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Abstract 

Background: The impact of cadmium (Cd) on male infertility may be related to the 

interaction with metal-binding proteins known as metallothioneins (Mts). Trace 

elements like zinc (Zn) have protective effects on testicular damage induced by Cd. 

Objective: We determined the effect of Zn and low-dose Cd pre-treatment on the 

expression of Mt1 and Mt2 genes on testicular Sertoli cells. 

Materials and Methods: The cultured TM4 mouse sertoli cells were treated with 50 

μM ZnSO4 (Zn pre-treated group; ZnPG), 2 μM CdCl2 (Cd pre-treated group; 

CdPG), or distilled water (DW pre-treated group; DWPG). After 18 hour, all of 

these groups were exposed to 100 μM CdCl2 for different periods of time (1, 2, 3, 

and 6 hours). There was also a control group for all three groups, which was treated 

only with distilled water (without Cd or Zn pre-treatment). Cellular viability, Zn and 

Cd concentrations and gene expression were assessed by MTT, atomic absorption 

spectrometry and real time PCR methods, respectively. 

Results: The expression of Mt1 and Mt2 genes in ZnPG, CdPG, and DWPG was 

greater than the control group (p=0.02 and p=0.01, respectively). Cd concentrations 

in CdPG and DWPG were greater than the control group (p=0.00). Expression of 

both genes in ZnPG and CdPG increased after 3 hours of treatment and Cd 

concentration decreased simultaneously, which was more obvious in ZnPG. 

Conclusion: Zn and short term low-dose Cd pre-treatment might reduce the adverse 

effects of Cd by increasing expression of Mts genes in Sertoli cells. The protective 

effect of Zn was stronger than Cd. 
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Introduction 

 
he toxicity of cadmium (Cd) in the 

testis, can cause numerous disorders 

and diseases such as infertility and 

cancer. The testis is the target site of acute 

Cd toxicity. In rats, long-term administration of 

Cd in the diet was shown to induce 

pathological alterations in the testis with loss 

of reproductive capacity (1, 2).  

The role of Cd in the testis has been 

discussed in many studies, which have 

proposed several mechanisms for its effects, 

such as lipid peroxidation, alteration of copper 

(Cu) and zinc (Zn) homeostasis, oxidative 

stress and its effects on the hypothalamic-

pituitary-testicular axis (3-8). Cd also induces 

changes in the testis, like disruption of tight-

junctions in Sertoli cells, blood-testis barrier 

damage, testicular necrosis and imperfect 

spermatogenesis (9, 10). In addition, 

metallothioneins (Mts) as proteins, which are 

involved in resistance to Cd-induced tissue 

damage, are of great importance. These 

proteins can be induced by trace elements like 

Zn and Cd (3, 4, 11-13). The role of Mts as 

major proteins in protecting acute Cd 

poisoning came from the observation that pre-

treatment of animals with a low dose of Cd 

renders animals highly tolerant to Cd-induced 

lethality in wild-type but not in Mts-null mice 

(14-16). 

Jemai et al showed that pre-treatment with 

Zn exhibited a protective role against Cd 

toxicity with a significant decrease in serum 

Zn content because of excessive use of Zn in 

Mts synthesis as Cd detoxification agent (17). 

In recent years, it has been proposed that the 
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development of certain reproductive disorders 

such as low sperm count and infertility, which 

may associate with Cd contamination, can be 

prevented by Zn (4, 18, 19). Zn is known to be 

particularly important in the development and 

function of sperm, and there are documented 

data that Zn supplementation improves sperm 

count, quality, and motility (20, 21).  

Zn and low-dose Cd have a protective 

effect on testicular damage induced by Cd 

(22-26). The mechanism of Zn protection 

against Cd toxicity is not precisely known yet, 

although some studies suggest an antioxidant 

role for Zn or Mts proteins (4, 27, 28). It has 

been also documented that Mts associate with 

Cd detoxification in the liver, kidney, and 

intestine. Little is known, however, about the 

role of Mts, especially regarding the 

preventive effect of Zn and low-dose Cd 

against Cd toxicity in testicular sertoli cells 

(25, 29-32). These cells are considered 

supportive cells in the seminiferous epithelium 

and appear to be highly sensitive to Cd 

cytotoxicity (3, 33).  

In the current study, we analyzed the effect 

of Zn and low-dose Cd pre-treatment on 

preventing later Cd toxicity by evaluating Mts 

genes expression in testicular Sertoli cells. 

 

Materials and methods 
 

The methods of the study were reviewed 

and approved by institutional review board 

(IRB) of Iran University of Medical Sciences. 

 

Cell Culture 

TM4 mouse sertoli cells (ATCC number 

CRL-1715) were cultured as described by the 

ATCC protocol. Sertoli cells were grown in a 

mixture of Ham's F12 medium (Biosera, UK) 

and Dulbecco's Modified Eagle's Medium 

(Biosera, UK) supplemented with 1.2 g/L 

sodium bicarbonate, 15 mM HEPES [(4-(2-

hydroxyethyl) -1 - piperazineethanesulfonic 

acid), (Sigma, USA)] plus 5% horse serum 

(Sigma, USA) and 5% fetal bovine serum 

(Sigma, USA). Cells were incubated at 37oC in 

a 5% humidified CO2-enriched atmosphere. 

Cd and Zn serial dilutions were prepared from 

a 10 mM stock CdCl2 and ZnSO4 solution, 

respectively.  

TM4 cells were pre-treated with 50 μM 

ZnSO4 (Zn pre-treated group; ZnPG) or 2 μM 

CdCl2 (Cd pre-treated group; CdPG) or 

distilled water (DW pre-treated group; DWPG). 

After 18 hours all of these groups were treated 

by a single dose of 100 μM CdCl2 for different 

periods of time (1, 2, 3, and 6 hours). There 

was also a control group for all three groups, 

which was treated only with distilled water 

(without Zn or Cd pre-treatment). Before any 

experiment, viable cell number was 

enumerated with trypan blue staining using a 

Neobar hemocytometer. There were four 

subgroups (1, 2, 3, and 6 hours) in each group 

and three replicates in all subgroups. 

 

Cell viability assay 

Cellular viability in the different groups was 

determined using MTT [3-(4, 5- 

dimethylthiazol-2-yl)-2, 5-dimethyl tetrazolium 

bromide assay] (Sigma, UK) in a final 

concentration of 0.5 mg/ml. Briefly, following 

treatments, 100 μl of culture medium 

containing MTT solution was added in each 

well (10×105 cells), and the plate was 

incubated for 2 hours at 37ºC. The medium 

was then removed and the colored reaction 

product was solubilized in 100 μl DMSO 

(Dimethyl sulfoxide). Absorbance was 

measured at 570 nm using an ELISA reader 

(Anthos 2020, Austria). The percentage 

viability was calculated as follows: Percentage 

specific viability= A/B×100, where A and B 

represent absorbance at 570 nm of the 

treated and untreated (control) samples.  

 
Cd and Zn determination 

At the end of treatments (1, 2, 3, and 6 

hours), both treated and untreated cells 

(10×105 cells) were washed twice with cold 

phosphate buffered saline (PBS), and then 

total  Zn and Cd concentrations were 

determined by flame atomic absorption 

spectrometry (FAAS) and graphite furnace 

atomic absorption spectrometry (GFAAS), 

respectively, using a Spectra AA 220 (Varian, 

Australia) spectrometer. To avoid Cd and Zn 

contamination, precautions were taken using 

acid washed glassware or plastic bottles for 

growth of cultures and deionized water to 

prepare the reagents.  
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RNA extraction 

For RNA extraction, the PBS washed 

treated cells (10×105 cells) were centrifuged 

twice for 5 min at 1600 g.Then total RNA was 

extracted from these cells using the High Pure 

RNAgents Isolation kit (Promega, UK). Briefly, 

the cell pellet was homogenized in 120 μl of 

prechilled denaturing solution from the system 

by vortexing for 5-10 min. The following 

reagents were added: 12 μl of 2 mol/L sodium 

acetate (pH=4.0), and 120 μl of 

phenol/chloroform/isoamyl alcohol mixture. 

The samples were vortexed thoroughly and 

chilled on ice for 20 min, then centrifuged at 

10,000 g at 4oC for 20 min.  

The aqueous upper phase was transferred 

to a clean 1.5 ml microcentrifuge tube, and an 

equal volume of isopropanol was added. The 

tubes were vortexed and stored at -20oC for 

20 min, then centrifuged at 10,000 g for 10 

min at 4oC to precipitate RNA. The 

supernatant was removed and the RNA pellet 

was washed with 75% ethanol, centrifuged at 

10,000 g for 10 min at 4oC, then vacuum 

dried, and resuspended in 20 μl of nuclease-

free water and stored in aliquots at -80oC. 

Purity of RNA was estimated by the 

absorbance ratio A260/A280 nm.  

RNA integrity was confirmed by ethidium 

bromide staining of ribosomal RNA following 

gel electrophoresis. Synthesis of cDNA was 

performed according to a previous report 

using random hexamer and M-Mulv reverse 

transcriptase enzyme (Fermentas, Canada) 

(34). Two important isoforms of Mts (Mt1 and 

Mt2) were selected for analysis of their 

expression in Sertoli cells. Primer design was 

done with regard to primer dimer formation, 

self-priming formation, and primer melting 

temperature, and was checked with 

Generunner software. Blast search in the 

published sequence database Gene Bank 

(http://blast. ncbi. nlm. nih. gov/ Blast. cgi) 

revealed the primers to be gene specific 

(Table I). The beta actin gene was used as a 

housekeeping gene.  

 
Quantitative real-time RT PCR analysis 

Real-time RT PCR was carried out with 

Quantifast SYBR Green Kit (Roche Applied 

Science, UK) using 1 μl of cDNA (equivalent 

to 100 ng cDNA) in a 20 μl final volume and 

0.4 μM of each primer (final concentration). 

Quantitative PCR was performed using a 

Corbett Rotor-Gene 3000 for 35 cycles at 

95oC for 10 seconds and at 60oC for 20 

seconds. Specificity of product for each 

separate sample was checked with the 

melting curve analysis, and quantification was 

achieved with the comparative threshold cycle 

method. 

 
Statistical analysis 

This study was carried out as an 

experimental study. Statistical analysis was 

performed using the SPSS software (version 

16.0). For data analysis, the independent t-

test, Mann-Whitney-U-Test, one-way ANOVA 

analysis, and Kruskal-Wallis H test were 

performed. A p-value less than 0.05 was 

considered for significant difference.  

 

 

 

 
Table I. Sequences of the primers used in real-time PCR assays 

Gene name Sequence Product size (bp) Accession number 

Mt1 
F 5′-ATGGACCCCAACTGCTCCTG-3′ 

197 NM_013602.3 
R 5′-TTCGTCACATCAGGCACAGC-3′ 

Mt2 
F 5′-ACCCCAACTGCTCCTGTGCC-3′ 

127 NM_008630.2 
R 5′-CACTTCGCACAGCCCACGG-3′ 

Beta actin 

F 5′- GCTATGCTCTCCCTCACGCCA -3′ 

201 NM_007393.3 
R 

5′- AGGAAGAGGATGCGGCAGTGG-3′ 

 

Mt1: metallothionein-1;  

Mt2: metallothionein-2;  

F: forward;    R: reverse. 
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Results 
 

The effect of treatments and pre-
treatments on cellular viability 

Figure 1 shows cellular viability at different 
times of treatments in the pre-treated cells. 
The cellular viability in ZnPG cells was near to 
that of the control group generally throughout 
the experiment. In two other groups (CdPG 
and DWPG) cellular viability decreased at first 
hour and then increased especially in CdPG 
cells (Figure 1, p=0.00). 
Determination of Cd and Zn concentration 

The Cd concentrations in CdPG and 
control group were 75.01±21.43 parts per 
billion (ppb) and 5.00±1.82 ppb, respectively 
(p=0.00). The differences in Cd concentration 
between ZnPG and the control group 
[(19.75±11.47 ppb vs. 5.00±1.82 ppm, 
(p=0.06)] and in Zn concentration [0.11±0.03 
ppm in ZnPG vs. 0.12±0.03 ppm in the control 
group, (p=0.07)] were insignificant. In the cells 
pretreated with DW, Cd concentration was 
105.25±35.06 ppb versus 5.00±1.82 ppb in 

the control group (p=0.00). According to figure 
2, the Cd concentration in CdPG was lower 
than that in DWPG. In ZnPG, the Cd 
concentration was very low in comparison with 
two other groups (CdPG and DWPG). This 
figure also shows that Cd concentration in 
ZnPG and CdPG decreased up to 6 hours, 
whereas it increased in DWPG.  
 
Mts genes expression  

Table II shows the Mts genes expression in 
the three pretreated groups and the control 
group. According to this table, the expression 
of both Mt1 and Mt2 genes in all pretreated 
groups was greater than that in the control 
group (p=0.02 and p=0.00, respectively). 
Figure 3 represents the relative expression for 
Mt1 and Mt2 genes at different times of 
treatment.  

The expression of genes in DWPG 
compared with the two other groups (ZnPG 
and CdPG) was low, and Zn pre-treatment 
had a more prominent role in the excitement 
of gene expression. 

 

 

 

 

 
Table II. Mts genes expression in three pretreated groups and control groups 

 Mt1 gene expression p value Mt2 gene expression p value 

CdPG 1.9 ± 0.97 

0.02 

2.3 ± 1.03 

0.00 
ZnPG 3.77 ± 2.86 5.63 ± 3.43 

DWPG 1.24 ± 0.3 2.65 ± 1.3 

CG 0.42 ± 0.12 0.47 ± 0.23 

CdPG: Cd pretreated group; ZnPG: Zn pretreated group; DWPG: DW pretreated group; CG: Control group. Data represent mean values ± SE of four 

subgroups (1, 2, 3, 6 hours) in each group and three replicates in all subgroups. 
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Figure 1. Cellular Viability in pre-treated Sertoli cells.  

Cellular viability in ZnPG cells was about the level of control cells. In the two other groups (CdPG and DWPG), cellular viability 

decreased to 45% for CdPG and 53% for DWPG at first hour of the test and then increased especially in CdPG cells. Data represent 

mean values ± S.E of six analyses (three replicates in all subgroups with two analyses per replicate). (p=0.00) 
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Figure 2. Cd concentration in pre-treated Sertoli cells and control group.  

Cd concentration in DWPG increased as time passed and reached 153 ppb in the sixth hour. In CdPG and ZnPG, Cd concentration 

decreased to 47 ppb and 8 ppb, respectively, in the sixth hour. In the control cells, the values were so low. Data represent mean 

values ± S.E of three replicates in all subgroups. Mean values were compared using one-way ANOVA. (*p = 0.01, **p = 0.00). 
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Figure 3. Mts genes expression in pre-treated Sertoli cells.  

Expression of genes in DWPG in comparison with the two other groups was low (between 115% and 780%). In ZnPG, the 

expression of both genes was higher than in CdPG. The increase in gene expression was more obvious for the Mt2 gene (5095% in 

the third hour and 3470% in the sixth hour) compared with the Mt1 gene (3020% in the third hour and 3205% in the sixth hour). Data 

represent mean ± SE of three replicates in all subgroups.  

 
Discussion 

 
Our results showed that pre-treatment with 

Zn and low-dose Cd caused an obvious 
increase in the expression of Mt1 and Mt2 
genes in cultured Sertoli cells, which was 
more prominent during the last hours of the 
tests. Besides, decreasing Cd concentration in 
ZnPG and CdPG cells showed the efficiency 
of pre-treatment in preventing Cd toxicity over 
time. All of the above considerations, as well 
as the closeness of cellular viability to the 
control group in ZnPG cells compared with the 

two other groups, highlighted the role of Zn as 
a toxicity-preventing factor more than low-
dose Cd. It seems that in ZnPG, increasing 
Mts proteins might decrease Cd content to 
normal level. 

We also found that low-dose Cd increased 
Mts genes expression, which might cause 
cellular defence against toxic dose of Cd. 
Consistent with our results, some studies 
have indicated that the short term low-dose 
Cd may resist against subsequent toxicity of 
high-dose Cd by increasing the expression of 
Mts genes in animals, isolated interstitial cells, 

* ** ** 

** 
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and Sertoli cells (14-16, 24, 35). In contrast 
Miura et al have reported that Cd exposure 
can lead to long-term effects on human health 
even at low concentrations (36).  

Zhang et al have found that CdCl2 can 
induce apoptosis of Sertoli cells even at a low 
concentration of 10 μM (37). Furthermore 
Panjehpour et al have indicated that low-dose 
Cd was very cytotoxic in the human lung 
carcinoma cell line. As Mts induction is dose- 
and time-dependent in Sertoli cells, therefore, 
some of the controversy may derive from the 
different study time and used dose (38).  

Kusakabe et al also have reported that Cd-
induced Mts proteins protect Sertoli cells 
against apoptosis (3); but, Ren et al in their 
research have shown that Cd exposure, 
despite the increase in cellular Mts genes 
expression, do not increase Mts proteins 
levels in Sertoli and spermatogenic cells. They 
have demonstrated that the inability to induce 
the metal-detoxicating Mts proteins may 
account for higher susceptibility of testis to Cd 
toxicity (45, 46). Unfortunately, we did not 
investigate the levels of Mts proteins in our 
study. 

About the effect of Zn, similar to our study, 
Hu et al. have shown positive effect of Zn 
treatment on the Mt2 gene in prostate and 
testis of rats (26). Wahba et al have 
mentioned opposite outcomes in their 
research, which might be due to the use of 
different methods in analyzing gene 
expression (39). However, to the best of our 
knowledge, there has been so far no report 
about the protective function of Zn pre-
treatment against Cd toxicity especially in 
Sertoli cells. However, some data have 
indicated the protective effects of Zn-induced 
Mts against Cd toxicity in the liver and kidney 
(40-43).  

Our results showed that Mts have a 
prominent role in the protective effect of Zn 
against Cd toxicity in these cells. Cd binds to 
Mts more tightly than does Zn (44). In high Cd 
status the cell encounters two problems: Cd 
toxicity and concomitant Zn deficiency, which 
arises from Cd excess as mentioned by 
Bonda et al (40). Therefore, increase of Mts 
concentration by Zn pre-treatment can 
increase the cellular Zn content and remove 
toxic Cd.  

Obviously, more studies should be 
undertaken to investigate the proteins level of 
Mts and on other cell types of the testis. In 

addition, evaluating morphologic and 
histological changes can be helpful to assess 
the effect of Zn and Cd pre-treatments in the 
gross index of cells. Moreover, examining 
other Zn dosages, especially on longer 
periods, may provide better explaining of the 
protection mechanism of Zn. 

 
Acknowledgements 

 
The authors would like to thank members 

of the Genetic Lab of Tehran University of 
Medical Science for their valuable support.  

 
Conflict of interest 

 
The authors report no conflicts of interest. 

 
References 

 
1. Shimada H, Narumi R, Nagano M, Yasutake A, 

Waalkes MP, Imamura Y. Strain difference of 
cadmium-induced testicular toxicity in inbred Wistar-
Imamichi and Fischer 344 rats. Arch Toxicol 2009; 

83: 647-652. 
2. Saygi S, Deniz G, Kutsal O, Vural N. Chronic effects 

of cadmium on kidney, liver, testis, and fertility of 
male rats. Biol Trace Elem Res 1991; 31: 209-214. 

3. Kusakabe T, Nakajima K, Suzuki K, Nakazato K, 
Takada H, Satoh T, et al. The changes of heavy 
metal and metallothionein distribution in testis 
induced by cadmium exposure. Biometals 2008; 21: 
71-81. 

4. Amara S, Abdelmelek H, Garrel C, Guiraud P, Douki 
T, Ravanat JL, et al. Preventive effect of zinc against 
cadmium-induced oxidative stress in the rat testis. J 
Reprod Dev 2008; 54: 129-134. 

5. Akinloye O, Arowojolu AO, Shittu OB, Anetor JI. 
Cadmium toxicity: a possible cause of male infertility 
in Nigeria. Reprod Biol 2006; 6: 17-30. 

6. Nava-Hernandez MP, Hauad-Marroquin LA, Bassol-
Mayagoitia S, Garcia-Arenas G, Mercado-Hernandez 
R, Echavarri-Guzman MA, et al. Lead-, cadmium-, 
and arsenic-induced DNA damage in rat germinal 
cells. DNA Cell Biol 2009; 28: 241-248. 

7. Waalkes MP. Cadmium carcinogenesis in review. J 
Inorg Biochem 2000; 79: 241-244. 

8. Nzengue Y, Steiman R, Rachidi W, Favier A, 
Guiraud P. Oxidative stress induced by cadmium in 
the C6 cell line: role of copper and zinc. Biol Trace 
Elem Res 2012; 146: 410-419. 

9. Siu ER, Mruk DD, Porto CS, Cheng CY. Cadmium-
induced testicular injury. Toxicol Appl Pharmacol 

2009; 238: 240-249. 
10. Thompson J, Bannigan J. Cadmium: toxic effects on 

the reproductive system and the embryo. Reprod 
Toxicol 2008; 25: 304-315. 

11. Goyer RA, Liu J, Waalkes MP. Cadmium and cancer 
of prostate and testis. Biometals 2004; 17: 555-558. 

12. Ren XY, Zhou Y, Zhang JP, Feng WH, Jiao BH. 
Metallothionein gene expression under different time 
in testicular Sertoli and spermatogenic cells of rats 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
7-

02
 ]

 

                               6 / 8

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wahba%20ZZ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
https://ijrm.ir/article-1-433-en.html


Zinc protection against toxic-dose of cadmium 

Iranian Journal of Reproductive Medicine Vol. 11. No. 6. pp: 487-494, June 2013                                                       493 

treated with cadmium. Reprod toxicology (Elmsford, 
NY 2003; 17: 219-227. 

13. Xu L, Wang S, Zhao R, Yang X. [Protection of 
metallothionein on the peroxidative injury in testis 
induced by cadmium]. Wei Sheng Yan Jiu 2000; 29: 
78-79. (In Chinese) 

14. Goering PL, Klaassen CD. Altered subcellular 
distribution of cadmium following cadmium 
pretreatment: possible mechanism of tolerance to 
cadmium-induced lethality. Toxicol Appl Pharmacol 
1983; 70: 195-203. 

15. Park JD, Liu Y, Klaassen CD. Protective effect of 
metallothionein against the toxicity of cadmium and 
other metals (1). Toxicology 2001; 163: 93-100. 

16. Klaassen CD, Liu J, Diwan BA. Metallothionein 
protection of cadmium toxicity. Toxicol Appl 
Pharmacol 2009; 238: 215-220. 

17. Jemai H, Lachkar HA, Messaoudi I, Kerkeni A. 
Effects of zinc pre-treatment on blood glutathione, 
serum zinc and kidney histological organisation in 
male rats exposed to cadmium. J Trace Elem Med 
Biol 2010; 24: 277-282. 

18. Benoff S, Hauser R, Marmar JL, Hurley IR, 
Napolitano B, Centola GM. Cadmium concentrations 
in blood and seminal plasma: correlations with sperm 
number and motility in three male populations 
(infertility patients, artificial insemination donors, and 
unselected volunteers). Mol Med 2009; 15: 248-262. 

19. Al-Bader A, Omu AE, Dashti H. Chronic cadmium 
toxicity to sperm of heavy cigarette smokers: 
immunomodulation by zinc. Arch Androl 1999; 43: 
135-140. 

20. Matsuda Y, Watanabe T. Effects of oyster extract on 
the reproductive function of zinc-deficient mice: 
bioavailability of zinc contained in oyster extract. 
Congenit Anom (Kyoto) 2003; 43: 271-279. 

21. Wei Q, Fan R, Yang X, Chen T. [Effect of zinc on 
reproductive toxicity in rats]. Wei Sheng Yan Jiu 
2003; 32: 618-619. (In Chinese) 

22. Li J, Yi J, Wang C, Xu P. [Effect of cadmium on 
apoptosis of spermatogenic cells of rat testis and the 
protection effect of zinc against it]. Wei Sheng Yan 
Jiu 2000; 29: 135-137. (In Chinese) 

23. Burukoglu D, Baycu C. Protective effects of zinc on 
testes of cadmium-treated rats. Bull Environ Contam 
Toxicol 2008; 81: 521-524. 

24. Wahba ZZ, Waalkes MP. Effect of in vivo low-dose 
cadmium pretreatment on the in vitro interactions of 
cadmium with isolated interstitial cells of the rat 
testes. Fundam Appl Toxicol 1990; 15: 641-650. 

25. Coogan TP. Enhanced metallothionein gene 
expression is associated with protection from 
cadmium-induced genotoxicity in cultured rat liver 
cells. J Toxicol Environ Health 1994; 41 233-245. 

26. Hu Y, Jin T, Zhou T, Pang B, Wang Y. Effects of zinc 
on gene expressions induced by cadmium in 
prostate and testes of rats. Biometals 2004; 17: 571-

572. 
27. Messaoudi I, Hammouda F, El Heni J, Baati T, Said 

K, Kerkeni A. Reversal of cadmium-induced oxidative 
stress in rat erythrocytes by selenium, zinc or their 
combination. Exp Toxicol Pathol 2009; 62: 281-288. 

28. Kara H, Karatas F, Canatan H, Servi K. Effects of 
exogenous metallothionein on acute cadmium 
toxicity in rats. Biol Trace Elem Res 2005; 104: 223-

232. 

29. Leber AP, Miya TS. A mechanism for cadmium- and 
zinc-induced tolerance to cadmium toxicity: 
involvement of metallothionein. Toxicol Appl 
Pharmacol 1976; 37: 403-414. 

30. Yang XF, Wang SY, Zhao RC, Ao SQ, Xu LC, Wang 
XR. Changes in tissue metals after cadmium 
intoxication and intervention with chlorpromazine in 
male rats. Biomed Environ Sci 2000; 13:19-25. 

31. Dorian C, Klaassen CD. Protection by zinc-
metallothionein (ZnMT) against cadmium-
metallothionein-induced nephrotoxicity. Fundam Appl 
Toxicol 1995; 26: 99-106. 

32. Squibb KS, Cousins RJ, Silbon BL, Levin S. Liver 
and intestinal metallothionein: function in acute 
cadmium toxicity. Exp Mol Pathol 1976; 25: 163-171. 

33. Haffor AS, Abou-Tarboush FM. Testicular cellular 
toxicity of cadmium: transmission electron 
microscopy examination. J Environ Biol 2004; 25: 
251-258. 

34. Hosseini-Asl S, Modarressi MH, Atri M, Salhab M, 
Mokbel K, Mehdipour P. The association between 
telomerase activity and expression of its RNA 
component (hTR) in breast cancer patients: the 
importance of DNase treatment. J Carcinog 2006; 5: 

17. 
35. Espevik T, Lamvik MK, Sunde A, Eik-Nes KB. Effects 

of cadmium on survival and morphology of cultured 
rat Sertoli cells. J Reprod Fertil 1982; 65: 489-495. 

36. Miura N. Individual susceptibility to cadmium toxicity 
and metallothionein gene polymorphisms: with 
references to current status of occupational cadmium 
exposure. Ind Health 2009; 47: 487-494. 

37. Zhang M, He Z, Wen L, Wu J, Yuan L, Lu Y, et al. 
Cadmium suppresses the proliferation of piglet 
Sertoli cells and causes their DNA damage, cell 
apoptosis and aberrant ultrastructure. Reprod Biol 
Endocrinol 2010; 8: 97. 

38. Wang SH, Chen JH, Lin LY. Functional integrity of 
metallothionein genes in testicular cell lines. J Cell 
Biochem 1994; 55: 486-495. 

39. Wahba ZZ, Miller MS, Waalkes MP. Absence of 
changes in metallothionein RNA in the rat testes 
made refractory to cadmium toxicity by zinc 
pretreatment. Hum Exp Toxicol 1994; 13: 65-67. 

40. Bonda E, Wlostowski T, Krasowska A. Testicular 
toxicity induced by dietary cadmium is associated 
with decreased testicular zinc and increased hepatic 
and renal metallothionein and zinc in the bank vole 
(Clethrionomys glareolus). Biometals 2004; 17: 615-

624. 
41. Buhler RH, Kagi JH. Human hepatic 

metallothioneins. FEBS Lett 1974; 39: 229-234. 
42. Souza V, Escobar Mdel C, Bucio L, Hernandez E, 

Gutierrez-Ruiz MC. Zinc pretreatment prevents 
hepatic stellate cells from cadmium-produced 
oxidative damage. Cell Biol Toxicol 2004; 20: 241-
251. 

43. Mishima A, Yamamoto C, Fujiwara Y, Kaji T. 
Tolerance to cadmium cytotoxicity is induced by zinc 
through non-metallothionein mechanisms as well as 
metallothionein induction in cultured cells. Toxicology 

1997; 118: 85-92.  
44. Klaassen CD, Liu J, Choudhuri S. Metallothionein: an 

intracellular protein to protect against cadmium 
toxicity. Annu Rev Pharmacol Toxicol 1999; 39: 267-

294. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
7-

02
 ]

 

                               7 / 8

https://ijrm.ir/article-1-433-en.html


Kheradmand et al 

494                                                       Iranian Journal of Reproductive Medicine Vol. 11. No. 6. pp: 487-494, June 2013 

45. Ren XY, Zhou Y, Zhang JP, Feng WH, Jiao BH. 
Expression of metallothionein gene at different time 
in testicular interstitial cells and liver of rats treated 
with cadmium. World J Gastroenterol 2003; 9: 1554-
1558. 

46. Liu J, Corton C, Dix DJ, Liu Y, Waalkes MP, 
Klaassen CD. Genetic background but not 
metallothionein phenotype dictates sensitivity to 
cadmium-induced testicular injury in mice. Toxicol 
Appl Pharmacol 2001; 176: 1-9. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
7-

02
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://ijrm.ir/article-1-433-en.html
http://www.tcpdf.org

