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Abstract 

Cadmium (Cd) is a common environmental pollutant by discharge from industrial processes. Cd 
one of the elements found to damage antioxidant systems in mammals. The major route of Cd 

exposure for the general population is oral intake. However, excess Cd exposure is associated 

with various pathological conditions including reproductive dysfunction. Cd can traverse the 
placental barrier and cause wide range of abnormalities in fetal development. Therefore, the 

present study was carried out to determine the toxic effects of lactational Cd exposure on ovary in 

developing female Wistar rats. Two different doses of cadmium (50 and 200 ppm) were given to 
Wistar rats aged 45 and 65 days. Specific activities of antioxidant enzymes such as superoxide 

dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione-S-transferase 

(GST) were estimated. Hydrogen peroxide (H2O2), lipid peroxidation (LPO) and serum 
gonadotropins viz luteinizing hormone (LH) and follicle stimulating hormone (FSH) were also 

assayed. Specific activities of SOD, CAT, GPx, GR and GST were decreased while H2O2 and 

LPO increased. These results suggest that lactational Cd exposure induces oxidative stress in rat 
ovary by decreasing antioxidant enzymes, which were associated with delayed puberty and 

altered steroids and gonadotropin levels.  

© 2013 GESDAV 

 
INTRODUCTION 

Environment is defined as the totality of circumstances 

surrounding an organism or group of organisms, 

especially, the combination of external physical 

conditions that affects and influences the growth, 

development and survival of organisms [1]. Cadmium 

(Cd) may be released to water by natural weathering 

processes, by discharge from industrial processes, by 

discharge from industrial facilities or sewage treatment 

plants, atmospheric deposition, by leaching from 

landfills or soil, or phosphate fertilizers [2]. The 

dominant use of cadmium is in active electrode 

materials in Ni-Cd batteries (83% of total cadmium 

use) [3]. Cadmium chloride is used in photography, 

photocopying, dyeing, calico printing, vacuum tube 

pigment manufacture, galvanoplasty, lubricants, ice-

nucleation agents, and in the manufacture of special 

mirrors. Cadmium sulfate solution is used in standard 

Weston cells [4].  

Cadmium was found to result in inducing oxygen free 

radical production [5-7]. Oxidative stress affects 

multiple physiological processes, from oocyte 

maturation to fertilization, embryo development and 

pregnancy [8]. Piasek et al [9] evaluated the direct 

effects of in vitro Cd exposure on steroid genesis in rat 

ovaries. It may also cause severe damage to embryos 

and the reproductive organs in adults including the 

ovary and testes, which are sensitive to Cd toxicity 

[10]. Cd is a known endocrine disruptor by affecting 

the synthesis and/or regulation of several hormones 

[7, 11]. Lipid peroxidation (LPO) is one of the main 

manifestations of oxidative damage, which plays an 

important role in the toxicity of many xenobiotics [12]. 

Cd causes a significant increase of LPO in liver and 

kidney of rats, since it causes LPO in numerous tissues 

both in vivo and in vitro [13]. Cd induces oxidative 

stress by producing hydroxyl radicals [14].  
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Reactive oxygen species (ROS) act on the cellular 

molecules of the embryo and may block or retard early 

embryonic development [15]. The rodents have been 

widely used as a model system to study the hormonal 

interactions. The ovary is an important organ shown to 

be controlled by steroid hormones. In an attempt to 

understand the adverse effects of Cd on female 

reproductive system, we studied the status of 

antioxidants in the rat ovary. In the background of the 

existing information, it is hypothesized that post-

parturition exposure to Cd would disrupt ovarian 

function by inducing oxidative stress. 

 

MATERIALS AND METHODS 

Experimental design 

Ninety-day-old female albino rats of Wistar strain 

(Rattus norvegicus) obtained from the National 

Institute of Nutrition, Hyderabad, India weighing 

140 ± 10 g were used for the present investigation. The 

rats were maintained in a temperature controlled 

animals’ quarter with 12:12 h dark:light schedule and 

were fed standard rat pellet diet (Broke Bond, Lipton 

India Ltd, Kolkata, India) and drinking water ad 

libitum. The animals were dewormed with albendazole 

(10 mg/kg b.wt, orally; Bendex-400, Protec Cipala Ltd, 

Mumbai, India) before the initiation of the experiment. 

The females were mated with males at a ratio of 2:1. 

Cohabitation began at approximately 16.30 h on each 

mating day. On the following morning the females 

were removed from the mating cages and smeared 

individually for the presence of sperm in the vaginal 

lavage. The presence of sperm in the vaginal lavage is 

indicative that the females mated and those were 

selected for further studies. The pregnant animals were 

then allowed to give birth. The mother animals with 

female pups were divided into the following groups: 

-Group I: control 

-Group II: 50 ppm Cd 

-Group III: 200 ppm Cd 

The minimum (50 ppm) and maximum (200 ppm) 

effective doses of Cd were selected [16], and the 

mother rats along with female pups were treated with 

Cd in the form of cadmium chloride 0 day post-

parturition (pp) to 65 days pp. 

-Subgroup I: 45-day-old rat; puberty occurred 

-Subgroup II: 65-day-old rat; full growth of ovary 

Each group consisted of a minimum of six animals. 

Pups of different age of ovarian developmental 

milestones were killed on the morning. Ovaries were 

separated. Trunk blood was collected and sera was 

separated out and used for hormone assays. 

Antioxidant enzymes, tissue preparation 

Ovaries were separated. One milligram of rat ovary 

was homogenized in 3 ml of 20 mM phosphate buffer 

(pH 7.4) by using homogenizers (Heidolph Instru-

ments, Schwabach, Germany) with a Teflon pestle. 

10 μl 0.5 M 2,6-bis(1.1-dimethylethyl)-4-methylphenol 

(BHT) in acetonitrile was added to 1 ml of tissue 

homogenate to prevent sample oxidation. The 

precipitate was removed by centrifugation (2000 rpm). 

An aliquot of the sample was removed and the sample 

was freezed immediately at -70°C or kept on ice prior 

to testing. 0.2 ml of the homogenate was used for 

assay. 

Antioxidant enzymes 

Superoxide dismutase (SOD) was assayed according to 

the method of Marklund and Marklund [17]; the 

enzyme activity was expressed as units (U)/mg protein. 

The activity of catalase (CAT) was assayed by the 

method of Sinha [18] and expressed in U/mg protein 

(1 U is the amount of enzyme that utilizes 1 μmol of 

hydrogen peroxide/min). The activity of glutathione 

peroxidase (GPx) was determined by the method of 

Rotruck et al [19]; the enzyme activity was expressed 

as U/mg protein (1 U is the amount of enzyme that 

converts 1 μmol reduced glutathione [GSH] to oxidized 

glutathione [GSSG] in the presence of hydrogen 

peroxide/min). Glutathione S-transferase (GST) was 

assayed by the method of Habig et al [20]; the enzyme 

activity was expressed as U/mg protein (1 U is the 

amount of enzyme that converts 1 μmol GSH to GSSG 

in the presence of hydrogen peroxide/min). 

Sexual maturation and estrous cycle 

Vaginal opening was observed in rats from postnatal 

day (PND) 22, every 24 h to determine the sexual 

maturation, as this was used as an index to assess the 

onset of puberty. After the puberty, vaginal smears 

were examined every morning as described previously 

[21-23]. 

Reactive oxygen species 

Tissue lipid peroxidation was measured by the method 

of Devasagayam and Tarachand [24]. The 

malondialdehyde (MDA) content of the samples was 

expressed as nanomoles of MDA formed per mg 

protein. Hydrogen peroxide production was assessed by 

the spectrophotometric method of Holland and Storey 

[25]. The oxidation of ferrocytochrome c, of the 

samples was expressed as nmoles/minute/mg protein. 

Radio-iodination of steroid hormones 

Serum levels of estradiol, progesterone and testosterone 

were estimated by radioimmunoassay (RIA) as 

described earlier [21]. The maximum binding of the 

estradiol antibody was 37-40%, and the sensitivity of 

the assay was 0.3 pg/ml. The concentration of estradiol 

in serum is expressed as pg/ml. The percentage of 

cross-reactivity of the antibody with other steroids was 
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0.32% with estriol, 1% with estrone and progesterone 

and 0.0001% with testosterone. Inter- and intra-assay 

coefficients of variation were 4.5-8% and 3-4.8%, 

respectively. The percentage binding of the testosterone 

antibody was 36% and the sensitivity of the assay was 

0.3 pg testosterone/ml. Testosterone level in serum is 

expressed as ng/ml. Cross reactivity of the antibody 

with other steroids was 0.0001% for cortisol, 14% for 

5α-dihydrotestosterone, 0.8% for androstenedione and 

2.1% for 5α-androstanediol. Inter- and intra-assay 

coefficients of variation were 6-8% and 4-6%, 

respectively. The maximum binding of progesterone 

antibody was 40% and sensitivity of the assay was 

0.3 pg/ml. Progesterone level is expressed as ng/ml. 

The cross-reactivity of this antiserum to corticosterone, 

17α-hydroxy progesterone and testosterone was 0.4%, 

0.3% and non-detectable, respectively. The intra-assay 

coefficients of variation were 3.5% and inter-assay was 

3.5-4%. 

Radio-iodination of peptide hormones 

Serum levels of luteinizing hormone (LH) and follicle 

stimulating hormone (FSH) were assayed by RIA [21]. 

All assays were carried out in duplicate. Values of 

peptide hormones are expressed as ng/ml. The 

maximum binding of the LH antibody was 31.36%, and 

the cross-reactivity to other peptide hormones was 

0.02% for FSH, 0.071% for TSH and 0.01% for GH 

and PRL. The intra- and inter-assay coefficients of 

variation were 4.9-8.48% and 9.9%, respectively. 

Sensitivity of the LH assay was 0.2 ng/ml. The 

maximum binding of FSH antibody was 31%, and the 

cross-reactivity to other peptides was 0.5% for LH, 

0.2% for TSH, 0.01% for PRL and GH. The intra- and 

inter-assay coefficients of variation were 5.7-8.9% and 

12.2%, respectively. Sensitivity of the FSH assay was 

0.2 ng/ml. 

Statistical analysis 

All data were presented as means ± standard error of 

the mean (SEM). Statistical significance was calculated 

using ANOVA to test the significance of individual 

variations. The value of probability was obtained from 

the degree of freedom by using standard table value, 

given by Fischer and Yates [26]. The level of 

significance was assessed at P < 0.05. 

 

RESULTS 

Lactational Cd exposure leads to age-dependent 

changes in the specific activities of antioxidant 

enzymes, free radicals and hormones in postnatal rat 

ovary. 

Body and ovary weight 

Lactational Cd exposure significantly decreased the 

body weight and ovary weight in PND 45 and PND 65 

of Cd-treated rats (Table 1). 

Sexual maturation 

Vaginal opening has been used as an index of sexual 

maturation. To evaluate the effect of Cd on the sexual 

maturation, we have examined the vaginal opening 

every 24 h in the experimental rats from PND 22 

onwards (Fig.1). Cd exposure significantly delayed the 

sexual maturation in postnatal rats. 

Estrous cyclicity 

In order to evaluate the effect of Cd on the duration of 

estrous cycle, vaginal cytology was determined daily 

(Fig.2). Cd exposure significantly extended the estrous 

cycle in diestrous stage when compared to control rats. 

Cd exposure did not alter proestrous, estrous and 

metestrous phases of estrous cycle.  

Antioxidant enzymes 

Fig.3 represents the effect of Cd on the activities of 

different antioxidant enzymes in rat ovary. The specific 

activity of SOD, CAT, GPx and GST showed a dose-

dependent significant decrease in ovary of both 

treatment groups. 

Lipid peroxidation and hydrogen peroxide 

Fig.4 represents the concentrations of LPO and H2O2 

generation in control, 50 and 200 ppm Cd treated rat’s 

ovary. Increased concentrations of LPO and H2O2 

generation were observed in Cd treated rats. 

Serum hormones 

Table 2 represents circulating levels of steroid and 

pituitary hormones in rats exposed to Cd. Both doses of 

Cd treatment decreased steroids hormones studied in 

both the age groups. Pituitary hormones LH and FSH 

showed a varied pattern, FSH decreased in both age 

groups, while 50 ppm Cd decreased LH level. 

 

Table 1. Effect of lactational exposure to Cd on body and ovary in developing rats (PNDs 45 and 65) 

 Body weight (g) Ovary weight (mg) 

Age Control Cd (50 ppm) Cd (200 ppm) Control Cd (50 ppm) Cd (200 ppm) 

PND 45 0.57 ± 0.05 0.46 ± 0.02 0.32 ± 0.02 0.73 ± 0.01 0.56 ± 0.01 0.43 ± 0.01 

PND 65 0.98 ± 0.05 0.83 ± 0.09 0.62 ± 0.06 0.94 ± 0.01 0.84 ± 0.008 0.71 ± 0.01 

Each value represents the mean and SEM of 30 female rats (from 6 mothers). Cd: Cadmium chloride, PND: postnatal day.  

 



Roopha
 
& Latha: Cadmium-induced oxidative stress and the developing rat's ovary 

184  DOI 10.5455/oams.1007613.or.048 

 
Figure 1. Effect of lactational exposure to cadmium (Cd) on pubertal 

onset in developing rats. Each bar represents the mean and the 
vertical line above denotes the SEM of 30 female rats (from 6 

mothers). Statistical significance of difference among groups at 
P < 0.05; acontrol vs experiment, b50 vs 200 ppm. 

 
Figure 2. Effect of lactational exposure to cadmium (Cd) on estrous 

cyclicity in developing rats. Each line represents the mean and the 

vertical line above denotes the SEM of 30 female rats (from 6 
mothers).  

 

 
Figure 3. Effect of lactational exposure to cadmium (Cd) on the specific activities of uterine superoxide dismutase (SOD; A), catalase (CAT; B), 

glutathione peroxidase (GPx; C) and glutathione S-transferase (GST; D). Each bar represents the mean and the vertical line above denotes the 

SEM of 30 female rats (from 6 mothers). Statistical significance of difference among groups at P < 0.05; acontrol vs experiment, b50 vs 200 ppm. 
 

 
Figure 4. Effect of lactational exposure to cadmium (Cd) on lipid peroxidation (LPO; A) and hydrogen peroxide (H2O2; B). Each bar represents 

the mean and the vertical line above denotes the SEM of 30 female rats (from 6 mothers). Statistical significance of difference among groups at 
P < 0.05; acontrol vs experiment, b50 vs 200 ppm. 
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Table 2. Effect of lactational exposure to cadmium (Cd) on circulating levels of steroid and pituitary hormones in developing rats 

(postnatal days [PND] 45 and 65) 

Hormone Age Control 50 ppm 200 ppm 

Testosterone 
PND 45 0.91 ± 0.06 0.16 ± 0.06a 0.01 ± 0ab 

PND 65 1.12 ± 0.008 0.19 ± 0.08a 0.01 ± 0.02ab 

Estradiol 
PND 45 40.73 ± 0.69 31.14 ± 0.15a 21.03 ± 0.53ab 

PND 65 44.96 ± 0.41 34.08 ± 0.83a 25.36 ± 0.21ab 

Progesterone 
PND 45 7.12 ± 0.09 4.40 ± 0.18a 2.10 ± 0.06ab 

PND 65 8.46 ± 0.25 5.22 ± 0.56a 3.82 ± 0.23ab 

LH 
PND 45 4.75 ± 0.09 3.82 ± 0.12a 2.42 ± 0.1ab 

PND 65 3.74 ± 0.08 2.78 ± 0.03a 1.17 ± 0.18ab 

FSH 
PND 45 10 ± 1.12 5.70 ± 0.08a 2.18 ± 0.1ab 

PND 65 7.3 ± 0.75 6.72 ± 0.05a 2.05 ± 0.01ab 

Each value represents the mean and SEM of 30 female rats (from 6 mothers). Statistical significance of difference among groups at P < 0.05; 

acontrol vs experiment, b50 vs 200 ppm. 

 

DISCUSSION 

There is growing concern about the increasing 

prevalence of various abnormalities of the reproductive 

system in humans. Since the reproductive process is 

critical for perpetuation of any organism, factors or 

agents that alter or disrupt this process can have 

devastating consequences. Cadmium also affects 

reproductive organs [10]. Its action may be either 

direct, affecting the gonads and accessory organs, or 

indirect via interference with the hypothalamus-

pituitary-gonadal axis [27] The purpose of this study 

was to investigate the toxic effects of Cd in major 

female reproductive organs, viz ovary. In the present 

study, body and ovary weight were decreased 

significantly which may be due to the decreased 

availability and production of steroids. Sorell and 

Graziano [28] found reductions in both fetal and 

maternal weight following maternal consumption of 

drinking water containing Cd at 50 or 100 ppm. 

Ovarian weight of pregnant rats were significantly 

reduced following oral exposure doses of 0.1 and 

10 mg, but not 1 mg Cd/kg b.wt/day of 6 weeks prior to 

mating and gestation [29]. In the present study, Cd 

exposure exhibited a pubertal delay in a dose-

dependent manner compared to control rats with an 

extended estrous cycle. 

Ronis et al [30] found out that pre-pubertal lead 

exposure resulted in significantly delayed vaginal 

opening in female animals. There was a significant 

increase in the length of estrous cycle in female rats 

exposed for 13 weeks to cadmium oxide aerosols at a 

concentration of 1 mg/m
3
 [31]. Data on antioxidant and 

free radicals clearly establish the development of 

oxidative stress in the uterus of Cd treated rats, as there 

was a significant increase in the concentration of H2O2 

and LPO and subnormal activity of most of the 

antioxidant enzymes tested. Reactive oxygen and 

nitrogen species are essential to energy supply, 

detoxification, chemical signaling and immune 

function. Ognjanovic et al [32] reported that Cd 

stimulated ROS thus causing oxidative damage in 

various tissues. When there is an over-production of 

these species, an exposure to external oxidant 

substances or a failure in the defense mechanisms, 

damage to valuable biomolecules (DNA, lipids and 

proteins) may occur [33]. Cadmium causes a significant 

increase of LPO in liver and kidney of rats, since it 

causes LPO in numerous tissues both in vivo and in 

vitro [13]. The increase in H2O2 production in uterus of 

Cd-exposed rats might be responsible for the observed 

increase in the LPO. The increase in H2O2 might have 

induced the peroxidation of polyunsaturated fatty acids 

and lead to the formation of MDA, one of the by-

products of LPO. Since MDA has got high reactivity 

towards amino groups, it inhibits the synthesis of 

nucleic acids and proteins and also deactivates the 

enzymes [22]. Cadmium exposure led to a marked data 

on antioxidant and free radicals. This associated with 

reduction of the antioxidant system, e.g. GSH and GPx 

[34]. Estrogen deficiency is also shown to be associated 

with oxidative stress [35]. Thus, the impaired level of 

serum steroids may lead to increased level of LPO. 

Increased LPO may due to decreased activities of SOD 

and CAT, the free radical scavenging enzymes. Long-

term exposure to Cd increased LPO and caused 

inhibitions of SOD activity indicating oxidative 

damages in organs [36]. SOD has proven a useful probe 

for studying the participation of free radicals in 

reactions involving oxygen, since it acts as a defense 

against oxidative tissue damage by the dismutation of 

superoxide radicals [32]. Similarly, when GPx fails to 

eliminate H2O2 from the cell, the accumulated H2O2 has 

been shown to cause inactivation of SOD [37]. The 

decrease in SOD activity in animals exposed to high 

dose of metals is associated with increased superoxide 
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radicals which have been shown to inhibit CAT. Along 

with CAT, GPx is also involved in the scavenging of 

H2O2. GPx in particular plays a significant role in 

scavenging peroxides such as H2O2 and protects cell 

membranes from LPO [38]. In the present study, we 

reported significant decrease in the levels of 

antioxidant enzymes viz SOD, CAT, GST, GPx in the 

ovary of Cd treated rats. 

Numerous reports in animal models have depicted that 

Cd intoxication significantly increased the MDA and 

GPx [39]. Contrary to the previous report, GPx and 

GST activity were reduced to cadmium toxicity in the 

presence study. Perhaps the reason was the 

dysfunctioning of protein synthesizing machinery that 

was affected by Cd toxicity. The GST enzyme has an 

important role in detoxification of xenobiotics, drugs 

and carcinogens and thus protects the cells against 

redox cycling and oxidative stress [40, 41]. Thus with 

increased Cd toxicity there is enhanced production of 

H2O2 in the ovary of developing rats which is 

accompanied by minimal activity of GPx and GST 

activity. This could result in oxidative stress in the 

ovary of these animals.  

The pituitary gland and the hypothalamus are 

considered to be classical targets for reproductive 

toxicants. During the antral follicular development, 

FSH and LH receptors are present on granulose and 

theca cells, respectively. During follicular phase, E2 

synthesis increases in response to FSH and LH levels. 

In the present study, Cd alters LH and FSH levels in an 

age- and dose-dependent manner; this, along with the 

decreased steroid levels was also observed in previous 

studies [16, 21]. The previous study reported the 

accumulation of chromium (Cr) in serum and ovary of 

rats exposed to hexavalent chromium and the decrease 

in the ovarian follicle number [21].  

Considering our observations collectively, Cd 

decreases the specific activities of SOD, CAT, GPX 

and GST, while serum titers of FSH and LH were 

decreased both in 50 and 200 ppm Cd treated rats in an 

age-dependent manner. In additon, Cd treatment to 

female Wistar rats induced the action of LPO and 

H2O2. Thus, the present study on ovary clearly points 

out the poor reproductive health after Cd exposure. It 

may be concluded that Cd affects the female 

reproductive health in rats. Our results support the 

hypothesis that Cd-induced changes in the ovarian 

function are associated with oxidative stress and 

delayed puberty. Studies at the histology could further 

strengthen the hypothesis proposed. 

 

 

 

REFERENCES 

1. Elekofehinti OO, Omotuyi IO, Olaremu AG, Abayomi TG. 
Heavy metals distribution and lipid profile in the stomach of cow 

grazed in Akungba-Akoko, Ondo State, Nigeria. Afr J Biochem 

Res 2012; 6:146-9. 

2. Morrow H. Cadmium and cadmium alloys. Kirk-Othmer 
Encyclopedia of Chemical Technology, 2001. 

3. U.S. Geological Survey, Mineral Commodity Summaries, 

Reston, VA, USA, January 2013.  

4. Herron N. Cadmium compounds. Kirk-Othmer Encyclopedia of 

Chemical Technology, 2003. 

5. Hendy GA, Baker AJ, Evart CF. Cadmium tolerance and 

toxicity, oxygen radical processes and molecular damage in 

cadmium tolerant and cadmium-sensitive clones of Holcus 
lanata. Acta Bot Neerl 1992; 41:271-81. 

6. Balakhnina T, Kosobryukhov A, Ivanov A, Kreslavskii V. The 

effect of cadmium on CO2 exchange, variable fluorescence of 

chlorophyll and the level of antioxidant enzymes in pea leaves. 
Rus J Plant Physiol 2005; 52:15-20. 

7. Darbre PD. Metalloestrogens: an emerging class of inorganic 

xenoestrogens with potential to add to the oestrogenic burden of 

the human breast. J Appl Toxicol 2006; 26:191-7.  

8. Agarwal A, Gupta S, Sikka S. The role of free radicals and 
antioxidants in reproduction. Curr Opin Obstet Gynecol 2006; 

18:325-32.  

9. Piasek M, Schonwald N, Blanusa M, Kostial K, Laskey JW. 

Biomarkers of heavy metal reproductive effects and interaction 

with essential elements in experimental studies on female rats. 

Arh Hig Rada Toxicol 1996; 47:245-59. 

10. Thompson J, Bannigan J. Cadmium: toxic effects on the 

reproductive system and the embryo. Reprod Toxicol 2008; 
25:304-15. 

11. Henson MC, Chedrese PJ. Endocrine disruption by cadmium, a 

common environmental toxicant with paradoxical effects on 

reproduction. Exp Biol Med 2004; 229:383-92. 

12. Anane R, Creppy EE. Lipid peroxidation as pathway of 
aluminum cytotoxicity in human skin fibroblast cultures: 

prevention by superoxide dismutase and catalase and vitamins E 

and C. Hum Exp Toxicol 2001; 20:477-81. 

13. El-Demerdash FM, Youself MI, Kedwany FS, Baghidadi HH. 

Cadmium induced changes in lipid peroxidation blood 

hematology, biochemical parameters and semen quality of male 

rats: protective role of vitamin E and beta-carotene. Food Chem 
Toxicol 2004; 42:1563-71. 

14. O’Brien P, Salacinski HJ. Evidence that the reactions of 

cadmium in the presence of metallothionein can produce 

hydroxyl radicals. Arch Toxicol 1998; 72:690-700. 

15. Guerin P, El Mouatassim S, Menezo Y. Oxidative stress and 
protection against reactive oxygen species in the pre-

implantation embryo and its surroundings. Hum Reprod Update 

2001; 7:175-89. 

16. Samuel BJ. Reproductive toxicity of chromium on ovarian 
development in female Wistar rats - an endocrine and a 

biochemical approach. Ph.D. Thesis, 2001. 

17. Marklund S, Marklund G. Involvement of superoxide anion 

radical in the autooxidation of pyrogallol and a convenient assay 
for superoxide dismutase. Eur J Chem 1974; 47:469-74. 

18. Sinha AK. Colorimetric assay of catalase. Anal Biochem 1972; 

47:389-94. 

19. Rotruck JT, Pope AC, Ganther HE, Swanson AB, Hafeman DG, 

Hoekstra WG. Selenium: biochemical role as a component of 
glutathione peroxidases. Science 1973; 179:588-90. 



Oxidants and Antioxidants in Medical Science 2013; 2(3):181-187 

http://www.oamsjournal.com  187 

20. Habig WH, Pabst MJ, Jakoby WB. Glutathione-S-transferase. 
The first enzymatic step in mercapturic formation. J Biol Chem 

1974; 249:7130-9. 

21. Banu SK, Samuel JB, Arosh JA, Burghardt RC, Aruldhas MM. 

Lactational exposure to hexavalent chromium delays puberty by 
impairing ovarian development, steroidogenesis and pituitary 

hormone synthesis in developing Wistar rats. Toxicol Appl 

Pharmacol 2008; 232:180-9. 

22. Samuel JB, Stanley JA, Princess RA, Shanthi P, Sebastian MS. 
Gestational cadmium exposure induced ovotoxicity delays 

puberty through oxidative stress and impaired steroid hormone 

levels. J Med Toxicol; 2011; 7:195-204. 

23. Samuel JB, Stanley JA, Roopha DP, Vengatesh G, Anbalagan J, 

Banu SK. Lactational hexavalent chromium exposure-induced 

oxidative stress in rat uterus is associated with delayed puberty 
and impaired gonadotropin levels. Hum Exp Toxicol 2011; 

30:91-101.  

24. Devasagayam TP, Tarachand V. Decreased lipid peroxidation in 

the rat kidney during gestation. Biochem Biophys Res Commun 
1987; 145:134-8. 

25. Holland MK, Storey BT. Oxygen metabolism of mammalian 

spermatozoa. Generation of hydrogen peroxide by rabbit 

spermatozoa. Biochem J 1981; 198:273-80. 

26. Fischer RA, Yates F. Statistical Tables for Biological, 
Agricultural and Medical Research. Oliver and Boyd, London, 

UK, 1948. 

27. Massanyi P, Uhrin V. Histological changes in the ovaries of 

rabbits after an administration of cadmium. Reprod Dom Anim 

1996; 311:629-32. 

28. Sorell TL, Graziano JH. Effect of oral cadmium exposure during 

pregnancy on maternal and fetal zinc metabolism in the rat. 

Toxicol Appl Pharmacol 1990; 102:537-45. 

29. Sutou S, Yamamoto K, Sendota H, Tomomatsu K, Shimizu Y, 
Sugiyama M. Toxicity, fertility, tetragenicity and dominant lethal 

tests in rats administered cadmium sub chronically. I. Toxicity 

Studies. Ecotox Environ Safety 1980; 4:39-50. 

30. Ronis MJ, Badger TM, Shema SJ, Roberson PK, Shaikh F. 
Reproductive toxicity and growth defects in rats exposed to lead 

different periods during development. Toxicol Appl Pharmacol 

1996; 136:361-71. 

31. Dunnick JK. NTP Technical Report on Toxicity Studies of 
Cadmium Oxide (CAS No. 1306-19-0) Administered by 

Inhalation to F344/N Rats and B6C3F Mice. NIH Publication 

95-3388, March 1995. 

32. Ognjanovic B, Pavlovic SZ, Maletic SD, Zikic RV, Stajn A, 
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; 52:563-70. 

33. Aruoma OI. Free radicals, oxidative stress and antioxidants in 
human health and disease. J Am Oil Chem Soc 1998; 75:199-

212. 

34. El-Tohamy MM. Combined therapy with antioxidants against 

cadmium induced testicular dysfunction in rabbits. XIIth 

International Congress on Animal Hygiene (ISAH 2005), 

Warsaw, Poland 4-8 September 2005. 

35. Muthusami S, Ramachandran I, Muthusamy B, Vasudevan G, 
Prabhu V, Subramaniam V. Ovariectomy induces oxidative 

stress and impairs bone antioxidant system in adult rats. Clin 

Chim Acta 2005; 360:81-6. 

36. Patra RC, Swarup D, Senapati SK. Effects of cadmium on lipid 
peroxides and superoxide dismutase in hepatic, renal and 

testicular tissue in rats. Vet Hum Toxicol 1999; 41:65-7. 

37. Sen CK. Nutritional biochemistry of cellular glutathione. J Nutr 

Biochem 1997; 8:660-72. 

38. Samanta L, Roy A, Chainy GB. Changes in rat testicular 
antioxidant defense profile as a function of age and its 

impairment by hexachlorocyclohexane during critical stages of 

maturation. Andrologia 1999; 31:83-90. 

39. Djukic-Cosic D, Curcic Jovanovic M, Plamenac Bulat Z, 
Ninkovic M, Malicevic Z, Matovic V. Relation between lipid 

peroxidation and iron concentration in mouse liver after acute 

and subacute cadmium intoxication. J Trace Elem Med Biol. 
2008; 22:66-72. 

40. Mates M. Effects of antioxidant enzymes in the molecular 

control of reactive oxygen species toxicology. Toxicology 2000; 

153:83-104. 

41. Caslino E, Sblano C, Landriscina V, Calzaretti G, Landriscina C. 
Rat liver glutathione-tranferase activity stimulation following 

acute cadmium or manganese intoxication. Toxicology 2004; 

200:29-38. 

 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which permits 

unrestricted, non-commercial use, distribution and reproduction in any medium, provided that the work is properly cited. 


