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ABSTRACT

Objective: To investigate the role of zinc in reducing the deleterious effects of cadmium
on male gonads.
Methods: Rats were injected subcutaneously with CdCl2 and ZnCl2 at dose level of
2.2 mg/kg (1/40 of LD50 of cadmium per day).
Results: The rats treated with cadmium exhibited a significant increase in levels of
testicular malondialdehyde, tumor necrosis factor-alpha, nitrogen oxide and inducible
nitrogen oxide synthase immunostaining reaction, as well as an elevation of blood
hydroperoxide and follicle stimulating hormone. In addition, a significant decrease in
testicular ascorbic acid, zinc, reduced glutathione, catalase, superoxide dismutase, sex
organ weight, plasma testosterone and luteinizing hormone were observed in the
cadmium group. Sperm motility and count were decreased with cadmium treatment,
while sperm abnormalities elevated significantly. Zinc treatment was found to mitigate
the toxic effects of cadmium on oxidative stress, spermatogenesis, sex hormones, and
inflammatory markers. Rats injected with cadmium showed intense histopathological
changes. Zinc manifested protective role and markedly reduced tissues damage induced
by cadmium.
Conclusions: The protective effect of zinc can be attributed to its antioxidant and anti-
inflammatory properties.
1. Introduction

Zinc is an essential trace element. Zinc affects vital processes
including cell proliferation, immune function and defense
against free radicals [1–3]. It activates antioxidant system that
prevents cell damage [4,5].

Zinc is incorporated in oxidant defense system and functions
at many levels [6]. The antioxidant property of zinc is thought to
be through maintaining an adequate level of metallothionein and
it is essential component of Cu/Zn superoxide dismutase
(SOD) [7,8].

Supplement of zinc to protein deficient animals reduced lipid
peroxidation (LPO) and enhanced the levels of reduced gluta-
thione (GSH) and SOD activity [9]. Furthermore, elevated LPO
was observed in different rat tissues reduced by zinc treatment
[10,11]. In addition, zinc appears to collaborate in DNA repair
[8]. It has efficiency role in cell division and differentiation [7].
It is reported that zinc promotes spermatogenesis and affects
sperm motility [12].
article under the CC BY-NC-ND license (http://

http://dx.doi.org/10.1016/j.apjtb.2016.08.016
mailto:mohamedmahmoud1983@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apjtb.2016.08.016&domain=pdf
www.sciencedirect.com/science/journal/22211691
http://www.elsevier.com/locate/apjtb
http://dx.doi.org/10.1016/j.apjtb.2016.08.016
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Samir Abd El-Monem Bashandy et al./Asian Pac J Trop Biomed 2016; 6(12): 1056–1064 1057
It has been shown that zinc deficiency is related to a reduc-
tion in testicular volume, and in serum concentration of testos-
terone as well as increased levels of serum malondialdehyde
(MDA), tissue tumor necrosis factor-alpha (TNF-a), and
apoptosis of the germ cells [13]. Zinc interacts with cadmium
metabolism through induction of the synthesis of
metallothionein [14,15]. Otherwise, zinc deficiency reinforces
cadmium toxicity.

The sources of cadmium pollution were electroplating,
pigment, plastic, fertilizer industries, and cigarette smoke [16]. It
appears that the free radical production is a mechanism of
cadmium toxicity that causes pathological conditions in
humans and animals [17]. Cadmium causes animal and human
reproductive toxicity [18,19].

Cadmium has been related to haemorrhagic necrosis of
testicular tissues [20] and an increase in the percentage of
abnormal sperms [21]. Cadmium exposure lowered testicular
zinc [22] and raised the iron [23] that result in an increase of
oxidative stress and testicular damage.

The present study was planned to show whether subcutane-
ous administration of zinc can ameliorate the toxic effects of
cadmium, in terms of (i) recovery in sex hormones levels, in-
dications of testicular oxidative stress and inflammatory
markers, (ii) its effect on testicular cadmium, zinc and ascorbic
acid, (iii) its effect on sperm parameters, the histology of the
testis and immunohistochemistry.

2. Materials and methods

2.1. Chemicals

CdCl2, ZnCl2, 2,4-dinitrophenylhydrazine (DNPH) and
thiourea were bought from Sigma Chemical Co. (St. Louis MO,
USA). All other chemicals used were of analytical grade.

2.2. Animals

Ninety-six male Wistar albino rats, weighting 180–200 g,
were selected from the animal house in Faculty of Pharmacy,
King Saud University. Each six animals were kept in a poly-
propylene cage and left to naturalize laboratory environment.
Temperature [(23 ± 1) �C], humidity (50% ± 15%) and normal
photoperiod (12–12 h light–dark cycles) were adjusted. The
animals were fed dry ration in form of pellets.

2.3. Ethics statement

This experiment was carried out in according to recommen-
dations in the Guide for the Care and Use of Laboratory Animals
of the National Institutes of Health (NIH Publication No. 85–23,
revised 1996) and under regulations of Animal Care and Use of
King Saud University in Saudi Arabia. All the surgeries were
performed under deep sodium pentobarbital anesthesia and all
efforts were made to minimize suffering.

2.4. Experimental design

The rats were sorted into four equal groups, each containing
24 rats. Group I served as control group. Rats in Group II were
injected subcutaneously with CdCl2 at dose level of 2.2 mg/kg
(1/40 of LD50 of cadmium per day) [24]. Rats in Group III were
injected subcutaneously with ZnCl2 at dose level of 2.2 mg/kg
[25], followed by CdCl2 injection as described previously. Rats
in Group IV were injected subcutaneously with ZnCl2 at dose
level of 2.2 mg/kg [25].

The treatments were carried out four times weekly for 2
months. The samples were collected every 2 weeks and six rats
from each group were sacrificed. All the parameters were eval-
uated at four time intervals except testicular catalase (CAT),
SOD, GSH, ascorbic acid, TNF-a and nitrogen oxide (NO)
which determined at the end of experiment. Also, histology and
immunohistochemistry were investigated at 8th week.

2.5. Sperm analysis

Right epididymis was clipped into little pieces with razor
blade and scattered in 3 mL of phosphate buffered saline (PBS)
(pH 7.2) that kept in an incubator at 37 �C. About 20 mL of
above mixture was immediately put on dry, clean and warm slide
and examined (400×) under binocular microscope with warmed
stage and about 300 spermatozoa were evaluated. Motility was
then expressed as the percentage of motile spermatozoa.

The suspension was filtered. The filtrate (up to 0.5 mL) was
drawn in leukocyte hemocytometer and diluted with PBS up to
the mark 11. The suspension was well-mixed and charged into
Neubauer's counting chamber. The total sperm count in 8 big
squares was determined to express the number of spermatozoa/
epididymis (million/epididymis) [26].

The filtrate was stained with 1% eosin and morphological
defects were analyzed under light microscope (40×) and any
abnormalities of either heads or tails were noted. Three hundred
sperms were screened investigated for each animal and total
abnormality was expressed as percentage.

2.6. Determination of testicular cadmium and zinc

Testicular cadmium or zinc concentration (mg/g dry tissue)
was affirmed in testes by use of atomic absorption, Model RA-2
(Tokyo, Japan). Samples of testes were put in oven and dried.
Certain weight of dried samples were heated with 7 mL nitric
acid and per chloric acid (2:1, v/v) in boiling water bath until
evaporation. After digestion, the samples were diluted by defi-
nite volume of distilled water and filtered.

2.7. Biochemical analysis

Plasma testosterone, luteinizing hormone (LH) and follicle
stimulating hormone (FSH) concentrations were measured
determined by enzyme immunoassay using commercial kit from
Diagnostic Products Co. (Los Angeles, CA, USA). Also, the
level of TNF-a in testicular homogenates was assayed by ELISA
(R&D Systems, Minneapolis, MN USA). The testicular level of
NO was evaluated using colorimetric assay kit following the
manufacturer's instructions (Cayman Chemical Company, Ann
Arbor, MI, USA). Blood hydroperoxide level was determined
colorimetrically using an analytical system (Iram, Parma, Italy).
This method depends on reaction of buffered chromogenic
substance with free radicals generated by hydroperoxide. MDA,
GSH, CAT and SOD levels of testicular homogenates were
determined using colorimetric assay kits (Biodiagnostic, Giza,
Egypt). Testicular vitamin C was determined using DNPH [27].
To 0.5 mL of supernatant, 0.5 mL of DNPH reagent (2%
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DNPH and 4% thiourea in 9 mol/L sulfuric acid) was added and
incubated for 3 h at room temperature. After incubation, 2.5 mL
of 85% sulfuric acid was added and color developed was read at
530 nm after 30 min.

2.8. Histological studies

At the end of the experiment, testes from each sacrificed rat
were dissected. Then, they were fixed in 10% buffered formalin
and were processed for paraffin sectioning by dehydration in
different concentrations of alcohol, cleared with xylol and
embedded in paraffin blocks. Sections of about 5 mm thickness
were stained with Harris hematoxylin and eosin for histological
study.

2.9. Immunohistochemical analysis

Deparaffinized slices were incubated overnight with the an-
tibodies against inducible nitrogen oxide synthase (iNOS)
Table 1

Testicular zinc and cadmium of treated groups.

Group Testicular cadmium (mg/g) Testicular zinc (mg/g)

Week 2 Week 4 Week 6 Week 8 Week 2 Week 4 Week 6 Week 8

Group I 0.26 ± 0.07 0.19 ± 0.04 0.22 ± 0.06 0.20 ± 0.02 122.85 ± 8.63 119.14 ± 7.41 110.62 ± 5.42 125.42 ± 9.33
Group II 17.50 ± 0.58a 26.26 ± 0.85a 44.65 ± 1.07a 93.78 ± 2.14a 128.22 ± 11.35 81.66 ± 4.52a 70.14 ± 3.85a 34.52 ± 1.75a

Group III 10.50 ± 0.86a,b 18.50 ± 0.83a,b 24.35 ± 0.89a,b 34.98 ± 2.26a,b 130.41 ± 9.62 125.62 ± 5.37a,b 96.84 ± 2.75a,b 80.42 ± 3.98a,b

Group IV 0.22 ± 0.03 0.20 ± 0.01 0.16 ± 0.03 0.16 ± 0.02 138.11 ± 10.60 130.58 ± 9.40 150.43 ± 6.45b 154.25 ± 12.64b

Values are expressed as the mean ± SEM, n = 6. a: Significant difference from Group I (control), P � 0.01; b: Significant difference from Group II,
P � 0.01.
diluted 1:100. Endogenous peroxidase activity was blocked by
incubation in 0.075% hydrogen peroxide in PBS. For antibody
detection DAKO EnVision+ System, Peroxidase/DAB kit was
employed. The sections were then counterstained with hema-
toxylin, dehydrated using graded alcohols and xylene, and
Table 2

Reproductive organ weights (g) relative to body weight of rats treated with

Organ Time in week

Control

Testis 2 0.930 ± 0.030
4 0.950 ± 0.010
6 0.960 ± 0.030
8 1.000 ± 0.050

Vas deferens 2 0.070 ± 0.004
4 0.070 ± 0.002
6 0.080 ± 0.006
8 0.070 ± 0.001

Epididymis 2 0.250 ± 0.008
4 0.260 ± 0.009
6 0.240 ± 0.010
8 0.270 ± 0.010

Prostate 2 0.340 ± 0.010
4 0.350 ± 0.010
6 0.330 ± 0.010
8 0.360 ± 0.020

Seminal vesicle 2 0.550 ± 0.020
4 0.560 ± 0.010
6 0.580 ± 0.040
8 0.570 ± 0.030

Values are expressed as mean ± SEM, n = 6. a: Significant difference from co
mounted. The immunostaining intensity and cellular localization
iNOS, was analyzed by light microscopy.

2.10. Statistical analysis

Data were presented as means ± SEM, and analyzed by One-
way ANOVA followed by least significant difference using
SPSS software (version 20.0, SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Cadmium and zinc testicular concentration

Table 1 shows that zinc treatment of cadmium intoxicated
rats significantly lowered the accumulation of cadmium in
testicular tissue at different time intervals. Moreover, the
testicular zinc level of the zinc and cadmium group in combi-
nation was significantly higher than that of the cadmium group
after 4, 6 and 8 weeks.
3.2. Reproductive organ weights

A significant decrease in the weight of the testis, epididymis,
prostate gland and seminal vesicle was observed compared to
the control group at all four time intervals (Table 2). The weight
zinc and cadmium.

Treatment

Cd Zn + Cd Zn

0.720 ± 0.020a 0.950 ± 0.040b 1.010 ± 0.120
0.590 ± 0.020a 0.900 ± 0.050b 0.980 ± 0.050
0.380 ± 0.010a 0.780 ± 0.040a,b 0.940 ± 0.080
0.290 ± 0.008a 0.810 ± 0.030a,b 0.980 ± 0.090
0.070 ± 0.003 0.070 ± 0.006 0.070 ± 0.001
0.060 ± 0.002 0.070 ± 0.003 0.060 ± 0.003
0.040 ± 0.001a 0.070 ± 0.002b 0.070 ± 0.004
0.030 ± 0.001a 0.050 ± 0.001a,b 0.080 ± 0.006
0.150 ± 0.007a 0.240 ± 0.010 0.240 ± 0.010
0.110 ± 0.003a 0.180 ± 0.005a,b 0.270 ± 0.020
0.090 ± 0.003a 0.200 ± 0.010a,b 0.260 ± 0.010
0.080 ± 0.004a 0.170 ± 0.003a,b 0.320 ± 0.010b

0.160 ± 0.009a 0.250 ± 0.010a,b 0.310 ± 0.020
0.130 ± 0.004a 0.270 ± 0.010a,b 0.330 ± 0.010
0.080 ± 0.005a 0.240 ± 0.009a,b 0.340 ± 0.020
0.070 ± 0.004a 0.200 ± 0.004a,b 0.380 ± 0.030
0.300 ± 0.020a 0.420 ± 0.020a,b 0.570 ± 0.040
0.250 ± 0.010a 0.380 ± 0.010a,b 0.540 ± 0.050
0.160 ± 0.010a 0.260 ± 0.020a,b 0.590 ± 0.010
0.100 ± 0.007a 0.220 ± 0.010a,b 0.550 ± 0.030

ntrol, P � 0.01; b: Significant difference from cadmium group, P � 0.01.



Table 5

Plasma FSH level (mIU/mL) of rats treated with zinc and cadmium.

Group Plasma FSH level
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of the vas deferens in the cadmium group decreased significantly
after 6 and 8 weeks. The decrease in the weights of the repro-
ductive organs was less pronounced in the rats given zinc and
cadmium.
Week 2 Week 4 Week 6 Week 8

Group I 2.53 ± 0.14 2.16 ± 0.19 2.72 ± 0.17 2.75 ± 0.10
Group II 3.06 ± 0.13a 4.49 ± 0.57a 4.97 ± 0.43a 6.54 ± 0.35a

Group III 2.71 ± 0.13b 2.90 ± 0.09b 3.13 ± 0.12b 2.99 ± 0.10b

Group IV 2.44 ± 0.12 2.45 ± 0.32 2.56 ± 0.45 2.90 ± 0.22

Values are expressed as mean ± SEM, n = 6. a: Significant difference
from control, P � 0.01; b: Significant difference from cadmium group,
P � 0.01.

Table 6
3.3. Sperm characteristics

A time-dependent decrease in sperm motility and count was
noticed in the cadmium group in comparison to the control
(Tables 3 and 4). Azoospermia was recorded in rats of the
cadmium group at 8 weeks. The sperm abnormalities presented
are shown in Tables 3 and 4. The cadmium group rats exhibited
a significant elevation in sperm abnormalities (head, tail, total),
whereas zinc treatment appeared to alleviate the deleterious ef-
fects of cadmium on sperm.
Plasma LH level (mIU/mL) of rats treated with zinc and cadmium.

Group Plasma LH level

Week 2 Week 4 Week 6 Week 8

Group I 2.99 ± 0.08 2.91 ± 0.10 2.81 ± 0.09 2.68 ± 0.11
Group II 2.44 ± 0.10a 2.00 ± 0.04a 1.61 ± 0.06a 1.26 ± 0.04a

Group III 2.95 ± 0.06b 2.42 ± 0.04a,b 2.12 ± 0.03a,b 1.96 ± 0.04a,b

Group IV 2.68 ± 0.15 2.75 ± 0.17 2.78 ± 0.13 2.79 ± 0.34

Values are expressed as mean ± SEM, n = 6. a: Significant difference
from control, P � 0.01; b: Significant difference from cadmium group,
P � 0.01.
3.4. Hormone levels

The treatment of rats with zinc alleviated the alterations in the
sex hormone levels induced by cadmium (Tables 5–7). Our re-
sults indicated a significant reduction in the testosterone level in
Group II, by 40%, 42%, 69% and 94% after 2, 4, 6 and 8 weeks,
respectively, compared to the control. The testosterone levels of
Group III were still significantly decreased compared to the
control (by 15%, 34% and 72% after 4, 6 and 8 weeks,
Table 3

Effect of zinc on sperm motility and sperm count of rats treated with cadmium.

Group Sperm motility (%) Sperm count per epididymis (×106)

Week 2 Week 4 Week 6 Week 8 Week 2 Week 4 Week 6 Week 8

Group I 85.14 ± 1.04 86.22 ± 0.94 84.86 ± 1.12 83.14 ± 1.32 25.33 ± 0.82 24.88 ± 0.78 27.96 ± 0.59 26.91 ± 0.64
Group II 74.78 ± 2.54a 40.83 ± 2.05a 21.15 ± 1.30a – 22.39 ± 0.57 14.21 ± 0.67a 6.12 ± 0.33a,b –

Group III 85.36 ± 1.73b 73.96 ± 2.72a,b 65.30 ± 3.01a,b 58.21 ± 2.36a,b 23.21 ± 0.80 19.04 ± 0.64a,b 12.26 ± 0.85a,b 9.88 ± 0.27a,b

Group IV 87.11 ± 6.23 88.06 ± 4.50 85.34 ± 2.43 83.45 ± 7.12 24.45 ± 2.32 25.22 ± 1.56 28.65 ± 1.13 31.23 ± 0.89b

Values are expressed as mean ± SEM, n = 6. –: Azoospermia; a: Significant difference from control, P � 0.01; b: Significant difference from cadmium
group, P � 0.01.

Table 4

Sperm abnormalities (%) of rats treated with zinc and cadmium.

Group Sperm Sperm abnormalities

Week 2 Week 4 Week 6 Week 8

Group I Head 2.59 ± 0.15 2.11 ± 0.16 1.96 ± 0.11 2.00 ± 0.07
Tail 1.77 ± 0.09 1.59 ± 0.10 1.60 ± 0.09 1.70 ± 0.11
Total 4.27 ± 0.22 3.16 ± 0.19 3.56 ± 0.20 3.70 ± 0.35

Group II Head 16.05 ± 0.39a 20.74 ± 1.00a 31.00 ± 1.24a –

Tail 2.69 ± 0.16a 4.32 ± 0.28a 7.05 ± 0.40a –

Total 18.66 ± 0.38a 24.99 ± 1.01a 38.74 ± 1.76a –

Group III Head 3.20 ± 0.34a,b 7.89 ± 0.23a,b 8.98 ± 0.66a,b 12.76 ± 0.89a,b

Tail 2.00 ± 0.10a 1.98 ± 0.12a 2.75 ± 0.18a,b 3.41 ± 0.22a,b

Total 5.20 ± 0.34a 9.73 ± 0.25a,b 11.17 ± 0.68a,b 16.07 ± 1.00a,b

Group IV Head 2.60 ± 0.14 2.17 ± 0.23 1.20 ± 0.02a 1.42 ± 0.05a

Tail 1.66 ± 0.18 1.51 ± 0.13 1.25 ± 0.08a 1.50 ± 0.10a

Total 4.47 ± 0.30 3.65 ± 0.22 2.40 ± 0.07a 2.86 ± 0.10a

Values are expressed as mean ± SEM, n = 6. –: Azoospermia; a: Significant difference from control, P � 0.01; b: Significant difference from cadmium
group, P � 0.01.



Table 7

Plasma testosterone level (ng/mL) of rats treated with zinc and cadmium.

Group Plasma testosterone level

Week 2 Week 4 Week 6 Week 8

Group I 2.99 ± 0.08 2.91 ± 0.10 2.81 ± 0.09 2.68 ± 0.11
Group II 2.44 ± 0.10a 2.00 ± 0.04a 1.61 ± 0.06a 1.26 ± 0.04a

Group III 2.95 ± 0.06b 2.42 ± 0.04a,b 2.12 ± 0.03a,b 1.96 ± 0.04a,b

Group IV 2.68 ± 0.15 2.75 ± 0.17 2.78 ± 0.13 2.79 ± 0.34

Values are expressed as mean ± SEM, n = 6. a: Significant difference
from control, P � 0.01; b: Significant difference from cadmium group,
P � 0.01.
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respectively), but did not change significantly after 2 weeks. The
values for testosterone levels in Group III, however, were
significantly higher than those of Group II.

3.5. Oxidative stress markers

The effect of zinc on oxidative stress parameters in rats
given cadmium is presented in Tables 8–10. Zinc significantly
reduced blood hydroperoxide, testicular MDA (markers of
LPO), TNF-a and NO in rats treated with cadmium.
Furthermore, levels of testicular CAT, SOD, NO and ascorbic
Table 8

Blood hydroperoxide level (mg/100 mL) of rats treated with zinc and

cadmium.

Group Blood hydroperoxide level

Week 2 Week 4 Week 6 Week 8

Group I 25.84 ± 1.32 26.53 ± 1.06 26.00 ± 0.98 24.95 ± 0.88
Group II 38.79 ± 1.06a 45.02 ± 2.72a 47.44 ± 1.68a 55.80 ± 0.71a

Group III 32.19 ± 1.73a,b 33.84 ± 1.35a,b 37.52 ± 1.10a,b 38.40 ± 0.80a,b

Group IV 28.43 ± 1.87 22.30 ± 2.02 22.60 ± 1.54 26.11 ± 2.73

Values are expressed as mean ± SEM, n = 6. a: Significant difference
from control, P � 0.01; b: Significant difference from cadmium group,
P � 0.01.

Table 9

Testicular MDA (nmoL/g tissue) of rats treated with zinc and cadmium.

Group Testicular MDA

Week 2 Week 4 Week 6 Week 8

Group I 18.43 ± 0.81 17.43 ± 0.53 19.11 ± 0.41 20.56 ± 0.36
Group II 21.65 ± 0.09a 28.14 ± 0.17a 31.65 ± 0.78a 38.75 ± 0.62a

Group III 19.05 ± 1.11 20.55 ± 0.65a,b 22.36 ± 0.36a,b 25.24 ± 0.37a,b

Group IV 20.05 ± 2.50 19.46 ± 1.15 20.33 ± 1.65 16.28 ± 0.48a

Values are expressed as mean ± SEM, n = 6. a: Significant difference
from control, P � 0.01; b: Significant difference from cadmium group,
P � 0.01.

Table 10

Testicular oxidative stress parameters of rats treated with zinc and cadmium

Group TNF-a
(pg/mg protein)

NO (nmoL/100 mg tissue) Ascor
(mg/g

Group I 3.41 ± 0.10 85.35 ± 2.86 200.67
Group II 14.24 ± 1.03a 176.20 ± 5.91a 105.87
Group III 6.23 ± 0.21ab 121.05 ± 3.67ab 174.89
Group IV 3.17 ± 0.25 92.43 ± 6.15 220.54

Values are expressed as mean ± SEM, n = 6. a: Significant difference from co
acid were significantly elevated in Group III compared to
Group II.

Although LH levels lowered significantly in Group III
compared to the control, they were significantly higher than
those in the cadmium group. Subcutaneous injection of rats with
cadmium, meanwhile, led to a significant increase in FSH level
compared to the control and these increased levels did not
change significantly in rats treated with zinc and cadmium in
combination.

3.6. Histological studies

Histological investigation of the testes of the control group
rats showed apparently normal seminiferous tubules, spermato-
genic cells and interstitial cells with Leydig cells (Figure 1A).
The rats treated with cadmium, however, showed many histo-
pathological changes, including degeneration and desquamation
of the spermatogenic cells lining the seminiferous tubules and a
dilation of the interstitial spaces with degeneration of interstitial
cells. In addition, cadmium induced a reduction of spermatozoa
produced in the lumen of the seminiferous tubules. Pyknotic
nuclei of seminiferous epithelium were also observed
(Figure 1B).
.

bic acid
tissue)

GSH (mg/mg
protein)

SOD (Unit/mg
protein)

CAT (mmol/min/
mg protein)

± 13.08 5.80 ± 0.12 21.74 ± 0.85 8.10 ± 0.37
± 6.20a 1.56 ± 0.03a 7.34 ± 0.29a 3.76 ± 0.17a

± 5.94ab 3.50 ± 0.06ab 14.31 ± 0.42ab 5.63 ± 0.17ab

± 7.39 5.34 ± 0.54 26.87 ± 1.06a 8.50 ± 2.98

ntrol, P � 0.01; b: Significant difference from cadmium group, P � 0.01.

Figure 1. Testicular histopathology of rats treated with zinc and cadmium.
A: Photomicrograph of the testis of rat from control group is showing
normal seminiferous tubule with different stages of spermatogenic cells; B:
Photomicrograph of the testis of rat from group treated with cadmium
showing degeneration of spermatogenic cells lining seminiferous tubules
with desquamation of spermatogenic cells, interstitial spaces were widening
with degeneration of Leydig cells; Vacuolization of the seminiferous
epithelium (arrowhead) and pyknotic nuclei (star) were also observed; C:
Photomicrograph of the testis of rat from group treated with cadmium and
zinc showing partially restoration of spermatogenic cells. Few pyknotic
nuclei of some spermatogenic cells and the interstitial congestion were still
found (short arrow); D: Photomicrograph of the testis of rat from group
treated with zinc (H & E, 400×) showed normal structure; SG: Spermato-
gonia; SP: Spermatid elongated spermatid (arrow); SC: Sertoli cells; IS:
Interstitial space appear normal.
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After treatment with zinc, these histopathological changes
in the spermatogenic cells were partially reversed, although a
few pyknotic nuclei and some interstitial congestion were still
found (Figure 1C). Rats treated with zinc and cadmium,
however, showed more complete renovation of spermatogenic
cells in most seminiferous tubules, and interstitial spaces
occupied by Leydig cells with only mild congestion
(Figure 1D).

3.7. Immunohistochemical studies

Photomicrograph of the testis of rat from control group
showed no iNOS immunoreactivity (Figure 2A), while photo-
micrograph of the testis of rat from group treated with cadmium
showed increased iNOS immunoreactivity (Figure 2B). Sur-
prisingly, photomicrograph of the testis of rat from group treated
with cadmium and zinc showed mild decreased iNOS immu-
noreactivity (Figure 2C), besides the testis of rat from group
treated with zinc showed a decreased iNOS immunoreactivity
(Figure 2D).
Figure 2. Testicular iNOS immunohistochemistry of rats treated with zinc
and cadmium.
A: Photomicrograph of the testis of rat from Group I showing no iNOS
immunoreactivity; B: Photomicrograph of the testis of rat from Group II
indicating increased iNOS immunoreactivity; C: Photomicrograph of the
testis of rat from Group III showing mild decreased iNOS immunoreac-
tivity; D: Photomicrograph of the testis of rat from Group IV showing a
decreased iNOS immunoreactivity (iNOS immunohistochemistry counter-
stained with hematoxylin, 400×).
4. Discussion

Since zinc is a micronutrient trace element acting as cellular
antioxidant and a co-factor for many enzymes [4], it could
provide an effective therapy to reduce testicular oxidative
stress caused by cadmium. Our study aimed to evaluate the
efficacy of zinc in reducing the toxicity of cadmium affected
testicular antioxidant enzymes and inflammatory markers. In
the present work, zinc was shown to reduce oxidative stress
due to cadmium treatment as manifested by a decrease in
blood hydroperoxide and testicular MAD (markers of LPO),
and to improve the concentration of testicular GSH, CAT and
SOD. The adjustment of LPO following zinc treatment is very
probably due to its antioxidant properties [28]. LPO is
considered to be a good indicator of oxidative stress [29].

Zinc has an intensive influence in the organization of cellular
glutathione, which is vital to cellular antioxidant defense [30].
The antioxidant enzymes SOD and CAT provide a defense
against oxidative cell injury. SOD is a metal-containing
enzyme that catalyzes the conversion of superoxide into oxy-
gen and hydrogen peroxide. Therefore, it plays an important role
in the defense against oxidative stress through quenching free
radicals [31]. CAT, an enzyme found mainly in peroxisomes,
degrades hydrogen peroxide to water and oxygen, thereby
completing the reaction started by SOD.

Zinc possesses different antioxidant mechanisms. It protects
oxidation of sulfhydryl groups and keep intracellular levels of
GSH [32]; it also lowers the activities of oxidant promoting
enzymes such as iNOS; it increases the activation of
antioxidant enzymes such as CAT and SOD and also inhibits
the generation of LPO products [33]. In addition, zinc induces
synthesis of metallothionein, which is a powerful scavenger of
free radicals [34], and it protects cell membrane against
oxidative injuries [35].

In the present experiment, zinc treatment afforded additional
protection by reducing the accumulation of testicular cadmium.
A probably mechanism for this is through zinc's inducement of
metallothionein synthesis, which can form a complex with
cadmium, allowing it to be excreted by the kidney [36]. Zinc and
cadmium also compete for a common transport mechanism in
organisms, which can result in an increase in the excretion of
cadmium [37].

Zinc reduced toxic effects of cadmium by decreasing cad-
mium absorption from the digestive tract [38]. Moreover, zinc
maintains testicular zinc levels at an appropriate concentration
and prevents the decrease in testicular ascorbic acid resulting
from cadmium treatment. Both zinc and vitamin C are known
to possess antioxidant activity [4,39] and a protective effect
against cadmium toxicity [40,41], and it has also been reported
that zinc deficiency increases cadmium-mediated testicular free
radical damage [42].

Cadmium is a toxic metal, targeting the testes following acute
intoxication and serving to alter the testicular antioxidant defense
system leading to increase oxidative stress [43]. The decrease in
testicular GSH, SOD, CAT, zinc and ascorbic acid shown in
the present work may result in an increase in testicular LPO in
cadmium intoxicated rats, since these antioxidants prevent
peroxidation by removing reactive oxygen species. The
histopathological changes observed in cadmium treated rats
may result from increased oxidative stress [44].

The present study showed marked histopathological changes
in the testicular tissue. However, many studies focusing on
cadmium related changes in testicular histopathology have
implicated testicular blood vessel damage, followed by the
degeneration of spermatopoietic epithelial, as the main cause of
cadmium toxicity [20,45].

The accumulated degenerated germ cells in the lumina of
seminiferous tubules of cadmium group can be referred to failure
of Sertoli cells to perform their function in engulfing these
bodies [44–46]. The defects of Sertoli cells result in loss of
spermatic cells and may lead to the destruction of testicular
tissue and infertility [47]. Moreover, Al-Ani et al. [48] reported
that co-treatment with zinc ameliorated the toxic effect of cad-
mium on spermatogenesis.
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Zinc affords protection against cadmium toxicity by keeping
normal redox balance inside the cell [49] and DNA maintenance
[32]. Cadmium can also alter sex hormone levels by affecting the
pituitary–testicular axis. We observed a decrease in plasma
testosterone and LH levels in the cadmium group, which was
associated with an increase in FSH level. Sen Gupta et al. [50]

concluded that the decline in the testosterone level in
cadmium treated rats can result from the decrease in the
activity of steroidogenic enzymes. The increase of FSH level
can be attributed to feedback mechanism of low level of
testosterone on anterior pituitary gland. It has been found that
testosterone has direct negative feedback effects on the
anterior pituitary gland. This is achieved through making the
anterior pituitary less responsive to gonadotropin-releasing
hormone [51]. Higher concentration of FSH in the infertile men
is associated with azoospermia [52].

The significant decrease in the weights of the testis and
associated sex organs in rats treated with cadmium only can be
attributed to a decrease in the testosterone level, since these
organs are androgen dependent organs [53]. The present
experiment demonstrated that hormone levels and the weight
of the sex organs improved in rats treated with zinc and
cadmium, indicating that zinc protects the reproductive system
against the toxic effects of cadmium. The present experiment
also showed a decrease in sperm motility and sperm count in
rats treated with cadmium, along with an increase in sperm
abnormalities.

As plasma membrane of spermatozoa contains large amounts
of polyunsaturated fatty acid, it is liable to the reactive oxygen
species arising from cadmium treatment [54]. Increased sperm
membrane LPO has been shown to decrease sperm motility
and elevate sperm abnormalities [55]. The decrease in the
sperm count in the cadmium group could be related to the low
level of testosterone, which is a regulator for sperm production
[56]. Zinc's alleviation of the toxic effects of cadmium on
sperm is probably due to its antioxidant properties or its
ability to improve sex hormone levels in cadmium intoxicated
rats.

The production of different inflammatory mediators is
increased by inflammatory stimuli, where they play a vital role
in regulating Leydig cell function and spermatogenesis [57,58].
Some researchers have shown that the NO is capable of
inhibiting steroidogenesis by Leydig cells and adrenal cortex
[59,60]. Production of NO occurs through the action of the
NOS enzyme. An immunohistochemical study has shown that
NOS is present in rat testes [61]. Our study indicates an
increase in testicular iNOS expression in the group treated
with cadmium, resulting in an increase in testicular NO
concentrations. Similarly, testicular TNF-a levels increased in
the cadmium group.

TNF-a can induce production of reactive oxygen species
which led to decreased sperm motility [62,63]. Excess NO reacts
with superoxide anions to generate peroxynitrite radicals that
cause further cell damage. Also, excess NO lowered
intracellular GSH which leads to an increased susceptibility to
oxidative stress [64]. The observed improvement in sperm
parameters, hormone levels and histology of the testis in the
zinc and cadmium group can be attributed to a reduction in
the elevation of NO and TNF-a caused by zinc, together with
its role in the preservation of testicular antioxidant enzymes,
GSH, zinc and ascorbic acid.
In conclusion, zinc served to ameliorate cadmium induced
testicular toxicity by reducing LPO (MDA and hydroperoxide)
and inflammatory mediators (NO, iNOS, TNF-a) and by helping
to maintain the status of the testicular antioxidant defense
system.
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