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Abstract

Cadmium (Cd) is a highly toxic element, which may cause toxicity to most organs in the body. Zinc (Zn) and magnesium (Mg)
are essential minerals with probable benefits on Cd harmful effects. Finding an efficient and non-pathological treatment against
Cd toxicity seems promising. Fifty adult rats were divided into ten experimental groups of five rats each. The Cd group was
treated with 1 mg Cd/kg and the control group received 0.5 cm® normal saline. The other eight groups received Zn (0.5 and
1.5 mg/kg) and Mg (0.5 and 1.5 mg/kg) either alone or in combination with 1 mg Cd/kg through IP injection for 3 weeks. Testis
malondialdehyde (MDA), sperm parameters, and testis histopathology were investigated. Cd reduced sperm parameters and
increased testis MDA. Moreover, Cd exposure caused a significant histological damage in testis of male rats. However, Zn or Mg
treatment prevented and reversed Cd toxic alterations in testis. These findings suggest that co-administration of Zn or Mg could

improve cadmium testicular toxicity in male Wistar rats.
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Introduction

According to the World Health Organization (WHO), infertility
is “a disease of the reproductive system defined by the failure to
achieve a clinical pregnancy after 12 months or more of regular
unprotected sexual intercourse” [1]. Infertility affects 15% of all
couples of reproductive age. It is believed that about 20-30% of
infertility is related to male factors including decreased semen
quality [2]. Many factors such as physiological, genetic, environ-
mental, and social factors contribute to reproductive health.
Among the environmental factors, air pollution, chemicals,
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radiation, and heavy metals can be pointed out. Moreover, life-
style factors such as exercise, diet, smoking, and alcohol have
crucial effects on reproductive health [3]. Additionally, these fac-
tors have an effect on spermatogenesis, sperm parameters, sperm
chromatin integrity, DNA modification, and hormones regulation
[4]. Semen quality is a valuable parameter to assess male repro-
ductive health. Semen analysis may be useful in both clinical and
research settings, for investigating male fertility status as well as
monitoring spermatogenesis during and following male fertility
regulation [1, 5].

Cadmium (Cd) is a widespread environmental pollutant.
Cd exposure may occur through drinking water, food, mining,
manufacturing, and smoking [6]. Cd induced toxicity to vari-
ous organs (e.g., liver, kidney) and many studies have shown
that testis is extremely sensitive to Cd damages [7]. In vivo
and in vitro studies have indicated that Cd exposure causes
blood-testis barrier (BTB) disruption, germ cell loss, testicular
edema, hemorrhage, necrosis, and sterilized testicular cells in
mammalians [6]. Moreover, the relationships between param-
eters of semen quality and Cd exposure have been illustrated
in many studies [8, 9]. The precise mechanism of Cd testicular
toxicity is not well understood. Cd probably disrupts the BTB
via specific signal transduction pathways and signaling mole-
cules, such as p38 mitogen-activated protein kinase [6, 10].


http://crossmark.crossref.org/dialog/?doi=10.1007/s12011-017-1218-5&domain=pdf
mailto:hnaieri@gmail.com

Cadmium Testicular Toxicity in Male Wistar Rats: Protective Roles of Zinc and Magnesium 107

Furthermore, Cd plays a role in oxidative stress, since this
metal can alter the antioxidant defense system and generate
free radicals that change cellular membrane structure through
lipid peroxidation process [11]. Attempts have been made to
minimize the severity of Cd toxicity via enhanced sequestra-
tion (chelation) and elimination using different agents.
However, in case of chronic and low Cd exposure, chelation
therapy has not produced acceptable results. Therefore, devel-
oping a safer and more affordable therapeutic approach for Cd
testicular toxicity seems inevitable. As a result, there is an
interest to determine a natural treatment for Cd poisoning.
Experimental evidence has confirmed the positive effects of
different supplements such as vitamins and antioxidant to Cd
damage on various tissues [12—14]. Furthermore, it has been
reported that treatment with Mg or Zn during Cd exposure
prevented the harmful effects of Cd [15].

Zn is an essential trace element that has a major role in cell
proliferation, reproduction, homeostasis, immune system, and
antioxidant defense system [16]. Specifically, Zn is an essen-
tial element in spermatogenesis and male fertility. Zn supple-
ment improves semen quality and pregnancy rate, and signif-
icantly increases the sperm volume, sperm motility, and per-
centage of normal sperm morphology [17]. Zn interferes with
Cd at different levels of absorption, distribution, and excretion
level. Zn could have protective effects against Cd toxicity in
various organs [15]. A possible mechanism of Zn protection is
metallothionein (Mt) stimulation [18, 19]. Moreover, Zn plays
a very important role in antioxidant defense system via anti-
oxidative enzymes’ gene expression [20]. Mg, a mineral ele-
ment, acts as a cofactor in many enzymatic reactions in the
body. Spermatogenesis and sperm motility are increased as a
result of Mg therapy [21]. According to research finding, Mg
supplement reduces Cd levels in peripheral blood, organ Cd
accumulation, and Cd-related lipid peroxidation (LPO) [22,
23]. Moreover, Mg protective roles against Cd toxicity may
be due to the antagonistic properties of Mg or the stimulatory
effect of Mg in producing de novo glutathione (GSH) [24].

It is therefore indispensable to determine a possible protec-
tive role of Mg and Zn on Cd testicular toxicity. In that regard,
this study will aim to find novel therapeutic agent or preventive
approaches against Cd testicular toxicity in male Wistar rats.

Method and Material
Animals

Fifty adult (10-week-old) male Wistar rats, weighing 200 +
50 g, were housed in conventional conditions at a temperature
of 25+ 1 °C, with a relative humidity of 50+ 10% and a 12/
12-h light/dark cycle. The study was approved by Isfahan
University of Medical Science Experimental Animals Local
Ethics Committee. A commercial balanced diet and tap water

ad libitum were provided throughout the experimental period.
All animal experiments were performed in accordance with
the National Institute of Health Guideline for the Care and Use
of Laboratory Animals (NIH Publications No. 80-23), revised
1996 [25].

Experimental Design

Cadmium chloride (CdCl,*2 1/2H,0), zinc chloride (ZnCl,),
and magnesium chloride (MgCl,.2H,0) were purchased from
Acros Organics (New Jersey, USA). The rats were randomly
divided into ten experimental groups (five rats per group) as
follows: control group, one group treated with Cd alone, two
groups received Zn alone (0.5 and 1.5 mg/kg), two groups
received Mg alone (0.5 and 1.5 mg/kg), and four groups re-
ceived Zn (0.5 and 1.5 mg/kg) or Mg (0.5 and 1.5 mg/kg)
during Cd exposure for 21 days. CdCl, was interaperitoneally
injected at a dose of 1 mg/kg/day for 21 days. Control rats
received only physiological saline (0.9%). Cd, Zn, and Mg
doses were chosen based on available literature data [24,
26]. At the end of exposure duration, animals were sacrificed
by cervical dislocation and rats’ testes were removed. The
epididymis was separated, trimmed free of fat, placed on a
paper towel to remove any liquid, and then weighed. The left
testis weighed and was used for histological studies. The right
testis was kept in — 80 °C until assayed.

Sperm Parameters

The caudal epididymis was used for sperm analysis. Briefly,
cauda epididymis was disrupted in Petri dishes containing
Ham’s F10 medium, and left for 30 min at 36 °C for sperm
release into the media [27-29]. Sperm analysis was performed
based on WHO criteria [30].

Sperm Count

Sperm counts were performed manually using an improved
Neubauer hemocytometer. The slides were then examined at
magnifications of x 40 under optical microscope. The sperm
concentration was expressed as x 10° ml™".

Sperm Morphology

One drop of sperm suspension was used for preparing smears
on a clean, air-dried slide. Then, smears were fixed in 95%
ethanol and stained with Papanicolaou. Two hundred sperm
cells were examined at x 100 magnification. Any disorders in
the morphology and structure of either head or tail or both
were considered as abnormal.

@ Springer



108

Babaknejad et al.

Sperm Motility

The percentage of motile sperm cells was assessed at x 40
magnification of objective lens under light microscope. At
least 200 spermatozoa were counted and the percentage of
motile sperm cells (progressive or non-progressive) was
counted.

Sperm Viability

In order to study the sperm viability, supravital staining meth-
od was used. A drop of sperm suspension was placed on a spot
plate and mixed with one drop of 1% aqueous eosin Y solu-
tion. After 15 s, two drops of 10% aqueous nigrosin solution
were added and thoroughly mixed. A drop of this mixture was
transferred to a clean glass slide. A thin smear was made and
then air-dried. The smears were examined with a 100 oil mag-
nification. Live sperm cells appear white and dead sperms
were stained dark pink. Two hundred sperms were counted
for each sample and viability percentages were calculated.

Tissues Homogenization

Frozen tissue samples were quickly weighed and homoge-
nized in phosphate buffer (100 mM) containing EDTA
(1 mM; pH 7.4; 1:10 w/v) and then centrifuged (12,000 x
rpm, 30 min, 4 °C). The supernatant was used for biochemical
analysis. All procedures were performed at 4 °C.

Biochemical Analysis
Measurement of Testis Protein Content

The protein content in rat testis was determined by protein
measurement kit from Tali Gene Pars Company (Isfahan,
Iran). The principle of the Tali-Lowry Protein Assay Kit is
based on Lowry method.

Measurement of MDA Levels

Trichloroacetic (TCA) acid, thiobarbituric acid (TBA), and
butylated hydroxy toluene (BHT) were purchased from
Sigma—Aldrich chemical company (St. Louis, MO, USA).
Testis malondialdehyde (MDA) levels were assayed as an
index of lipid peroxidation (LPO) by the method of
Esterbauer and Cheeseman [31]. In this assay, The MDA in
the sample is reacted with TBA at high temperature (95 °C) to
generate the 1:2 MDA-TBA adducts. The MDA-TBA adduct
can be easily quantified calorimetrically (532 nm). The MDA
results were expressed as nanomoles of malondialdehyde for-
mation per milligram of protein (nmol/mg protein).
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Histopathologic Analysis

Left testes’ tissues were fixed in 10% neutral formalin solu-
tion. The tissue samples were embedded in paraffin wax and
sectioned at a thickness of 7 um. The sections were stained
with hematoxylin and eosin according to [32].The tissues
were graded as +: mild, ++: moderate, +++: severe changes
depending on the extent of observed changes ([33] and [34]).

Statistical Analysis

Statistical analysis of data was achieved by using SPSS statis-
tics software 15. All data were expressed as mean + standard
deviation (SD) for five results. The groups were compared
using one-way analysis of variance (ANOVA), followed by
post hoc Fisher’s least significant difference (LSD) test. P
values less than 0.05 were considered significant.

Results
Body and Testis Weight

Cd exposure exerted a significant reduction in body and testis
weight in comparison to the control group. However, co-
administration of 1.5/0.5 mg/kg Mg or 1.5 mg/kg Zn for
3 weeks restored body weight as compared to Cd group.
Moreover, co-administration of Zn (1.5/0.5 mg/kg) or
1.5 mg/kg Mg during chronic Cd intoxication slightly im-
proved testis weight as compared to Cd group. In addition,
Mg (0.5/1.5 mg/kg) and (0.5/1.5 mg/kg) Zn treated group had
higher body and testis weight in comparison to the Cd group
(Table 1).

Sperm Parameters

Exposure to 1 mg/kg Cd caused a significant decrease in sperm
count, sperm morphology, sperm motility, and sperm viability
(Table 2 and 3). Three categories (progressive, non-progressive,
and immotile) were considered for sperm motility indexing. As
with the control group, Cd treatment significantly decreased the
progressive and immotile sperms in rats. These toxic effects of
Cd were prevented as a consequence of Zn and Mg co-
administration (Table 2 and 3). Overall, administration of Zn at
two dosages alone or in combination with Cd revealed a signif-
icant improvement in sperm quality compared with that of the Cd
group (Table 2). As shown in Tables 2 and 3, Zn and Mg alone
have no effect on sperm parameters compared to that of the
controls. Mg co-administration in Cd treated rats significantly
reduced Cd alterations on sperm quality mostly at higher doses,
as compared to the animals exposed to Cd alone (Tables 3).
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Table 1 The mean body and testis weight of rats exposed for 21 days to Cd, Zn, Mg, Cd + Zn, Cd + Mg
Groups Body weight Testis weight
Initial body weight Final body weight
Control 239.00 + 13.49 264.00 + 10.74 1.46 +0.18
Cd 1 mg/kg 235.00 + 36.02 228.00 + 34.31% 0.46 + 0.02*
Zn 0.5 mg/kg 233.00 + 33.59 260.00 +31.97% 1.18 +0.44%
Zn 1.5 mg/kg 240.00 + 14.90 262.00 + 12.24% 1.62 +0.19%
Mg 0.5 mg/kg 233.00 +20.43 261.00 + 12.09 1.06 + 0.13%
Mg 1.5 mg/kg 235.00 + 24.49 296.00 + 22.34% 1.19 + 0.09%
Cd + Zn 0.5 mg/kg 242.00 £21.49 235.20 +23.57* 0.71 £ 0.06™ >+
Cd + Zn 1.5 mg/kg 233.00 £ 44.91 247.60 + 41.29% 0.87 +£0.07* %
Cd + Mg 0.5 mg/kg 235.00 + 36.20 202.00 + 30.82° 0.57 + 0.04

Cd + Mg 1.5 mg/kg

240.00 = 17.63

251.00 + 16.46"

1.18 + 0.09% o

Means + SD of five animals in each group. Statistically significant differences are indicated by ® vs. control, ®vs. 1 mg/kg Cd. *p <0.05, ' p <0.001

Measurement of MDA Levels

The presented results in Figs. 1 and 2 show a statistically
significant increase of testis MDA levels in Cd-exposed rats
compared to those of the control animals. Treatment with Zn
and Mg at the both two dosages alone resulted in a significant
(p<0.001) improvement in MDA levels in rats treated with
the Cd. Although, MDA levels were higher than those of the
control group in the group that received Cd + Zn (0.5 mg/kg
Zn) and Cd + Mg (0.5 mg/kg Mg), there was a significant
reduction in MDA concentrations in these two groups in com-
parison with the Cd treated rats. In addition, co-administration
of Zn and Mg (1.5 mg/kg doses reversed Cd-induced testis
MDA levels.

Histopathologic Analysis

In the control rats, the seminiferous tubules and inter-
stitial connective tissue were structurally normal and

contained normal spermatogenic cells layer and sperma-
tozoa (Fig. 3a).

However, Cd treatment caused degenerative changes
in the seminiferous tubule with loss of spermatogenesis.
Moreover, testis section in Cd group showed severe ne-
crosis of seminiferous tubules and an absence of sper-
matogenic cells (Fig. 3b).

Zn and Mg alone did not induce any significant his-
tological change in testes (Fig. 4a—d). However, the
spermatogenic cells, spermatozoa, and spermatid were
observed in the seminiferous tubules of 0.5 mg/kg Mg
(Fig. 4a) group. Testis of the rats, treated with Cd + Mg
(0.5 and 1.5 mg/kg), showed mild to moderated necrosis
of seminiferous tubules in comparison those of the con-
trol group (Fig. 5a). In addition, a mild necrosis was
observed in the seminiferous tubules of the rats in the
Cd + Zn (at both dosages) groups (Fig. 6a, b).
Nonetheless, the severity of the necrosis was lower in
these groups when compared with the Cd group.

Table 2 Sperm parameters of male Wistar rats exposed for 21 days to Cd, Zn, and Cd + Zn

Control Cd 0.5 mg Zn 1.5 mg Zn Cd+0.5Zn Cd+1.5Zn
Count (x 10°) 120+73 49 +9.1% 124 +7.8% 133 £ 4.0% 92.40 +9.3% 123.60 + 7.35"
Motility (%) 86.96 + 4.43 40.00 + 4.47% 84.00 = 9.61% 86.00 + 4.18 ® 68.40 + 9.76% 79.00 + 7.41%
Progressive 61.16 +13.93 15.40 + 4.05* 5130 + 6.78% 49.90 + 10.43% 42.60 + 9.43% 54.40 + 6.59°
Non-progressive 25.80 +.5.02 24.60 +4.15 32.70 £ 5.89 36.10 +10.38 25.80 + 6.65 24.60 +7.98
Immotile 13.04 + 4.47 60.00 + 10.00* 16.00 + 4.30° 14.00 + 4.18" 28.00 + 3.39* 21.00 +3.31°%
Morphology (%)
Normal 85.00 + 5.00 53.00 + 10.19% 84.00 + 6.51% 84.00 + 4.18" 74.00 + 8.94 77.00 + 6.70P
Abnormal 15.00 +2.23 47.00 + 11.57* 16.00 +6.51 % 16.00 + 4.18% 26.00 + 4.00 22.40 + 3.20%
Viability 86+ 4.3 41 +33% 79 + 4.3% 822+38"% 68.60 + 5.09% 75.20 + 3.83%

Means + SD of five animals in each group. Statistically significant differences are indicated by *vs. control, ®vs. 1 mg/kg Cd. *p <0.05, p <0.001

@ Springer



110 Babaknejad et al.
Table 3 Sperm parameters of mal Wistar rats exposed for 21 days to Cd, Mg, and Cd + Mg

Control Cd 0.5 mg Mg 1.5 mg Mg Cd+ 0.5 Mg Cd+1.5Mg
Count (x 10°) 120+7.3 49 +9.1* 136.80 = 7.4% 136.8 + 3.4% 64.40 + 15.0%* 121.20 = 6.16"
Motility (%) 86.96 + 4.43 40.00 + 4.47% 87.60 + 8.44% 85.92 + 5.58" 64.40 + 13.66°* 71.00 +2.23%
Progressive 61.16 +13.93 15.40 + 4.05" 70.90 + 7.39 = o 58.52+7.99 % 40.00 + 4.59% 45.40 + 3.50%
Non-progressive 25.80 +.5.02 24.6 +4.15 16.70 + 3.80 27.40 +7.50 24.40 +7.63 25.60 +4.27
Immotile 13.00 + 4.47 60.00 + 10.00* 13.00 + 3.39° 14.08 + 2.44° 36.00 + 6.00 " 29.00 + 2.23%
Morphology (%)
Normal 85.00 = 5.00 53.00 + 10.19%* 84.00 + 4.18" 88.00 + 5.70% 64.00 + 8.94% 75.00 + 7.07%
Abnormal 15.00 +£2.23 47.00 + 11.57% 16.00 + 4.18% 12.00 + 2.55% 36.00 + 4.00% 25.00 +3.16
Viability 86+ 43 41 £33 77 + 4.4% 80 +5.0% 60.40 + 6.04* 67.40 + 4.93 b+

Means + SD of five animals in each group. Statistically significant differences are indicated by ® vs. control, ®vs. 1 mg/kg Cd. #p <0.05, ¥ p <0.001

Discussion

The present study was undertaken in order to investigate the
protective roles of zinc and magnesium against cadmium tes-
ticular toxicity.

The body and testis weight were decreased after 3 weeks of
Cd exposure, which is in agreement with the findings of other
studies. Earlier results have shown that cadmium could inhibit
growth and protein synthesis [12, 35]. There is a positive
correlation between the weight of testis and number of germ
cells [36]. Moreover, Schlappack et al. demonstrated that tes-
ticular weight loss is a result of damage to the differentiated
spermatogenic cells [37]. The results of the present histopath-
ological study confirmed and elucidated these findings. The
histopathological investigations provided more detailed data
on the mechanisms of Cd testicular toxicity. This heavy metal
caused degenerative changes in the seminiferous tubule with
loss of spermatogenesis. Actually, the pathological damage to
seminiferous epithelium may cause the deterioration of sertoli
and germ cells, which in turn results in impaired

Fig. 1 Concentrations of 8
malondialdehyde (MDA) in testis
tissue of control and rats exposed 7 1
for 21 days to cadmium (Cd), Zn K=
and cadmium + zinc (Cd + Zn). % 6 1
Data are mean + SD for five 2. 5 |
experiment. Statistically %0
significant differences (SPSS, > 4 -
one-way ANOVA) are indicated )
by ®vs. control, ®vs. 1 mg/kg Cd. g 3 -
*p <0.05, p<0.001 <«
a 5
=
1 -
0 4

Control
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spermatogenesis [38, 39]. There are several of hypotheses,
which precisely explain the mechanism of cadmium testicular
toxicity. The first mechanism, which can be partly explained
the toxic effect of Cd is oxidative stress alteration, antioxidant
enzymes activity reduction, reactive oxygen species (ROS)
production, and lipid peroxidation [40]. Accordingly, the cur-
rent study revealed that MDA level was increased in the testis
as an index of lipid peroxidation. Despite the fact that Cd is
not able to generate ROS directly, its toxicity leads to super-
oxide anion (O ?), hydroxyl radicals (OH ), and hydrogen
peroxide (H,O,) production [41, 42]. Oxidative stress and
lipid peroxidation appears to have a major role in Cd-
induced testicular toxicity. Since human spermatozoa contain
high concentrations of polyunsaturated fatty acids (PUFA)
within their plasma membrane, they are predominantly sus-
ceptible to peroxidative damage and possess a significant abil-
ity to generate superoxide anion and hydrogen peroxide.
Therefore, susceptibility of spermatozoa to oxidative stress
and ROS results in sperm quality reduction as a consequence
of Cd toxicity. As it could be expected, Cd exposure decreased

il

Zn0.5 Znl.5 Cd+Zn0.5 Cd+Znl.5
Groups
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Fig. 2 Concentrations of 8 1
malondialdehyde (MDA) in testis
tissue of control and rats exposed 71
for 21 days to cadmium (Cd), Mg g
and cadmium + magnesium (Cd + 2 6 1
Mg). Data are mean + SD for five g 5 |
experiments. Statistically ‘é‘)
significant differences (SPSS, > 4 -
one-way ANOVA) are indicated 5
by ®vs. control, ®vs. 1 mg/kg Cd. é 3 -
*p<0.05, p<0.001 <«
a o
=
1 A
0 -

Control

sperm parameters including sperm count, motility, viability,
and morphology in the present study. On the other hand,
ROS production in the testis may lead to further injury to vital
components of the cell, including DNA, RNA, and proteins,
which cause low and abnormal sperm [12, 41, 43]. According
to the second mechanism, Cd activates a number of signal
transduction pathways such as MAPK, PI3K/c-Src/FAK,
and c-JNK signaling pathway, which, in turn, disrupts
blood-testis barrier (BTB) and cell junction in the seminifer-
ous epithelium [6, 13]. In addition, cadmium induces a cas-
cade of inflammatory reactions with increased production of
pro-inflammatory cytokines, particularly TNFa that generates
ROS from the tissues, which in turn causes lipid peroxidation
and leads to further testicular tissue injuries [11]. These find-
ings support the results of the other reports on the ability of Cd
to seriously alter toxicity of the testis and reproductive tract in
male rats [12, 41, 43].

There is a host of evidence on the benefits of Mg
and Zn co-treatment on the prevention of the harmful
effects of Cd [15].

In the current study, the treatment of the Zn alone and
along with Cd improved the testes and body weight,
sperm parameters, and histopathological alterations
caused by Cd. Moreover, results showed that the co-

Fig. 3 Testicular section of
control and cadmium rats after
H&E staining. a Control showing
normal spermatogenic cells layers
and spermatozoa. b Cadmium

(1 mg/kg) treated rats for 3 weeks
showing marked degeneration of
seminiferous tubules, necrosis,
and calcification. Original
magnification x 400

a|
a' bt
.b# -b* I .i
Cd

Mg0.5 Mgl.5  Cd+Mg0.5 Cd+Mgl.s
Groups

supply of Zn recovered the MDA accumulation in Cd-
exposed animals to control values. However, higher doses
of Zn were more effective on Cd alterations. Zn is a vital
trace element with numerous benefits for male reproduc-
tive system function, including testicular development,
testosterone production, and sperm maturation [44]. In
case of Zinc deficiency, male hypogonadism, reduction
of sperm fertilization capacity, and partial development
of sex characteristics are observed in humans [20]. A
meta-analysis study has shown that there is a significant
positive correlation between seminal plasma Zn concen-
trations and male fertility. In the human reproductive sys-
tem, Zn contributes to a wide range of functions, from the
ultra-structural stabilization of chromatin compaction, to
mitochondria-dependent process modulations, including
cell respiration and programmed cell death [17]. The ob-
served therapeutic potency of Zn might be due to several
contributing factors, primarily including its antioxidant
potential and its participation in the antioxidant defense
system. Zinc is a recognized antioxidant factor that plays
a crucial role in free radical scavenging enzymes such as
Cu/Zn-SOD. Moreover, Zn is known as a defender agent
for thiols and sulfhydryl groups, inhibitor of NADPH ox-
idase and free radical generation by preventing interaction
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Fig. 4 Photomicrographs of
section (x 100) of rat testis from a
Mg 0.5 mg/kg, spermatid were
observed in the seminiferous
tubules, b Mg 1.5 mg/kg, ¢ Zn
0.5 mg/kg, d Zn 1.5 mg/kg
showing normal testicular
structure. Original magnification
x 400

#

between chemical groups with iron [16, 45]. Furthermore,
Al badr et al. showed that zinc deficiency enhances ex-
pression of T-helperl-type cytokines TNF-« and IFN-y,
which in turn increases ROS and lipid peroxidation gen-
eration [46]. Cd likely uptake into Sertoli and/or germ cell
probably occurs through Cd**/Zn®* transporters (ZIP8)
that mediates the transport of one or more essential metals
such as Zn?* or Mn**/ HCO5. Apparently, ZIP8-mediated
Cd* uptake is most highly inhibited by Zn>* [6, 10]. Zn
induces synthesis of metallothionein (MT) in the liver and
increases Cd concentration in hepatic tissues but then de-
creases it in the testis. Additionally, in case of zinc defi-
ciency, more active cadmium is released from the MT and
is accumulated in the reproductive tissue [45, 46].
Results obtained from this study have shown that Mg
administrations prevented Cd-induced adverse effects on

Fig. 5 Photomicrographs of
section of rat testis from a Cd +
Mg (0.5 mg/kg) showing
moderated necrosis of
seminiferous tubules and b Cd +
Mg (1.5 mg/kg) showing mild
testicular structure changes.
Original magnification x 400
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sperm parameters, testis’ histopathology, and MDA
levels, since the values obtained for these parameters in
Cd +Mgl.5 mg/kg group were within the values of con-
trols. To the best of our knowledge, this is the first study
to provide data on the potential protective effects of Mg
on Cd-induced toxicity in testis. These positive effects of
Mg treatment can be explained by the fact that Mg in-
duces de novo synthesis of GSH that is an important cel-
lular antioxidant and could decreases lipid peroxidation
production [24]. Additionally, magnesium deficiency en-
hances oxidative stress by increasing production of free
radicals and decreasing antioxidant defense system [24].
The observed decrease in the level of MDA further sup-
ports the beneficial effects of Mg in antioxidant activity
via lipid peroxidation prevention in rats’ testis. It has been
shown that serum and seminal plasma Mg levels in the
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Fig. 6 Photomicrographs of
section of rat testis from a Cd +
Zn (0.5 mg/kg) showing mild to
moderated necrosis of
seminiferous tubules and b Cd +
Zn (1.5 mg/kg) showing mild
testicular structure changes.
Original magnification x 400

sub fertile male group were significantly higher than those
in the fertile male group [47, 48]. Wong et al. showed that
there is a positive correlation between Mg levels in sem-
inal plasma and sperm concentration. Even though the
effects of Mg on sperm quality is not yet clear, it could
be due to the role of Mg in biological processes such as
glycolysis, protein synthesis, and reproduction [13]. In
addition, Mg supplementation could reduce Cd accumula-
tion in different organs. The more prominent beneficial
effect of Mg against Cd toxicity is interactions between
Mg and Cd at different stages of their metabolism, i.c.,
absorption, distribution, and excretion from the body. Mg
can prevent Cd absorption from GIT through competition
for similar transporter channels including Mag T1 and
Mag T2. Consequently, an increase in the intake of Mg
can prevent Cd transport and eventually decrease Cd ab-
sorption through GIT ([23, 24, 49]; and [15]).

In conclusion, the results of the current study have
revealed that Cd exposure affects sperm and oxidative
stress parameters and causes histopathological damages
to the testis. In contrast, Zn and Mg co-treatment can
prevent Cd toxic effects on testis. Noteworthy, further
studies are necessary to explain other possible protective
effects of Zn and Mg in subjects exposed to Cd and to
establish the most effective dose of these elements. The
protective effects of Zn and Mg may be accompanied by
their antagonistic action on cadmium toxicity and antiox-
idant property. Therefore, the results of the present study
may leads to the discovery of preventive as well as ther-
apeutic agents against Cd damages on testicular function.
However, further studies are necessary to explain other
underlying mechanism of Zn and Mg protective roles in
male infertility in populations that are environmentally
exposed to Cd, especially smokers and industrial workers.
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