
		
			[image: GJPPS.jpg]
		

	
		
			Introduction

			Homocysteine (HCY) is one of the sulfur-containing essential amino acids and it is produced as a by-product during the methionine metabolism. Although methionine can be synthesized from aspartate in bacteria and plants, it is an essential amino acid for humans since adequate homocysteine and methyl groups cannot be supplied [1]. Both homocysteine and methionine are precursors of each other and the destruction of one of them builds the synthesis phase of the other [2]. 50% of the normal levels of intracellular homocysteine are converted again to methionine after the addition of a methyl group through remethylation [3]. Gradually increasing data shows that high plasma or serum levels of homocysteine is correlated with the atherosclerotic vascular disorders as a risk factor [4]. 

			
HCY is easily oxidized through autoxidation and free radicals emerge, which derive from oxygen and increase the lipid peroxidation during the oxidation of the sulfhydryl groups [5,6]. Free radicals are molecules with unpaired electron emerging through the biochemical redox reactions during the cell metabolism [7,8]. They play an important role in the process of several disorders [9,10]. Under physiological conditions, the adverse effects of the free radicals are neutralized by the cellular defense system [11]. Fruits and especially compounds prepared from purple grape (vitis vinifera) were used in the traditional medicine for centuries [12]. These substances, which are plenty in purple grape, are phenolic compounds, flavonoids, anthocyanins and proanthocyanidins [13]. Flavonoids are commonly found in the human diet and have multiple biological and pharmacological functions [14,15]. Flavonoids are the major scavengers of free radicals [16,17]. 

			The objective of this study was to investigate the protective effect of purple grape juice against oxidative damage induced by high homocysteine levels. For this purpose, the plasma malondialdehyde (MDA) levels were evaluated as an indicator of the lipid peroxidation and plasma protein carbonyl (PCO) levels as an indicator of protein oxidation. Moreover, erythrocyte reduced glutathione (GSH) and plasma sulfhydryl (-SH) levels were determined as an indicator of the non-enzymatic antioxidant capacity and erythrocyte superoxide dismutase (SOD) and erythrocyte catalase (CAT) enzyme activities were determined as an indicator of the enzymatic antioxidant capacity.

			Materials and Methods

			In this study, we used male Sprague-Dawley rats with an average weight of 200-300g. In order to let them adapt to the environment, they were enrolled into study after one week of their transfer to Application and Research Center for Experimental Animals in the Afyon Kocatepe University. They were housed in special cages designed for rats under suitable temperature and ideal 12-hour lighting conditions. They were fed with standard rat food and tap water. During the study, which lasted 30 days, standard rat food and water were provided every day at 17:00. They were allowed to eat and drink as much as they wanted [18-20]. 

			Rats were distributed in the following four groups:

			a.	Control group (n=8): This group received tap water with gavage and intraperitoneal (i.p.) saline solution (1ml/kg/day) for 30 days.

			b.	Purple grape juice group (PGJ) (n=8): This group received daily 10ml/kg purple grape juice (100% grape juice) once a day with gavage and 1ml/kg intraperitoneal saline solution.

			c.	Homocysteine group (HCY) (n=8): This group received daily 1ml/kg homocysteine (i.p.) and 10m/kg tap water with gavage.

			d.	Purple grape juice + homocysteine (PGJ+HCY) group (n=8): This group received daily 1ml/kg intraperitoneal homocysteine and 10ml/kg PGJ with gavage.

			After 24 hours of the last doses, an anesthetic solution containing 0.4ml ketamine and 0.6ml xylazine was administered in doses of 1.6ml/kg intraperitoneally to all rats. After the establishment of deep anesthesia, blood samples were drawn by cardiac puncture into heparinized tubes. Blood samples were centrifuged at 2500rpm and 4 °C for 10 minutes and plasma and blood cells were separated. The cells were washed 3 times with saline solution. Samples were stored at -20 °C until the time of analysis. Erythrocytes were ruptured with repeated freeze-dissolve process and a diluted stock solution was prepared after the samples were diluted with distilled cold saline solution in 1/1 ratio. Shimadzu UV-1601 spectrophotometer was used for all spectrophotometric measurements. All chemical substances used were of analytical purity.

			Hemoglobin assessment was done with the Drapkin’s method. Plasma MDA levels were measured according to the method described by Ohkawa et al. [21]. Plasma protein carbonyl groups were evaluated with the modified spectrophotometric method of Levine et al. [22]. Erythrocyte GSH levels were determined with the spectrophotometric Beutler method [23]. Plasma -SH groups were assessed with the spectrophotometric method of Koster et al. [24]. The spectrophotometric method of Winterbourn et al. [25] was used for the measurement of the erythrocyte SOD activities [25]. Erythrocyte CAT activities were determined with the Beutler spectrophotometric method [26]. The total phenol quantity in the purple grape juice was measured with the colorimetric method of Folin-Ciocalteu [27].

			Statistical analysis

			The results were analyzed with the Mann-Whitney U test using the package software SPPS v10.0 (Chicago, IL, USA). The results were given as mean ± SEM. The accepted limit of significance was p<0.05.

			Results

			Plasma MDA levels were significantly higher in the homocysteine group and significantly lower in the PGJ group compared to the control group (Figure 1) (p<0.05). Plasma carbonyl levels were significantly higher in the homocysteine group compared to the control group (p<0.05) (Figure 2). As shown in Figure 3, plasma -SH levels were significantly lower in the homocysteine group compared to the control group, but significantly higher in the PGJ+HCY group compared to the homocysteine group (p<0.05, p<0.05 respectively). Erythrocyte GSH levels were significantly higher in the PGJ group compared to the control group and significantly higher in the PGJ+HCY group compared to the homocysteine group (p<0.05, p<0.01 respectively) (Figure 4). Erythrocyte CAT activities were significantly higher in the PGJ group compared to the control group and significantly higher in the PGJ+HCY group compared to the homocysteine group (p<0.05, p<0.01 respectively) (Figure 5). Erythrocyte SOD activities were significantly higher in the homocysteine group compared to the control group (p<0.05) (Figure 6). Total phenolic substance quantity assessed with the Folin-Ciocalteu method in the PGJ was 720mg/ml.

			Discussion

			Homocysteine is a sulfur-containing amino acid synthesized in the human organism and used in the synthesis of several substances. It is produced as a by-product of the methionine metabolism. The intracellular homocysteine metabolism depends on the availability of methionine, re-methylation of homocysteine to methionine and cysteine transsulfuration. Several vitamins play role as cofactor and substrate in the homocysteine-methionine metabolism. They serve as regulators in the metabolic pathways, which were catalyzed by folic acid, cyanocobalamin, methyltetrahydrofolate reductase (MTHFR) and methionine synthetase enzymes [28]. The synthesis and metabolism of homocysteine occur mostly in liver. Methionine is metabolized predominantly in the liver. The synthesis of the enzymes betaine-homocysteine methyl-transferase (BHMT) and cystathionine beta-synthase (CBS) takes place in liver. Therefore, homocysteine metabolism might be affected in cases of liver injury [29]. There are gradually increasing data that confirm the correlation of high homocysteine levels with clinical atherosclerotic vascular disorders as a risk factor [28]. There is a general consensus regarding the effect of the increased plasma homocysteine level on the development of cardiovascular diseases [30].

			 Free radicals are produced during the oxidation process in the organism. Atoms and molecules with unpaired electron trigger certain reaction chains, which cause damage in cells. Although the reactive oxygen species (ROS) play a role as the intermediator in low doses, in high doses they might cause the oxidative stress and damage in the cells [31]. These by-products of metabolism, which have oxidant and mutagenic effects, destroy DNA, protein and other macromolecules and they initiate even chronic disorders by causing cell death [32].

			Purple grape (vitis vinifera) has a powerful antioxidant effect due to the high phenolic compounds in its seeds and flavonoids originating from these phenolic compounds. Purple grape, thanks to its antioxidant properties, possess several pharmacological features and provides protection against oxidative stress [33].

			In their study, Kazem et al. [34] determined a vasorelaxation effect of the grape leaf extracts on the isolated rat aortas. Phenolic substances behave as antioxidant compounds due to their partial reactivity depending on the OH-groups in the aromatic rings. The major metabolism of the antioxidant activity is based on scavenge of radicals as a result of hydrogen atom release [33]. It was determined that high homocysteine concentrations caused an increase in free oxygen radicals and lipid peroxidation [35]. Homocysteine is easily oxidized as a result of autoxidation and free oxygen radicals emerge during the oxidation of the sulfhydryl groups, which initiate lipid peroxidation [36].

			Tan et al. [37] in their study conducted with Asian adults concluded that hyperhomocysteinemia was an independent risk factor for the ischemic stroke and it increased the risk of stroke in the large artery strokes due to its proatherogenic effect. In the study conducted by Baydas et al. [36], chronic methionine administration increased the plasma homocysteine levels in rats and lipid peroxidation was stimulated in the groups receiving homocysteine. Boushey et al. [38] demonstrated that an increase of 5µmol/L in homocysteine level increased the coronary artery disorder risk 1.7 times, cerebrovascular disorder risk 1.5 times and peripheral artery disorder risk 6.8 times [39-41].

			One of the late-stage products of lipid peroxidation is MDA. MDA is synthesized through the peroxidation of fatty acids containing three or more double bonds. MDA affects the ion exchange in the cell membranes and leads the substances in the membrane to build cross-bonds and causes adverse results such as the modification of the ion permeability and enzyme activity. Because of these features and as MDA might react with nitrogenous bases of DNA, it is genotoxic and carcinogenic for the mutagenic cell cultures [42].

			Yüce et al. [43] investigated the plasma and tissue MDA values of rats receiving homocysteine and reported that the MDA values increased significantly in the rats of the homocysteine group compared to the control group. They also stated that this result emerged because the homocysteine decreased glutathione peroxidase (GSH-Px) activity which prevented the production of the lipid peroxidation.

			Cavalca et al. [44] conducted a study on patients with coronary artery disorder and found out that the plasma homocysteine concentrations of the patients with cardiovascular disease were significantly higher than the patients in the control group. They used MDA as the parameter of the free radical production in the cardiovascular disease patients and evaluated the probable role of homocysteine. They determined that the plasma MDA concentrations of these patients were twice higher than the patients in the control group. They also reported that high MDA concentrations pointed at the increased lipid peroxidation and to the potential progression of the oxidative stress regarding all patients. In our study, the plasma MDA levels were significantly higher in the rats of HCY group (p<0.05). Furthermore, the plasma MDA levels in the rats of the PGJ group were significantly lower than the control group rats (p<0.05).

			Although the high MDA values in HCY group indicated that homocysteine induced the oxidative stress, the low MDA values in PGJ+HCY group might be related to the protective effect of the phenolic substances in the PGJ composition against oxidative stress. Duarte et al. [44] observed that after the administration of quercetin, which is a flavonoid, for 5 weeks, the blood pressure decreased, glutathione peroxidase activity increased and plasma and hepatic MDA levels decreased in the spontaneously hypertensive rats. In this genetic model of hypertension, quercetin showed antihypertensive and antioxidant characteristics. Quercetin is one of the most important components of purple grape juice

			Sreemantula et al. [45] showed the antioxidant activity of the purple grape extract with the Hydroxyl Radical Assay Method. They determined that the antioxidant activity of the vitis vinifera extract was 8 times higher than ascorbic acid. James et al. [1] reported that short-term administration of purple grape juice to the patients with coronary artery diseases improved the endothelial functions and decreased the LDL oxidation sensitivity. They also suggested that a potential mechanism provided by the flavonoids in the purple grape was regressed the endothelial vasodilation and prevented LDL oxidation. Intraperitoneal homocysteine administration caused intimal hyperplasia and cell proliferation in the carotid arteries. It is known that there is a positive correlation between the total plasma homocysteine concentrations and the wall thickness of the carotid arteries [46]. Serafinowicz et al. [47] reported that the products of the lipid peroxidation and the carotid intimal media thickness were increased in the rats with hyperhomocysteinemia. In their study, Hollman et al. [48] found out that feeding with quercetin resulted in the inhibition of the lipid peroxidation and the antioxidant capacity was significantly increased in the rats fed a diet containing 0.2% quercetin compared to the control group.

			Free radical scavenging and inhibition of lipid peroxidation are important functions of phenolic acids, anthocyanins and other flavonoids. The comparable antioxidant activities of red and purple grapes are well known. All of these fruit extracts have high activity against the superoxide radicals, which are released through various chemical pathways. Another feature of these extracts is the inhibitory effect on the xanthine oxidase enzyme, which initiates the production of the free radicals within the cell [49]. The primary modification reactions cause the synthesis of the protein carbonyl derivatives. These reactions consist of the oxidative modification of the α-carbon atoms or side chains of the amino acids and following this modification cleavage of the reactive oxygen-mediated peptide bonds. As a result of the interaction of the reactive oxygen derivatives with the proteins, protein carbonyl products emerge due to the oxidative damage, which occurs on the peptide backbone of several amino acids like histidine, proline, arginine and lysine or proteins. The measurement of the protein carbonyl levels is a sensitive and widely used method for the determination of the protein oxidation [50,51].

			ROS causes oxidative damage in protein, carbohydrate and lipid molecules. Lipid peroxidation and carbohydrate oxidation, which occur with the effect of ROS, invoke modifications in the amino acid content of the proteins and an increase in the plasma protein carbonyl composition. Horakova et al. [52] investigated the antioxidant activity of standardized flavonoid (EGb 761, pycnogenol) extract, trolox and stobadine and produced oxidative damage from Fe+3/H2O2/AA and HOCl oxidant systems on the sarcoplasmic reticulum in the skeletal muscles of rabbits. They found out that the protein carbonyl levels of the oxidant + antioxidant groups were significantly lower compared to the protein carbonyl levels of the oxidant groups.

			In our study, we obtained comparable results to the study mentioned above regarding the plasma carbonyl levels (PCO). The plasma carbonyl levels in the rats of the homocysteine group increased significantly compared to the control group (p<0.05). Although we observed a decrease in the plasma carbonyl levels in PGJ and PGJ+HCY groups compared to the homocysteine group, the difference was not significant. The decreasing effect of PGJ on the carbonyl levels might depend on its protective effect against oxidative stress and on its scavenging activity on free radicals, which arise due to the high homocysteine values. Molina et al. [53] reported that plasma protein carbonyl levels were increased in the rats, in which oxidative stress was induced by chronic alcohol administration compared to the control group. They also determined that protein carbonyl levels were decreased in the rats, which received both quercetin and ethanol.

			The thiol (-SH) group of the cysteine is quite sensitive to oxidative damage and thyl (-S) radical, which emerges with different mechanisms from the -SH groups, lead to the production of the disulfide bonds in the proteins. The conversion of the -SH groups to the oxidized derivatives such as disulfides and oxyacids is a sign of the protein oxidation originating from the radicals and can be observed at the early stage. Another oxidation form of the thiol groups occurs after the binding of the 4-hydroxynonenal to the –SH groups of the proteins with a thioether bond as a result of the Michael reaction. Michael reaction is a reversible reaction [22,54].

			In our study, the plasma -SH levels of the homocysteine groups, which were exposed to the oxidative stress with the homocysteine administration, were significantly lower than in the control group (p<0.05). However, the plasma -SH levels in the PGJ+HCY group were significantly higher compared to the HCY group (p<0.05). GSH is the most important antioxidant in the organism with no enzymatic properties. It reacts with the reactive oxygen products and thus protects the cells against the oxidative stress. Moreover, it maintains the reduction of the –SH groups in the proteins and in this way protects these groups against oxidation, which prevents also the inactivation of the proteins and enzymes [35]. Homocysteine induces the intracellular inactivation of the glutathione antioxidant defense system and reduces probably the GSH synthesis.

			Yüce et al. [43] conducted a study regarding the changes in the oxidant-antioxidant system and coronary arteries caused by homocysteine and compared the male rats among themselves. This comparison displayed that the GSH levels in the rats in the homocysteine group were lower than the rats in the control group. In this study, the investigators also observed that early-stage atherosclerosis, which was characterized by the detachment of the endothelial cells in the cardiac vessels, developed in the male rats of the homocysteine group compared to the control group. In our study, the erythrocyte GSH values in the homocysteine group were significantly lower compared to the control group (p<0.05). Erythrocyte GSH values were significantly higher in the purple grape group compared to the control group (p<0.05). Erythrocyte GSH values in PGJ+HCY group was significantly higher compared to the homocysteine group (p<0.01).

			Rajdl et al. [55] suggested in their study that consumption of an appropriate amount of white wine had cardioprotective and antioxidant effects. In this study, considering the increase in the intracellular GSH levels, they determined that white wine provided a reasonable reduction against reactive oxygen molecules. Morrison et al. [56] reported that along with the high plasma total homocysteine levels, the GSH levels were lower in patients with coronary artery disease compared to the control group. Hultberg et al. [57] determined significantly decreased GSH concentrations in the human cell walls exposed to 250 mmol/L homocysteine. Upchurch et al. [58] found out that GSH activity was significantly decreased in the bovine aortic endothelial cells, which were exposed to 50-200mmol/L homocysteine [59]. 

			Fiorani et al. [60] reported that quercetin protected glutathione against the glutathione consumption, which was induced by the dehydroascorbic acid. Homocysteine prevents the binding of SOD to the endothelial cell membrane in arteries as it destructs the heparan sulfate proteoglycans, which enable the binding of SOD to the endothelial cell surface. High levels of homocysteine decrease the SOD amount, which is released to the surrounding by the fibroblasts. As a result, homocysteine decreases the defensive ability of the endothelial cells against free radicals particularly against superoxide radicals [40]. Yüce et al. [47] conducted a study on rats, in which oxidative stress was induced by homocysteine administration and found out that plasma SOD and CAT activities of the rats in homocysteine group were lower compared to the rats in the control group.

			The inhibition of the SOD activity is one of the oxidative stress damage mechanisms induced by homocysteine. SOD has three isoenzymes. In their oxidative stress study, which was induced by homocysteine in the vascular smooth muscle cells of rats, Chang et al. [61] demonstrated that homocysteine caused a dose-dependent inhibition of the mitochondrial Mn-SOD activity. In a study, it was reported that homocysteine produced homocystine, mixed disulfides and homocyteine after the rapid autoxidation in the plasma. During the autoxidation of homocysteine, potent reactive oxygen molecules like superoxide and hydrogen peroxide emerge. Particularly hydrogen peroxide was blamed for the vascular toxicity related to hyperhomocysteinemia. It was demonstrated that the emergence of hydroxyl radicals in relation to superoxide anion radicals initiates the lipid peroxidation because of an effect at the level of endothelial plasma membrane and intracellular lipoprotein particles.

			In our study, erythrocyte SOD activities were significantly lower in the homocysteine group compared to the control group (p<0.05). There was no significant difference between other groups. These results suggest that SOD enzyme in homocysteine-treated rats is one of the indicators of oxidative damage. Reshma et al. [62] investigated the effects of ocimum flavonoids on the erythrocyte antioxidants in oral cancer and found out - similar to our study - that SOD activity was higher in the flavonoid group compared to the control group. Kahraman et al. [32] investigated the antioxidative and antihistaminic activity of quercetin in the gastric lesions induced by alcohol and determined that SOD activities decreased significantly with the administration of alcohol and increased significantly with the administration of quercetin. The distribution of SOD enzyme in the living beings should be evaluated with CAT because the product, which emerged as a result of the reaction catalyzed by SOD, was one of the toxic compounds of oxygen and its accumulation was prevented by CAT. CAT is a hemoprotein, which contains four hem groups and is found with different concentrations in general cell types. It is mostly encountered in the peroxisomes. With hydrogen peroxide, CAT has a reductive activity on small molecules such as methyl and ethyl hydroperoxides and it has no effect on large molecule lipid hydroperoxides. It is found in large amounts in blood, bone marrow, mucous membranes, liver and kidneys [23].

			Lin et al. [63] conducted a study on rabbits in order to investigate the protective activity of grape suspension on the oxidative effects of bilateral ischemia and reported that the protective activity of the grape suspension accompanied the regulation activity of SOD and CAT. They also determined that the SOD and CAT activities were increased in the groups received grape. In our study, erythrocyte CAT activities were significantly higher in the quercetin and purple grape juice groups compared to the control group (p<0.05). The CAT activity in the homocysteine group was significantly lower compared to the control group (p<0.05). Comparison of the erythrocyte CAT activities of the homocysteine + quercetin group and homocysteine group revealed that CAT activity values were significantly higher in the homocysteine + quercetin group (p<0.05). Similarly, the comparison of the homocysteine + purple grape juice group and homocysteine group displayed that the erythrocyte CAT activities were higher in the homocysteine + purple grape juice group (p<0.05). The reason for this finding might be the antioxidant effect of the flavonoids found in the grape juice against the free radicals induced by homocysteine.

			In conclusion, the increases in lipid peroxidation and protein oxidation and the decreases in the plasma-SH and erythrocyte SOD levels caused by hyperhomocysteinemia were an indicator of the oxidative stress induced by ROS. We concluded that in PGJ+HCY group, the decrease of plasma MDA levels but the increase of erythrocyte GSH and CAT values showed the suppressive effect of purple grape juice on the peroxidation products and on the antioxidant enzyme activity. We believe that this study conducted with rats should be confirmed with human studies.
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			Abstract

			The objective of this study was to evaluate the protective role of purple grape juice against oxidative damage induced by hyperhomocysteinemia in rats. For this purpose, rats were divided into 4 groups: Rats in the control group (n=8) received tap water with gavage and intraperitoneal (i.p.) saline solution (1ml/kg/day) for 30 days. Rats in the purple grape juice group (PGJ) (n=8) received purple grape juice (10ml/kg/day) with gavage and saline solution (1ml/kg/day). Rats in the homocysteine group (HCY) (n=8) received i.p. homocysteine (1ml/kg/day) and tap water (10ml/kg/day) with gavage. Rats in the purple grape juice+homocysteine group (PGJ+HCY) (n=8) received i.p. homocysteine (1ml/kg/day) and grape juice (10ml/kg/day) with gavage. During the study, plasma malondialdehyde (MDA), plasma carbonyl were assessed as indicators of oxidative stress; erythrocyte reduced glutathione (GSH), plasma sulfhydryl (SH) levels and erythrocyte catalase (CAT) and erythrocyte superoxide dismutase (SOD) activities were assessed as indicators of antioxidant capacity. 

			Plasma MDA levels were significantly higher in the homocysteine group compared to control group, but they were significantly lower in the PGJ group (p<0.05). Plasma carbonyl levels were significantly higher in the HCY group compared to the control group (p<0.05). Plasma –SH levels were significantly lower in the HCY group compared to the control group and significantly higher in the PGJ+HCY group compared to the HCY group (p<0.05, p<0.05 respectively). Erythrocyte GSH levels were significantly higher in the PGJ group compared to the control group and they were significantly higher in the PGJ+HCY group compared to the HCY group (p<0.05, p<0.01 respectively). Erythrocyte CAT activities were significantly higher in the PGJ group compared to the control group and they were significantly higher in the PGJ+HCY group compared to the HCY group (p<0.05, p<0.01 respectively). Erythrocyte SOD activities were significantly lower in the HCY group compared to the control group (p<0.05). In conclusion, with this study, it was shown that purple grape juice had a protective role against the oxidative stress induced by homocysteine, as it decreased MDA levels through its increasing effect on the plasma–SH, erythrocyte GSH levels and erythrocyte CAT activities.

			Keywords: Homocysteine; Oxidative stress; Antioxidant; Flavonoids; Purple grape juice

			Abbreviations: HCY: Homocysteine Group; PGJ: Purple Grape Juice; GSH: Glutathione; SOD: Superoxide Dismutase; CAT: Catalase; SH: Sulfhydryl; HCY: Homocysteine; MDA: Malondialdehyde; PCO: Protein Carbonyl; MTHFR: Methyltetrahydrofolate Reductase; BHMT: Betaine-Homocysteine Methyl-Transferase; CBS: Cystathionine Beta-Synthase; ROS: Reactive Oxygen Species.
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					  Figure 1: Plasma MDA levels. 

					*Compared with the control group (p<0.05).
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					Figure 2: Plasma carbonyl groups levels.

					*Compared with the control group (p<0.05).
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					Figure 3: Plasma -SH levels.

					*Compared with control group (p<0.05), **Compared with homocysteine group (p<0.05)).
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					Figure 6: Erythrocyte SOD activities.

					*Compared with the control group (p<0.05).
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					Figure 4: Erythrocyte GSH levels.

					*Compared with control group (p<0.05), *Compared with the homocysteine group (p<0.01).
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					Figure 5: Erythrocyte CAT activities.

					*Compared with the control group (p <0.05), **Compared with the homocysteine group (p <0.01).
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