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Abstract

Cadminum is an environmental contaminant in air, soil, water and can induce damage to various tissues in very low concentration. Biological experiment has been occurred to focus on Cd oxidative stress. In drinking water rat received daily 100 mg/kg body weight cadmium (CdCl2.2½H2O). Female rats fed standard chow diet mixed with 100 mg/kg body weight N-acetyl cysteine NAC as standard protective agent. Rats in other tested groups fed chow diet mixed with 200 mg/kg body weight dried husk tomato, nabk and sycamore in separated groups as natural edible powder plants. The toxicity of cadmium in biomedical and histopathological analysis was investigated without and with protective powder plants compare to NAC. Four weeks experiment showed the toxic contaminated cadmium in serum alkaline phosphatase, creatinine, malondialdehye and catalase activity beside the histological patterns for liver, kidney, ovary and brain sections. Results showed that husk tomato poses high protective effect closed to that for NAC in most values. Moreover, the proven potential for NAC and husk was clearly found in body weight, food efficiency ratio, liver and kidney disorders. The health values of lipid peroxidation and catalase activity as oxidative stress markers were observed in NAC and husk as well. Liver tissue, the most related organ to Cd toxicity was improved in histology patterns through NAC and husk administration.   
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Introduction
Cadmium is an environmental contaminant that has been recognized to be a risk factor in humans (Nordberg et al., 2000). It causes air, soil, water, food polluted beside its presence in cigarette smoke (Friberg et al., 1992) and it can induce damage to various tissues, even in very low concentrations (Alvarez et al., 2007). Cd has been classified by the International Agency for Research on Cancer (IARC) as a category I human carcinogen (IARC, 1993).
Some tissues proved to accumulate Cd such as kidneys, lungs, reproductive organs and nervous system. Mithal (1981) mentioned that Cd causes genotoxicity and cancer in some tissues and nomalignant chronic toxicity in others. It was suggested that Cd accumulates in the adrenal gland after some biological steps in the body.
Many toxic effects of Cd seem to be indirect manner and due to the oxidative stress mechanism for reactive oxygen species (ROS) generation as superoxide anion and nitric oxide (Hassoun and Stohs, 1996). It can obviously reduce as well the main antioxidant compounds level in the cell (Filipic et al., 2006). Few research have been focused on the possible protective role of L-cysteine and other related compounds (Sayed et al., 2014). Our work measured husk, nabk and sycomore powders comparing to NAC in alleviating the toxicity of cadmium.
Material and Methods

Cadmium chloride hydrated CdCl2.2½H2O was purchased from BHT, and Acetyl cystein was purchased from SEDICO drug industries company.

Biological experiment

Fourty two female Sprague-Dawley rats, weighing 120±5 g were purchased from Research Institute of Ophthalmology (Giza, Egypt). All studies were performed in accordance with the ethics and guide for the care and use of laboratory animals, as adopted and promulgated by research Institute of Ophthalmology, Giza on 2014. Animals were given two weeks acclimation period. Animals were fed ad libitum as a standard rat chow diet (Compbell, 1961), with alternated 12-h dark/light cycle, and the ambient temperature was held between 21-25°C. 

Three common Egyptian fruits were bought and prepared from Egyptian market, washed with distilled water and air dried in dark. Minded powder used fruits were Husk tomato H (Physalis pubescens L.; family Physalis), Nabk N (Paliurus spina ; family Rhamnaceae) and Sycomore S (Ficus sycomorus).   
Animals were divided into six groups (7 rats each), as followed; 
Group (1) normal control group were fed with standard rat chow diet. Group (2) rats were fed the chow diet and gave 100 mg CdCl2 /kg body weight daily in drinking water. Group (3) rats fed with standard diet and administered oral NAC (100 mg/kg bw) as standard protector allowed before drinking water with CdCl2 with the same concentration. Group (4) rats fed with standard diet mixed with fresh Husk H (200 mg/kg bw) daily and allowed drinking CdCl2 in water. Group (5) rats fed with standard diet mixed with fresh Nabk N (200 mg/kg bw) daily and allowed drinking CdCl2 in water. Group (6) rats fed with standard diet mixed with fresh Sycomore S (200 mg/kg bw) daily and allowed drinking CdCl2 in water.     

Assessment of Activity     
Food consumption was monitored daily and body weight was determined once a week. After the experimental period, food was forbidden for 12 hours. The fasting rats were sacrificed and blood samples were collected into clean centrifuge tubes. Blood samples were allowed to coagulate and centrifuge at 3000 rpm for 20 minutes to separate the blood serum. Separated serum was stored at -20○C for subsequent biochemical analyses. 

Biochemical Analysis

In determination liver and kidney disfunction, serum alkaline phosphatase enzyme ALP was measured with colorimetric method (Belfield and Goldberg, 1971). The determination of serum creatinine was performed (Larsen, 1972). In measuring redox system, plasma lipid peroxide (Malondialdehyde, MDA) concentration was determined as marker of thiobarituric acid reactive substances TBARS or lipid peroxidation (Ohkawa et al., 1979). The antioxidant marker enzyme catalase CAT was measured in liver tissue (Aebi, 1974). The activity was defined as the micromoles of H2O2 decrease per milligram of protein per minute.
Histopathological study

Autopsy samples taken from different organs were fixed in 10% formal saline solution for twenty four hours. Washing and serial dilutions of absolute ethyl alcohol were used for dehydration. As been mentioned in reference, specimens were cleared as in the method in a hot air oven for twenty four hours. Paraffin bees wax tissue blocks were prepared at 4 microns thickness by slidge microtome. The obtained tissue sections were collected on glass slides, deparaffinized and stained by hematoxylin and eosin stain through the light microscope (Banchroft et al., 1996). 

Statistical analysis

Using SPSS program (SPSS, 1998) means were calculated among 10 replicates, with their Standard Deviations (± SD) for each group. Analysis of variance was applied to make statistical comparisons (ANOVA) with Dennett’s post hoc test in between 5% probability. 
Results and Discussion

Cd as considered a unique metal, is toxic at very low dosages. It also has long biological half life with low rate of excretion from the body (Kaond and Mekawy, 2011). For that, data gives Cd a very special position among other matals. Food is an important source especially vegetables for entry of Cd and populations such as subsistence farmers that consume locally grown products are at particular risk (Mukherjee et al., 2010). Body weight and FER for Cd adminesterated were significantly reduced in the protective groups than that for control (Table 1), while NAC and husk were insignificantly aleviated these values but didn’t reach the control values.   
Table 1: Body weight gain BWG (g) and Feed efficiency ratio FER for control and Cd-intoxicated and protective groups.
	
	BWG
	FER

	control
	77.00  ± 10.22 a
	13.75 ± 8.2 a

	CdCl2
	54.75  ± 3.96 b
	9.78  ± 4.5 b 

	NAC
	65.50  ± 2.29 b
	11.7  ± 2.7 b

	Hs
	65.50  ± 12.22 b
	11.7  ± 10.8 b

	Nb
	59.25  ± 7.50 b
	10.6  ± 6.2 b

	Sy
	61.25  ± 3.77 b
	10.9  ± 2.8 b

	F
	5.027
	5.03

	Sig.
	0.003
	0.003


The values are mean ± SD of 7 rats in each group.
Sycamore and nabk were following NAC and husk in BWG and FER values. Research focus on NAC availability, L-cysteine is consider a product elaborate from N- acetyl cysteine. Sayed et al. (2014) showed protective role for L-cysteine on the reproductive toxicity of male rats induced by CdCl2 , as well, co-administration of L-cysteine with Cd increased glutathione, superoxide dismutase, catalase and reduced lipid peroxidation activity. In agreement, significant decrease in alkaline phosphatase and insignificant decrease in creatinine kidney disorder for NAC administration comparing to Cd-intoxicated group (Table 2). Significant increase for ALP, and insignificant increase in Cd-induced group for creatinine, comparing to control. For ameliorated ALP value and creatinine, NAC and husk tomato respectively proved to have potential effect.
Table 2: Alkaline phosphatase (IU/l) as liver function and creatinine (mg/dl) as kidney dysfunction markers for control and Cd-intoxicated and protective groups.
	
	ALP
	Creatinine

	control
	113.29  ± 27.19 ab
	9.00  ± 2.83 b

	CdCl2
	172.15  ± 70.82 a
	9.33  ± 1.78 b

	NAC
	60.38  ± 20.29b
	8.33  ± 2.68 b

	Hs
	181.92  ± 93.35a
	7.33  ± 2.04 b

	Nb
	123.97  ± 71.04 ab
	14.00  ± 11.81 a

	Sy
	123.97  ± 107.45 ab
	9.00  ± 4.30 b

	F
	1.843
	2.039

	Sig.
	0.142
	0.109


The values are mean ± SD of 7 rats in each group.

Hagar and Al Malki (2014) studied the effect of betaine supplementation on Cd-induced oxidative impairment in rat kidney. Elevation of reduced glutathione, and catalase activity were noticed with betaine administration. Reduction was found as well in blood urea nitrogen, serum creatinine, TBARS and caspase-3 activity as marker of DNA damage.
As mentioned before, Cd exerts its toxic effects via oxidative damage to cellular organelles by inducing the generation of reactive oxygen species which react with cellular biomolecules leading to lipid peroxidation, membrane protein damage, altered antioxidant systems, gene expression and apoptosis (Stohs et al., 2000). That was clearly found in significant increase in MDA and significant decrease in CAT activity compared with control (Table 3). Significant protection with NAC and husk tomato showed amelioration efficiency on the toxic effect of CDCl2, for catalase activity and lipid peroxidation, respectively.
Table 3: Oxidative stress markers as catalase activity (ᵤM H2O2 / min /mg protein) and malondialdehye level (nmol/g tissue) for control and Cd-intoxicated and protective groups.
	
	CAT
	MDA

	control
	804.00  ± 373.67a
	18.51  ± 10.36 bc

	CdCl2
	493.18  ± 272.43 ab
	36.22  ± 5.62 a

	NAC
	880.58  ± 408.45a
	10.34  ± 4.10 c

	Hs
	610.28  ± 421.90 ab
	8.45  ± 3.05 c

	Nb
	380.40  ± 69.29 b
	18.34  ± 12.95 bc

	Sy
	525.50  ± 199.09ab
	25.75  ± 4.93 b

	F
	2.875
	8.853

	Sig.
	0.036 **
	0


The values are mean ± SD of 7 rats in each group.

NAC in clinical practice for treatment of numerous disorders was discovered as paracetamol intoxication and heavy metal toxicity (Samuni et al., 2013). On the other hand, Deng et al. (2010) tested NAC as a cysteine donor against Cd-induced accumulation of H2O2 in roots of Solanum nigrum L. through increasing of protein thiols. 
In relate study, derivatives of L-cysteine are group of exogenous antioxidant drugs protect against oxidative tissue injury (Kerksick and Willoughby, 2005). This effect may be directly related to the drug itself, inactivation of hydroxyl radicals or to induction of glutathione production. Cd exposure induced LPO via a significant increase in TBARS level and as an indicator of LPO and leads to irreversible cell damage (Table 3). Jihen et al. (2009)  stated that exposure to Cd lowered total superoxide dismutase (SOD), copper zinc-superoxide dismutase (CuZn SOD), glutathione peroxidase (GPx) and catalase (CAT) activities, while it increased malondialdehyde (MDA) level. 

Leal et al. (2007) and Mukhtar et al. (2002) mentioned in their research that order of important organs that contain cadmium begin with adrenal gland, liver, kidney, hypothalamus then cerebral cortex. In correlation, liver sections of rats treated with heavy metals as cadmium chloride showed congestion of hepatoportal blood vessel, focal hepatic necrosis and apoptosis of hepatocytes (figure 2a,b), comparing to normal hepatic lobule structure (figure 1).  
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Figure (1) liver sections of rat from control group ; (2a,b) liver sections of rat treated with CdCl2 (H and E X 400).

In agreement to the chemical analysis, optimistic results found no histopathological changes with N-acetyl cystein protection against CdCl2 (figure 3). In agreement, Jihen et al. (2009)  proved that Se and Zn together assured a more efficient protection of liver against the observed oxidative stress. On the other hand, Husk supplemented in diet showed enhancement with no histological changes (figure 4). On the other hand, Nabk fresh supplemented diet showed dilatation of hepatic sinusoids (figure 5). Sycomore as well proved to show congestion of central vein and necrosis of sporadic hepatocytes (figure 6).  
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Figure (3) liver sections of rat treated with CdCl2 and NAC ; (4) with CdCl2 and Husk fruit ; (5) with CdCl2 and Nabk fruit ; (6) with CdCl2 and Sycomore fruit (H and E X 400).

Kidney sections of rat from group control were showing normal histological structure of renal parenchyma (figure 7). Kidney sections of rat from group CdCl2 showing focal renal haemorrhage, vacuolations of epithelial lining renal tubules and congestion of intertubular blood vessels (figure 8a,b).
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Figure (7) kidney sections of rat from control group ; (8a,b) kidney sections of rat treated with CdCl2 (H and E X 400).

Kidney sections of rat from group CdCl2 + NAC showed vacuolations of epithelial lining renal tubules (figure 9). On the other side, group of Husk fruits showed congestion of glomerular tuft and intertubular blood capillaries (figure 10). Kidney sections of rat from group Nabk showing slight congestion of glomerular tuft and slight vacuolation of epithelial lining renal tubules (figure 11). In the same trend, group Sycomore showed vacuolation of endothelial lining glomerular tuft and vacuolation of epithelial lining renal tubules (figure 12). That was in agreement with the insignificant result of creatinine values (Table 2).
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Figure (9) kidney section of rat treated with CdCl2 and NAC ; (10) with CdCl2 and Husk fruits ; (11) with CdCl2 and Nabk ; (12) with CdCl2 and Sycomore fruits (H and E X 400).
Figure (13) found that ovary section of rat from group control showed no histopathological changes. While ovary sections of rat from group CdCl2 showed vacuolization of luteal tissue and congestion of interstitial blood vessels (Figure 14). Ovary section of rat from group treated with CdCl2 and protected by NAC showed multiple corpora lutea (Figure 15).
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Figure (13) Ovary sections of rat from control group (H and E X 100). Figure (14) Ovary sections of rat treated with CdCl2 (H and E X 100). Figure (15) Ovary sections of rat treated with CdCl2 with NAC treatment (H and E X 100).

Ovary sections of rat from group Husk showed interstitial cell hyperplasia with follicles of different stages of development (Figure 16). On the other hand, ovary sections of rat from group Nabk showed vacuolizations of luteal tissue (Figure 17). Ovary section of rat from group fed with Sycomore supplement showed no histopathological changes (Figure 18). On the other hand, Sayed et al. (2014) found that Cd exposure caused spermatological damage, decreased serum testosterone level and increased oxidative stress.
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Figure (16) Ovary sections of rat treated with CdCl2 with Husk treatment (H and E X 100). Figure (17) Ovary sections of rat treated with CdCl2 with Nabk treatment (H and E X 400). Figure (18) Ovary sections of rat treated with CdCl2 with Sycomore treatment (H and E X 100).


Afify and Embaby (2016) proved that cerebral cortex of Cd treated rats exhibited severe degenerative changes especially in pyramidal and granule cells. They mentioned that changes were ameliorated in rats received ascorbic acid (200 mg/kg b.w.) concomitantly with 5 mg Cd/kg b.w. orally. In accordance, data in figure (19) showed no histopathological changes for control group. While, Figure (20) showed necrosis of neurons and neuronophagia for CdCl2 group. Brain sections of rat from group CdCl2 + NAC showed no histopathological changes (Figure 21).
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Figure (19) Brain sections of rat from control group (H and E X 100). Figure (20) Brain sections of rat from group CdCl2 (21) group CdCl2 + NAC (H and E X 400).


Supplementation diet with fresh husk, nabk or sycamore showed brain cellular oedema (Figures 22, 23 and 24, respectively).
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Figure (22) Brain sections of rat from group Husk ; (23) group Nabk ; (24) group Sycomore (H and E X 400).


Histomorphological analysis supported biochemical findings as been shown in restoring the activities of antioxidative enzymes i.e. superoxide dismutase, and catalase towards control. Reduction in antioxidant defense systems increased LPO significantly and increased oxidative damage. Arabi and Heydarnejad (2007) reported that Cd induced membrane impairments, lowered motility and DNA breaks. As been found in other research and similar to ours, L-cysteine and NAC can ameliorate the deleterious effects of CdCl2 by antioxidative systems. Natural antioxidants which have been found in plant materials can give similar or closed activity as been found in our research. Advanced spectroscopic determination need to be demand for assuring the potent natural plant components in extraction and application processes. 
Discussion


In spite of the lack in knowledge for Cd mechanism toxicity, oxidative stress induced by Cd is one of the most wide theory. Lipoperoxidation and the thiobarbituric acid reactive substances were significantly decreased after administration of α-tocopherol with improving glutathione level in the liver of Cd-treated group. On the other hand, Memmiche et al. (2007) found apoptosis play a primary role in Cd-hepatotoxicity.

Primary role in Cd-induced hepatotoxicity is the apoptosis as shown by Memmiche et al. (2007). After administration of tocopherol, level of malondialdehyde and protein carbonyls were decreased in rat liver and brain. Interesting study has found a protective effect of Se and Zn on Cd-induced oxidative stress in livers of male rats received Cd-polluted tap water (Jihen et al., 2009). They found a more efficient protection with Se and Zn administration against the oxidative stress in liver and total SOD, and CAT activities. 

Some mechanisms were devoloped as in bounding of Cd to a small protein called metallothionein MT (Klaassen et al., 1999 and Nordberg, 2004). Cd toxicity increases MT levels in several animal tissues (Bobillier-Chaumont et al., 2006). Binding of Cd to MTs protects cells against heavy metal toxicity. 

Husk tomato, nabk and sycamore dried fruits have been proven to have potent activity against Cd-polluted drinking water. That was investigated in liver, kidney dysfunctions and oxidative stress with histmorphological study in many organs. Many other plants have been tested, as soy-based diet on 15 and 100 ppm of Cd2+ where it avoids increase serum lipid peroxidation or decrease PON-1 activity and glutathione levels (Ferramola et al., 2012). Inhibition of LDL oxidation in the presence of soy isoflavones was also observed by (Tikkanen and Adlercreutz, 2000). Curcumin and melatonin based natural products has been studied against Cd toxicity and Cd-polluted drinking water (Eybl et al., 2006 and Alghasham et al., 2013). Curcumin resulted in decreasing lipid peroxidation and increasing SOD and catalase activities.

From the few protective data, Wen et al. (2013) evaluated baicalin against Cd-induced hepatic cytotoxicity. Significant mitigation was found for alanine amino transferase, lactate dehydrogenase and cellular lipid peroxidation. The increase of LPO was accompanied with decrease of GSH and antioxidative enzymes of liver marker enzymes in serum of acute Cd exposure. After baicalin administration, inhibition of LPO and increase of liver GSH level were occurred. 

Prabu et al. (2012) studied the protective efficacy of piper betle leaf extract against Cd induced oxidative hepatic dysfunction in the liver of rats. Ameliorative effect was shown in the extract for serum hepatic markers as AST, ALT, ALP and oxidative stress markers as TBARS and catalase.  The protective role of dietary antioxidants as flavonoid quercetin on Cd-induced nephrotoxicity was investigated (Renugadevi and Prabu, 2010). Quercetin treatment markedly attenuated Cd-induced biochemical alterations in serum, urine and renal tissue.
Reference

Aebi, H. Catalse: Methods of Enzymatic Analysis. Ed. Bergmeyer, H. U. (1974) 2nd Edn., Academic Press, London. Vol. 2, pp. 674-677. 

Afify, O. and Embaby, A. (2016) Histological study on the protective role of ascorbic acid on cadmium induced cerebral cortical neurotoxicity in adult male albino rats. J. Microscopy Ultrastructure, 4, 36-45.
Alghasham, A.; Salem, T. and Meki, A. (2013) Effect of cadmium-polluted water on plasma levels of tumor necrosis factor-α, interleukin-6 and oxidative status biomarkers in rats: protective effect of curcumin. Food Chem. Toxicol. 59, 160-164.

Alvarez, S.; Gomez, N.; Scardapane, L.; Fornes, M. and Gimenez, M. (2007) Effects of chronic exposure to cadmium on prostate lipids and morphology. Biometals 20, 727-741.

Arabi, M. and Heydarnejad, M. (2007) Mechanism of the dysfunction of the bull spermatozoa treated with cadmium, Zhonghua Nan, KeXue, 13, 291-296.
        Banchroft, J.; Stevens, A. and Turner, D. (1996) Theory and practice of histological techniques. 4th Ed. Churchil Livingstone, New York, London, San Francisco, Tokyo.

Belfield, A. and Goldberg, D. (1971) Colorimetric determination of alkaline phosphatase activity. Enzyme, 12, 561-566.

Bobillier-Chaumont, S.; Maupoil, V. and Berthelot, A. (2006) Metallothionein induction in the liver, kidney, heart and aorta of cadmium and isoproterenol treated rats. J. Appl. Toxicol. 26, 47-55.

Campbell , J.A. 1961. " Methodology of protein evaluation . Nutrition  document R. 10 led. 37    Hune Meeting . New York. 

Deng, X.; Xia, Y.; Hu, W.; Zhang, H. and Shen, Z. (2010) Cadmium induced oxidative damage and protective effects of N-acetyl-L-cysteine against cadmium toxicity in Solanum nigrum L. J. Hazardous Materials, 180, 722-729.

Eybl, V.; Kotyzova, D. and Koutensky, J. (2006) Comparative study of natural antioxidants-curcumin, resveratrol and melatonin-in cadmium induced oxidative damage in mice. Toxicol. 225, 150-156. 

Ferramola, M.; Diaz, M.; Honore, S.; Sanchez, S.; Anton, R.; Anzulovich, A. and Gimenez, M. (2012) Cadmium-induced oxidative stress and histological damage in the myocardium. Effects of a soy-based diet. Toxicol. Applied Pharmacol. 265, 380-389.

Filipic, M.; Fature, T. and Vudrag, M. (2006) Molecular mechanisms of cadmium induced mutagenicity. Hum. Exp. Toxicol. 25, 67-77.

Friberg, L.; Elinder, C. and Kjellstrom, T. (Eds.) (1992) Environmental Health Criteria (EHC) 134, Cdmium. World Health Organization, Geneva.

Hagar, H. and Al Malki, W. (2014) Betaine supplementation protects against renal injury induced by cadmium intoxication in rats: Role of oxidative stress and caspase-3. Environm. Toxocol. Pharmacol. 37, 803-811.

Hassoun, E. and Stohs, S. (1996) Cadmium induced production of superoxide anion and nitric oxide. DNA single strand breaks and lactate dehydrogenase leakage in J774A.1 cell cultures. Toxicology 112, 219-226.

IARC. Ia.fr.oc. (1993) Beryllium, cadmium, mercury and exposures in the glass manufacturing industry. In: International Agency for Research on Cancer Monographs on the Evaluation of Carcinogenic Risks to Humans, 58, IARC Scientific Publications, Lyon, 119-237.

Jihen, E.; Imed, M.; Fatima, H. and Abdelhamid, K. (2009) Protective effects of selenium (Se) and zinc (Zn) on cadmium (Cd) toxicity in the liver of the rat: effects on the oxidative stress. Ecotoxic. Environm. Safety 72, 1559-1564.

Kaoud, H. and Mekawy, M. (2011) Effect of cadmium pollution on neuromorphology and function of brain in mice offepring. Nature and Science, 9(4).

Kerksick, C. and Willoughby, D. (2005) The antioxidant role of glutathione and N-acetyl cysteine supplements and exercise induced oxidative stress. J. Int. Soc. Sports Nutr. 2, 38-44.
Klaasen, C.; Liu, J. and Choudhuri (1999) Metallothionein: an intracellular protein to protect against cadmium toxicity. Annu. Rev. Pharmacol. Toxicol. 39, 267-294.

Larsen K. (1972). Creatinine assay by a reaction-kinetic principle. Clin. Chim. Acta, 41:209-217.

Leal, B.; Posser, T.; Rigon, A.; Oliveira, C.; Goncalves, C.; Gelain, D. and Dunkley, P. (2007) Cadmium stimulates MAPKs and Hsp27 phosphorylation in bovine adrenal chromaffin cells. Toxic. 234, 34-43. 
Memmiche, S.; Chabane-Sari, D. and Guiraud, P. (2007) Role of α-tocopherol in cadmium-induced oxidative stress in Wistar rat’s blood, liver and brain. Chemico-Biologic. Interactions 170, 221-230.

Mithal, R. (1981) Histopathological studies with reference to chronic cadmium exposure in adrenal and spleen of common indian group squirrel (Funambulus pennant, Wroughton). Ind. Health 19, 9-14.
Mukherjee, R.; Desai, F.; Singh, S.; Gajaria, T.; Singh, P.; Baxi, D.; Sharma, D.; Bhatnagar, M. and Ramachandran, A. (2010) Melatonin protects against alterations in hippocampal cholinergic system. Trace metals and oxidative stress inuced by gestational and lactational exposure to cadmium. Excli J., 9, 119-132.
Mukhtar, N.; Iqbal, K.; Anis, I. and Malik, A. (2002) Sphingolipids from Conyza Canadensis. Phytochem. 61, 1005-1008.
Nordberg, G. (2004) Cadmium and health in the 21st century-historical remarks and trends for the future. Biometals 17, 485-489.

Nordberg, M.; Winblad, B. and Basun, H. (2000) Cadmium concentration in blood in an elderly urban population. Biometals 13, 311-317.

           Ohkawa, H.; Ohishi, W. and Yagi, K. (1979) Anal. Biochem. 95, 351. 

Prabu, S.; Muthumani, M. and Shagirtha, K. (2012) Protective effect of Piper betle leaf extract against cadmium-induced oxidative stress and hepatic dysfunction in rats. Saudi J. Biologic. Sci. 19, 229-239.
Samuni, Y.; Goldstein, S.; Dean, O. and Berk, M. (2013) Review. The chemistry and biological activities of N-acetylcysteine. Biochimica et Biophysica Acta 1830, 4117-4129.

Sayed, M.; Hassanein, Kh. And Senosy, W. (2014) Protective effects of thymoquinone and L-cysteine on cadmium induced reproductive toxicity in rats. Toxicology Rep. 1, 612-620.
            SPSS (1998) Advanced Statistics Student Guide by Norusis, M.J. Chicago: SPSS Inc.

Stohs, S.; Bagchi, D.; Hassoun, E. and Bagchi, M. (2000) Oxidative mechanisms in the toxicity of chromium and cadmium ions. J. Env. Path. Tox. Oncology, 20(2) 77-88.
Renugadevi, J. and Prabu, S. (2010) Quercetin protects against oxidative stress-related renal dysfunction by cadmium in rats. Experiment. Toxicol. Pathol. 62, 471-481.

Tikkanen, M. and Adlercreutz, H. (2000) Dietary soy-derived isoflavone phytoestrogens, Could they have a role in coronary heart disease prevention? Biochem. Pharmacol. 60, 1-5.

Wen, Y.; Zhao, J.; Bhadauria, M. and Nirala, S. (2013) Baicalin prevents cadmium induced hepatic cytotoxicity, oxidative stress and histomorphometric alterations. Experim. Toxicol. Pathol. 65, 189-196.

