level and antioxidant defense system.
Most of the reports on the reproductive toxicity of transition metals are from
experimental animal studies.

Keywords: Metal toxicity, reproductive system, testicular toxicity,
spermatogenesis.

© www.albertscience.com, All Right Reserved.

INTRODUCTION:

During the past 50 years, thousands of metals and
chemicals have been released into the general
environment [1]. It is often the case that the nonessential
toxicant metals mimic essential metals and thereby gain
access to and potentially disrupt key cellular functions.
Due to the rapid industrialization and overgrowing
urbanization, effects of metals on male reproductive
system have become major health concern [2, 3]. This
can also account for bioaccumulation of toxic metals [4,
5]. It is undeniable that good quality semen is essential
for reproductive success. This quality appears to have
been directly affected in recent years. Since 1990s,
various authors have reaffirmed the possible significant
drop in sperm quality and consequently an increase in
male infertility rates [6, 7, 8].

Male infertility accounts to about 50% of infertility cases
in 10-15% of couples [9]. One of the major factors
associated with male infertility is the quantity and
quality of sperm produced [10]. Failure of
spermatogenesis is the result of several causes such as
systemic diseases, endocrine disorders, malnutrition,
genetic factors and environmental hazards [11]. Heavy
metals may compromise male reproduction, as
demonstrated by epidemiological and animal studies
[12]. Lead poisoning causes inhibition of testicular

functions along with those of the secondary sexual
glands like the prostrate, epididymis and seminal vesicle,
resulting in the alteration of their biochemical
composition and affecting both steroidogenesis as well
as gametogenesis [13]. Accumulation of lead in the testis
is known to have anti-spermatogenic effect [14].
According to Anjum et al,, the testis of lead treated rats

revealed remarkable degeneration and atrophied
seminiferous tubules with absence of regular
differentiated stages of germ cells to mature

spermatozoa [15].

Occupational exposure is associated with paint, plastic,
glass, metal alloy production, and mining activities.
Nonoccupational exposure can occur by the ingestion of
food and water containing the metal and
bioaccumulation in plants and aquatic organisms. Other
forms of contamination are inhalation of cigarette smoke
or air pollution caused by forest fires, mining areas, and
metal refining industries. It is known that Cd exposure
can affect organs, such as the liver, lung, and kidneys,
and the testicles are particularly sensitive to toxicity
mediated by this pollutant. Changes in testicular
structure due to Cd intoxication include damage to germ
and Sertoli cells, as well as degeneration and testicular
necrosis, since this metal leads to the rupture of the
blood-testis barrier. When ingested, Cd is absorbed in
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the duodenum by the divalent metal receptor (DMT-1),
which absorbs microminerals. This competition may
reduce the concentration of essential minerals, such as
magnesium (Mg), iron (Fe), zinc (Zn), selenium (Se), and
copper (Cu), which is important for the development and
maintenance of spermatogenesis. The aforementioned
minerals act as cofactors of antioxidant enzymes, such as
superoxide dismutase, and a reduction of mineral levels
increases reactive oxygen species (ROS) concentrations,
which is also a mechanism of Cd toxicity [16-27].

Over the past few decades, male infertility has increased
a phenomenon that is closely associated with
environmental pollution. Particularly, cadmium is a
highly toxic heavy metal that has been reported to
induce male infertility. With the rise of the incidence rate
of infertility, the adverse effects of environmental factors
are becoming an increasing concern. Particularly,
environmental pollution has posed a serious threat in
recent years. Guangxi is an area with high cadmium,
which has an adverse effect on the safety of life. Previous
studies have demonstrated that the reproductive toxicity
of cadmium is the highest, particularly in the male
reproductive toxicity system. Human intake of cadmium
primarily originates from the consumption of
contaminated water, crops, cigarettes or other sources.
Cadmium deposition in the kidney, bones, liver, lung and
reproductive organs leads to severe organ impairment
[28-39].

Transition metals are those elements whose atom has an
incomplete d sub-shell, or which can give rise to cations
with an incomplete d sub-shell. Because of this physical
characteristic, transition metals have a wide variety of
applications in the industrial world. They are the key to
making different alloys, colored paints, photo reactive
eye glasses, mercury thermometers and in medicines.
Transition metals are also used as a catalyst in fertilizers
and chemical industries. The characteristic property of
transition metal is that they have many oxidation states,
due to the relatively low reactivity of unpaired d
electrons. The major role of transition metal ions is in
oxidation-reduction reactions. In biological systems,
transition metals are mostly conjugated or bound to
proteins forming metalloproteins. Most of the metals in
metalloproteins are part of enzymatic systems, have
structural functions, or use the protein to be transported
to their target site in the organism [40].

Transition metals include trace elements that are of
significance for mammalian physiology like: (i) Cobalt
(Co), a component of cobalamine, or vitamin B12, (ii)
molybdenum (Mo), an electron transfer agent in
enzymes such as xanthineoxidase and sulphite
reductase, (iii) vanadium (V), which is biochemically
related to glucose and lipid metabolism, (iv) copper (Cu),
responsible for the production of a wide range of
neurotransmitters, also required for the proper function
of vitamin C and iron absorption and (v) zinc (Zn),
necessary for a healthy immune system [41].

Certain transition metals like Zn, Cu, manganese (Mn),
gold (Au) and nickel (Ni) play a significant role in male
reproductive functioning and deficiency of these trace
metals have negative impact on spermatogenesis and

semen quality. Zinc is essential for the maintenance of
germ cells, the progression of spermatogenesis,
stabilization of the cell membrane and regulation of
capacitation, acrosome reaction and sperm motility [42].
Its deficiency leads to gonadal dysfunction, decreases
testicular weight, and causes shrinkage of seminiferous
tubules [43]. Mn is a potent stimulator of sperm motility
through the stimulation of adenylate cyclase activity
[44]. It also stimulates luteinizing hormone (LH)
secretion and spermatogenesis in pre-pubertal male rats
and its deficiency can impair fertility and cause birth
defects [45]. Gold also has been claimed to have a
beneficial effect on testicular function and sperm.
“Swarna bhasma” (ash of gold) has been used with good
results by Ayurvedic practitioners in the treatment of
infertility [46]. The role of Cu in male reproductive
capacity appears to be largely unknown, but this metal
appears to be involved in spermatozoa motility and it
may also act at the pituitary receptors which control the
release of LH [47]. Nickel is also an activator of some
enzymes (dehydogenase and carboxylase). Nickel
deficiency can have a negative impact on
spermatogenesis and semen quality [48,49].

The incidence of chemically-induced infertility appears
to be on the increase worldwide [50]. Therefore, the
toxic effects of environmental toxins and drugs on the
human reproductive system have become a major health
concern [51,52]. Cadmium (Cd), a toxic heavy metal of
both occupational and environmental concern, has found
its relevance in several industrial processes such as in
electroplating and manufacturing of paint pigments,
batteries, plastic, and fertilizers. However, in regions of
inadequate exposure control, it readily bioaccumulates
in biological systems where it induces deleterious health
effects [53]. When released into the environment
following occupational activities, it is readily absorbed
from the soil by the root of plants; making food
consumption a major source of its exposure [54, 55]. Itis
readily absorbed by the body via oral route (by means of
Cd-contaminated water) and inhalation (particular in
cigarette smoke) [56]. Unlike most heavy metals, once
absorbed by the body Cd exposure can induce
deleterious effects at relatively lower doses [57-59]. Its
toxic effects are expressed in the testes even before
pathological changes occur in other organs [60],
although its main repository organ is the kidney [61]. Cd
is reputed to exert its toxic effects by inducing reactive
oxygen species (ROS) generation through oxidative
damage [62]. These ROS, mainly 02+, H202 and OH+ [63],
initiate reactions with cellular biomolecules, and
consequently, results in lipid peroxidation, altered the
antioxidant system, membrane protein damage, DNA
damage, and apoptosis [64-65]. It was, therefore,
hypothesized that a potent antioxidant could retard or
inhibit the basic mechanism of Cd-induced deleterious
alterations (generation of ROS) and possibly ameliorate
its toxic effects in biological systems. This hypothesis
was tested using dietary polyphenols which are
relatively cheaper, readily available, and considered to
have considerable lesser side effects [66] as opposed to
already established models (such as the use of
dimercaptosuccinic acid) which are often more
expensive, not readily available, and burdened with
undesirable side effects [65-67].
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The objective of this review article is to find out the
various metals induced toxicity on the male reproductive
system especially on testicular system. The main aim is
to collect the all data in a cumulative way and to compile
all of these and represent them in a tabulated form.

MECHANISM OF TESTICULAR TOXICITY ON METAL
EXPOSURE

Mechanism of testicular toxicity induced by dietary
cadmium (Cd) has been less investigated than that
following acute Cd injection. In the present study we
characterized testicular injury in a small rodent, the
bank vole, exposed sub-chronically to dietary Cd in a
quantity of 0.9 umol/g, and determined the importance
of some factors (Cd accumulation, metallothionein (MT),
oxidative stress, and zinc (Zn)) in the injury.

Dietary Cd induced moderate histopathological changes
(hemorrhage in interstitium, necrosis and apoptosis in
seminiferous tubule epithelium) in young (1 month old)
bank voles fed, for 6 weeks, Fe-adequate (1.1-
1.4 pmol/g) and Fe-enriched (4.5-4.8 umol/g) diets. In
contrast, adult (5 months old) bank voles appeared to be
resistant to the toxic effects of dietary Cd, despite the
fact that testicular Cd contents were higher and MT
levels lower than those in the young animals. The Cd-
induced histopathological changes and apoptosis were
accompanied by increased testicular lipid peroxidation,
decreased testicular Zn concentration and elevated
levels of hepatic and renal MT and Zn. Supplemental
dietary Zn (1.7-1.8 umol/g) prevented the Cd-induced
testicular Zn depletion and injury. The data indicate that
dietary Cd produces testicular lesions indirectly, through
decreasing testicular Zn, which seems to be due to the
sequestration of this element by the Cd-induced hepatic
and renal MT [68].

Table 1: Some examples of metal induced testicular toxicity with their toxic effects.

S. Transition Animal Route of | Dose & Effect Reference
No. | metal species/Strain | exposure Duration
1 Cadmium Human Occupational - Testicular tumors and necrosis was | [69]
(Cd) observed.
(inhalation)
Seminiferous tubules of testes
showed complete absence of
30 ppm spermatogonia, primary
Mouse Drinking oP spermatofytes, secondary | [70]
water 7 weeks spermatocytes, spermatids and
spermatozoa and loss of
spermatogenesis.
Dose-and-time-dependent
alterations of the meiotic process of
0.1, 1 and is. 1 f total
Culture of rat 10 ug/L sgermat()lggne51:.f ncrease do ! [71]
seminiferous ) Over a 2. |2 lrllorma ities of fragmented sertoli
tubules week cells.
2 Cobalt Hamster Lp. 20, 10, | Volume of seminiferous epithelium | [72]
chloride 5 mg/kg was significantly decreased
- whereas lumen diameter of
(CoCl2) b.wt. seminiferous tubule and volume of
interstitium was increased
Single
Hypertrophy of interstitial Leydig
Lo 200, 400, cells, congested blood vessel and
Mouse Drinking | 800  ppm degeneration of spermatogonial [73]
water 12 week cells and necrosis of both the
seminiferous tubules and the
interstitial tissue was observed
3 Copper (Cu) | Mouse Drinking 30 ppm 7 | Seminiferous  tubules  showed | [74]
water weeks complete absence of
spermatogonia, spermatozoa and
loss of spermatogenesis
4 Manganese Mouse Oral 7.5, 15.0, and | Decrease in sperm motility and | [75]
(Mn) 30.0 mg/kg | sperm counts, no alterations in the
bwt/Day, 43 | fartility or histology of the testes
days .
when compared with the controls.
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5 Molybdenum | Human Occupational - Sperm  abnormalities  (broken | [76]
(Mo) flagellum, flagellum torso and
separated flagellum) occur
Mice Drinking 2 100 | Adversely affects the sperm quality | [77]
water mg/L  Sub | through inducing the testicular
acute oxidative stress
Epididymal sperm count and
Oral 5,10 or 20 | motility decreased and numbers of [78]
Mouse ra mg/kg abnormal sperm were increased
bwt/day | qose dependently
35 days
6 Mercury Human Occupational - Inhibin B serum levels increased | [79]
(Hg) with increasing mercury exposure
among the Greenland Inuit
7 Mercury Human Diet - Infertile male with abnormal semen | [80]
(Hg)
(sea-food)
8 Mercuric Sprague- Gavage 0.0, 1.0, or | Significant adverse effects on male
chloride Dawley rat reproduction endpoints
2.0 mg/kg | including fertility [81]
(HgCl2) rats b.wt./day
60 days
9 Nickel Tropical fish - Lp. 20 | Decrease in germinal epithelium | [82]
chloride mg/kg and increase in the relative volume
(G. carapo) b.wt. Single | of the interstitium of seminiferous
(NiClz) tubule.  Diameter  of  the
seminiferous tubule was markedly
decreased
10 | Nickel (Ni) Mouse - Oral 5 and | 35 days Decrease in sperm motility | [83]
10 mg/kg and sperm count was observed
b.wt/day
11 Nickel (Ni) Human (Indian - - A significant positive correlation | [84]
between the percentage of tail
welders) defects
Occupational in spermatozoa and blood nickel
concentration was observed in
workers

IN VITRO FERTILIZATION (IVF) AND SUBSEQUENT
EMBRYONIC DEVELOPMENT PROCEDURE [85]

To investigate the effect of cadmium on fertilization and
subsequent embryonic development, described in
Chemicals section, stock solution of cadmium was used
as a medium supplement. According to our preliminary
experiments, we adopted three concentrations of 2.5
pug/ml, 5 pg/ml, and 10 pg/ml in the sperm exposure
experiment both in mouse and human. Furthermore, we
observed that cadmium exposure at a dose of 10 ug/ml
for 30 minutes did not impair the motility of mouse
spermatozoa. We placed mouse sperm, which were
squeezed out of cauda epididymis, in cadmium-
containing HTF-BSA for 30 min and then washed them
with HTF-BSA before analyzing the motility parameters
by CASA.

Next, the sperm were incubated in fresh HTF-BSA
medium for another 60 min until capacitation was
complete, after which a normal IVF procedure was
performed. HTF-BSA medium was equilibrated in a 37°C,
5% COzincubator one day before the experiment. A
small volume of capacitated sperm suspension was
added to a drop of 100 pl HTF-BSA medium containing
freshly ovulated oocytes to achieve a final sperm
concentration of 10¢/ml. Four to six hours later,
fertilized oocytes at the pronuclear stage were washed
and cultured in KSOM for in vitro development to the
morula/blastocyst stages in 5% CO: in air. Oocytes were
observed for male and female pronucleus formation
(fertilization) at 6 h after the initiation of culture, and the
numbers of 2-cell embryos, 4-cell embryos, morula and
blastocysts after 24 h, 48 h, 72 h and 96 h in culture were
checked and recorded, respectively.
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IN VITRO CULTURE OF EMBRYOS DERIVED FROM
NATURAL FERTILIZATION [85]

To study the post-fertilization effects of Cd on the
development of embryos derived from natural
fertilization, embryos were continuously exposed to
cadmium from the zygote stage with 2 pronuclei
produced by natural insemination to the blastocyst
formation stage at exposure concentrations of 0.625
pg/ml or 1.25 pg/ml in KSOM culture medium in vitro.
KSOM medium was equilibrated in a 37°C, 5%
COz incubator one day before the experiment. Zygotes
were observed and recorded at the initiation of culture,
and the number of 2-cell embryos, 4-cell embryos,
morulae and blastocysts after 12 h, 36 h, 60 h and 84 h,
respectively, were checked and recorded.

PREPARATION AND CULTURE OF SEMINIFEROUS
TUBULES

The technique of seminiferous tubule culture has been
described previously (Hue et al, 1998; Staub et al,
2000). Briefly, cultures (n = 3) were performed with and
without fungicides. Stock solutions of CBZ, IPR and the
mixture/cocktail (CCK) were prepared in 1% dimethyl
sulfoxide (DMSO), and then diluted in serum-free culture
medium to obtain the final concentrations of 500 nM or
50 nM in the basal compartment. The final medium and
controls contained 0.03% DMSO. Basal media (with or
without fungicides) were renewed every two days. For
CCK, an equimolar solution of the two fungicides
containing 0.03% DMSO (50 nM or 500 nM) was
prepared [86].

IN VIVO STUDIES

Male reproductive toxicity of Nickel and putative
protective role of melatonin have been assessed in 180
days old wistar rats. Ni was administered through
drinking water and, melatonin (18:00 hrs)
intraperitoneally for 60 days. On 61st day animals were
sacrificed and testis was taken for estimation of tissue
metal load by ICP-AES and biochemical estimation of
antioxidants (both enzymatic- CAT, SOD, GPx, GR and
non-enzymatic GSC, Ascorbic acid) together with level of
lipid peroxidation. Serum titres of steroids and
melatonin and activity of testicular steroidogenic
enzymes (38 and 173 HSDH) were measured along with
epididymal sperm parameters (Sperm count, motility
and abnormality). Further, studies were extended to
assess the effect of Ni on in vitro testosterone production
by isolated rat Leydig cells under basal and stimulated
conditions. Results of the present study reveal increased
tissue metal content following Ni treatment. Ni induced
oxidative stress in testis is marked by increased lipid
peroxidation and depletion and inhibition of endogenous
non-ezymatic and enzymatic antioxidants respectively.
Marked inhibition of testicular steroidogenic enzymes
was reflected in the form of altered serum titres of
testosterone and estradiol in Ni administered animals.
Disruption of spermatogenesis is marked by loss of
sperms, decreased number of motile sperms and
increased abnormal spermatozoa in the Ni treated
group. Isolated Leyding cells incubated with Ni showed
decreased testosterone secretion under both basal and
hCG stimulated conditions. In conclusion, the present
study has shown Ni induced oxidative stress and

deleterious effects on steroidogenesis and adverse
quantitative and qualitative effects on sperm. Melatonin
has been found to be effective in preventing these effects
to a greater extent though not completely [87].

In short, it is important to note that the endocrine
disruption induced by Cd is likely to be multi-factorial,
mediated via its effects on Leydig cells and/or the
hypothalamic-pituitary-testicular axis. Therefore, one
should critically analyze the in vivo effects induced by Cd
regarding hormonal disruption, especially considering
that the effects of Cd on the hormonal production and/or
secretion, and if these effects are dose- and time-
dependent. Moreover, the sequence of (or the
concomitant) effects and the mechanisms involved
remains to be explored and questions still remain
unanswered. For example, it remains to be determined if
Cd modulates AR and/or testosterone effects in the
testis. Furthermore, the effects of Cd on the expression of
androgen-regulated genes, both in vivo and in vitro, in the
testis and/or Sertoli and germ cells will be helpful to
address some of these questions [88].

SURVEY OF SOME LITERATURES:

Transition metals are d block elements, which show
multiple oxidation states. Transition metals have a wide
variety of applications in the industrial world. Recent
studies have shown a considerable increase in metal
contamination all over the world due to extensive use of
metals and anthropogenic activity. A significant amount
of many metals including transition metals have been
reported in semen and blood of occupationally exposed
workers. In the biological system, transition metals are
mostly conjugated to proteins, forming metalloproteins,
which are part of the enzymatic system. These are an
essential component of biological function, but at higher
concentration they can be toxic. Transition metals can
interact additively, synergistically or antagonistically
and affect each other’s absorption, distribution and
excretion. Recent studies have shown that exposure to
transition metals such as Cd, Cr, Hg, manganese, Ni, V
and Zinc affects many body organs including the
reproductive system. Transition metals may adversely
affect male reproductive system in the terms of
disruption of spermatogenesis, reduction in sperm
count, motility, viability and increase in oxidative stress,
inhibition of testicular steroidogenesis, serum
testosterone, libido and decline in fertility. Various
underlined mechanism have been proposed for such
effects. The aim of this review is to provide a summary of
the effects of transition metal exposure on male
reproductive organs and functions [89].

Isabel Corpas et al., reported that effects were reflected
in the reduction of the thickness of epithelium and of
seminiferous tubule diameter (STD) as a consequence of
the action of lead in the reduction in numbers of
prospermatogonia and spermatocytes. Atrophication of
seminiferous tubules and the reduction in the number of
Leydig cells in the Pb-treated group was also reported by
Guang shan et al. Many studies previously by other
researchers have also shown that reduction of germinal
epithelium which was seems to be due to damage of
germinal cells. Loss of germinal epithelium cells was also
observed by Adhikari et al. Moreover, the interstitial
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space in adult testis was filled out with overgrowth of
Leydig cells. This increase of Leydig and Blood cell was
not caused by the reduction of the size of the
seminiferous tubules but by enhanced mitotic activity of
Leydig cells reported by Kissel et al., [90-95].

Arsenic is one of the most common toxins and a major
health concern globally due to its wide distribution and
adverse health effects. It is widely used as a feed additive
in the production of animals at present. Arsenic has been
proposed as a cause of reproductive failure in male
workers at a copper smelter in Sweden, but this
suggestion should be viewed with caution, as subjects
were also exposed to other potentially hazardous metals
(Beckman, 1978). Nevertheless, arsenic is considered to
be a likely reproductive toxicant that might cause male-
mediated reproductive effects (Hopenhayn-Rich et al,
1999). In the epididymides of mice, the presence of
radioactive arsenic indicated a risk of decreasing sperm
viability and impaired reproduction (Danielson et al.,
1984; Pant et al., 2001). Furthermore, it was reported
that arsenic exposure produced

steroidogenic dysfunction causing impairment of
spermatogenesis in rats (Sarkar et al., 2003) [96-101].

Effect of arsenic was studied on the testicular tissue of
Swiss albino mice. Sodium-meta-arsenite (NaAsO:2) was
administered to adult mice (25+30g) at a dose level of 30
mg/L and 40 mg/L through drinking water for 30, 45
and 60 days. After the treatment, the testicular organ
was removed, weighed and processed for
histopathological observation. No change in the body
weight was recorded in treated groups after arsenic
exposure but significant decrease in the relative
testicular weight was observed in comparison with the
control. The result showed that arsenictreated mice
exhibited dose dependent gradual reductions in
seminiferous tubular diameter and various gametogenic
cell population i.e. resting spermatocyte, pachytene
spermatocyte and step-7-spermatid except
spermatogonia. Leydig cell atrophy was significantly
increased in dose dependent manner indicating a
definite effect of arsenic on the spermatogenesis in mice.
These observations were supported by gradual
reduction in Leydig cell population in the above treated
groups. In conclusion, the above results confirm the toxic
effect of arsenic in testis of mice [102].

The toxic effects of cadmium (Cd) on reproductive
parameters are widely described in the literature.
Experimental models often make use of the
intraperitoneal route (i.p.), although human intoxication
occurs preferentially by the oral route and can be
continuous. However, little is known about the effect of
Cd administration routes on the testicular structure.
Thus, this study investigated the testicular impact of Cd
exposure comparing both i.p. and oral routes, both single
dose (SD), in addition to the oral route in fractional
doses (FD). Swiss adult male mice received CdClz 1.5
mg/kg i.p.,, 30 mg/kg oral SD, and 4.28 mg/kg oral FD for
7 consecutive days. The Cd bioaccumulation was
observed in all routes, mainly in the oral FD route. The
concentrations of testicular Ca and Cu decreased in all
animals exposed to Cd, while Zn and Mn decreased only
in the i.p. route. Testicular SOD activity was reduced in

both routes of oral administration, while CAT increased
in the i.p. route, and GST increased in all animals
exposed to Cd. Changes in the tubular parameters and
cell viability were observed in both routes of Cd
administration but were more intense in the oral route,
mainly in the FD. Serum testosterone concentration was
reduced in both routes of oral administration. Tubular
damage, such as the vacuolization of the seminiferous
epithelium, germ cell detachment, and seminiferous
tubule degeneration, occurred in all groups exposed to
Cd. Therefore, the oral Cd administration presented
greater potential to promote testicular damage, mainly
when the metal was given in a fractionated way [103].

Cadmium (Cd) is an environmental toxicant and an
endocrine disruptor in humans. Several organs (e.g,
kidney, liver) are affected by Cd and recent studies have
illustrated that the testis is exceedingly sensitive to Cd
toxicity. More important, Cd and other toxicants, such as
heavy metals (e.g., lead, mercury) and estrogenic-based
compounds (e.g., bisphenols) may account for the recent
declining fertility in men among developed countries by
reducing sperm count and testis function. In this review,
we critically discuss recent data in the field that have
demonstrated the Cd-induced toxicity to the testis is
probably the result of interactions of a complex network
of causes. This is likely to involve the disruption of the
blood-testis barrier (BTB) via specific signal
transduction pathways and signaling molecules, such as
p38 mitogen-activated protein kinase (MAPK). We also
summarize current studies on factors that confer the
testis sensitivity to Cd, such as Cd transporters and
metallothioneins, and the impact of Cd on the testis as an
endocrine disruptor, oxidative stress inducer and how it
may disrupt the Zn+2 and/or Ca+2 mediated cellular
events. While much work is needed before a unified
mechanistic pathway of Cd-induced testicular toxicity is
emerged, recent studies have helped to identify some of
the likely mechanisms and/or events that take place
during Cdinduced testis injury. Furthermore, some of the
recent studies have shed lights on potential therapeutic
or preventive approaches that can be developed in
future studies by blocking or minimizing the destructive
effects of Cd to testicular function in men [104].

Previously, they reported that Wistar-Imamichi (WI)
rats are highly resistant to cadmium (Cd)-induced
lethality and hepatotoxicity compared to Fischer 344
(F344) rats. Since the testes are one of the most sensitive
organs to acute Cd toxicity, we examined possible strain-
related differences in Cd-induced testicular toxicity
between inbred WI and F344 rats. Rats were treated
with a single dose of 0.5, 1.0 or 2.0 mg Cd/kg, as CdCI2,
sc and killed 24 h later. Cd at doses of 1.0 and 2.0 mg/kg
induced severe testicular hemorrhage, as assessed by
pathological and testis hemoglobin content, in F344 rats,
but not WI rats. After Cd treatment (2.0 mg/kg), the
testicular Cd content was significantly lower in WI rats
than in the F344 rats, indicating a toxiokinetic
mechanism for the observed strain difference. Thus, the
remarkable resistance to Cd-induced testicular toxicity
in WI rats is associated, at least in part, with lower
testicular accumulation of Cd. When zinc (Zn; 10 mg/kg,
sc) was administered in combination with Cd (2.0
mg/kg) to F344 rats, the Cd-induced increase in
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testicular hemoglobin content, indicative of hemorrhage,
was significantly reduced. Similarly, the testicular Cd
content was significantly decreased with Zn co-
treatment compared to Cd treatment alone. Thus, it can
be concluded that the testicular Cd accumulation partly
competes with Zn transport systems and that these
systems may play an important role in the strain-related
differences in Cd-induced testicular toxicity between WI
and F344 rats [105].

Cadmium (Cd) is a toxic heavy metal of both
environmental and occupational concerns. The health
impact of ethno-botanical approaches in attempts to
ameliorate its deleterious effects in biological systems
should be an area of scientific interest since established
therapies are often burdened with undesirable side
effects. Aim: To determine the effects of polyphenol-rich
extract of the leaf of Vernonia amygdalina (PEVA) on Cd-
induced testicular toxicity, oxidative stress, and
histopathology in Wistar rats. Materials and Methods: A
total of twenty five (25) male Wistar rats were divided
into five groups as follows: Group 1 (Control) received
distilled water (0.2 ml/100 g i.p.) for 5 consecutive days
and thereafter left untreated for 28 days. Group 2
received Cd alone at 5 mg/kg (i.p.) for 5 consecutive
days. Group 3 was pre-treated with Cd as Group 2 and
thereafter left untreated for a period of 28 days, whereas
Groups 4 and 5 were pre-treated with Cd as Group 2 and
thereafter received PEVA (orally) at two dose levels (200
and 400 mg/kg, respectively) for 28 days. Results: Cd
administration induced reproductive toxicity as
evidenced by lowered level of follicle stimulating
hormone, luteinizing hormone, and testosterone (P <
0.05); perturbation of sperm characterization (P < 0.05);
deleterious disruptions of the antioxidant system as
evidenced by lowered levels of reduced glutathione and
superoxide dismutase as well as elevation in
thiobarbituric acid reactive substances level (P < 0.05);
decrease in relative testicular weight (P < 0.05); and
severe disseminated necrosis of the seminiferous
tubules with terminally undifferentiated/necrotic cells
as revealed by the histopathological examination. These
conditions were sustained following administration of
the two dose levels of PEVA. Conclusion: PEVA
administration is not a suitable therapeutic choice for
fertility enhancement in male Wistar rat model of Cd-
induced decline in reproductive function [106].

Cadmium is a heavy metal that is toxic to humans and

the reproductive system. The present study aimed to
investigate the mechanisms of cadmium-induced

reproductive toxicity in a male Institute of Cancer
Research mouse model of cadmium poisoning. Changes

in luteinizing hormone receptor (LHR), 17a-hydroxylase
and endothelial nitric oxide (NO) synthase (eNOS)
expression levels were examined. A total of 24 male mice
(4-week-old) were randomly divided into four groups
(normal control group and low, medium and high
cadmium groups) and subjected to gavage treatment
with normal saline or cadmium-containing saline
solutions for 8 weeks prior to sacrifice. To assess
testicular injury, serum androgen levels were

determined by ELISA, testicular tissue pathological
changes were evaluated using hematoxylin and eosin

staining. In addition, LHR, 17a-hydroxylase and eNOS

expressions levels were examined by western blotting,
and apoptosis was examined with a terminal
deoxynucleotidyl transferase dUTP nick end labeling
assay. The results demonstrated that the severity of
testes injury increased with cadmium concentration. In

addition, LHR, 17a-hydroxylase and eNOS expression

levels increased with low and medium concentrations of
cadmium; however, they were decreased following
treatment with high concentrations of cadmium.

The results from the present study demonstrated that

cadmium altered LHR, 17a-hydroxylase and eNOS

expression levels in testicular stromal cells, which may
impact testosterone synthesis. Furthermore, NO was

suggested to be involved in cadmium-induced testicular

injury by measurements of eNOS expression in testicular
stromal cells [107].

Lead is an industrial pollutant that may exert specific
toxic effect on mammals. The aim of study was to
investigate the protective effect of vit. E and pumpkin
seeds oil on male reproductive system of albino rat
induced by lead toxicity , the studying toxic effect of lead
on body weight, testis weight, Glutathione, Glutathione-
s- transferase, lipid peroxide, testosterone, lead residue ,
sperm gram, Nrf2 gene expression and histopathological
change in testes of rat. Sixty male albino rats randomly
divided into 4 groups. Group [ was given olive oil 3 times
a week orally, group Il was given 1.5 g/L lead acetate
daily in drinking water, group IIl was given lead acetate
plus 600 mg/kg/ bwt vit. E orally 3 times a week, while
group IV was given lead acetate plus 288 mg/kg/bwt
pumpkin seeds oil orally 3 time a week. The experiment
was extended for 8 weeks. Our results revealed
significant decrease in body weight, GSH, GST,
testosterone hormone level and sperm viability, and
significant increase in MDA, concentration of lead, sperm
abnormality and expression of Nrf2 gene in group II
without any significant changes in testis and epididymis
weight. Moreover, the pathological changes in testes
showed focal degeneration with loss of spermatogenic
series in the seminiferous tubules. All above mentioned
result were significantly improved in group III & IV. In
conclusion, vitamin E and pumpkin seeds oil have a
protective effect on the testicular damage induced by
lead [108].

The aim of the study is to investigate the effects of sub-
chronic poisoning with arsenic on the testes of chickens
treated. Seventy-two 1-day-old chickens were randomly
divided into 4 groups and provided food with different
doses arsenic. The histological changes were examined.
The mRNA levels of inflammatory factors, including
transcription factor nuclear factor-«B (NF-xB), tumor
necrosis factor-a (TNF-a), inducible nitric oxide synthase
(iNOS), cyclooxygenase- 2 (COX-2), prostaglandin E
synthase (PTGEs), and heat shock proteins (Hsps),
including Hsp70, Hsp90, Hsp60, Hsp40, and Hsp27 were
assessed by quantitative real-time PCR in the testes of
chickens. The protein expressions of iNOS, Hsp60, and
Hsp70 were detected by western blot. Increased mRNA
and protein levels of inflammatory factors and Hsps with
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testicular damage showed that arsenic-induced
testicular toxicity includes inflammatory and heat shock
response in chickens, and that increased Hsps levels may
play a protective role in inflammation damage induced
by arsenic on the testes of chickens. This study aimed to
compare Cd exposure by intraperitoneal (i.p.) and oral
routes, evaluating the testicular subacute and subchronic
effects. Adult male mice were separated into three
groups subdivided according to the experimental period
(7 and 42 days after Cd exposure: subacute and
subchronic effects, respectively): one group received
water and two groups received CdClz (1.2 mg/kg i.p. and
24 mg/kg oral). The testicular concentration of essential
minerals and Cd, activity of antioxidant enzymes and
markers of oxidative stress, histology, and testicular
histomorphometry were evaluated. The subacute effect
of oral Cd showed reduced Fe concentration, while Ca
and Cu increased in this route. The subchronic effect
promoted decreasing in Mg in ip. and oral routes,
whereas Zn decreased only in the oral, and the Fe
concentration did not change. SOD activity decreased in
the oral subacute evaluation and in both pathways, i.p.
and oral routes, in the subchronic evaluation, while GST
activity increased, and MDA concentration decreased.
Labeling of apoptotic cells was increased in the subacute
and subchronic evaluation. Seminiferous epithelium
degeneration, death of germ cells, and Leydig cell
damages occurred in i.p. and oral routes. However, these
damages were more intense in the oral route, mainly
evaluating the subchronic effects. The results confirm
that the severity of Cd-induced testicular injury depends
on the pathway, as well as the duration of exposure
[109].

Cadmium (Cd) is an environmental toxicant and an
endocrine disruptor in humans and rodents. Several
organs (e.g., kidney, liver) are affected by Cd and recent
studies have illustrated that the testis is exceedingly
sensitive to Cd toxicity. More important, Cd and other
toxicants, such as heavy metals (e.g., lead, mercury) and
estrogenic-based compounds (e.g, bisphenols) may
account for the recent declining fertility in men among
developed countries by reducing sperm count and testis
function. In this review, we critically discuss recent data
in the field that have demonstrated the Cd-induced
toxicity to the testis is probably the result of interactions
of a complex network of causes. This is likely to involve
the disruption of the blood-testis barrier (BTB) via
specific signal transduction pathways and signaling
molecules, such as p38 mitogen-activated protein kinase
(MAPK). We also summarize current studies on factors
that confer and/or regulate the testis sensitivity to Cd,
such as Cd transporters and metallothioneins, the impact
of Cd on the testis as an endocrine disruptor and
oxidative stress inducer, and how it may disrupt the
Zn(+) and/or Ca?*) mediated cellular events. While much
work is needed before a unified mechanistic pathway of
Cd-induced testicular toxicity emerges, recent studies
have helped to identify some of the likely mechanisms
and/or events that take place during Cd-induced testis
injury. Furthermore, some of the recent studies have
shed lights on potential therapeutic or preventive
approaches that can be developed in future studies by
blocking or minimizing the destructive effects of Cd to
testicular function in men [110].

Cadmium (Cd) is a toxic heavy metal of both
environmental and occupational concerns. The health
impact of ethno-botanical approaches in attempts to
ameliorate its deleterious effects in biological systems
should be an area of scientific interest since established
therapies are often burdened with undesirable side
effects. Aim: To determine the effects of polyphenol-rich
extract of the leaf of Vernonia amygdalina (PEVA) on Cd-
induced testicular toxicity, oxidative stress, and
histopathology in Wistar rats. Materials and Methods: A
total of twenty five (25) male Wistar rats were divided
into five groups as follows: Group 1 (Control) received
distilled water (0.2 ml/100 g i.p.) for 5 consecutive days
and thereafter left untreated for 28 days. Group 2
received Cd alone at 5 mg/kg (i.p.) for 5 consecutive
days. Group 3 was pre-treated with Cd as Group 2 and
thereafter left untreated for a period of 28 days, whereas
Groups 4 and 5 were pre-treated with Cd as Group 2 and
thereafter received PEVA (orally) at two dose levels (200
and 400 mg/kg, respectively) for 28 days. Results: Cd
administration induced reproductive toxicity as
evidenced by lowered level of follicle stimulating
hormone, luteinizing hormone, and testosterone (P <
0.05); perturbation of sperm characterization (P < 0.05);
deleterious disruptions of the antioxidant system as
evidenced by lowered levels of reduced glutathione and
superoxide dismutase as well as elevation in
thiobarbituric acid reactive substances level (P < 0.05);
decrease in relative testicular weight (P < 0.05); and
severe disseminated necrosis of the seminiferous
tubules with terminally undifferentiated/necrotic cells
as revealed by the histopathological examination. These
conditions were sustained following administration of
the two dose levels of PEVA. Conclusion: PEVA
administration is not a suitable therapeutic choice for
fertility enhancement in male Wistar rat model of Cd-
induced decline in reproductive function [111].

Lead is a ubiquitous environmental and industrial
pollutant that may have its toxic effects on the male. The
present experimental animal study was designed to
observe the changes in the testis due to excessive use of
lead. Developmental effects were monitored in the male
offspring of Swiss mice from Postnatal Day (PND) 1 till
PND 21. Lead acetate reduced the number of pups per
litter, percentage of live offspring, and pups weight.
Testicular morphology was severely affected in mice
exposed to Lead acetate. Therefore, exposure during
gestation and lactation adversely affects the
reproductive system of male mice. In present study lead
toxicity induced histological alterations in the various
components of the testis. It is observed in present
investigation that lead acetate given in high dose
(640mg/kg/days) caused decreased body weight as
compared to control males during developing period of
pups. The microscopic examination revealed that lead
induced apparent damage and reduction in the number
of seminiferous tubules and primordial germ cells. Oral
exposure of lead acetate changed the arrangement and
shape of spermatogonia cells and reduced the number of
sertoli cells. It also diminished the development of
Leydig cells. We can conclude from our findings that lead
acetate adversely affects developing testis of Swiss mice
[112].
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Mercury has been recognized as an environmental
pollutant that adversely affects male reproductive
systems of animals. This study examined the effects of
mercuric chloride on the antioxidant system and
histopathological changes and also evaluated the
ameliorating effects of sodium selenite and/or vitamin E
in the rat testis tissues. Sexually mature male Wistar rats
(weighing 300-320g and each group six animals) were
given mercuric chloride (1mg/kg bw) and/or sodium
selenite (0.25mg/kg bw)+vitamin E (100mg/kg) daily
via gavage for 4weeks. In the present study, mercuric
chloride exposure resulted in an increase in the TBARS
level and a decrease in the SOD, CAT, GPx activities, with
respect to the control. Further, light microscopic
investigation revealed that mercury exposure induced
histopathological alterations in the testis tissues.
Supplementation of sodium selenite and/or vitamin E to
mercury-induced groups declined lipid peroxidation,
increased SOD, CAT, GPx activities. While some
histopathological changes were detected in mercuric
chloride treated group, milder histopathological changes
were observed in animal co-treated with sodium selenite
and/or vitamin E supplementation to mercuric chloride-
treated rats. As a result, mercuric chloride induced
testicular toxicity is reduced by sodium selenite and/or
vitamin E, but not ameliorate completely [113].

All forms of mercury are considered poisonous.
Methylmercury, one organic form, is highly toxic to many
organs. The aim of the present study was to assess the
effects of this form on the reproductive system in the rat.
For this, 20 male rats were divided into two groups. One,
which is considered as reference, received tap water.
The second group received tap water containing
methylmercury at the rate of 20 mg 1™* for 8 weeks. At
the end of the experiment, blood samples were collected
for the determination of total mercury and plasma
testosterone. The left testes were used for the
determination of total mercury and histological
examination. Appropriate centrifugation was applied on
right testes to extract interstitial and seminiferous
tubular fluids. The epididymides were homogenised for
the sperm count. Our results showed a dramatic fall in
the plasma testosterone in the contaminated animals.
The fall in plasmatic testosterone seems to be in relation
with the decrease in the secretion of testosterone. In
association with this, the concentration of testosterone
in seminiferous tubules fluid dropped about 55% in the
poisoned animals in comparison with the controls.
Despite this, no decrease in the epididymal sperm count
in contaminated rats was observed [114].

This investigation was set out to determine whether
mercury at a very low dose (4 ppm) induces testicular
damage on murine testis, and if so whether the toxic
effects of mercury could be prevented by zinc. One of the
following solutions was administered in the drinking
water of Balb/C male mice: (1) 4 ppm HgClz; (2) 800
ppm ZnClz; (3) 4 ppm HgCl2+800 ppm znClz; or (4)
deionised water; for 12 weeks. At the expiration of the
treatment period, animals were sacrificed, testes excised
and weighed, and epididymal sperm number taken. The
testes were processed for histological examination. Both
zinc and mercury significantly (P<0.05) decreased the

absolute and relative testicular weights, with mercury
producing the highest reduction in weight. Mercury
reduced significantly (P<0.05) the epididymal sperm
number, while zinc and mercury/zinc produced
statistically same effect with control on the sperm
number. Histological study showed that mercury at the
concentration  employed  produced remarkable
degenerative lesions on the testes, as the zinc-treated
group showed a normal morphology. Majority of the
animals in the mercury/zinc treated group exhibited
complete or partial protection as evidenced by the
morphology of the somniferous tubules. Zinc prevents
mercury-induced testicular damage in mouse. These
findings highlight the risks exposure to inorganic
mercury might pose to male reproduction of mice, and
suggests possible therapy with zinc [115].

CONCLUSION

The overall result of this review offer a confirmation that
certain transition metals such as As, Cd, Cr, Hg, Mn, Mo,
Pb, Ni, V and Zn may adversely affect the male
reproductive functions such as spermatogenesis, sperm
quality, secretory functions of accessory glands, libido,
fertility, serum testosterone level and antioxidant
defense system. The testicular toxicity might be due to
the oxidative stress in the testis on metal exposure. The
degeneration of testicular tissue may also be responsible
for decreased testis weight which may result in
decreased sperm production and reduced testosterone
level.
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	Occupational exposure is associated with paint, plastic, glass, metal alloy production, and mining activities. Nonoccupational exposure can occur by the ingestion of food and water containing the metal and bioaccumulation in plants and aquatic organis...
	Transition metals are those elements whose atom has an incomplete d sub-shell, or which can give rise to cations with an incomplete d sub-shell. Because of this physical characteristic, transition metals have a wide variety of applications in the indu...
	Transition metals include trace elements that are of significance for mammalian physiology like: (i) Cobalt (Co), a component of cobalamine, or vitamin B12, (ii) molybdenum (Mo), an electron transfer agent in enzymes such as xanthineoxidase and sulphi...
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	The technique of seminiferous tubule culture has been described previously (Hue et al., 1998; Staub et al., 2000). Briefly, cultures (n = 3) were performed with and without fungicides. Stock solutions of CBZ, IPR and the mixture/cocktail (CCK) were pr...
	IN VIVO STUDIES
	Male reproductive toxicity of Nickel and putative protective role of melatonin have been assessed in 180 days old wistar rats. Ni was administered through drinking water and, melatonin (18:00 hrs) intraperitoneally for 60 days. On 61st day animals wer...
	In short, it is important to note that the endocrine disruption induced by Cd is likely to be multi-factorial, mediated via its effects on Leydig cells and/or the hypothalamic-pituitary-testicular axis. Therefore, one should critically analyze the in ...
	SURVEY OF SOME LITERATURES:
	The toxic effects of cadmium (Cd) on reproductive parameters are widely described in the literature. Experimental models often make use of the intraperitoneal route (i.p.), although human intoxication occurs preferentially by the oral route and can be...
	Lead is an industrial pollutant that may exert specific toxic effect on mammals. The aim of study was to investigate the protective effect of vit. E and pumpkin seeds oil on male reproductive system of albino rat induced by lead toxicity , the studyin...

