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Introduction:-

The rate of pollution with heavy metals compounds is increased with civilization. The animal body can store some
heavy metals that enter the body and excrete it without adverse health effects, but when the animal is over exposed
either accidentally or occupationally to high level of heavy metals, symptoms of heavy metals toxicity result. The
total body burden of heavy metals includes (i) a rapidly exchangeable pool in blood and soft tissue (like
reproductive organs), (ii) an intermediate pool of exchangeable heavy metals in skin and muscles and (iii) a more
stable pool in the skeleton [1]. The build-up of heavy metals in soils and waters continues to create serious global
health concerns, as these metals cannot be degraded into non-toxic forms, but persist in the ecosystem.
Contamination of the environment with heavy metals has increased beyond the recommended limit and is
detrimental to all life forms [2].

Although heavy metals are found naturally in the earth, they become concentrated as a result of human activities and
can enter plant, animal and human tissues through inhalation, diet and manual handling. They can interfere with
cellular components. Cadmium, lead, and mercury are among the top 10 chemicals of major public concern to the
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World Health Organization (WHO). Some of their sources include atmospheric deposition, waste disposal, fertilizer,
pesticide application, industry and nuclear waste [3].

Unlike organic contaminants, heavy metals cannot be broken down by chemical or biological processes. Hence, they
can only be transformed into less toxic species. The preponderances of heavy metals are poisonous at little
applications and are able of inflowing the food chain, where they collected and inflict damage to living animals. All
metals have the probability to display destructive effects at higher concentrations and the poisonousness of each
metal depends on the quantity available to animals, the immersed amount, the path and the time of contact. Owing to
the harmful effects of these metals, there are rising ecological and public health worries, and a consequential
necessity for rise awareness in order to remediate the heavy metal contaminated atmosphere [3,4].

Lead is undoubtedly one of the oldest occupational toxins and evidence of lead poisoning can be found dating back
to Roman times. As, manufacturing lead fabrication started at least five thousand years ago, it is likely that outbursts
of lead toxicity happened from this time. Despite serious study, there is still enthusiastic discussion about the lethal
effects of lead, both from low-level exposure in the overall inhabitants due to ecological contamination and notable
usage of lead in paint, pipes and from exposure in the occupational setting [5].

Mercury was used as a bright red pigment by the Palaeolithic painters of 30,000 years ago to decorate caves in Spain
and France. Mercury is a universal component in the environment producing oxidative stress in the exposed persons
leading to tissue destruction. Its pollution and poisonousness has posed a severe threat to human well-being. The
discharge of Hg from dental amalgamation dominates exposure to mineral Hg and may have an acceptable hazard
between the overall people. Human contact to Hg can happen by breathing, ingestion and depletion through food
chain. Adverse effects of metals on human reproduction and development continue to be a demanding challenge for
researchers [6].

On the other hand, cadmium is a modern toxic metal. It was discovered as an element only in (1817), and industrial
use was minor until about 60 years ago, but now it is a very important metal with many applications. Due to its
corrosive less properties, its chief usage is in coating or galvanizing. It is similarly used as a pigment for paints and
plastics and as a cathode material for Ni-Cd batteries. Cadmium is a by-product of zinc and lead mining and
smelting, which are important sources of environmental pollution [7].

In general, lead, Mercury and cadmium produce their toxicity by forming complexes or ligands with organic
compounds. These modified biological molecules lose their ability to function properly, and result in the
malfunction or death of the affected cells. The most common groups involved in ligand formation are oxygen,
sulphur, and nitrogen. When lead, Mercury and cadmium bind to these groups, they may inactive important enzyme
systems, or affect protein structure [6]; [8].

Antioxidants reduce the effect of dangerous oxidants by binding together with these harmful molecules, thereby
decreasing their destructive power. Antioxidants can also help repair the damage already sustained by cells. [9]

Vitamin E and zinc are two of many antioxidants which can block some of the damage caused by free radicals, and
can also help reduced the damage to the body which caused by toxic chemicals and pollutants such as heavy metals
[10, 11].

Zinc is an essential mineral that is found in almost every cell. It stimulates the activity of approximately 100
enzymes, which are substances that promote biochemical reactions in our bodies. Zinc supports immune system,
needed for wound healing, helps maintain sense of taste, smell and is required for DNA synthesis. Zinc also supports
normal growth and development during pregnancy, childhood and adolescence. [10]

Vitamin E is a vital factor in human nutrition and considered the greatest effective lipo-soluble antioxidant present
in the biological system. It is well-known to have been confirmed beneficial in certain disease courses. Because of
the health problems induced by many environmental pollutants, much effort has been expended in evaluating the
relative antioxidant potency of vitamin E [11-14]. Till the first decade of the twenty-one century, there is no
information regarding the effect of vitamin E on the testicular toxicities induced by a mixture of heavy metals (Pb,
Hg, Cd and Cu) exposure in mice or other mammals [15]. Furthermore, precise action of vitamin E and zinc is not
fully elucidated and the interaction between vitamin E and zinc with testicular cells still requires further study.
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Therefore, the present study is designed to investigate the possibility that the administration of vitamin E and zinc
would have a beneficial effect on these heavy metals-induced testicular injuries.

Materials and Methods:-

1- Animals

140 Male albino rats Rattus rattus, weighing 100-120 g, were obtained from the serum and antigen laboratories
(Helwan). The animals were housed throughout the experiment in metallic cages and allowed to acclimatize to
laboratory environment for ten days to avoid any complications along the period of the experiment. Animals were
maintained under controlled conditions of temperature at 28+2°C and 50% relative humidity and normal
photoperiod (12-12 h light-dark cycles) and received food and water ad-libitum with new supplies offered daily.

Evaluation of lead, cadmium and Mercury levels in mullet:-

In the current experiment a comparison was occurred between the levels of lead, cadmium and mercury in Fringe-lip
Mullet (Crenimugil crenilabis) which was fished from South Sinai as a control area and Suez Canal as a polluted
area. The levels of lead, cadmium and mercury in Mullet of control area are 53.47, 10.18 and 4.54 ppm compared to
187.04, 59.12 and 19.86 ppm in Mullet of polluted area respectively. The Suez Canal fish were polluted by many
heavy metals due to the pass of the ships and throw the sewage of industrial factories which surround Suez Canal
area. Mullet is the most common fish considered by many people as their main source of animal's protein.

According to these results the studied rats were received 190 mg of lead, 60 mg of cadmium and 20 mg of mercury
per kilogram diet for one month to follow the chronic damage of these heavy metals (lead, cadmium & mercury) on
the testicular function tests.

Experimentation:-

This study included two experiments; the first one carried out on four groups of rats (n =5) to follow up the changes
occurred in the testicular function tests as a result of exposure to lead, cadmium and mercury. Rats of the first group
served as controls and received normal diet without any heavy metals. Rats of the second group received 190 ppm
elemental of Pb in their diet. Animals of the third group received 60 ppm elemental of Cd in their food. Group four
received 20 ppm of mercury elemental of Hg in their food for 30 days.

The second experiment done on three main groups (40 rats) each of them divided into four subgroups to investigate
the prophylactic effects of administration of vitamin E or zinc and their mixture on the testicular function tests of
toxicated rats. Rats of the first group served as recovery group i.e. rats were allowed a 15 and/or 30 days periods
without any treatment. Rats of the second group is a vitamin E treated group, i.e. rats were intraperitoneally injected
with vitamin E at a dose of 50 1U/kg body weight, BW, according to [15] three times weekly for 15 and 30 days.
Animals of the third group are zinc treated group, i.e. rats were received 40.5 ppm elemental zinc according to [16]
for 15 and 30 days. Group four is a mixture group i.e. rats were received both antioxidants at the same doses of the
2" and 3" groups for 15 and 30 days.

Five rats from each subgroup were randomly selected at 15 and 30 days, experimental duration. Autopsies were
performed under total anesthesia with diethyl ether hence testis and blood samples were collected. Blood sample left
to clot and sera separated for measurement of total protein, total lipids, testosterone, estradiol, and FSH & LH levels
using suitable kits reagents [17], [18], [19], [20] and [21] respectively.

Determination of reduced GSH content and SOD activity of tissue samples were determined by the method of [17]
and [22] respectively.

To exam the normalities and abnormalities of sperms, smear of mature spermatozoa, collected from the cauda
epididymis were stained with haematoxylin and eosin [23].

Statistical analysis:-

The calculations and statistical analysis were carried out using the IBM SPSS software (version 20.0, SPSS Inc.).
All data were represented as mean + standard error (SE). Data were subjected to one-way analysis of variance
(ANOVA) followed by Student’s t-test. Statistical probability of P < 0.05 was considered to be significant [24], [25].
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Results:-

This investigation was conducted to elucidate the therapeutic role of zinc or vitamin E and their mixture
supplementation in terms of reducing and correction the toxic effects of lead, cadmium & mercury on testicular
function testes. In general, normal control rats in the presents study were mostly active during the day, calm by night
time, had good appetite and kept their fur clean while toxicated rat groups were inactive, lost their appetite and had
dirty fur.

From the inspection of the data presented in table (1), a significant (p<0.05) decrease in total number of sperm and
total number of normal sperm. The lowest mean values for both parameters were noted in rats treated with mercury.
The decrease in total and normal number of sperm were accompanied with a significant (p<0.05) elevation in total

number of abnormal sperm. The per-cent of these increments were 47.71, 86.56 and 100.43 respectively.

Table (1): - The mean value of testicular function tests as well as serum hormonal assays in all treated rat groups

Groups Control Lead Cadmium Mercury
Parameters
Mean 962.36 672.53 592.11 564.93
Total no. of sperm +SE +3.714 +3.131 +2.884 +3.348
% -30.1165884 -38.4731286 -41.2974355
Mean 879.42 564.13 443.86 432.26
Total no. of normal sperm +SE + 3.662 +2.901 +2.704 +2.278
% -35.8520388 -49.5280981 -50.8471493
Mean 69.43 102.56 129.53 139.16
Total no. of abnormal sperm + SE +1.127 +1.344 +1.612 +1.703
% 47.71712516 86.5620049 100.4320899
Mean 3.72 3.11 2.71 2.66
Total protein (mg / g) + SE +0.077 +0.059 +0.047 +0.041
% -16.3978495 -27.1505376 -28.4946237
Mean 4.02 4.49 4.85 5.01
Total lipids (mg/ ) + SE + 0.096 +0.113 +0.138 +0.149
% 11.69154229 | 20.64676617 24.62686567
Mean 2.49 1.86 1.57 1.48
Testosterone (ng / ml) +SE +0.075 +0.063 +0.054 +0.053
% -25.3012048 -36.9477912 -40.562249
Mean 9.33 14.23 16.92 19.38
Estradiol (ng / ml) + SE +0.153 +0.229 +0.289 + 0.326
% 52.5187567 81.35048232 107.7170418
Mean 2.68 3.11 3.47 3.91
FSH (mIU / ml) + SE +0.089 +0.108 +0.116 +0.148
% 16.04477612 | 29.47761194 | 45.89552239
Mean 3.48 4.83 4.99 5.19
LH (mIU / ml) + SE + 0.094 +0.112 +0.137 +0.155
% 38.79310345 43.3908046 4913793103
Mean 9.69 7.38 6.87 7.29
Testis GSH (Imol / g tissue) +SE +0.94 +1.03 +0.962 +1.01
% -23.8390093 -29.1021672 -24.7678019
Mean 139.93 104.02 102.09 103.52
Testis SOD (U / mg tissue) +SE +11.33 +6.22 +5.92 +5.76
% -25.6628314 -27.0420925 -26.0201529

On the contrary, administration of lead, cadmium & mercury to the animals led to a significant (p<0.05) decrease in
total protein compared to the normal control rats. The percentages of decline were 16.39, 27.15 and 28.49
respectively.
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Also, supplementation of lead, cadmium & mercury to rats caused an increment in the total lipid. The mean values
of total lipid reached to 4.49 + 0.113, 4.85 + 0.138 and 5.01 + 0.149 mg / g in toxicated rats respectively.

On detecting serum testosterone level using the data tabulated in table (1). It is recognized that rats treated with lead,
cadmium & mercury revealed a significant (p<0.05) decrease in serum testosterone as compared to the
corresponding normal control rats.

In relation to the control rats, a significant (p<0.05) increase in oestradiol (E2), follicular stimulating hormone
(FSH) and luteinizing hormone (LH) were reported in rats treated with lead, cadmium and mercury. The percent of
these increases reached to 52.51, 81.35 and 107.71 for E2, 16.04, 29.47 and 45.89 for FSH and 38.79, 43.39 and
49.13 for LH respectively.

On detecting Testis GSH and SOD level using the data tabulated in table (1). It is recognized that rats treated with
lead, cadmium and mercury revealed a significant (p<0.05) decrease in Testis GSH and SOD level as compared to
the corresponding normal control rats.

On the second experiment data recorded for total number of sperm and total numbers of normal sperm are presented
by figure (1) among all experimental groups. Toxicated recovery rats elucidating an elevation in both total number
of sperm and total number of normal sperm throughout 30 days experimental period compared to those which left
for 15 days.

In response to administration of vitamin E, toxicated rats manifested a slight increase in total number of sperm and
normal sperm within the course of experimental period as compared to the recovery toxicated animal's groups. This
amelioration effect was persisted among toxicated rats belonging to zinc treatment. Whereas total number of sperm
and normal sperm mean values at any interval of estimation were higher in general than the recovery animals group
reaching its highest value at the last interval compared to recovery groups. Accountable change was occurred in the
double course of treatment (vitamin E and zinc) as compared to the other antioxidants groups.

Figure (1) recorded the total number of abnormal sperm of toxicated animals from all groups during the
investigation period. Toxicated rats left for recovery period showed a decline in their mean values which become
more pronounced proportional to the progress of time. Although, the supplementation of vitamin E to toxicated rats
caused a significant decrease of the total number of abnormal sperm. Moreover, addition of zinc alone or couple
with vitamin E to toxicated rats postulated that the mixture of vitamin E and zinc was the most potent group in its
lowering in comparison to the other corresponding animals.

Supplementation of vitamin E alone induced a significant (p<0.05) increase in the testicular total protein in lead and
cadmium toxicated rats throughout the whole experimental period. On the other hand, after treatment with zinc
alone or in combination with vitamin E remarkable changes in testicular total protein was occurred in all toxicated
rat's groups.

On contrary there is a slight decrease in testicular total lipid in toxicated groups during the course of the study after
recovery period and the supplementation of vitamin E, zinc or their mixture induced a significant (p<0.05) decrease
in the testicular total lipid in toxicated rats throughout the whole experimental period.

The treatment of lead, cadmium and mercury toxicated rats with antioxidants (vitamin E, zinc or their mixture)
recorded significant (p<0.05) increase in the level of serum testosterone. On contrary the treatment of lead, cadmium
or mercury toxicated rats with antioxidants (vitamin E, zinc or their mixture) recorded significant (p<0.05) decrease
in the level of serum estradiol.

It is recognized a decrease in serum F.S.H. & L.H. levels in toxicated groups during the study after recovery period.
Treatment by vitamin E or zinc managed to induce a gradual depression in serum F.S.H. & L.H. in all toxicated rats
commencing from the first interval and reaching its lowest value at the last interval of estimation. This effect
persisted among toxicated rats belonging to combined therapy of vitamin E in combination with zinc. Meanwhile
treatment of lead, cadmium and mercury toxicated rats with antioxidants (vitamin E, zinc or their mixture) recorded
significant (p<0.05) increase in the level of testis GSH and SOD.
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Figure (1): - The mean value of testicular function tests as well as serum hormonal assays in all treated animal
groups at various time intervals

Discussion:-

It is well known that heavy metals are widely distributed in environment and most of them can cause physiological
and biochemical disorders. Animals are exposed to these metals from several sources, including contaminated air,
water, soil and food. Therefore, the evaluation of toxic potentials of metals is important for the risk assessment of
human beings ordinarily exposed to these substances [26].

Fertility in humans, like that in experimental animals, is susceptible to toxic effects from environmental and/or
industrial chemicals. Infertility is a problem of increasing concern in several industrialized countries. [27] suggested
methods for detecting occupational causes of male infertility. The decrease in sperm quality purportedly having
occurred over the past 50 years [28].

Different scientific studies indicated that the degree of toxic manifestation of different metals depends on dose,
duration, route of administration and other physiological factors, especially nutrition [26]. The present study
indicated that the administration of heavy metals to rats produced testicular damage, which led to spermatogenic
arrest. Similar observations were noted in experimental animals exposed to heavy metals [29], [30], and [31]. The
potential toxicity of heavy metals caused alteration in sperm morphology, count, motility as well as biochemical
disruptions of enzymes and hormones [26].

Lead toxicity is manifest in male reproductive system by deposition of Pb in testes, epididymis, vas deferens,
seminal vesicle and seminal ejaculate. Lead has a hostile result on sperm count and slow the movement of a living
sperm. Furthermore, motility as well as prolonged inactivity of sperm melting both in exposed individual and
investigational animals was detected after Pb exposure [32].

Mercury is a spermato- fetotoxic agent. Mercury exhibited structural alteration of testicular tissue along with
biochemical change. The control testis of albino rat showed sharp localization of ACPase, ATPpase and ALKPase in
PTM, spermatogeic cell and Leydig cell membrane [33]. While mercury and its complexes, methyl mercury
chloride, affected these membranes bound hydrolytic enzymes in rats it caused in severe reduction of these enzymes,
co-related with advanced deterioration of peritubular membrane. Mercury also affected the structural and functional
breakdown of these enzymes due to its great attraction towards the enzyme’s (SH) group [34]. The prominent
features of Hg induced toxicity are: (i) depletion and clogging of different spermatogenic cells, (ii) presence of
pyknotic or karyotectic pachytene nuclei, (iii) absence of nuclear chromatin at stage XII in dividing cells, (iv)
absence of noticeable lumen and (v) presence of vacuolated early elongated spermatid along with dispositioning of
acrosome. The intensity of damage is directly proportional to the duration of exposure [35].

Cadmium can cause marked morphological changes in the form of swelling, congestion, haemorrhage and necrosis
in testes of Sprague—Dawley rats [36]. Great amount of Cd contact produced a quick testicular edema, haemorrhage
and necrosis. Cd exerted harmful effect on the vascular construction of testis that may be the consequence of varying
degrees of Cd induced ischemia. Degeneration of testicular tissue after different doses of Cd exposure caused
rupture of blood vessels [37]. The decrease in serum testosterone levels observed in heavy metals treated rats may
reflect direct effects of the metal at the testis as this metal accumulates in this tissue. Similar alteration in
testosterone concentrations have been reported [38], [39], the study indicating a disruption of the regulatory
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mechanism of the hypothalamic-pituitary axis. In addition, administration of vitamin E, zinc or their mixture might
have relieved the reduction of testosterone and/or may have triggered their synthesis that in turn attenuated the
oxidative damage caused by cadmium or its metabolites. The final step in the biosynthesis of testosterone is the
reduction of androstenedione by the enzyme, 17-ketosteroid reductase [40]. The significant decrease of this enzyme
in heavy metals intoxicated rats interprets the decreased level of testosterone in such group. However, administration
of vitamin E, zinc or their mixture increased the level of this enzyme and subsequently increased testosterone level
in vitamin E, zinc or their mixture treated group, this is according to the fact that 17-ketosteroid reductase enzyme is
protein in nature, that damaged like other proteins by heavy metals and treatment with vitamin E, zinc or their
mixture attenuates the damage effect on the tissue protein content and hence on the enzyme [41].

In the current study, a significant decrease in both total number and normal number of rat spermatic counts after
exposed to lead, cadmium or mercury, while their malformed number increased significantly as it tabulated in
(tablel). Moreover, testicular total protein content was decreased in all toxicated rat groups with a significant
elevation in testicular total lipid content.

As a result of toxicity of both Pb, Cd or Hg a significant disturbance was occurred in the hormonal status in all
treated animal's groups. This disturbance was represented by a significant decrease in the serum testosterone level
and a significant increase in the serum FSH, LH and E2 levels. These testicular dysfunction and hormonal
disturbance may be attributed to the toxicity of Pb or Cd and Hg on the hypothalamic-pituitary- testis axis (HTPTA)
by the elevation of FSH and LH levels due to a remarkable damage in both Sertoli and Leydig cells.

In rats treated with heavy metals there were significant decreases in the levels of GSH and SOD in testis tissues.
Glutathione, a tripeptide present in most cells, is responsible for hydrophilic xenobiotics conjugation. GSH serves
many vital physiological functions including protection of cells from reactive oxygen species (ROS), detoxification
of exogenous compounds, and amino acid transport [42]. Sulphydryl group of glutathione is essential for its
antioxidant activity against some forms of ROS in cells [43]. Much of the pathology is associated with the decrease
in intracellular GSH concentration [44]. Therefore, GSH concentration is important for survival of the cells. The
most important protective mechanism for free radical scavenging and inhibition of electrophilic xenobiotics attack
on cellular macromolecules involves tripeptide glutathione [43]. Owing to nucleophilic thiol group, it may purify
substances in one of three techniques: (i) combined catalysed by glutathione-S-transferases (GST), (ii) biochemical
response with a reactive metabolite to produce a conjugate and (iii) contribute of proton or hydrogen atom to
sensitive metabolites or free radicals. Concerning the role of glutathione in the defence against oxidative stress and
detoxification of xenobiotics, its availability in the reduced procedure (GSH) may be an important factor in care of
health. It has been recognized in numerous different animal models, as well as in humans, that a reduction in GSH
concentration may be related with aging and pathogenesis of countless diseases [45], [46].

Superoxide dismutase (SODs) belong to a group of antioxidant enzymes that catalyse the dismutation of superoxide
to produce hydrogen peroxide and oxygen [47]. SOD is essentially a protective enzyme which scavenges the
superoxide ions produced as cellular by-products during oxidative stress [48]. Its decreased activity can lead to
adverse effects because superoxide anions are extremely toxic and may accumulate in the cells. Numerous studies
point to that heavy metals doing as catalysts in the oxidative reactions of biological macromolecules consequently
the poisonousness with these metals might be owing to oxidative tissue injury [49], [50].

Avrbitrating from these result, they are in harmony and confirmed through [51], [52] and [53]. The authors attributed
these results to the testicular atrophy and interstitial cell hyperplasia as a result of heavy metals exposure. Also, [52]
explained these damage to the disturbance in serum dehydroepiandrosterone sulphate (DHEA-S) level and elevation
in serum activity of prostatic acid phosphatase (PAP) and testicular gamma glutamyl transpeptidase (testicular-GTP)
activity as a result to heavy metal exposure.

Free radical production and lipid peroxidation are potentially important mediators in testicular physiology and
toxicology. The cytochrome P45, enzymes of the steroiogenic pathway are known to produce free radicals. The
effects of heavy metals on hepatic testosterone metabolism have been studied by [54]. They utilized testosterone
metabolism as a probe to characterize heavy metals effects on GH- secretion pattern. Male-specific hydroxylation
occurs at position 2-alpha and 16-alpha catalyzed by the cytochrome Py isozyme CYP2C11. CYP2C expression
and activity is under the absolute regulation of the male-specific pattern of GH secretion [55-59].
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In the current study, it is of interest to ratify that vitamin E or zinc treatments improved the seminal picture and
decreased the testicular dysfunction with enhancement in the sexual hormones dependent on time of treatments. The
maximum improvements were occurred in the toxicated animal groups which received the both antioxidants
(Vitamin E and zinc). This correction was dependent on time of treatment (figure 1). These results may be due to the
ability of vitamin E and zinc to act as free radical scavengers resulting in the cell membrane stabilization with
decreasing the formation of lipid peroxidation. Accordingly, these decreased the injury, damage and atrophy in the
testis tissues.

Vitamin E allows free radicals to abstract a hydrogen atom from the antioxidant molecule rather than from
polyunsaturated fatty acids, thus breaking the chain of free radical reactions, the resulting antioxidant radicals being
a relatively unreactive species [60]. In many studies vitamin E neutralizes lipid peroxidation and unsaturated
membrane lipids because of its oxygen scavenging effect [61], [62] Therefore vitamin E supplementation sufficient
to protect the organism from toxic agent and free radical damage is a time-consuming process.

[63] examined the effect of both pre- and post-treatment of vitamin E on Hg induced acute toxicity in rats. Hg
resulted in oxidative injury and metallothionein mRNA expression together with alterations in tissue histology and
accumulation of Hg in the body organs. The improving potential of vitamin E was detected in mercury administered
rats. Furthermore, they specified that their results indicate that vitamin E offers whole protection from mercury
poisonousness in the liver with both pre- and post-treatments. Moreover, they recommended that post-treatment with
vitamin E might be more useful than pre- treatment in mercury intoxication.

[64] showed that Cd can harshly destroy testicular tissues and disturb spermatogenesis in rats. Vitamin E cure can
protect testicular tissue and reserve spermatogenesis from the harmful effects of Cd nevertheless its effectiveness is
reliant on the amount of Cd exposed. [65] stated that vitamin E can improve regular food intake, body weight gain
and feed efficiency ratio; reduced Pb levels in serum and tissues as well as reduced urea and creatinine levels in Pb
intoxicated rats. Cure with vitamin E was very effective in the inhibition of oxidative injury. Furthermore, they
concluded that vitamin E pretreatment incompletely lessens Pb-induced oxidative stress by changing antioxidant
enzymes. [66] and [67] established the efficiency of vitamin E in decreasing oxidative stress in Cd -treated animals
and proposed that declines in increased lipid peroxidation due to Cd poisonousness may be an significant factor in
the action of vitamin E. [68] presented that the exposure to Cd produced marked elevation in the level of lipid
peroxidation and a decline in SOD, glutathione peroxidase (GSH-Px) and CAT activities complemented by an
upsurge in the rate of hemoglobin autoxidation in Swiss albino rats. Moreover, they verified that the cure with
vitamin E significantly reduced the alterations caused by Cd exposure in all examined parameters. Furthermore, they
suggested that these consequences indicate that alterations caused by Cd or Pb relate to free radical's generation and
used antioxidants effectively to protect against Cd & Pb intoxication.

Both cadmium and zinc are divalent. So, cadmium can be substituted zinc in the reaction and tissue. This fact leads to
deficiency in the level of zinc after exposure to cadmium pollution. This data supported by [59]. The authors reported that
zinc deficiency impaired the synthesis of testosterone in the testis of Zn-deficient rats and this impairment was reflected on
the level of blood testosterone.

Zinc deficiency causes several malformations and has deleterious effects on several functions, particularly on the male
genital organs. [69] reported that hypogonadism is noted in Zn-deficient males of all species studied. It appears that male
accessory sex gland is also dependent on zinc for their normal function. Since, relatively high concentrations of zinc are
found in seminal plasma and prostate gland in particular. Where, its uptake of zinc is stimulated by testosterone, which
regulates prostate activity [70]. All these findings suggest that zinc plays an important role in male reproductive function.
[71] examined stained cross sections made in testes derived from boars fed a zinc deficient diet for 7 - 8 weeks, found that
the Leydig cells (which is responsible for synthesis and secretion of testosterone in testis) were smaller, their cytoplasm
stained contained more fat droplets than those removed from the testes of boars fed on a zinc-sufficient diet. These results
indicated that zinc has a direct effect on Leydig cells, consequently on testicular function by its possible involvement in the
production of testosterone. In man, [72] reported that serum testosterone concentrations are sensitive to short term zinc
depletion in young men.

As the result of Pb or Cd and their mixture exposure, testicular total lipid was decreased. Thus, these results

confirmed the earlier statement which reported that, zinc deficiency affects lipid metabolism in rats. Several
assumptions were proposed to explain the mechanisms whereby zinc deficiency could alter lipid metabolism in Zn-
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deficient animals, but they are not quite uniform. [73] stated that the type, of dietary fat can modify the effect of zinc
deficiency on lipid fractions and testosterone level in plasma.

Another explanation of the elevated levels of testicular total lipid of heavy metal rat's groups is based on the
increased susceptibility of those animals to enhance oxidative stress and lipid per-oxidation [74]. This per-oxidation
became more pronounced in Zn- deficient rats fed linseed oil than those fed olive oil [75]. In contrary, [76] and [77]
reported that zinc deficiency in rats causes a prominent impairment in the intestinal absorption of lipid and based on
the well-known facts about the poor appetite developed in zinc deficient animals, accordingly, lower amount they
eat and lesser weight they gain than controls [78]. Under these circumstances, it may be acceptable assumption that
animals (fed ad-libitum) in their straggle to maintain their life they require and mobilize lipids from tissue toward blood
to meet their energy needs.

The result of this study proved that zinc intake may have an improve effect on testicular total lipid, as it is shown in
(fig 1). This result may be attributed to the enhancement in the thyroid function. In study carried out by [79],
significant declines in the levels of T and T, were found in the sera of both ad-libitium Zn-deficient rats and Zn-
sufficient, calorie restricted rats as compared with control rats received Zn-sufficient diet ad-libitum. But in Zn-
deficiency, lower T3 was recorded than its comparable level in caloric restriction state. This result suggests that
maintenance of serum T3 levels may be zinc dependent. It is possible that zinc is necessary for extrathyroidal T to
T, conversion.

Conclusion & Recommendations:-

In conclusion, it may be substantiated that exposure to heavy metals (Pb, Cd or/and Hg) stimulated different
hazardous effects leading to damage, and testicular dysfunction in male rats. Furthermore, the supplementation of
vitamin E or/and zinc play(s) an important role to minimize and reduce the harmful effects of heavy metal exposure.
These improvements are attributed to the antioxidant functions of vitamin E and zinc.

Accordingly, this work recommended that an environment preservation law must be strictly enforced, particularly in
crowded residential areas. This is mainly achieved by getting rid of the sources of the industrial fumes that contain
lead, cadmium or/and mercury which are causes of various disease. Generally, factories and especially heavy
factories should be moved outside the residential areas and surrounding by highest trees and plants for making
natural shield to stop or reduce the pollutant fumes.

Also, this investigation recommended the beneficial supplementation of daily diet intake with vitamin E and zinc
due to their effective roles in building the general body resistance parameters and immunity system. They also aid in
decreasing the destructive and harmful effects caused by Pb, Cd or/and Hg in the testicular function. The maximum
amelioration effects occurred when the toxicated rats treated with both antioxidants (vitamin E and zinc). These
results may be attributed to synergistic effects of vitamin E and zinc, also to the improvements in the physical and
biochemical properties of them to work together for reducing destructive and harmful effects which caused by Pb,
Cd or/and Hg. This correction was dependent on time of treatment.
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