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Abstract Cadmium (Cd) is an ubiquitous environ-

mental pollutant that has been associated with male

reproductive toxicity in animal models. However,

little is known about the reproductive toxicity of Cd

in birds. To investigate the toxicity of Cd on male

reproduction in birds and the protective effects of

selenium (Se) against subchronic exposure to dietary

Cd, 100-day-old cocks received either Se (as 10 mg

Na2SeO3 per kg of diet), Cd (as 150 mg CdCl2 per kg

of diet) or Cd ? Se in their diets for 60 days.

Histological and ultrastructural changes in the testis,

the concentrations of Cd and Se, amount of lipid

peroxidation (LPO), the activities of the antioxidants

superoxide dismutase (SOD) and glutathione perox-

idase (GPx), and apoptosis and serum testosterone

levels were determined. Exposure to Cd significantly

lowered SOD and GPx activity, Se content in the

testicular tissue, and serum testosterone levels. It

increased the amount of LPO, the numbers of

apoptotic cells and Cd concentration and caused

obvious histopathological changes in the testes.

Concurrent treatment with Se reduced the Cd-induced

histopathological changes in the testis, oxidative

stress, endocrine disorder and apoptosis, suggesting

that the toxic effects of cadmium on the testes is

ameliorated by Se. Se supplementation also modified

the distribution of Cd in the testis.
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Introduction

Cadmium (Cd) is known to be both extremely toxic

and ubiquitous in natural environments. Globally, Cd

pollution has been increasing and has been identified

as a potential health threat to wildlife. Moreover, Cd

toxicity might be more common among natural

populations of vertebrates than has been appreciated

to date. The ingestion of even trace quantities of Cd

can influence not only the physiology and health of

individual organisms, but also the demographics and

the distribution of species (Larison et al. 2000; Lucia

et al. 2009). Accompanying population declines,

there have been two shifts in lesser scaup (Aythya

affinis) demographics: a decrease in the proportion of

young birds and an increase in the male-to-female

ratio (Pollock and Machin 2009). Cd contamination

perhaps played an important role in this. Cd toxicity

has also been linked to declines in body condition in
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birds (Wayland et al. 2002; Anteau et al. 2007).

Although there are negative effects of Cd exposure on

the male reproductive system in humans and rodents,

little is known about the effects of Cd poisoning in

birds.

Cd is a ubiquitous environmental pollutant that has

been associated with male reproductive toxicity and

cellular stress signaling in animal models (Yu et al.

2008). The testes are important targets of Cd, which

cause both acute and chronic toxicity in laboratory

animals (IARC 1993). Recent studies have shown

that Cd exposure can cause changes in testicular

histopathology, increased oxidative stress, endocrine

disruption and increased apoptosis in rodents, rab-

bit, dog, calf stallion and humans (Waalkes 2000;

Takiguchi and Yoshihara 2006; Siu et al. 2009).

However, it is not clear how dietary Cd might affect

the avian testis.

Considering the high sensitivity of the testicular

tissue to Cd insult, prevention and/or therapeutic

interventions are of major concern (Yadav and

Khandelwal 2008). Several substances have been

shown to have a protective effect against Cd-induced

injury and of these selenium (Se) is considered one of

the most efficient. Although numerous studies have

shown that Se can protect against Cd toxicity in

mammals in vitro and vivo (Yiin et al. 1999; Santos

et al. 2005; El-Sharaky et al. 2007; Newairy et al.

2007; Ognjanović et al. 2008; Jihen et al. 2008, 2009;

Messaoudi et al. 2009; Lazarus et al. 2009; Zhou et al.

2009), the mechanisms of this detoxification have not

yet been entirely clarified. Several hypotheses for the

antagonistic behavior have been proposed, such as the

formation of a complex between Cd and Se (Santos

et al. 2004, 2005; Lazarus et al. 2006), antagonism

to Cd-induced DNA damage and apoptosis (Yu and

Chen 2004; Zhou et al. 2009), amelioration of anti-

oxidant systems (El-Sharaky et al. 2007; Newairy

et al. 2007; Ognjanović et al. 2008; Jihen et al. 2009;

Messaoudi et al. 2009) and influences on Cd absorp-

tion and organ redistribution (Lazarus et al. 2009).

Some studies found a protective effect of Se against

the testicular injury induced by Cd in rodents and

humans. However, the effects of feeding Se on

Cd-induced testicular injury in cocks has not been

studied.

A recent study indicated that Cd is biomagnified by

one particular genus of plants (Larison et al. 2000). Cd

ingestion can cause potential health affects in birds

through their food web. This led us to investigate Cd-

induced testicular toxicity in cocks and the protective

effects of Se. Therefore, we investigated the testicular

injury in cocks after a sub-chronic exposure to Cd and

the simultaneous administration of Cd and Se by a

dietary route. We evaluated testicular histopathology,

oxidative stress, endocrine disruptors and apoptosis in

cock testes.

Materials and methods

Birds and experimental design

All procedures used in this experiment were approved

by the Institutional Animal Care and Use Committee

of Northeast Agricultural University. Twenty-four

100-day-old Isa Brown cocks were divided randomly

into four groups (n = 6 per group). Group I (Control)

were fed a basal diet; group II (Se-treated) were fed

with the basic diet supplemented with 10 mg/kg

Na2SeO3; group III (Cd/Se-treated group) were fed

with the basic diet supplemented with 150 mg/kg

CdCl2 ? 10 mg/kg Na2SeO3 and group IV (Cd-

treated group) were fed the basal diet supplemented

with 150 mg/kg CdCl2. Birds were maintained in the

Laboratory Animal Center, College of Veterinary

Medicine, Northeast Agricultural University, China,

kept under a 16/8 h light/dark cycle and given free

access to standard food and water. On the 60th day of

the experiment, all of the cocks were fasted over-

night. Following euthanasia, the testes were immedi-

ately excised, blotted and then rinsed with ice-cold

0.9% NaCl solution. They were dried with filter paper

and weighed. Fractions of testes (500 mg) were

homogenized using glass Teflon homogenizer in cold

0.9% NaCl solution. The homogenates were centri-

fuged at 10009g for 10 min at 4�C. The supernatant

was collected and used for the experiments. The

blood collected via cardiac puncture was allowed to

clot and the serum was obtained by centrifugation at

10009g for 10 min.

Estimation of the ratio of testis weight to body

weight and testicular Cd and Se concentrations

After euthanasia, the testes from experimental cocks

were collected and weighed. The ratio of testis weight

to body weight was calculated for each cock.
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The content of Cd in the testes was detected using

flame atomic absorption spectrometry (FAAS). The

optimal operating conditions were: wavelength k
228.8 nm, slit 0.2 nm, burner height 5.0 mm, light

current I 2.0 mA, acetylene discharge 1.5 l/min, air

discharge 6.0 l/min. The wet tissue samples (1.0 g)

were cut into small pieces with a stainless-steel knife

and were transferred into beakers. For digestion,

25 ml of concentrated HNO3/HCl (4:1) was added to

each beaker and warmed on a low temperature

electric hot plate to solution transparence. The

samples were metered volume to 10 ml by 0.5%

HNO3 and measured using FAAS. The content of Cd

was calculated from a standard curve.

The content of Se in the testes was estimated by

the method described by Hasunuma et al. (1982). The

assay is based on the principle that Se in samples

following acid digestion is converted to selenous

acid. The reaction between selenous acid and aro-

matic-o-diamines, such as 2,3-diamino-naphthalene

(DAN), leads to the formation of 4,5-benzopiazsel-

enol, which displays a brilliant lime-green fluores-

cence when excited at 366 nm in cyclohexane.

Fluorescence emission in extracted cyclohexane was

read using a spectrophotometer using 366 nm as the

excitation wavelength and 520 nm as the emission

wavelength. The content of Se was calculated from a

standard curve.

Histological and ultrastructural observations

Testicular specimens were fixed in 10% buffered neutral

formalin and were processed for paraffin wax section-

ing. Sections of about 5 lm thickness were stained with

hematoxylin and eosin for light microscopy.

For electron microscopy, testicular specimens

were fixed with 2.5% glutaraldehyde in 0.1 M

sodium phosphate buffer (pH 7.2) for 3 h at 4�C,

washed in the same buffer for 1 h at 4�C and

postfixed with 1% osmium tetroxide in sodium

phosphate buffer for 1 h at 4�C. The tissues were

then dehydrated in graded series of ethanol, starting

at 50% each step for 10 min, after two changes in

propylene oxide. The tissue specimens were embed-

ded in Araldite. Ultrathin sections were stained with

Mg-uranyl acetate and lead citrate for transmission

electron microscope (TEM) evaluation.

In situ apoptosis detection

Cleavage of genomic DNA during apoptosis yields

single strand breaks (nicks) in high molecular weight

DNA. Apoptotic nuclei in tissue sections were

identified using the in situ terminal deoxynucleotidyl

transferase (TdT)-mediated deoxyuridine triphos-

phate (dUTP) biotin nick-end labeling (TUNEL)

technique that identifies DNA strand breaks by

labeling their free 30-OH termini. We used in situ cell

death detection kit (Roche Diagnostics GmbH, Mann-

heim, Germany). The method distinguishes apoptotic

cells from those undergoing necrosis, because dam-

aged DNA in the former leads to a different distribu-

tion of staining and nuclear morphology. Paraffin

wax-embedded tissue sections were treated with

proteinase K and the endogenous peroxidase activity

was blocked with hydrogen peroxide. The sections

were incubated at 37�C with the terminal TdT/

nucleotide mixture for 1 h. Then, the reaction was

stopped and the slides were rinsed with phosphate

buffered saline. Nuclear labeling was developed with

horseradish peroxidase and diaminobenzidine. Hema-

toxylin was used for counterstaining. Quantitative

evaluation of the apoptotic index was performed by

manual counting of positively stained nuclei at 4009

magnification. Apoptosis was determined in five

testes from each group of cocks by counting at least

1000 cells from 5 to 6 sections of each testis. The

results are expressed as the percentage of TUNEL-

positive cells among the total number of cells counted.

Determination of protein content

Protein determinations were made using the dye-binding

method of Bradford (1976). Bovine serum albumin

(BSA) was used to construct the standard curve.

Lipid peroxidation

Lipid peroxidation (LPO) was assessed by measuring

malondialdehyde (MDA) formation, using the thio-

barbituric acid assay (Esterbauer and Cheeseman

1990). The content of LPO in testes was carried out

with the MDA detection kit (A003-1, Nanjing

Jiancheng Bioengineering Institute, P. R. China)

according to the manufacturer’s protocol.
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Antioxidant assays

The activity levels of the antioxidants superoxide

dismutase (SOD) and glutathione peroxidase (GPx)

were measured in testicular homogenates of all

experimental cocks. The GPx activity assay was

performed with kits according to the manufacturer’s

protocol (A005-1, Nanjing Jiancheng Bioengineering

Institute, P. R. China). The SOD activity was

measured using SOD detection kit (A001-1, Nanjing

Jiancheng Bioengineering Institute, P. R. China)

according to the manufacturer’s protocol.

Determination of the testosterone level in serum

Radioimmunoassay (RIA) for serum testosterone was

carried out with a testosterone 125I RIA Kit (Beijing

North Institute of Biological Technology, P. R.

China) according to the manufacturer’s protocol.

Radioactivity was determined using an automatic

gamma counter. All samples were run in duplicate in

a single assay to avoid interassay variation.

Statistical analysis

Statistical analysis of all data was performed using

SPSS for Windows (version 13; SPSS Inc., Chicago,

IL, USA). When a significant value (P \ 0.05) was

obtained by one-way analysis of variance, further

analysis was carried out. All data showed a normal

distribution and passed equal variance testing. Dif-

ferences between means were assessed using Tukey’s

honestly significant difference test for post hoc

multiple comparisons. Data are expressed as the

mean ± standard deviation.

Results

Testis weight/body weight ratios and Cd and Se

concentrations

After 60 days exposure to Cd in the feed, there were

no significant differences in the growth rates between

groups. However, as expected, the final body weight

was less in the Cd group than in the other groups. The

relative testis weight was reduced by the sub-chronic

Cd administration and became greater when cocks

were co-treated with Cd and Se than when treated

with Cd alone. This measure showed no change

compared with the control group when cocks were

treated with Se alone (Table 1). Table 1 also shows a

significant (P \ 0.01) accumulation of Cd in the

testis compared with the values in the control cocks.

Co-treatment with Cd and Se induced a significant

(P \ 0.05) change in the level of Cd accumulated in

the testis compared with the level of the Cd group. Se

in the diet reduced the level of Cd in the testicular

tissue and significantly increased the Se content of

the testicular tissue in the Cd ? Se group (P \ 0.01).

Se content in the Se-treated group was significantly

increased compared with the other groups (P \ 0.05

or P \ 0.01) and Cd concentration was decreased

compared with the control group.

Histopathology and ultrastructure

Histology of the testes in control and Se-treated cocks

showed normal testicular architecture with regular

seminiferous tubular morphology and normal sper-

matogenesis (Fig. 1a, b). Cocks treated with Cd only

showed testicular lesions, with edematous testes,

Table 1 Cd and Se contents and the ratios of testis weight/body weight of the normal and experimental cocks

Group Ratio of testis weight/body weight (%) Cd content (lg/g) Se content (lg/g)

Control 9.798 ± 0.191 0.132 ± 0.015 0.208 ± 0.024

Se 9.720 ± 0.254 0.104 ± 0.013 0.532 ± 0.061b

Cd ? Se 2.045 ± 0.188b 0.320 ± 0.044a 0.422 ± 0.036b

Cd 0.466 ± 0.064b 1.412 ± 0.111b 0.096 ± 0.011b

Values are expressed as the mean ± SD, for six cocks in each group

* Values differ significantly from the Cd ? Se group (P \ 0.05); ** values differ significantly from the Cd ? Se group (P \ 0.01)
a Values differ significantly from the control group (P \ 0.05); b values differ significantly from the control group (P \ 0.01)
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severe necrosis and degeneration of seminiferous

tubules (Fig. 1d). In addition, defoliation of many

spermatocytes into the lumen of seminiferous tubules

was observed. Intense fibrosis was also observed in

the central area of the testis. Spermatogenesis was

almost absent in the seminiferous tubules. In the

Fig. 1 Histology (Panel A, hematoxylin and eosin staining,

9400) and TUNEL staining (Panel B, counterstained with

hematoxylin, 91000) of the seminiferous tubules of cock testes

in different groups. a, d Normal testis in the control group. a, b,

f, e Normal testes in the control and Se groups. c Section of

testis from a cock in the Cd/Se-treated group. d Section of

testis from a cock in the Cd-treated group. Many seminiferous

tubules were edematous with an intact germinal layer but are

undergoing degeneration along with loss of spermatogenesis.

g Seminiferous tubules of a cock testis from the Cd/Se-treated

group showing a low level of apoptosis. h Seminiferous tubules

of a cock testis from the Cd-treated group showing increased

numbers of apoptotic cells (arrows)
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Fig. 2 Transmission electron microscopy of testicular tissues.

The control and Se group showed normal spermatocytes

(a, 96000). Spermatocytes in the Cd/Se-treated group showed

slightly dilated smooth endoplasmic reticulum (SER) cisternae

and swollen mitochondria (b1 and 3, 96000; b2, 912000).

Sertoli and Leydig cells in the Cd/Se-treated group also showed

slightly dilated SER cisternae and swollen mitochondria

(b4, 98000; b5, 912000). Spermatocytes in the Cd-treated

group had markedly swollen mitochondria with degenerated or

missing cristae, dilated SER cisternae and cytoplasmic vacu-

olation (c1, 2, 96000). Leydig cells in the Cd-treated group had

markedly swollen mitochondria with loss of cristae and nuclear

chromatin condensation (c3, 912000; c4, 96000). Spermato-

cytes in the Cd-treated group displayed morphological charac-

teristics of apoptosis, including cell shrinkage and apoptotic

body formation (black arrows) (c5, 910000). Spermatocytes in

the Cd-treated group displayed morphological characteristics of

apoptosis, including chromatin condensation showing as

crescentic bodies (white arrows) with a clear boundary under

the nuclear envelope (c6 910000). Key: SER smooth endo-

plasmic reticulum, MI mitochondria, NU nucleus
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Cd ? Se group, the interstitial edema and partial loss

of spermatogenic cells remained similar to the Cd-

exposed cocks (Fig. 1c). Mild restoration of sper-

matogenesis was observed in a very few seminiferous

tubules.

Electron microscopy showed normal testicular

ultrastructure in the control and Se groups (Fig. 2a).

Cd treatment alone caused extensive testicular tissue

damage. Dilated cisternae of the smooth endoplasmic

reticulum (SER), markedly swollen mitochondria

with degeneration or loss of cristae and blebbing

of the membranes with cytoplasmic vacuolation

were observed in spermatocytes and Sertoli cells

(Fig. 2c1–3). Leydig cells and spermatocytes showed

chromatin condensation and margination (Fig. 2c4–5).

Spermatocytes displayed morphological characteris-

tics of apoptosis, including chromatin condensation

(Fig. 2c4), cell shrinkage and apoptotic body forma-

tion (Fig. 2c5). Chromatin condensation showed as

crescentic bodies with a clear boundary of the nuclear

membrane (Fig. 2c6). Se co-treatment restored the

normal electron microscopic appearance of testicular

tissue, similar to that observed in the control group.

Slightly dilated cisternae of the SER and swollen

mitochondria were observed in the spermatogenic

(Fig. 2b1–3), Sertoli (Fig. 2b4) and Leydig cells

(Fig. 2b5). Cytoplasmic vacuolation and abnormal

chromatin distribution of Sertoli cells and spermat-

ocytes were not evident.

Apoptosis in the testes

The number of apoptotic cells in the testes shown by

TUNEL assay was significantly increased in the

Cd-treated group compared with the control and Se

groups (Fig. 1e, f and h). Interestingly, most of the

apoptotic cells in the testes were found in the

spermiogenic region (Fig. 1g and h). Se supplemen-

tation significantly reduced the number of apoptotic

cells in the Cd/Se-treated group compared with the

Cd group (P \ 0.01; Fig. 3). The numbers of apop-

totic cells were similar in the control and Se groups

(Figs 3 and 1e, f).

Lipid peroxidation

As shown in Table 2, the LPO levels of serum and

testis tissue in the Cd group were significantly higher

than in the control and Se group (P \ 0.05 and

P \ 0.01, respectively), but the levels in serum were

not significantly different between the control, Se and

Cd ? Se groups. Se supplementation significantly

reduced the LPO levels in the Cd/Se-treated group

compared with the Cd group (P \ 0.01).

Antioxidant activity

The SOD and GPx activity levels in the serum and

testicular tissue of the experimental cocks are shown

in Table 2. Cd administration significantly reduced

the activities compared with the control and Se

groups. Thus, Se treatment was able to counter the

inhibition of antioxidant activity caused by Cd.

Effects on testosterone levels in serum

As shown in Fig. 4, the testosterone level in the

serum of the Cd-treated cocks was decreased signif-

icantly. However, Cd/Se co-treatment was able to

reverse this. The testosterone levels showed no

statistically significant differences between the con-

trol and Se groups (Fig. 4).

Discussion

Cd, a very harmful environmental pollutant, is widely

dispersed in ecosystems worldwide and is transferred

among various levels of the food chain. Elevated

levels of Cd have been reported in birds and
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Fig. 3 Effects of Se treatment on testicular apoptosis in Cd-

treated cocks. Each value is the mean ± SD of at least six

cocks. Statistically significant differences: aP \ 0.05 compared

with control group; bP \ 0.01 compared with the control

group; * P \ 0.05 compared with the Cd ? Se group;

** values differs significantly from the Cd ? Se group

(P \ 0.01)
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mammals caused by long-range transport of pollution

(Kumar et al. 2007; Pan et al. 2008; Roodbergen et al.

2008). Testicular changes in response to Cd toxicity

have been seen in a variety of animal models. Thus,

dietary Cd induced moderate histopathological

changes in young bank voles (Bonda et al. 2004).

Similarly, adult male rats have been shown to

develop gonadal damage following administration

of Cd (El-Ashmawy and Youssef 1999). Histologi-

cally, the toxic effects of Cd in the rat testes showed

as severely damaged seminiferous tubules with

degeneration and disintegration of spermatogenic

cells and Leydig cells (Burukoğlu and Baycu 2008;

Manna et al. 2008; Fouad et al. 2009). In the testis of

Cd-treated rats there were significant increases in

lipid peroxidation and the Sertoli cell tight junction

was damaged by Cd exposure leading to a breakdown

of the blood–testis barrier (Kusakabe et al. 2008). The

present study demonstrated that dietary Cd induced

similar histopathological changes in the testes

(edema, necrosis, degeneration of seminiferous

tubules and apoptosis in the spermiogenic region of

the seminiferous epithelium (Figs 1 and 2) as was

observed following Cd administration in rodents (Liu

et al. 2001; Xu et al. 2005; Burukoğlu and Baycu

2008; Fouad et al. 2009).

It is well known that testes are very sensitive to Cd

toxicity, which causes biochemical and functional

changes. Cd induces oxidative damage by increasing

the production of reactive oxygen species (ROS;

Chen et al. 2008; Liu et al. 2008) and decreasing the

biological activities of some antioxidants, such as

SOD and GPx (Kara et al. 2007; Fouad et al. 2009),

which play an important role in antioxidant defense

and in the elimination of free radicals. Our results are

in agreement with previous studies, which clearly

demonstrated that Cd exposure increases LPO and

suppresses the antioxidant defense mechanisms in

testicular tissue with significant reductions in testic-

ular function and androgen secretion (Liu et al. 2001;

Sen Gupta et al. 2004b; Kara et al. 2007; Acharya

et al. 2008; Fouad et al. 2009).

Mitochondria are important targets of metal tox-

icity including Cd (Belyaeva et al. 2008). It has been

proposed that Cd initially binds to protein thiols in

Table 2 Effects of Se treatment on LPO levels and antioxidant activities in serum and testicular tissue of Cd-treated cocks

Parameters Control Se Cd ? Se Cd

LPO

Serum (nmol/ml) 4.387 ± 0.486 4.199 ± 0.465 4.643 ± 0.455 5.683 ± 0.206a*

Testis (nmol/mg protein) 0.300 ± 0.014 0.293 ± 0.026* 0.350 ± 0.024a 0.425 ± 0.032b*

SOD

Serum (NU/ml) 40.753 ± 1.981 45.935 ± 2.063a** 35.503 ± 1.116a 33.980 ± 0.942b**

Testis (NU/mg protein) 1.357 ± 0.095 1.476 ± 0.093* 1.197 ± 0.070a 1.160 ± 0.025a

GPx

Serum (U/ml) 79.463 ± 1.547 84.824 ± 2.824b** 66.877 ± 1.627b 52.097 ± 1.895b**

Testis (U/mg protein) 0.903 ± 0.015 1.342 ± 0.071b** 0.780 ± 0.139a 0.560 ± 0.053b*

Values are expressed as the mean ± SD, for six cocks in each group

* Values differ significantly from the Cd ? Se group (P \ 0.05); ** values differ significantly from the Cd ? Se group (P \ 0.01)
a Values differ significantly from the control group (P \ 0.05); b values differ significantly from the control group (P \ 0.01)
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Fig. 4 Effects of Se treatment on serum testosterone level in

Cd-treated cocks. Each value is the mean ± SD of at least six

cocks. Statistically significant differences: a P \ 0.05 com-

pared with the control group; b P \ 0.01 compared with the

control group; * P \ 0.05 compared with the Cd ? Se group;

** values differs significantly from the Cd ? Se group

(P \ 0.01)
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the mitochondrial membrane, affects the mitochon-

drial permeability transition, inhibits the respiratory

chain reaction and that this generates ROS (Dorta

et al. 2003). These effects on mitochondrial electron

transfer are the major source of Cd-generated ROS

not only in mammalian cells but also in plants

(Heyno et al. 2008). In this study, markedly swollen

mitochondria with degenerated or missing cristae

were observed in spermatocytes and Sertoli cells

(Fig. 2c1–3) by electron microscopy. These results

are in agreement with a previous study (Belyaeva

et al. 2008).

In male rodents, it is well established that Cd

significantly alters the circulating level of testoster-

one (Lafuente et al. 2001, 2004; Sen Gupta et al.

2004a). Cd treatment also impairs testosterone pro-

duction in isolated Leydig cells (Yang et al. 2003),

demonstrating that the disruption of steroidogenesis

is likely to be an initial target of Cd toxicity as an

endocrine modulator. Here we observed that Cd

exposure decreased the relative testicular weight in

cocks together with a reduction in the serum testos-

terone level. This can be explained by the obvious

pathological changes and apoptosis in the testicular

cell components (e.g., spermatogenic, Leydig and

Sertoli cells).

Se has a paradoxical position in animal nutrition

because it is well established both as a natural

toxicant and as an essential micronutrient. Recent

evidence indicates that Se has a positive influence on

the male reproductive system (Boitani and Puglisi

2008). In this study, concurrent treatment with Se and

Cd reduced the Cd-induced testicular histopatholo-

gical changes, oxidative stress, endocrine disorder

and apoptosis. Together, this evidence suggests that

Se treatment counteracts the toxic effect of cadmium

on the avian testis. This element is a well-established

antioxidant and can prevent or decrease the harmful

effects of oxidants and ROS in various tissues. The

effect of Se effect on GPx activity may be attrib-

uted to an increase in the bioavailability of Se

following co-treatment with sodium selenite, which is

reflected in increased GPx activity (Jamba et al. 2000;

El-Sharaky et al. 2007; Newairy et al. 2007;

Ognjanović et al. 2008; Jihen et al. 2009; Messaoudi

et al. 2009). This upregulation of GPx production

induced by Se may explain why the GPx and SOD

activity levels in the serum and testicular tissues of

the Cd ? Se group were higher than in the Cd group

in our study. Dietary Se also decreased the MDA

concentration in the Cd ? Se group. These results can

be explained by the important role of Se in preventing

LPO and in protecting the integrity and functioning of

testicular tissues. However, some have reported that

Se exerts its protective effect by significantly decreas-

ing Cd accumulation in organs or by inducing a

redistribution of Cd in rodents (Yiin et al. 1999;

Jamba et al. 2000; Ognjanović et al. 2008; Lazarus

et al. 2009). We found here that Se supplementation

reduced the distribution of Cd to the testicular tissues

(Table 1) and also decreased Cd concentrations in the

liver and kidney (unpublished results, JL Li). Cd

forms an equimolar complex with Se ingested as

selenite, in the form of selenide in plasma. This

complex binds to selenoprotein P as a high molecular

weight protein complex and changes the metabolism

of Cd (Sasakura and Suzuki 1998). Selenoprotein P is

the most common Se-binding protein and is important

for the supply of SE to organs, especially the testis

and kidney. It has been implicated in selenium

transport, selenium detoxification and antioxidant

defense systems (Schomburg et al. 2003). Further-

more, the activity of Se within animal systems is

mainly elicited via selenoproteins (Stadtman 2000).

Hence, we hypothesize that selenoproteins, especially

selenoprotein P, might play an important role in the

detoxification and interactions between Se and Cd.

In conclusion, our study demonstrated that dietary

exposure to Cd caused histopathological changes,

oxidative stress, endocrine disorder and apoptosis in

cock testes. There were significant reductions in

testicular function and androgen secretion. Moreover,

dietary Se ameliorated these effects by enhancing

antioxidant systems and by decreasing Cd accumu-

lation in the testis. However, our experimental design

could not give information about the relationship

between Cd retention and selenoprotein synthesis, so

further investigations are needed to clarify this.
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