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Abstract 
Cadmium is a most toxic heavy metal and an environmental pollutant. The present study was conducted to 

evaluate the antioxidant role of vitamin E in cadmium chloride (Cdcl2) induced testicular toxicity in rats. .Male wistar 

albino rats (n=6/group) were divided into control group (saline injected), untreated experimental groups (Single dose of 

1mg and 2mg/kg BW, intraperitonially), and pretreated experimental group (Vitamin E +cadmium chloride). Testicular 

weight, testicular tissue level of lipid peroxidation, Reduced glutathione(GSH) and superoxide dismutase( SOD) were 

estimated in all groups. Intoxication of cadmium produced a significant decrease in the testicular weight (P<0.001), 

superoxide dismutase & GSH level (P<0.001) when compared to control group. Further, a significant increase in 
testicular lipid peroxidation (P<0.001) was observed in cadmium treated group when compared to control group. 

Pretreatment with Vitamin E prior to cadmium administration restored the level of SOD and GSH. Testicular weight 

was also normal in pretreated groups. Moreover, Vitamin E was capable of reducing the level of lipid peroxidation in 

the testis. Therefore, the present study suggests that cadmium exposure can lead to oxidative damage in the testicular 

tissue in rats and pre-treatment with vitamin E can protect the testis from oxidative damage induced by cadmium 

chloride. (JPBS 2009;Volume 22 No.2:12-16) 
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ree radicals and lipid peroxidation are potentially 

important mediators in testicular physiology and 

pathology.1 Cadmium is a heavy metal, a well 

recognized environmental pollutant with numerous 
adverse health effects. Being widely used in industry, 

cadmium can affect human health through occupational 

and environmental exposure.2 The levels of cadmium 

compounds in the environment have progressively 

increased as a consequence of industrial pollution which 

can be attributed to electroplating, stabilizers, pigments, 

plastics, semiconductors and batteries.3 Another 

important source of cadmium to the atmosphere is 

cigarette.4 Cadmium compounds have been shown to 

exert toxic and carcinogenic effect in humans and 

experimental animals.5 
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The International Agency for Research on Cancer has 

classified Cadmium as a “Category I” human 

carcinogen. 

Testis is known to serve as one of important target 
organs for cadmium. Many studies indicate that 

cadmium induces testicular damage in many species of 

animals including mice, hamster, rabbits, guinea pigs 

and dogs.6,7 Acute as well as chronic cadmium exposure 

has been associated with elevated lipid peroxidation in 

lung, brain, kidney, liver, erythrocytes and testis.8-12 

Yang et al showed that cadmium induces DNA single-

strand breaks in leydig cells in vitro as revealed by 

single cell gel electrophoresis assay.13 Even though, 

several mechanisms have been postulated to account for 

cadmium induced testicular damage, it has been 

suggested that generation of reactive oxygen species 
(ROS) and its interference with cellular antioxidant 

system is one of the major mechanisms by which toxic 

effect of cadmium is mediated.14 However, the precise 

mechanism of cadmium induced testicular toxicity 

remains controversial. 

Exposure to cadmium metal is known to induce the 

formation of reactive oxygen species (ROS) like 

superoxide radical, hydroxyl ion and hydrogen 

peroxide.15 To counteract the damaging ROS, aerobic 

cells are provided with extensive antioxidant defense 

mechanisms. These consist mainly of antioxidant 
enzymes (e.g., superoxide dismutase, catalase, 

glutathione peroxidase etc.) and small molecule 

antioxidant (e.g., glutathione, N-acetyl-cystein, vitamin 

E and vitamin C).16 Vitamin E is an important 
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antioxidant residing in the cell membrane and well 

accepted as the first line defense against lipid 

peroxidation.17 Vitamin E interrupts the chain reaction 

involved in lipid peroxidation, and to delay lipid 

peroxidation by scavenging intermediate radicals such 

as lipid.18 The supportive evidences are based on the 

observation that, antioxidants have been shown to offer 

some protection against cadmium induced free radical 

mediated testicular damage.19,20 But in their study, they 

administered other  antioxidants like selenium & Beta-

carotene to protect the testis from cadmium induced 
damge.19,20 On the other hand, some studies have 

reported the failure of antioxidant therapy in limiting 

cadmium induced testicular damage.19,22 Hence the 

present study was designed to investigate the protective 

role of vitamin E in cadmium induced testicular 

toxicity. 

Methods 
Adult rats of wistar strain weighing between 140 -220 g 

was taken in this study. All the rats were given standard 

rat chow and tap water ad libitum and were housed at 25 

 2 o C on a 12-hour dark/light cycle.  All experimental 
procedures and animal maintenance confirmed to the 

strict guidelines of Institutional Ethics Committee and 
that of Federal laws for the use of animals in the 

experiment. For the experimental purpose the animals 

were divided into following groups [number of animals 

in each group (n) = 6]. Each group received either saline 

or cadmium chloride through intraperitoneal route as 

per group separation given below only on day one and 

animals were sacrificed 15 days after the this injection. 

Group I: (Control group) - Normal saline, GroupII: 

(untreated Experimental group) – Cadmium chloride- 1 

mg/kg BW dissolved in normal saline, GroupIII: 

Table 1. Effect of vitamin E on biochemical parameters in cadmium chloride exposed rat. 
 

Experimental 

groups 

SOD units/gm protein GSH nmol/mg protein MDA nmol/gm wet tissue 

Gr.I 12.451±0.655 5.951±0.379 5.113±0.277 

 

Gr.II 

 

5.078±0.191*** 
 

3.414±0.176*** 
 

 

58.166±2.446*** 
 

Gr.IIa 9.68±0.475‡ ‡ ‡ 4.320±0.363‡ ‡‡ 
 

22.491±0.707 ‡ ‡ ‡ 
 

Gr.III 3.248±0.08*** 2.693±0.263*** 
 

72.406±2.676*** 
 

Gr.IIIa 6.692±0.1  §§§ 3.492±0.317§ 35.911±2.974     §§§ 

*** P< 0.0001; Gr. II and Gr. III, versus Gr. I ,  ‡ ‡ ‡   P< 0.0001 ; Gr. IIa versus Gr. II, §§§ P< 0.0001 ; Gr. IIIa versus 

Gr. II, § P< 0.05; Gr. IIIa versus Gr. III 

 

 

Figure 1. Effect of vitamin E on testicular weight of cadmium chloride exposed rat.  ***P< 0.0001compared to Gr. I,   

‡ ‡ ‡ P< 0.0001 for Gr. IIa versus Gr. II,  §§§P< 0.0001 for Gr. IIIa versus Gr. III.
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(untreated experimentalgroup) – Cadmium chloride- 2 

mg/kg BW dissolved in normal saline, Group IIa: 

(Pretreated Experimental Group) Oral pretreatment with 

Vitamin E (100mg/kg BW) for 30days prior to exposure 

of 1 mg/kg BW cadmium chloride, Group IIIa:  

(Pretreated Experimental Group) Oral pretreatment with 

Vitamin E (100mg/kg BW) for 30days prior to exposure 

of 2mg/kg BW cadmium chloride.  

       The animals were sacrificed using lethal dose of 

pentabarbitone sodium (40 mg/kg/BW). Laparotomy 

was performed and the reproductive organs were 
exposed. Both the testes were removed and cleaned off 

fat tissue and blood and kept in cold buffered saline 

(0.9%). Both the testes were blotted dry. Testicular 

weight was determined and expressed as gram /100gm 

BW. One gram of minced testicular tissue was 

transferred to a glass homogenizer containing 10 ml of 

cold PBS (pH 7.4) and was centrifuged at 3000 rpm for 

30 minutes to obtain the supernatant. The supernatant 

obtained was used to estimate the biochemical 

parameters such as MDA, GSH and SOD. 

 

Estimation of MDA 
       MDA was estimated by the method described by 

Kartha & KrishnaMurthy.23 Thiobabutric acid reactive 

material was expressed in terms of  nanomoles of  MDA 

/gm wet tissue. 

 

Estimation of GSH  
       GSH was estimated standard protocol (Beaulter et 

al)24 and glutathione content was expressed as (g/gm 

protein). 

 

Estimation of SOD 
       SOD was estimated by the technique explained by 

Fridovich.25 The activity was expressed as unit/ mg 

protein. 

 

Protein Estimation  

       Protein content of the tissue samples was 

determined by Lowry26 et al method. 

 

Statistical analysis 
       Data are given as means ± S.E.M. The difference 

between means was evaluated by one-way ANOVA. 
Statistical significance between the means was assessed 

by LSD test. The level of significance was set at P< 

0.05. 

 

Results 
Exposure to cadmium chloride (1mg/kg and 2mg/kg 

BW) resulted in a significant reduction (P<0.001) in the 

weight of testis (Figure 1). Pretreatment with vitamin E 

countered cadmium mediated effects on testicular 

weight (Figure 1). Cadmium administration also showed 

a significant decrease in the tissue level of SODand 

GSH (Table1). Vitamin E pretreatment restored the 

testicular level of SOD & GSH (Table1). In contrast, a  
significant increase in the lipid peroxidation was 

observed in both the cadmium treated groups (Table1).  

Pretreatment with vitamin E for 30 days prior to 

cadmium administration decreased the level of lipid 

peroxidation (Table1). 

 

 

 

Discussion 
There is great concern that the exposure to cadmium 

causes reproductive toxicity in humans and animals.27 

Our results showed that, administration of cadmium 

chloride (1 mg and 2 mg/kg BW) decreased the weight 

of testis as well testicular SOD and GSH. Agarwal et 

al28 reported a severe reduction in the testicular weight 

with single injection of 1mg/kg BW cadmium chloride. 

The reduction in the testicular weight, SOD and GSH 

level in the present study may be due to the oxidative 

damage induced by cadmium chloride. The oxidative 
damage might have destroyed most of the germ cells 

either due to the membrane damage or macromolecular 

degradation incurred by ROS leading to fall in testicular 

weight. The decrease in the level of testicular SOD due 

cadmium exposure suggests a role of free radicals in 

causing cellular damage. The reduction of SOD activity 

may be due to the replacement of zinc and / or 

manganese of the SOD molecules by cadmium as it has 

been shown that zinc protects the cadmium induced 

testicular toxicity .Again the results of the present study 

was in accordance with previous study that cadmium 

depletes glutathione and protein bound sulphadryl 
groups in the testes, resulting in enhanced production of 

reactive oxygen species such as superoxide ion, 

hydroxyl radicals and hydrogen peroxide.29  

       Among the various effects induced by cadmium in 

biological system, the oxidative destruction of 

membrane polyunsaturated fatty acids, a phenomenon 

termed lipid peroxidation (LPO), has been observed in 

numerous tissues both in vitro and in vivo.30,31 In the 

present study, injection of cadmium chloride enhanced 

the level of testicular lipid peroxidation in accordance to 

previous studies. The finding of the present study 
suggests that cadmium chloride bring about oxidative 

damage to the testes by increasing the generation of 

ROS and by inducing lipid peroxidation in the testis.  

       Vitamin acts as free radical scavenger by breaking 

peroxyl radical chain reaction of membrane lipids.32 In 

the present study, pre-treatment with vitamin E orally 

for 30days prior to the cadmium administration showed 

a significant increase in the testicular weight, SOD and 

GSH level of the testis over the untreated group. 

Vitamin E pre-treatment also showed a significant 

decrease in the lipid peroxidation level. Thus the present 

showed that vitamin E reversed the cadmium chloride 
induced testicular damage. Previous studies have 

examined the role of vitamin E on cadmium induced 

toxicity.33,34 But in those studies the protective effect of 

vitamin E proved only with low doses of cadmium 

chloride. The results of the present study suggested that 

the preventive effect of vitamin E is mediated through 

its anti-oxidative effect, by reducing the level of lipid 

peroxidation , even with high dose of cadmium chloride. 
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Conclusion 
       Cadmium chloride altered testicular function by 

inducing oxidative damage, which could be reversed by 

administration of vitamin E. 

 

References 
1. Risberg B, Smith L, Ortenwall P. Oxygen radicals 

and lung injury. Acta Anaestheol Scand. 1991;35: 

106-18. 

2. Waisberg M, Joseph P, Hale B, Detmar 

Beyersmann. Molecular and cellular mechanisms of 

cadmium carcinogenesis. Toxicology. 2003;192:95-

117. 

3. Hisoyoshi Ohta, Minoru Nakakita, Hideyuki 

Tanaka, Yukioseki, Hiroshi Yoshika Wa. Induction 

of metallothionein like cadmium binding protein in 

the testis by oral cadmium administration in rats. 
Industrial health. 1997; 35: 96-103. 

4. Akinloye O, Arowojolu A.O, Shittu O.B, Anctor 

J.I. Cadmium toxicity: a possible cause of male 

infertility in Nigeria. Reproductive Biology. 2006; 

6:17-30. 

5. Misra RR, Smith GT, Waalkes MP. Evaluation of 

the direct genotoxic potential of cadmium in four 

different rodent cell lines. Toxicology. 1998;126: 

103-14 

6. Hew KW, Ericson WA, Welsh MJ. A single low 

cadmium dose cause failure of spermiation in the 

rat. Toxicol Appl Pharmacol. 1993;121:15-21 
7. XUG, Jiang XZ. Male reproductive toxicity of 

cadmium. J Chin Public Health. 1996;17-18. 

8. Klimezak J, Wisniewska –Knypl JM, Kolakowski 

J. Stimulation of lipid peroxidation and heme 

oxygenase activity with inhibition of cytochrome 

P450 monooxygenase exposed to cadmium. 

Toxicology. 1984;32: 267-276. 

9. Sugawara N; Sugawara,C;. Selenium protection 

against testicular lipid peroxidation from cadmium. 

J. Appl. Biochem. 1984; 6:199-204. 

10. Manca D, Ricard A C,Trottier B, Cheralier G. 
Studies on lipid peroxidation in rat tissues 

following administration of low and moderate 

doses of cadmium chloride. Toxicology. 

1991;67(3):303-323. 

11. Koizumi T, Li ZG. Role of oxidative stress in 

single-dose cadmium induced testicular cancer. J. 

Toxicol. Environ Health. 1992;37: 25-36 

12. Bagchi D, Wehetich PJ, Bagehi M et al. Induction 

of oxidative stress by chronic administration of 

Sodium dichromate (chromium VI) and cadmium 

chloride (Cadmiun II) to rats. Free Radic Biol Med. 

1997;22:471-478. 
13. Yang J M, Arnush M, Chen Q Y, Wu X D, Pang B, 

Jiang X Z. Cadmium-induced damage to primary 

cultures of rat leydig cells. Reprod Toxicol. 

2003;17(5):553-60. 

14. Ronojoy Sen Gupta, Enakshi Sen Gupta, Bijaya 

Kumar Dhakal, Ashoke Ranjan Thakur, Joohong 

Ahnn. Vitamin C and Vitamin E protect the rat 

testes from cadmium-induced reactive oxygen 

species. Mol. cells. 2004;17:132-139. 

15. Christopher O Ikediobi, Veera L Badisa, Lambert T 

Ayuk- Takem, Lekan M Latinwo and John West. 

Response of antioxidant   enzymes and redox 

metabolites to cadmium –induced oxidative stress 

in CRL-1439 normal rat liver cells. International 

Journal of Molecular Medicine. 2004;14:87-92. 

16. Byung Pal Yu. Cellular defenses against damage 

from reactive oxygen species. J Physiological 

Reviews. 1994;7:134-163. 
17. Horwitt MK. Interpretations of requirements for 

thiamin, riboflavin, niacin, tryptophan and vitamin 

E. A comment on balance studies and vitamin B6. 

Am. J. Clin. Nutr. 1986;44:973-985 

18. Dieber-Rotheneder M, Puhl H, Waeg G, Striegl G, 

Esterbauer H. Effect of oral supplementation with 

-tocopherol on the vitamine E content of human 

low density lipoproteins and resistance to oxidation. 

J. Lipid Res. 1991;32:1325-1332. 

19. Sugawara N, Hirohata Y, Sugawara C. Testicular 

dysfunction induced by cadmium and its 

improvement caused by selenium in the mouse. J. 

Environ. Pathol. Toxicol. Oncol. 1989:9;53-64. 

20. EI-Missiry MA, Shalaby F. Role of beta-carotene in 

ameliorating the cadmium –induced oxidative stress 
in rat brain and testis. J Biochem Mol Toxicol. 

2000:14;238-43. 

21. WHO.Cadmium Enivironmental Health Criteria, 

World Health organization, volume 134,1992. 

22. Saldivar L, Luna M, Reyes E, Soto R et al. 

Cadmium determination in Mexican-produced 

tobacco. Environ. Res. 199;155:91-96. 

23. Kartha R, Krishnamurthy S. Factors affecting 

invitro lipid peroxidation in rat brain homogenate. 

Ind J Physiol Pharmacol. 1978;22:44-52. 

24. Beutler E, Duron O, Kelly BM. Improved method 
for determination of blood glutathione. J Lab Clin 

Invest. 1963;61:883-887. 

25. Beauchamp C, Fridovich I. Superoxide dismutase, 

improved assay and an assay applicable to 

acrylamide gel. Ann Biochem. 1971;44:276-287. 

26. Lowry OH, Rosebrought NJ, Faro AL, Randal RJ. 

Protein measurement with folin phenol reagent. J. 

Biol. Chem. 1951;193:265-275. 

27. Oteiza PI, Adanayla VN, Keen CL. Cadmium –

induced testes oxidative damage in rat can be 

influenced by dietary zinc intake. Toxicology. 

1999;137:13-22. 
28. Agarwal A, Isao Ikemoto and Kevin R Loughlin. 

Prevention of testicular damage by free radical 

scavengers. Urology. 1997;50:759-763. 

29. Stohs SJ, Baghi D, Hassoun E, Begchi MM. 

Oxidative mechanisms in the toxicity of chromium 

and cadmium ions. J. Envron. Patho.Toxicol.Onco. 

2000;19:201-213. 

30. Muller L. Consequences of cadmium toxicity in rat 

hepatocytes: mitochondria dysfunction and lipid 

peroxidation. Toxicology. 1986;22:255. 



JPBS 2009 Volume 22 No.2 

16 

 

31. Jama GS, Smith JC. Effects of cadmium on 

glutathione peroxidase,superoxide dismutase and 

lipid peroxidation in rat heart. A possible 

mechanism of cadmium cardiotoxicity. 

Toxico.App.Pharmaco. 1986;80:33-42. 

32. Halliwell B, Gutteridge JMC, Caroll EC. Free 

radicals antioxidants and human disease: where are 

we now? .J Lab Clin Med. 1992;119:598-620. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

33. Shukla GS, Srivastava RS, Chandra SV. Prevention 

of cadmium-induced effects on regional glutathione 

status of rat brain by vitamin E. J Appl Toxicol. 

1988;8:355-9. 

34. Ognjanovic BI, Pavlovic SZ, Maletic SD, Zikic 

RV, Stajn AS, Radojicic RM, Saicic ZS,Petrovic 

VM. Protective influence of vitamin E on 

antioxidant defense system in the blood of rats 

treated with cadmium.Physiol.Res. 2003;52:563-

570. 


