
Received: 2 October 2019
Accepted for publication: 7 May 2020

Slov Vet Res 2020: 57 (3): 123–31	
DOI 10.26873/SVR-967-2020
UDC  615.254:665.347:634.8:546.766:615.916:616.61:599.323.452

Original Research Article

Introduction

Grapes have high phenolic and essential fatty 
acid contents. Most phenolics are found in the seeds. 
Grape seed oil (GSO) contains large amounts of phe-
nolic compounds such as epicatechin, gallic acid, 
catechin, procyanidins, and resveratrol and small 
amounts of hydroxytyrosol and melatonin (1-2).

GSO has high unsaturated fatty acids content 
that accounts for more than 89% of the total oil 
composition, containing 75% linoleic acid, 6% 
palmitic acid, 15% oleic acid, 1% linolenic acid 
and 3% stearic acid (3). Additionally, GSO has very 
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high levels of antioxidants including vitamin E 
(120 mg/100 g), and phytosterols that can have an 
anti-atherosclerotic effect (4). Resveratrol (trans-
resveratrol; trans-3,5,40-trihydroxystilbene) is a 
polyphenol in the stilbene family that is found at 
relatively high levels in grapes (5). The antioxidant 
property of GSO has been proposed to underlie its 
renoprotective activity (6-7).

GSO exerts important effects such as reducing 
platelet aggregation, normalizing lesions resulting 
from obesity and diabetes, and preventing 
hypertension caused by excess sodium (8).

GSO also exerts protective effects against acute 
liver injury induced by CCl4 due to its powerful 
antioxidant, anti-inflammatory and antiapoptotic 
activities (9).
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Many forms of chromium (Cr) exist in nature; 
hexavalent Cr (Cr(VI)) is the main form of Cr 
emitted as an environmental pollutant and toxin 
in automobile exhaust and cigarette smoke (10). 
Additionally, Cr(VI)is widely used in chemical 
industrial processes such as wood preservation, 
dye production, alloy manufacturing, leather 
tanning and electroplating (11).

Long-term environmental Cr(VI) exposure from 
pollution may lead serious damage to human 
health (12); accumulation of Cr(VI) in the human 
body can cause dermatitis, chronic bronchitis, 
cancer, asthma, DNA mutation, hypertension (13) 
and testicular damage (14).

Cr(VI) is a powerful oxidizing agent. Upon 
chronic or acute exposure through inhalation, 
skin contact or consumption in drinking water, 
Cr(VI)exhibits carcinogenicity, cytotoxicity, 
mutagenicity  and genotoxicity in very important 
organs such as liver, lungs and kidneys (15). The 
kidney is the main route of excretion of heavy 
metals such as Cr(VI); these metals are deposited 
in renal tissue, where they cause damage to the 
proximal tubule (16-17) and increase reactive 
oxygen species (ROS) production, promoting 
cellular and genomic damage and ultimately 
resulting in free radical-induced apoptosis in 
renal tissue (18-19).

There is much evidence to suggest that ROS 
over-production due to intracellular reduction 
of Cr(VI) leads to a high degree of instability and 
the presence of reactive Cr(III), Cr(IV) and Cr(V) 
species (10, 18, 20).

Therefore, this study was carried out to 
investigate the nephroprotective effects of GSO 
against nephrotoxicity induced by Cr.

Materials and methods

Chemicals

Cr(VI) was purchased from El Naser 
Pharmaceutical Chemicals Company, Cairo.

GSO was obtained from Haraz Egypt Company, 
Cairo, Egypt. Diagnostic kits for assaying serum 
urea, creatinine, and glucose were purchased 
from Biodiagnostic Company. Diagnostic kits 
used for determination of serum levels of sodium 
and potassium were purchased from Sensa Core 
Electrolyte, India. Diagnostic kits for assaying 
lipid peroxidation (as malondialdehyde, MDA) 

(Cat. No. MD 25 29), reduced glutathione (GSH) 
(Cat. No. GR 25 11 ) and catalase (CAT) (Cat. No. 
CA 25 17) activity in renal tissue were purchased 
from Biodiagnostic Company.

Animals

Forty male albino rats (140-160 g) were obtained 
from the Al-Zyade Experimental Animal Production 
Center, Giza, Egypt, assigned to 4 experimental 
groups of 10 rats each. The rats were housed in 
polypropylene cages at the animal facility of the 
Faculty of Veterinary Medicine, University of 
Sadat City, Egypt and were maintained under 
conditions of 22 °C and 55% humidity with a 12 h 
light/12 h dark cycle. They were supplied with a 
balanced diet and clean water ad libitum. Before 
the experiment began, the animals were placed 
under observation for a two-week acclimatization. 
All procedures were approved by the Animal Care 
Committee of University of Sadat City (Approval 
number: VUSC-022-5-19).  

Experimental design

Forty male albino rats were assigned into 
4 groups of 10 rats each. The experiment was 
conducted once.

Group І (control group). The rats were supplied 
with a balanced diet and clean water ad libitum 

Group ІІ (Cr(VI))-intoxicated group). The rats 
were given potassium dichromate in drinking 
water for 12 weeks at a concentration of 1000 
mg/L (353.5 mg/L Cr(VI)) (21).

Group ІІІ (GSO-treated group). The rats were 
administered GSO at a dose of 3.7 g/kg body 
weight/day orally for 12 weeks (7). 

Group ІV (Cr(VI)) & GSO-treated group). The 
rats were administered GSO at a dose of 3.7 g/kg 
body weight/day orally together with potassium 
dichromate in drinking water at a concentration 
of 1000 mg/L (353.5 mg/L Cr(VI) for 12 weeks.

Sampling

At the end of the experimental period (12 weeks), 
the animals were subjected to 12 h of fasting. Then, 
after the animals were anaesthetized with diethyl 
ether (≥99.0%; Sigma Aldrich), blood samples were 
withdrawn from the medial canthus of the eyes with 
capillary tubes. The blood samples were collected 
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in glass tubes without anticoagulant, allowed to 
clot, and centrifuged for 10 min at 3000 xg. The 
collected serum samples were kept at -80 °C until 
they were used for biochemical assays. Then, the 
rats were sacrificed by cervical dislocation, and 
the kidneys were immediately excised and washed 
with 0.9% NaCl. Each kidney sample was divided 
into 3 parts. The first part was stored at -80 °C 
for lipid peroxidation (MDA) measurment and 
antioxidant defence system (GSH, CAT) assays. 
The second part was kept in PBS for genotoxicity 
investigation and was used to examine the rate of 
DNA damage (by comet assay). The third part of the 
kidney tissue was placed in 10% neutral buffered 
formalin for histopathological examination using 
haematoxylin and eosin (H&E) staining.

Biochemical analysis

Renal tissue homogenate was prepared 
according to the methods of Shawky et al. (22). 
Specific diagnostic kits were used to determine the 
serum levels of urea according to the methods of 
Fawcett and Scott (23). Specific diagnostic kits for 
determination of serum levels of creatinine were 
purchased from Diamond Diagnostics Inc. and 
were used according to the methods of Bartles 
et al. (24). Serum glucose was assayed using a 
Spinreact kit according to the methods of Trinder 
(25). Serum levels of sodium and potassium were 
determined according to the methods of El-Masry 
et al. (26).

Lipid peroxidation (MDA) was determined using 
a commercial kit from Biodiagnostic Company 
according to the procedure described by Ohkawa 
et al. (27). GSH content was determined in kidney 
homogenate according to the procedure described 
by Beutler et al. (28). CAT activity was determined 
in renal tissue homogenate according to the 
procedure described by Aebi (29).

Histopathological examination

Kidney tissue samples intended for 
histopathological investigation were fixed in 10% 
neutral formalin. The samples were prepared 
according to the methods of Bancroft et al. (30) 

and stained with H&E (31). 
Genotoxicity assays (single-cell gel 
electrophoresis or comet assays)

Slides were prepared according to the methods 
described by Klaude et al. (32) and Orabi et 
al. (33). The fluorescent stain was visualized 
(at 400×magnification) using an automated 
fluorescence microscope, and images were 
captured on a computer equipped with Comet 
Score software (Komet IV). Three parameters were 
adopted as indicators of DNA damage: tail length 
(TL; length of DNA migration), comet tail DNA 
percentage (tail DNA%) and tail moment (TM) (34). 

Statistical analysis

Statistical analysis of the obtained results was 
performed using analysis of variance (ANOVA) 
with SPSS software (SPSS version 13.0, IBM, 
Chicago, IL, USA). 

Post-hoc Duncan Differences with values of p 
< 0.05 were regarded as statistically significant. 
The results are expressed as the mean ± standard 
error of the mean (SEM).

Results

Biochemical tests

The serum urea, creatinine, glucose and 
potassium levels were significantly elevated 
(p<0.05) in the oral Cr-treated animals compared 
to the control animals, while the serum sodium 
levels were decreased. GSO administration 
in combination with Cr promoted significant 
decreases (p<0.05) in the serum levels of urea, 
creatinine, potassium and glucose compared to 
Cr treatment alone (Table 1).

Levels of MDA, GSH and CAT in rat renal 
tissue

As shown in Table 2, the levels of MDA were 
significantly elevated in the Cr-intoxicated group 
compared to the control group, whereas the 
activity of the antioxidant enzymes GSH and 
CAT was significantly decreased (p<0.05). GSO 
treatment in combination with Cr significantly 
ameliorated (p<0.05) the changes in the levels of 
MDA and the activity of the antioxidant enzymes 
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Table 1: Effects of Cr(VI) and/or GSO on the levels of serum kidney function markers, electrolytes and glucose

Control Cr(VI) GSO Cr(VI)+ GSO

Urea ( mmol/L) 13.66 ± 0.66c 23.42 ± 1.07a 13.48 ± 0.39c 15.64± 0.64b

Creatinine (µmol/L) 69.84±0.88bc 87.52 ± 1.77a 68.07 ± 1.77c 72.49 ± 0.88b

Na+ (mmol/L) 145.6 ± 0.86 a 138.8 ± 1.05 b 143.7 ± 0.49a 143.0 ± 0.77a

K+ (mmoI/L) 4.85 ± 0.089b 5.55 ± 0.11a 4.69 ± 0.12b 4.88 ± 0.065b

Glucose (mmol/L) 5.86 ± 0.23b 6.89 ± 0.35a 5.89 ± 0.18b 5.96 ± .12b

The values are expressed as the mean ± SEM; number of rats =10.
Values carrying different letters in the same row are significantly different. , p<0.05.

Table 2: Effects of Cr(VI) and/or GSO on the levels of MDA, GSH and CAT in renal tissue

Control Cr(VI) GSO Cr(VI)+ GSO
MDA (nmol/g) 168.9±4.62b 222.2±18.7a 167.2±6.54b 157.8±3.93b

GSH (mmol/g) 1.67±0.089a 1.35±0.037b 1.73±0.096a 1.66±0.106a

CAT (U/g) 4.19±0.06a 2.30 ± 0.25b 4.07 ± 0.01a 4.32 ± 0.04a

The values are expressed as the mean ± SE; number of rats =10.
Values carrying different letters in the same row are significantly different, p<0.05.

Table 3: Evaluation of DNA damage in the kidney tissue of the Cr(VI) and/or GSO-treated rats (Comet assay) 

Control Cr(VI) GSO Cr(VI)+ GSO
Tail length(µm) 0.52±0.1b 4.68± 1.35a 0.54±0.31b 1.80±0.31b

Tail DNA% 1.97±0.75b 12.19±1.27a 1.81±0.51b 6.19±1.7b

Tail moment 0.01±0.001b 0.57±0.02a 0.01±0.001b 0.12±0.005 b

The values are expressed as the mean ± SE; number of rats =10.
Values carrying different letters in the same row are significantly different, p<0.05.

Figure 1: Comet assay for evaluation of renal tissues DNA damage: A, Control group; B (1-4), Cr VI intoxicated; C, 
GSO group; D, Cr VI + GSO group
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GSH and CAT caused by Cr alone.
DNA damage in rat renal tissue

A comet assay was performed to assess the 
protective effects of GSO against Cr-induced DNA 
damage in renal tissue of rats. Cr induced DNA 
damage in rats, as indicated by increases in TL, 
tail DNA% and TM in group II compared with 
the control group. Administration of GSO to Cr-
intoxicated rats (in group IV) protected DNA from 
damage. On the other hand, administration of GSO 
alone (in group III) had no significant effect on renal 
tissue DNA as shown in Table 3 and Fig. 1.

Histological structure of rat renal tissue

Fig. 2 illustrates the histological changes in 
the renal tissue of the control and treated groups. 
Histopathological examination of the renal tissue 
of the control and GSO groups showed normal 
histological structures of the renal corpuscles and 
renal tubules (Fig.2A, 2C) while histopathological 
examination of the renal tissue of Cr intoxicated 
group showed marked necrosis of the renal tubular 
epithelium lining with fibrosis of interstitial tissue 
in the cortex and medulla (Fig. 2B). Administration 
of GSO to Cr-intoxicated rats (in group IV) 
protected the structure of renal tissues from 
damage and showed mild degenerative changes in 

the renal tubular epithelium lining (Fig.2D).

Discussion

Environmental exposure to Cr associated with 
stainless steel industrial processes, spray paints, 
drinking water, chrome plating, photography and 
metallurgy is well known to cause renal injury 
in animals and humans (15). Previous studies 
have suggested that Cr(VI) induces generation 
of ROS and thereby induces oxidative stress and 
apoptosis (35). Therefore, supplementation of Cr-
intoxicated animals and humans with natural 
antioxidants may be healthful. GSO exhibits 
stronger antioxidant activity than vitamin E, 
vitamin C and β-carotene (36), enabling this 
substance to protect the kidney from contrast-
induced nephrotoxicity (37). The present results 
revealed that intoxication with Cr altered kidney 
function, as indicated by the increased serum 
levels of urea, creatinine, and potassium and 
decreased serum levels of sodium in Cr-treated 
rats, which might have been due to renal tissue 
injury induced by Cr(VI). These findings are 
consistent with those of Abdel-Rahman et al. 
(38), who reported that administration of Cr(VI) 
significantly increased serum levels of urea and 
creatinine while simultaneously causing weight 
gain and pathological alterations in the kidney. 
The elevated levels of serum urea and creatinine 

Figure 2: Photomicrographs of 
the kidney transverse sections 
stained with H&E in different 
groups. A&C kidney sections 
of control (GI) and GSO treat-
ed group (GIII) showing normal 
histological structure of renal 
corpuscles and renal tubules 
(H&E X 200). B: kidney sections 
of rat kidneys of Cr (VI) intox-
ication group (GII) showing fo-
cal area of fibrosis of cortical 
interstitial tissue. (H&E X 400). 
Kidney sections of GSO& Cr VI 
administrated group showing 
mild degeneration of lining ep-
ithelium with karyopyknosis of 
some renal tubules in cortical 
area. (H&E X400)
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may have been due to toxic injury to the tubules 
induced by potassium dichromate. Additionally, 
Sahu et al. (39) demonstrated that a single 
injection of potassium dichromate resulted in 
significant increases in the serum levels of urea 
and creatinine that were linked to oxidative 
stress, inflammation and apoptosis accompanied 
by histopathological changes in renal tissues. 
Cotreatment with GSO significantly attenuated the 
elevations in serum urea and creatinine observed 
in Cr(VI)-administered rats. In the present 
study, the decreased levels of the antioxidants 
GSH and CAT and the increased levels of MDA 
in Cr(VI)-intoxicated rats indicated the presence 
of increased oxidative stress in the kidney. The 
decreased GSH levels may have been attributable 
to increased GSH consumption to neutralize 
Cr(VI)-induced free radicals or to binding of a –
SH group to Cr(39). CAT is biologically necessary 
for the reduction of H2O2. In this study, the 
decline in the activity of CAT may have been due 
to intracellular accumulation of ROS, including 
H2O2 and superoxide anions, that overwhelmed 
the enzymatic activity (35). Cotreatment of Cr-
intoxicated rats with GSO preserved the activity 
of CAT and GSH, indicating that GSO prevented 
the toxic effects of Cr(VI) through its antioxidant 
properties.

ROS-mediated oxidative stress is known to 
attack DNA and cause DNA lesions. In this study, 
Histopathological alterations, such as fibrosis of 
cortical interstitial tissue in Cr(VI)-administered 
rats  were also considerably reduced in rats 
cotreated with GSO.These results were consistent 
with those of Song et al. (40) which recorded 
that exposure to Cr(VI), followed by a significant 
increase in tubular injury score in renal tissue 
.Furthermore, Mohamed et al. (41)  reported that 
Cr (VI) induced various types of cell damage, 
inflammatory and vascular alterations in renal 
tissue

Renal tissue injury was related to renal tissue 
DNA damage, which was detected as increases in 
TL, tail DNA% and TM. These effects may have 
resulted from Cr(VI)-induced oxidative stress that 
subsequently damaged DNA. Sahu et al. (39) found 
that Cr induced DNA damage, renal oxidative 
stress, apoptosis, and inflammation in renal 
tissue. The renoprotective effect of GSO could be 
ascribed to its antioxidant effect. The antioxidant 
activity of the GSO is due to its high polyphenolic 
constituents such as resveratrol ,catechin, 

procyanidins,  gallic acid,  proanthocyanidins, and 
contents of  vitamin E  (42, 43, 44). Resveratrol has 
potant antioxidant, anti-carcinogenic, and anti-
inflammatory   activities that might be mediated 
by activation of silent information regulator 
protein 1 (SIRT1) gene expression  (44) catechin, 
Procyanidins, and gallic acid were documented 
to be  strong cellular preventive agents against 
oxidative DNA damage and apoptosis by induction 
of endogenous antioxidant enzymes  (45), (46). Also 
GSO has played a key role in reducing oxidative 
stress and inhibiting the inflammatory responses. 
This could be due to the induction of antioxidant 
enzymes, the down-regulation of CYP2E1 and 
the expression of the iNOS gene, and the control 
of the inflammatory process through the down-
regulation of NF-κB and activation of SIRT1 as well 
antiapototic effect mediated by down-regulation 
Caspase-3 gene expression, in addition to the 
regulation of the trace metals levels in tissues (47). 
In addition, grape seed proanthocyanidins extract 
(GSPE) can improve the nephrotoxicity and DNA 
damage caused by cisplatin in rats treated with 
grape seed extract and fish oil (48). Also, GSPE 
exhibits scavenging of peroxyl and superoxide 
radicals that can protect the renal tissue against 
oxidative stress that causes damage to the renal 
tissue, apoptosis, and fragmentation of DNA 
(49, 50). Furthermore, treatment of Ehrlich 
solid tumor (EST) induced renal injury in mice 
with GSPE improved renal tissue structure and 
reduced renal tissue DNA damage and P53, PCNA 
and ki67 proteins expression (51). 

GSO, with its strong antioxidant properties, 
ameliorated the DNA damage caused by Cr(VI) 
intoxication 

We concluded that GSO is a promising 
nephroprotective agent against Cr(VI)-induced 
nephrotoxicity 
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BLAŽILNI UČINKI OLJA GROZDNIH PEŠK PRI TOKSIČNI OBREMENITVI LEDVIC TER 
VPLIV NA OKSIDATIVNI STRES PODGAN, POVZROČEN S KROMOM

S. Hassan Orabi, S. Mohamed Shawky

Povzetek: Študija je bila osredotočena na proučevanje zaščitnih učinkov olja grozdnih pešk (GSO) pri toksični obremenitvi led-
vic, povzročeni s heksavalentnim kromom (Cr (VI)).  Štirideset samcev podgan je bilo naključno razdeljenih v štiri skupine: skupina 
I  - kontrolna skupina, skupina II, ki je v pitni vodi 12 tednov prejemala 1000 mg/L kalijevega dikromata (353,5 mg/L Cr (VI)), skupina 
III, ki je peroralno 12 tednov prejemala 3,7 g/kg telesne mase/dan GSO ter skupina IV, ki je 12 tednov prejemala GSO skupaj s kali-
jevim dikromatom. Cr(VI) je znatno zvišal serumske ravni sečnine, kreatinina, kalija in glukoze v serumu. Poleg tega je Cr(VI) zvišal 
raven MDA in povzročil poškodbe ledvičnega tkiva in poškodbe DNK. Po drugi strani je Cr(VI) znižal serumsko raven natrija in an-
tioksidativnega obrambnega sistema, zmanjšal raven glutationske peroksidaze in katalaze. Dodajanje GSO poskusnim živalim 
je  preprečilo zvišanje ravni sečnine v serumu, kreatinina, kalija, natrija in glukoze. Poleg tega je GSO izboljšal obrambni sistem 
antioksidantov ledvičnega tkiva. Zaradi svojega zdravilnega učinka je izboljšal zlasti oksidativni stres, poškodbe ledvičnega tkiva 
in DNK. Rezultati kažejo, da je GSO obetavno zaščitno sredstvo za ledvica pri toksični obremenitvi, povzročeni s Cr(VI).

Ključne besede: olje grozdnih pešk; heksavalentni krom; nefrotoksičnost; poškodba DNK


