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INTRODUCTION
Living organisms require varying amount of heavy metals like iron, 
zinc etc., for their survival [1]. Excessive levels of these metals can 
be damaging to the organism. Other heavy metals like chromium, 
lead etc., are toxic metals and their accumulation over time in the 
bodies of animals can cause serious illness [2].

Chromium is a naturally occurring element found in volcanic dust, in 
earth crust and is widely distributed in air, water, rocks, soil, plants and 
animals [3]. Chromium exists in a series of oxidation states from -2 to 
+6 valence. The Cr(III) and Cr(VI) forms are of biological significance. 
The Cr(III) occurs naturally in the environment and is an essential 
nutrient, while Cr(VI) and Cr(0) are generally produced by industrial 
and chemical processes such as in leather tanning, printing, stainless 
steel manufacturing and in wood preservative production [4]. 

The Cr(VI) is the major terrestrial pollutant and is highly toxic. They 
induced dermatotoxicity, immunotoxicity, neurotoxicity, genotoxicity 
and carcinogenicity [5]. Nephrotoxicity with increased urinary β-2 
microglobulin and acute tubular necrosis has been reported in 
ferrochromate workers exposed acutely and chronically to Cr(VI) [6].

As chromium excretion is mainly through the renal route, so acute 
exposure of potassium dichromate in rats increases the chromium 
content in kidney [7]. Chromium has been found to be generating 
various free radicals like superoxide, nitrogen species (peroxynitrite, 
nitric oxide) and hydroxyl indirectly causing oxidative damage [8]. 
The Cr(VI) exposure has been shown to produce lesions at the level 
of the proximal tubular cell and Lipid Peroxidation (LPO) in human 
kidney [9,10]. In humans, accidental acute ingestion of Cr(VI) may 
lead to acute renal failure [11].

Reduction of Cr(VI) to Cr (III) results in formation of Reactive Oxygen 
Species (ROS) that induce oxidative damage [12]. This in turn is 
responsible for defective haematopoiesis and a cascade of cellular 

events including modulation of apoptosis regulatory gene P53 
and contribute to the cytotoxicity, genotoxicity and carcinogenicity 
[13,14]. Although, the role of these species, has not been proved 
in renal toxicity. The injury associated with Cr(VI) has been seen to 
be mitigated by antioxidant supplementation suggests the role of 
oxidative stress related injury [15].

The most common and active form of vitamin E in-vivo is α-tocopherol 
[16,17]. It is an antioxidant which serves as an important lipophilic 
radical-scavenger. It is highly reactive to peroxyl radicals (10,000 
times faster) compared to polyunsaturated lipids [18]. Hence, vitamin 
E is widely used as a therapeutic agent for the treatment of oxidative 
damage related disorders [19]. The LPO which are activated by heavy 
metals like dichromate gets reduced by the use of α-tocopherol and 
thus protects our biological systems [3].

Therefore, this study was aimed to investigate the beneficial effect 
of α-tocopherol administration on Cr(VI) induced histopathological 
changes in kidney. 

MATERIALS AND METHODS
The present experimental study was conducted in the Department 
of Anatomy, Subharti Medical College, Meerut, Uttar Pradesh, India, 
for a period of six months from July 2014 to December 2014 after 
taking the approval from the Institutional Animal Ethics Committee.

Thirty-six albino rats of both sex, aged about 60 days weighing 
approximately 140±10 gm each were included in this animal model 
study. All the albino rats were housed in polypropylene cages 
and were maintained at optimal conditions as per the guidelines 
of the college committee regarding supervision and control for 
animal experiments. The animals were kept in a well-lighted and 
ventilated room and left to acclimatise for one week before the start 
of experiment. No artificial light was used. These albino rats were 
given water soaked 200 gm of black gram daily as food and water.
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ABSTRACT
Introduction: Potassium dichromate, a chromium {Cr(VI)} compound 
is the most toxic form of Cr(VI) which causes nephrotoxicity 
associated with oxidative stress in animals and humans. The 
study of toxicity and biological effects associated with chromium 
has generated a lot of interest due to its wider distribution in the 
environment and its use. 

Aim: To study the potassium dichromate-induced nephrotoxicity 
and ameliorative role of vitamin E in albino rats. 

Materials and Methods: The present experimental study was 
conducted in the Department of Anatomy, Subharti Medical College, 
Meerut, Uttar Pradesh, India. Study population consisted of 36 albino 
rats which were randomly divided into four equal groups (n=9, each). 
Group I served as control while groups II and III were administered 
Potassium dichromate (K2Cr2O7) dissolved in sterile distilled water 
10 mg/kg body weight single dose orally for 1, 14 and 42 days, 3 rats 

in each sub-groups. In addition to Cr(VI), group III also received 
α-tocopherol 125 mg/kg body weight daily orally. Group IV rats were 
maintained as α-tocopherol control and they received α-tocopherol 
as above daily for 42 days. At the end of 1, 14 and 42 days, all the rats 
were sacrificed for the estimation of the histopathological changes in 
kidney. The Z-proportion test was used for evaluation of data.

Results: Thirt-six albino rats of both sex, age about 60 days 
weighing approximately 140±10 gm were studied. Prominent 
pathological changes like glomerular mesangial proliferation 
and obliteration of bowman’s space were observed in the 
kidney of group II rats. Co-treatment with α-tocopherol in 
group  III significantly reversed the Cr(VI) induced changes with 
a p-value=0.009 and 0.007 for glomerular mesangial proliferation 
and obliteration of bowman’s space respectively.

Conclusion: The α-tocopherol exhibited protective effect against 
Cr(VI) induced damage to the kidney.
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Group II Cr (VI): The rats of this group received potassium dichromate 
orally for one day (acute), 14 days (subacute) and 42 days (chronic). 
Kidney sections of Cr(VI) treated group showed remarkable changes 
in the histology of kidney like obliteration of bowman’s space due 
to mesangial proliferation in glomeruli in chronic subgroup. Whereas 
in acute and subacute groups, the similar histopathological findings 
were seen but the number of affected fields per slide were relatively 
less as compared to chronic subgroup [Table/Fig-2,3].

Experimental Protocol
All the albino rats were divided equally into four groups, consisting 
nine, in each.

Group I: Served as controls and received no drug.

Group II: The rats in this group received Cr(VI) as K2Cr2O7 dissolved 
in sterile distilled water 10 mg/kg body weight single dose orally. 
The solution was prepared using 100 mg of potassium dichromate 
dissolved in 10 mL of distilled water. The animals were further divided 
into three sub-groups (3 in each group) according to numbers of 
days of drug administration:

•	 Acute: for one day.

•	 Subacute: daily for 14 days.

•	 Chronic: daily for 42 days. 

Group III: The animals in this group were also further divided into 
three subgroups as in group II. They received Cr(VI) as in group II, 
but along with Cr VI, they also received α-tocopherol 125 mg/kg 
body weight daily orally. 

Group IV: They were maintained as α-tocopherol control and they 
received α-tocopherol as above daily for 42 days.

Chemicals
Potassium dichromate (K2Cr2O7) and α-tocopherol (vitamin E) both 
were of analytical grade.

Calculation of doses: The criteria for dose selection of α-tocopherol 
and Cr(VI) was based on a report by Arreola Mendoza L et al., and 
Biber TU et al., [3,20].

Administration of drug: Both Cr(VI) and α-tocopherol were 
administered after proper calculation of doses by oral canula fitted 
into the insulin syringe.

Collection of material: After the completion of administration of 
the drugs for the estimation of the histopathological changes in 
kidney, the animals were sacrificed by stroking the dorsal aspect of 
body. Kidney was carefully separated and immediately two samples 
of tissues about 1 cm thickness were taken, one from center and 
another from periphery. Then this was followed by immersion fixation 
of the kidney tissues in 10% buffered formalin.

Routine processing was carried out for preparation of paraffin blocks. 
A 5-7 micron thickness sections were cut with Shandon microtome 
(model-Finesse 325). These were stained with Haematoxylin and 
Eosin (H&E) stain.

Images were captured with the aid of Motic imaging software. A 
total of 30 non overlapping fields per slide were examined for each 
of different histopathological changes.

STATISTICAL ANALYSIS
The comparison between different experimental groups were 
performed using Statistical Package for Social Science software (SPSS 
21.0 software version). The Z-proportion test was used for evaluation 
of data. A p-value < 0.05 was taken as statistically significant.

RESULTS
The administration of potassium dichromate in rats did not show 
any change in water consumption, food consumption or body 
weight with a mean body weight of 140±10 gm. No mortality was 
observed in either groups. Also, we did not observe alterations 
that suggested the presence of untoward effects attributable to 
α-tocopherol, on its own.

Under light microscopy, the H&E stained section of kidney of all the 
groups were observed histologically. Similar histopathological findings 
in both the samples from center and periphery were observed.

Group I (control): The H&E stained section of kidney of control 
group showed the normal architecture of renal tissue, without any 
inflammatory changes [Table/Fig-1]. 

Group III (Cr(VI) + α-tocopherol): In this group, the rats received 
potassium dichromate along with α-tocopherol orally for one day 
(acute), 14 days (subacute) and 42 days (chronic). In chronic 
subgroup, there is presence of mesangial proliferation in glomeruli 
and obliteration of bowman’s space but these pathological changes 
were reduced as compared to group II. Whereas in other two 
subgroups, the histopathological findings were similar but the 
number of affected fields per slide were relatively less as compared 
to chronic subgroup [Table/Fig-4].

Group IV (α-tocopherol control): The histopathological evaluation 
of only α-tocopherol treated rats showed normal renal architecture.

A total of 30 non overlapping fields per slide in group II and group III 
for histopathological changes were examined. Glomerular mesangial 
proliferation in group II was found to be 57.78% whereas in group 
III it was 46.67% with a difference of 11.11 and p-value=0.009. 
Obliteration of bowman’s space in group II was found to be 61.85% 
whereas in group III it was 50.37 % with a difference of 11.48 and 
p-value=0.007 [Table/Fig-5-7].

[Table/Fig-5]:	 Showing comparison of proportion of various histopathological 
findings between two groups.

[Table/Fig-3]:	 Photomicrograph of the kidney of Cr(VI) treated rats (chronic) showing 
mesangial proliferation in glomeruli (H&E, X400). MP- Mesangial proliferation. 
[Table/Fig-4]:	 Photomicrograph of the kidney of Cr(VI) + α- tocopherol treated 
rats (chronic) showing fewer obliterated bowman’s space due to mild mesangial 
proliferation in glomeruli (H&E, X100). OBS- Obliterated bowman’s space. (Image 
from left to right)

[Table/Fig-1]:	 Photomicrograph of the kidney of control rats showing normal 
architecture of renal tubules and glomeruli (H&E, X100). GL- Glomerulus, RT- Renal 
tubules. [Table/Fig-2]: Photomicrograph of the kidney of Cr(VI) toxicity groups of 
rats (chronic) showing obliteration of bowman’s space due to mesangial proliferation 
in glomeruli (H&E, X100). MP- Mesangial proliferation. (Image from left to right)
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prevent free radical damage to the organism from toxic agents. It is 
inferred that vitamin E is an essential component for the protection 
of renal tissue against peroxidative damage [27]. 

Abdel-Rahman GH et al., investigated potassium dichromate 
induced nephrotoxicity in adult male rabbits and showed structural 
abnormalities in the renal cortex including glomeruli and tubules. 
The histopathological changes include shrinkage of the glomeruli, 
tubular epithelial cells degeneration, tubular swelling and presence 
of hyaline cast in renal tubular lumens. Lymphocytic infiltration and 
congestion were also observed [28].

Similarly Balakrishnan R et al., on histopathological examination of 
kidney in chromium treated group reveled degeneration of tubular 
epithelial cells, cystic dilatation of tubules, hyaline casts and 
congestion of blood vessels [15]. The vitamin E co-administered 
group showed recovery of the histological changes in kidney. Only 
vitamin E administered group showed normal architecture of kidney. 

Aslam M et al., on histopathological examination found normal 
glomerulus and tubules both in cortical and medullary regions of 
kidney in control rats [29]. In potassium dichromate treated rats 
there was severe glomerular and peritubular congestion. In both 
cortical and medullary section severe invasion of inflammatory cells 
were seen. In addition to these features necrosis of tubular structure 
was seen in proximal and distal portions. 

Mehany HA et al., studied histopathological picture of kidney showing 
coagulative necrosis of most of the convoluted tubules at the cortex 
and the loss of the nuclei in the lining epithelium of the necrotic tubules 
[30], they concluded that the histopathological changes in kidney 
were markedly improved by two weeks pretreatment atorvastatin or 
Vitamin E before dichromate administration.

Saber TM et al., conducted a study in 2015 on the histopathological 
examination of H&E stained kidney sections of Cr(VI)- treated rats 
showed severe congestion, haemorrhages, dilated renal tubules, 
atrophy and atresia of variable regions of the medullary renal tubules 
with abundant lymphocytic infiltration [31]. Congested glomerular 
capillaries, hyaline droplet degeneration, shrunken glomerular tufts 
and congested peritubular capillaries were also visualised. The 
lesions in the Cr(VI)+ extra virgin olive oil treated rats were remarkably 
decreased as compared to the Cr(VI)- treated rats similar to the 
present study.

Limitation(s)
Present study did not focus on electron microscopic evaluation, thus 
further studies on electron microscopy is needed to demonstrate 
ultrastructural changes which will enhance our understanding of the 
light microscopic changes observed by us. 

CONCLUSION(S)
The free radicals formed by the chromium compounds in the 
kidney caused histopathological changes like glomerular mesangial 
proliferation and obliteration of bowman’s space by reducing the 
antioxidant indices. However, less adverse effects were seen in rats 
fed with α-tocopherol along with chromium indicating its protective 
antioxidant property. Thus, the role of α-tocopherol in preserving 
structural integrity of subcellular organelles by scavenging of free 
radicals has been proved by the present study. Histomorphometric 
studies and biochemical analysis can also be done to evaluate the 
Cr(VI) induced nephrotoxicity.

REFERENCES
	 Lane TW, Morel FM. A biological functions for cadmium in marine diatoms. Proc [1]

Nat Acad Sc. 2000;97(9):4627-31. 
	 Singh R, Gautam N, Mishra A, Gupta R. Heavy metals and living systems: An [2]

overview. Indian J Pharmacol. 2011;43(3):246-53.
	 Arreola Mendoza L, Reyes JL, Melendez E, Martin D, Namorado MC, Sanchez E, [3]

et al. Alpha-tocopherol protects against the renal damage caused by potassium 
dichromate. Toxicol. 2006;218:237-46.

DISCUSSION
In our environment, heavy metals are widely distributed and some 
have been attributed to cause physiological, biochemical and 
histological disorders. There are numerous sources like contaminated 
air, water, soil and food by which humans can get exposed to these 
metals [2]. That’s why it is important to evaluate the toxic potentials 
of heavy metals and the risk assessment in human beings. 

Varied histopathological changes have been observed in kidney 
in the present study. In Cr(VI) treated group a general architectural 
derangement, including mesangial proliferation of glomeruli and 
obliteration of bowman’s space were observed. In another group, 
where α-tocopherol was given along with Cr(VI) the histopathological 
changes in kidney were decreased. 

The oxidative stress related injury by Cr(VI) may be attributed to the 
formation of ROS, which causes cellular reduction of Cr(VI) into Cr (III) 
resulting in oxidative damage of renal tissues and LPO [21]. ROS 
includes superoxide anion radical (O2), hydrogen peroxide (H2O2) and 
hydroxyl radical (OH) [22]. An elevated level of H2O2 can activate the 
peroxidation of polyunsaturated fatty acids leading to derangement 
in cellular structure, function and inactivation of several membrane 
bound enzymes [23]. This is shown by the remarkable elevation of 
malondialdehyde (MDA) levels and decrease in antioxidant enzyme 
activities. Glutathione (GSH), the most abundant non protein thiol 
endogenous antioxidant antagonises the onset of ROS, while 
decreased GSH level may hamper the clearance of H2O2 leading 
to increased production of OH, causing oxidative damage. H2O2 
is also detoxified into water and oxygen by the Catalase activity 
(CAT) [24]. Superoxide Dismutases (SOD) catalyses the dismutation 
of (O2) and formation of H2O2 and protects cells from superoxide 
toxicity [25]. 

The oxidative stress related injury to kidney may be reduced or 
slowed down by giving the Vitamin E supplementation, which 
corrects plasma antioxidant status and mitigates the heart disease 
which may be associated with renal disease. Vitamin E allows free 
radicals to abstract a hydrogen atom from the antioxidant molecule 
rather than from polyunsaturated fatty acids, thus breaking the chain 
of free radical reactions [26]. So, vitamin E supplementation may 

[Table/Fig-6]:	 Showing comparison of glomerular mesangial proliferation observed 
between two groups.

[Table/Fig-7]:	 Showing comparison of obliteration of bowman’s space observed 
between two groups. 



Nahid Yasmin and Md Sabir Hussain, Effect of Chromium in Kidney of Albino Rat and Role of Vitamin e	 www.jcdr.net

Journal of Clinical and Diagnostic Research. 2021 Nov, Vol-15(11): AC05-AC0888

PARTICULARS OF CONTRIBUTORS:
1.	 Assistant Professor, Department of Anatomy, Mahatma Gandhi Medical College, Jaipur, Rajasthan, India.
2.	 Assistant Professor, Department of Physiology, Mahatma Gandhi Medical College, Jaipur, Rajasthan, India.

PLAGIARISM CHECKING METHODS: [Jain H et al.]

•  Plagiarism X-checker: Apr 24, 2021
•  Manual Googling: Sep 11, 2021
•  iThenticate Software: Oct 20, 2021 (19%)

Etymology: Author OriginNAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Md Sabir Hussain,
Flat No. 102, Type 2A, Professor Quarter, Mahatma Gandhi Medical College Campus, 
Sitapura, Jaipur, Rajasthan, India.
E-mail: sabirphysio@gmail.com

Date of Submission: Apr 24, 2021
Date of Peer Review: Jul 10, 2021
Date of Acceptance: Sep 16, 2021

Date of Publishing: Nov 01, 2021

Author declaration:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  Yes
•  Was informed consent obtained from the subjects involved in the study?  No
•  For any images presented appropriate consent has been obtained from the subjects.  No

	 ATSDR (Agency for Toxic Substances and Disease Registry). Toxicological profile [4]
for chromium(final report) NTIS Accession No PB2000-108022. Atlanta GA: 
Agency for Toxic substances and Disease Registry. 2000;455. 

	 Bagchi D, Stohs SJ, Down BW, BagchiM, Preuss HG. Cytotoxicity and oxidative [5]
mechanisms of different forms of chromium. Toxicol. 2002;180:05-22. 

	 Wedeen RP, Qian LF. Chromium induced kidney disease. Environ. Health [6]
Perspect. 1991;92:71-74. 

	 Travacio M, Polo JM, Llesuy S. Chromium (VI) induces oxidative stress in the [7]
mouse brain. Toxicol. 2001;162:139-48.

	 Pritchard KA, Ackerman A, Kalyanaraman B. Chromium VI increases endothelial [8]
cell expression of ICAM-1 and decreases nitric oxide activity. J Environ Pathol 
Toxicol Oncol. 2000;19:251-60.

	 Franchini I, Mutti A, Cavatorta A, Corradi A, Cosi A, Olivetti G, et al. Nephrotoxicity [9]
of chromium: Remarks on an experimental and epidemiological investigation. 
Contrib Nephrol. 1978;10:98-110.

	 Huang YL, Chen CY, Sheu JY, Chuang IC, Pan JH, Lin TH. Lipid peroxidation [10]
in workers exposed to hexavalent chromium. J Toxicol Environ Health A. 
1999;26:235-47. 

	 Picaud JC, Cochat P, Parchoux B, Berthier JC, Gilly J, Chareyre S, et al. Acute [11]
renal failure in a child after chewing of match heads. Nephron. 1991;57:225-26.

	 Manerikar RS, Apte AA, Ghole VS. In vitro and in vivo genotoxicity assessment of [12]
Cr(VI) using comet assay in earthworm coelomocytes. Environ Toxicol Pharmacol. 
2008;25:63-68.

	 Bainu AC, Saito E, Carvalho PS, Junqueira VB. Oxidative stress in gill, [13]
erythrocytes, liver and kidney of nile tilapia Corechromis miloticus form a polluted 
site. Aquat Toxicol. 1996;34:151.

	 Bagchi D, Bagchi M, Stohs SJ. Chromium (VI) induced oxidative stress, apoptotic [14]
cell death and modulation of P53 tumor suppressor gene. Mol cell Biochem. 
2001;224:149-58.

	 Balakrishnan R, Satish Kumar CS, Rani MU, Srikanth MK, Boobalan G, Reddy [15]
AG. An evaluation of the protective role of α-tocopherol on free radical induced 
hepatotoxicity and nephrotoxicity due to chromium in rats. Indian J Pharmacol. 
2013;45:490-95.

	 Marcus R, Coulston AM. Fat-soluble vitamins. In: Goodman LS, Gilman A, Gilman [16]
AG (Eds.). Goodman and Gilman’s The Pharmacologic Basis of Therapeutics. 
Pergamon, New York 1994;1553-71.

	 Niki E, Noguchi N. Dynamics of antioxidant action of Vitamin E. Acc Chem Res. [17]
2004;37:45-51.

	 Traber MG, Atkinson J. Vitamin E, antioxidant and nothing more. Free Radic Bio [18]
Med. 2007;43:04-15.

	 Halliwell B, Gutteridge JM. Free radicals, other reactive species and disease. [19]
In: Free Radicals in Biology and Medicine. 3rd edi, Oxford: Clarendon press; 
1999;617-783.

	 Biber TU, Mylle M, Baines AD, Gottschalk CW, Oliver JR, Mac Dowell MC. A [20]
study by micropuncture and microdissection of acute renal damage in rats. Am 
J Med. 1968;44:664-705.

	 Dana Devi K, Rozati R, Saleha BB, Jamil K, Grover P. In vivo genotoxic effect [21]
of potassium dichromate in mice leukocytes using comet assay. Food Chem 
Toxicol. 2001;39:859-65. 

	 Lushchak OV, Kubrak OI, Nykorak MZ, Storey KB, Lushchak VI. The effect of [22]
potassium dichromate on free radical processes in goldfish: Possible protective 
role of glutathione. Aquat Toxicol. 2008;87:108-14. 

	 Gutteridge JMC, Halliwell B. Free radicals and antioxidants in the year 2000: A [23]
historical look to the future. Ann NY Acad Sci. 2000;899:136-47. 

	 Salminen A, Vihko V. Lipid peroxidation in exercise myopathy. J Exp Mol Pathol. [24]
1983;38:380-88. 

	 Doonan R, Mcelwee JJ, Matthijssens F, Walker GA, Houthoofd K, Back P, et al. [25]
Against the oxidative damage theory of aging: Superoxide dismutases protect 
against oxidative stress but have little or no effect on life span in Caenorhabditis 
elegans. Genes Dev. 2008;22:3236-41. 

	 Pascoe G, Olafsdottier F, Read D. Vitamin E protection against chemical-induced [26]
cell injury. Maintenance of cellular protein thiols as a cytoprotective mechanism. 
Arch Biochem Biophys. 1987;256:150-58. 

	 Champe PC, Harvey RA. Vitamin E. In: Barnes D, Robinson S, Hoeltze LE, [27]
Baldwin TJB. (eds.), Lippincott’s Illustrated Review Biochemistry. Lippincott 
Com., Philadelphia; 1987;311-31 (Chapter 27: Vitamins). 

	 Abdel-Rahman GH, Abdel-Hady EK, Al-Harbi MS. Protective role of melatonin [28]
against chromium-induced nephrotoxicity in male rabbits. Global Veterinaria. 
2012;9(2):225-31.

	 Aslam M, Dayal R, Javed K, Parray SA, Jetley S, Samim M. Nephroprotective [29]
effects of methanolic extract of Peucedanum grande against acute renal failure 
induced by Potassium dichromate in rats. International Journal of Pharmaceutical 
Sciences and Drug Research. 2013;5(2):45-49.

	 Mehany HA, Abo-youssef AM, Ahmed LA, Arafa EA, Abd El-Latif HA. Protective [30]
effect of vitamin E and atorvastatin against potassium dichromate-induced 
nephrotoxicity in rats. Beni-suef University Journal of Basic and Applied Sciences. 
2013;2:96-102. 

	 Saber TM, Farag MR, Cooper RG. Ameliorative effect of extra virgin olive oil [31]
on hexavalent chromium-induced nephrotoxicity and genotoxicity in rats. Revue 
Med Vet. 2015;166(1-2):11-19.

http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

