Mentha piperita protects against Cadmium induced oxidative renal damage by restoring antioxidant enzyme activities and suppressing inflammation in rats.
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Abstract:
Background
The aim of this study was to investigate the possible protective role of the Mentha piperita leaf extract (MPE) on cadmium (Cd)-induced nephrotoxicity using biochemical and histopathological approaches. 
Methods: 
	The control group received the vehicles only. The Cd treated group received Cdcl2 (5 mg/kg) orally in isotonic saline for 4weeks. Cd + MPE treated group received the MPE at a dose of (100mg/kg in 5% tween 80) along with Cd. MPE alone treated group received the MPE alone orally at a dose of 100mg/kg in 5% tween 80 for 4 weeks.
Results:
In experimental rats oral administration of CdCl2 (5 mg/kg) for 4weeks significantly induced renal damage which was evident from the increased levels of serum urea, uric acid and creatinine with a significant (p<0.05) decrease in creatinine clearance. Cd also significantly (p<0.05) decreased the levels of urea, uric acid and creatinine in urine. Cd-induced oxidative stress in kidney tissue was indicated by the increased levels of renal lipid peroxidation markers (thiobarbituric acid reactive substances and lipid hydro peroxides) and protein carbonyl content with a significant (p<0.05) decrease in non- enzymatic (total sulfhydryl group, reduced glutathione, vitamin and vitaminE) and enzymatic antioxidants (superoxide dismutase (SOD),catalase (CAT), glutathione peroxidase(GPx), glutathione S-transferase (GST), glutathione reductase (GR). Moreover the kidneys of Cd-treated rats also exhibit significantly (p<0.05) increased levels of tumer necrosis factior (TNF-α) and nitric oxide (NO). The histopathology of Cd treated rats showed tubular necrosis, degeneration, dilation, desquamation, thickening of basement membrane and luminal cast formation. MPE (100mg/kg/day) treatment markedly attenuated the Cd-induced biochemical alterations in serum, urine and renal tissue, and brings the TNF-α and NO in to normal levels. MPE also ameliorated the Cd-induced pathological changes when compared with Cd-alone-treated group. 
Conclusions:
These results indicate that the natural dietary antioxidant MPE might have significant protective effect against Cd- induced oxidative stress mediated in rats.  Due to its antioxidant and antiinflammatory effects, it will provide an accessible and cheap traditional medicine source for treatment of Cd mediated environmental and occupational ailments.
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1.Introduction:
Cadmium is a ubiquitous environmental toxicant that affects biological systems in various ways. The molecular mechanisms of its toxicity are not yet well defined. Humans are exposed to cadmium from the sources of tobacco smoke, food, industrial, occupational and environmental pollution. Cadmium exposure has been shown to have adverse effects on a variety of tissues and is linked with various chronic diseases. It has long been recognized as one of the most toxic environmental and occupational heavy metal pollutant [1]. Cd stimulates the formation of reactive oxygen species, including oxygen free anion radical [2], hydrogen peroxide [3] and probably hydroxyl radical [4]. As a consequence, enhanced lipid peroxidation, DNA damage, altered calcium and sulfhydryl homeostasis, as well as marked disturbances of antioxidant defense system (AOS) occur [5].  Cd-related diseases including cardiovascular disease, hypertension, osteoporosis, nephrotoxicity, hepatotoxicity, diabetes, and cancers of many organs [6]. Mechanism of cadmium toxicity may be multifactorial. It has been suggested that cadmium acts as a catalyst in the oxidative reactions of biological macromolecules, and therefore, the toxicities associated with the metal might be due to the oxidative tissue damage. Cadmium being a redox-inactive metal cannot undergo redox cycling but deplete the cells with their major antioxidants, particularly thiol-containing antioxidants and enzymes [7]. Kidneys are one of the most critical organs for the toxicity of Cd, the oxidative effect of Cd is indirect and based mainly on the depletion of sulfhydryl (SH)-group-containing compounds [8]. Cd itself is unable to generate free radicals directly. Several lines of evidences indicate that oxidative stress and reactive oxygen species formed in the presence of Cd could be responsible for its toxic effects in various organs [9].
	The nephrotoxic action of Cd may be mediated by Cd–metallothionein (MT) complex released from the damaged liver cells filtered through the glomerulus into the urinary space, where it is endocytosed by the proximal tubular cells and degraded by the lysosomes, resulting in the release of Cd [10]. The released Cd may then stimulate the production of MT in proximal tubular cells , directly damage the integrity of microvilli and intracellular vesicles [11], indirectly inhibit the transporter activity through changes in the membrane fluidity due to oxidative stress, increase the lipid peroxidation by binding with membrane phospholipids [12] and target various intracellular proteins and membrane transporters at the cytoplasmic side by binding to their reactive SH groups [13].  In order to combat against Cd-induced oxidative renal damage, antioxidant phytochemicals may be the suitable antidotes because of their high antioxidant nature and low toxicity. The flavonoids are a family of phenolic compounds that possess a remarkable spectrum of biochemical and pharmacological activities like antibacterial, antiviral, antiinflammatory, antiallergic, antithrombotic, antimutagenic, antineoplastic, as well as neuroprotective properties [14]. Mentha piperita (Lamiaceae), the peppermint (mint) plant is an aromatic perennial herb cultivated in most part of the world, have traditionally been used in folk medicine. Mentha commonly known as peppermint has shown antioxidant and antiperoxidative properties due to the presence of eugenol, caffeic acid, rosmarinic acid and α-tocopherol [15, 16, 17]. The essential oil is widely used as flavoring and/or additive in foods, toothpaste, and other hygienic products, and in pharmaceutical formulations [18]. A large volume of literature is available on the medicinal properties of essential oils present in Mentha spp. [19, 20]. In an In vitro, several studies have shown that M. piperita has antibacterial effects, strong antioxidant and antitumor action, and antiallergenic potential [21, 22]. The posssible nephroprotective action of M.Piperita leaf extract against Cd induced nephrotoxicity has not been explored so far. Therefore, in this study, we intended to evaluate the nephroprotective consequence of the M.Piperita leaves by using the Cd-induced sub-chronic oxidative kidney damage in rats.
2. Materials and methods
2.1. Chemicals
Cadmium chloride, 2-thiobarbituric acid (TBA), butylated hydroxytoluene (BHT), reduced glutathione (GSH), 2,2-dipyridyl, xylenol orange, 2,4-dinitrophenylhydrazine (DNPH), cglutamyl- p-nitroanilide, 5,5-dithiobis-2-nitrobenzoic acid were obtained from Sigma Chemical Co. (St. Louis, MO, USA). The rest of the chemicals utilized were obtained from a local firm (India) and were of analytical grade.
2.2. Plant material and extract preparation
Fresh M.Piperita leaves were collected during the month of February 2012, from local market Chidambaram. The leaves were identified and authenticated by a herbalist, Department of Botany, Annamalai University. The voucher specimen (Herbarium no: 113/2008) was stored in the Department of Botany.
2.2.1. Preparation of ethanolic extract of the leaves of M.Piperita (MPE):
The fresh leaves of M.Piperita were washed and shade dried for one week. The air dried leaves were milled into fine powder in a commercial blender. The powder (500 g) was Soxhlet extracted with 95% ethanol (1:3, w/v) at 37ºC for two days. The resultant extract was concentrated to dryness under reduced pressure and was freeze dried. The total yield was 8.17 g (1.63%, w/w) of light greenish brown extract. The ethanolic leaf extract of M.Piperita (MPE) was reconstituted to a final concentration of 5% (w/v) using aqueous solution of gum acacia (5%) for further treatments.
2.3. Dosage fixation:
The animals were administered Mentha leaf extract orally (in 5% tween 80) up to 30 days (0.25, 0.5, and 100 mg/kg body weight), and lipid peroxidation (LPO) and glutathione (GSH) content was measured in the liver. The optimum dose selection of Mentha leaves extract were done on the basis of maximum GSH and minimum LPO content. From these doses, a dose of 1 g/kg body weight of Mentha ethanolic leaf extract was found to be most suitable. The detailed investigations were done with this dose.
2.4. Animals:
Male albino Wistar rats, body weight of 160–180 g bred in Central Animal House, Rajah Muthiah Medical College, Annamalai University, were used in this study. Throughout the study, the animals were housed six animals per each polypropylene cage and were maintained in accordance with the guidelines of the National Institute of Nutrition, Indian Council of Medical Research, Hyderabad, India, and approved by the Institutional Animal Ethical Committee ((Reg No. 160/1999/CPCSEA, Proposal number: 952/2012), Annamalai University. The rats were allowed standard rat pellet diet (Lipton India Ltd., Mumbai, India) and water ad libitum for the duration of the experiment.
2.5. Experimental design:
The rats were randomly divided into four groups of six rats in each group
· Group 1: Control rats intragastrically administered with vehicles alone.
· Group 2: Rats intragastrically administered with MPE (100 mg/kg/day) for 28 days using intragastrically tube.
· Group 3: Rats orally received Cd as cadmium chloride (5 mg/kg/day)
[23] in saline for 28 days.
· Group 4: Rats received MPE ( 100 mg/kg/day) followed by oral administration of Cd 
As cadmium chloride (5 mg/kg/ day) for 28 days.
Food and water intake was recorded and rats were weighed every week. Forty-eight hours after the administration of the last dose, the animals were anesthetized with an intramuscular injection of ketamine hydrochloride (24 mg/kg) and sacrificed by decapitation. Blood was collected in tubes for the separation of serum. The kidney tissue was dissected out, weighed and washed using chilled saline solution. Tissue was minced and homogenized (10%, w/v) in phosphate buffer (pH 7.4) and centrifuged (3000xg for 10 min). The resulting clear supernatant was used for various enzymatic and non-enzymatic biochemical assays. Six rats from each group were sacrificed and used for analyzing serum and tissue biochemical assays.
2.6. Biochemical assays:
2.6.1. Determination of total phenolic and total flavonoid contents:
Total phenolic content in the extract was determined by Folin– Ciocalteu method [24], and it was expressed as gallic acid equivalents (GAE) (mg/g). Total flavonoids content in the extract was measured as described previously [25] and it was calculated as rutin equivalents (mg/g).


2.6.2. Estimation of urea, uric acid, creatinine and creatinine clearance:
The levels of urea, uric acid and creatinine in serum and urine were estimated spectrophotometrically using commercial diagnostic kits (Sigma Diagnostics (I) Pvt. Ltd., Baroda, India). Creatinine clearance as an index of glomerular filtration rate was calculated from serum creatinine and a 24 h urine sample creatinine levels.
2.6.3. Determination of lipid peroxidation and oxidative stress markers:
Lipid peroxidation in the liver was estimated spectrophotometrically by measuring thiobarbituric acid reactive substances and lipid hydroperoxides by the method of [26] and [27] respectively. Protein carbonyl content was determined by the method of [28]. The levels of conjugated dienes were assessed by the method of [29].
2.6.4. Determination of non-enzymatic and enzymatic antioxidants:
Reduced glutathione was determined by the method of [30]. Oxidized glutathione was estimated by the method of [31]. Total sulfhydryl groups were measured by the method of [32]. Vitamin C concentration was measured as previously reported by [33]. Vitamin E (a-tocopherol) was estimated by the method of [34]. Superoxide dismutase activity was determined by the method of [35]. The activity of catalase was determined by the method of [36]. Glutathione peroxidase activity was estimated by the method of [37]. Glutathione S-transferase activity was determined by the method of [38]. Glutathione reductase was assayed by the method of [39]. The estimation of glucose-6-phosphate dehydrogenase was carried out by the method of [40].
2.6.5. Estimation of membrane-bound ATPase:
The sediment after centrifugation was re suspended in ice cold Tris-HCl buffer (0.1M) pH 7.4. This was used for the estimations of membrane-bound enzymes and protein content. The membrane bound enzymes such as Na+ / K+-ATPase, Ca2+-ATPase and Mg2+-ATPase activity were assayed by estimating the amount of phosphorous liberated from the incubation mixture containing tissue homogenate, ATP and the respective chloride salt of the electrolytes [41, 42, 43]. Total protein content was estimated by the method described by [44].
2.6.6. Assay of renal nitric oxide (NO) and TNF-α:
The NO was indirectly measured by determining the nitrite level using colorimetric assay kit as indicated by the manufacturer (Cayman Chemical Company, USA) based on the Griess reaction [45]. Also, the level of tumor necrosis factor-a (TNF-a) in renal homogenates was determined by enzyme linked immunosorbent assay using mouse TNF-a immunoassay kit according to the recommendations of the manufacturer (R&D Systems, USA).
2.7. Histopathological studies:
For qualitative analysis of Kidney histology, the tissue samples were fixed for 48 h in 10% formalin-saline and dehydrated by passing successfully in different mixture of ethyl alcohol, water, cleaned in xylene and embedded in paraffin. Sections of the tissues (5–6µm thick) were prepared by using a rotary microtone and stained with hematoxylin and eosin dye, which was mounted in a neutral deparaffined xylene medium for microscopical observations. Six rats from each group were sacrificed for analyzing the kidney histological examinations
2.8. Statistical analyses:
Data were analyzed by one way analysis of variance (ANOVA) followed by Duncan’s multiple range test (DMRT) using a commercially available statistics software package (SPSS_ for Windows, V. 13.0, Chicago, USA). Results were presented as mean± SD. p values < 0.05 were regarded as statistically significant.
3. Results:
3.1. Total phenolic and total flavonoid contents:
Total phenolic content estimated as 257.2± 10.5 mg gallic acid equivalent/g dry weight of the extract. Total flavonoid content estimated as 212.7 ± 9.7 mg rutin equivalents/g dry weight of the extract.
3.2. Body weight gain, food intake, water intake and organ body weight ratio
Table 1 shows the effects of Cd, MPE on body weight gain, food and water intake and organ-body weight ratio (%) in control and experimental rats. In Cd treated rats the water, pellet diet consumption significantly (P<0.05) decreased with decreased in body weight. A significant (P<0.05) increase in kidney body weight ratio was recorded in Cd intoxicated rats when compared with control rats. Administration of MPE significantly (P<0.05) recovered Cd induced changes in food, water intake, body weight gain and kidney body weight ratio when compared with Cd alone treated rats. Administration of MPE alone did not show any significant alterations in those parameters and did not differ significantly from the normal control group.
3.3. Serum and urine markers of nephrotoxicity:
A significant (p<0.05) increase in the level of urea, uric acid and creatinine in serum and with significant (p<0.05) decrease e in the level of creatinine clearance was observed in Cd-treated rats when compared with normal rats. Administration of MPE (100 mg/kg day) along with C significantly (p<0.05) restored the levels of urea, uric acid, creatinine and creatinine clearance to near normal levels when compared with Cd-alone- treated rats (Fig. 1). The levels of urea, uric acid and creatinine in the urine were significantly (p<0.05) decreased in Cd-intoxicated rats when compared with normal control rats. Simultaneous administration of Cd along with MPE significantly (p<0.05) restored the levels of urea, uric acid and creatinine in urine when compared with Cd-alone-treated rats (Fig. 2).
3.4. Lipid per-oxidative markers of nephrotoxicity:
Changes in the levels of renal lipid peroxidation, lipid hydroperoxides (LOOH) and protein carbonyls (PC) in control and experimental rats are shown in Table 2. The levels of lipid peroxidation products namely TBARS, LOOH and PC significantly (p<0.05) increased in Cd treated rats when compared with the control groups. Administration of MPE along with Cd significantly (p<0.05) decreased the levels of TBARS, LOOH and PC in the kidney tissue of rats when compared to Cd treated rats. Administration of MPE alone significantly (p<0.05) reduced the levels of TBARS, LOOH and PC when compared with the control group.
3.5. Enzymatic antioxidant status in nephrotoxicity:
Changes in the levels of renal enzymatic antioxidant in control and experimental rats are shown in Table 3. A significant (p<0.05) decrease in the activities of enzymatic antioxidants (SOD, CAT, GPx, GST) were observed in Cd-treated rats. Administration of MPE (100 mg/kg day) along with Cd treated rats exhibit a significant (p<0.05) increase in the levels of enzymatic antioxidants enzymes in the kidney of rats.
3.6. Non-enzymatic antioxidant status in nephrotoxicity:
	Table 4 shows changes in the levels of renal non enzymatic antioxidant in control and experimental rats. A significant (p<0.05) decreased levels of non enzymatic antioxidant (GSH, TSH, Vit.C and Vit.E) were observed in Cd treated rats. When administration of MPE (100 mg/kg/ day) to Cd treated rats shows a significant (p<0.05) increase in the levels of non enzymatic antioxidants enzymes in the kidney of rats.
3.7. Membrane bound ATPase in nephrotoxicity:
	The activities of Na+, K+, Ca2+ and Mg2+ ATPase significantly (p< 0.05) decreased in the kidney tissue of Cd treated rats as compared to normal controls (Table 5). Administration of MPE significantly (p <0.05) prevented the decrease in the activities of all ATPases in Cd intoxicated rats. MPE alone treated group did not show any alteration in the activities of these ATPases in the kidney.
3.8. Determination of renal nitric oxide (NO) and TNF-α in nephrotoxicity:
	The levels of TNF-α and NO significantly (p>0.05) increased in the kidney tissues of Cd treated rats when compared with the control groups. Administration of MPE along with Cd significantly (p>0.05) decreased the levels of TNF-α and NO (Fig.3) when compared with Cd treated rats. In MPE alone treated rats, the levels of renal TNF-α and NO were not much altered and were comparable to those of the control rats.
3.9. Histological examination of kidney tissue:
Figure 4 exhibits histopathological representative photo microscopic images of intact rat kidney observed in control group (Fig. 4A). The histoarchitectural pattern of kidney was almost normal in MPE alone administered rats (Fig. 4B). kidney  cells of animals exposed to Cd for four weeks induces several pathological changes such as severe tubular necrosis, inflammatory cell infiltration, tubular degeneration, hemorrhage, swelling of tubules and vacuolization (Fig. 4C). Administration of MPE to the Cd treated rat showed effectively attenuated the histopathological abnormalities in kidney of rats (Fig. 4D). 
4. Discussion:	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]	Experimental induction of oxidative stress mediated nephrotoxicity by Cd in rats is a well established model to study the protective role of different nephroprotective phytoextracts [23].  Cadmium is a serious environmental and occupational toxicant and exerts multiple organ dysfunctions and chronic exposure to Cd mainly affects the kidneys [46, 47]. In renal cells the Cd–MT complex is dissolved, free Cd is released and absorbed by proximal tubules. If kidney’s MT defense and detoxification systems are overwhelmed, free Cd can damage the renal tubules [48]. Kidney injury due to Cd intoxication could be assessed by measuring the serum and urinary markers of kidney damage which are the biochemical hallmarks of renal damage. In the present investigation increased urea, uric acid and serum creatinine, decreased levels of creatinine clearance shows the diagnosis of renal damage in the cadmium treated rats. Urea is the major nitrogen-containing metabolic product of protein metabolism. Uric acid is the major product of purine nucleotides, adenosine and guanosine. It is well established that Cd inhibits the integration of amino acid in to protein, causing an increase in urea level. Serum levels of urea and creatinine were used as indicators of renal function. Increased levels of urea in blood  is known to indicate that the  increased protein catabolism in animals and the conversion of ammonia to urea as a result of increased synthesis of arginase enzyme involved in urea production [49]. When administration of MPE protects the kidney function from cadmium induced free radicals in rats and restored the levels of those serum markers in the kidney. It is due to the presence of antioxidant such as euginol, rosmarinic acid, caffeic acid and α-tocopheral in the extract of mentha piperita [15-17].

	Cd induced kidney damage is associated with increased lipid peroxidation [50]. Cell membranes are phospholipids bilayers with extrinsic proteins and are the direct target of lipid peroxidation which leads to indirect production of lipid hydroperoxides and protein carbonyl content in the Cd treated rat kidneys. Early study reported [51] that the cadmium induced kidney damage in rats was increased with the lipid peroxidation, lipid hydroperoxides and protein carbonyl content.  Our findings also line with this report that the Cd treated rats shows the elevated levels of oxidative stress markers in the kidney. Results suggest that MPE treatment prior to Cd intoxication could prevent the Cd induced alterations of antioxidant related parameters in experimental animals.
	Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) constitute mutually a supportive team of defense against reactive oxygen species (ROS). SOD is a metallo protein that catalyses the dismutation of superoxide radicals [52]. Catalase is a heme protein which catalyses the reduction of H2O2 to water and oxygen and thus protects the cell from oxidative damage by H2O2 and OH- [53]. Glutathione peroxidase is a Selene enzyme, which plays a major role in the reduction of H2O2 and hydro peroxide to non-toxic products [54].  Previous study [55] reported that the levels of enzymatic antioxidant in Arsenic treated rats kidneys were significantly decreased due to the production of ROS in the kidney. [56] Reported the depletion of enzymatic antioxidant levels in Cd induced oxidative stress in kidney of rats. It is may be due to the unpaired electrons in their atoms. Our result also corroborate with the previous findings that the levels of enzymatic antioxidant in the Cd treated rats significantly decreased. When administration with MPE to the Cd treated rats shows the significant elevated levels of enzymatic antioxidants in the kidney. This is due to the presence of natural antioxidant.
	GSH, Vit.C and Vit.E are the secondary line of protectors from ROS formation in cells. It is tripeptide (L-a glutamyl cysteinyl glycine), an antioxidant and a powerful nucleophile, critical for cellular protection such as detoxification of ROS, conjugation with xenobiotics, excretion of toxic molecules and control the inflammatory cytokines etc. Depletion of GSH in tissues leads to the impairment of cellular defense against ROS and may result in peroxidative tissue injury [57]. In the present study the Cd treated rats showed a significant depletion of non enzymatic antioxidants in kidney such as, reduced glutathione (GSH), Total sulfhydryl group (TSH), Vit. C and Vit. E. Administration of MPE to Cd treated rats shows significant increased in the levels of non enzymatic antioxidant near to normal control. This may be due to free radicals abrogation ability of antioxidant such as euginol, rosmarinic acid, caffeic acid and α-tocopheral which is present in the MPE.
	The determination of membrane associated enzyme activities like adenosine triphosphatases (ATPases) indicates the changes in membranes under pathological conditions [58]. The changes in ionic concentrations can bring about diverse types of cell injury, which ultimately lead to cell death [59]. Earlier studies have [60] reported the decreased levels of membrane bound ATPases in the metal induced oxidative damage on liver of rats. Our results also strongly agree with the previous reports that the administration of Cd to the rats exhibited a remarkable diminution in the activities of membrane bound ATPases in the kidney. Administration of MPE to the Cd treated rats exhibited a significant recovery in the activities of membrane bound ATPases in the kidney. This is depending upon the antioxidant properties of MPE, which neutralize the oxidative reactions. MPE administration significantly reduced the lipid peroxidation via its ROS scavenging ability and improved the levels of endogenous antioxidants through which, it exerts membrane protection.
	Tumor necrosis factor (TNF-α) is a cytokine involved in systemic inflammation and is a member of a group of cytokines that stimulate the acute phase reaction. It is produced chiefly by activated macrophages (M1), although it can be produced by many other cell types as CD4+ lymphocytes, NK cells and neurons [61, 62]. Dysregulation of TNF production has been implicated in a variety of human diseases including the inflammatory response, which, in turn, causes many of the clinical problems associated with autoimmune disorders such as rheumatoid arthritis, ankylosing spondylitis, inflammatory bowel disease, psoriasis, hidradenitis suppurativa and refractory asthma [63]. Nitric oxide (NO) has a major role as a messenger molecule in most human organ systems [64]. However, higher concentrations of NO can be toxic and damaging cellular constituents such as DNA and inducing hypotension in those with sepsis [65]. Both TNF-alpha and NO are the indicators of kidney inflammation and poses increased oxidative threat to the exposed subjects. In the present investigation Cd intoxicated rats showed a marked increase in the levels of TNF-α and NO in the renal tissue clearly signifies the inflammation.  Administration of MPE to the Cd treated rats exhibited a significant reduction in the levels of renal TNF-α and NO which shows the anti-inflammatory ability of MPE.
	The renoprotective nature of MPE is further evidenced by the histological findings. The histopathological observation in Cd treated rats showed the tubular necrosis, inflammatory cell infiltration, tubular degeneration, hemorrhage, swelling of tubules and vacuolization (Fig.4C). This could be due to the increased formation of lipid peroxidation end products and protein carbonylation in the renal tissue which leads to damage in membrane integrity and other pathological changes in Cd intoxicated rats. Administration of MPE significantly diminished the histological alterations provoked by Cd is quite appreciable. It can be attributed to the antiradical, antioxidant, anti-inflammatory and metal chelating efficacy of MPE which significantly reduced the oxidative stress, leading to the reduction of histopathological alterations and restoration of normal physiological state of an organism (Fig.4D). Further, the membrane stabilizing properties of antioxidants present in MPE might be helpful to improve the histopathological alterations caused by Cd in the renal tissue of rats. 

5.Conclusion
In conclusion, the outcome of the present study indicates that MPE significantly protected against Cd-induced oxidative stress mediated nephrotoxicity in rats. The antioxidant, anti-inflammatory and membrane stabilizing activities can be considered the key factors responsible for the nephroprotective effect of MPE. Therefore, MPE represents a prospective therapeutic choice to avert the oxidative renal oxidative injury inflicted by Cd in exposed subjects .
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Figure captions:
Fig. 1. Effect of MPE on Cd-induced changes in renal functional markers: (A) urea; (B) uric acid; (C) creatinine, (D) creatinine clearance in serum of male albino Wistar rats. Values are mean ± S.D. for six rats in each group. Bars not sharing a common superscript letter (a–c) differ significantly at p < 0.05 (DMRT).
Fig. 2. Effect of MPE on Cd-induced changes in renal functional markers: (A) urea, (B) uric acid; (C) creatinine in urine of male albino Wistar rats. Values are mean ± S.D. for six rats in each group. Bars not sharing a common superscript letter (a–c) differ significantly at p < 0.05 (DMRT).
Fig. 3. Effects of MPE treatment on renal (A) tumor necrosis factor-α (TNF-α); (B) nitric oxide (NO) levels in rats with nephrotoxicity induced by Cd. Values are mean ± S.D. for six rats in each group. Bars not sharing a common superscript letter (a–c) differ significantly at p < 0.05 (DMRT).
Fig. 4. Photomicrographs of rat kidney (H & E) from: (A, 200X) control group showing normal renal architecture; (B, 200X) MPE alone treated group showing normal histological picture of the renal tissue. (C, 200X) Cd treated group showing widespread inflammation, shirkened glomerulus, necrosis with dilatation of tubules, vacuolar degeneration, epithelial desquamation and intraluminal cast formation in the proximal tubules; (D, 200X) Cd plus MPE treated group displaying marked improvement in the renal histological architecture which is comparable to that of the control group.



