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Background and Aim: Drug-induced nephrotoxicity is extensively documented as the initial stage of kidney dis-
ease that particularly results in acute renal injury and chronic renal dysfunction. The single and combined effect
of grape peel extract (GPE), grape seed extracts (GSE) and selenium (Sel) were investigated in current study for
controlling of renal injury induced by Ochratoxin-A (OTA) in male rats.

Methods: Forty nine male Wistar rats weighing 200 + 10 g were injected with OTA (0.5 mg/kg bw) to induce
nephrotoxicity, then treated with singleand combined applications of GSE, GPE and Sel. In addition, the OTA
induced nephrotoxicity rats were screened for various biological and physiological parameters like food inges-
tion, body weight gain, liver weight, serum kidney biomarkers, serum lipid fractions, enzymatic and non-
enzymatic lipid peroxidation indicators and histopathological studies.

Results: Our findings suggested that the combination of GSE 2 % and Sel (50-50) treatment reduced renal
dysfunction in OTA-induced rats by significantly lowering lipid peroxidation indicators, lipid and kidneys pro-
files and enhancing enzymatic and non-enzymatic antioxidants biomarkers followed by GSE 2 % then Selenium
(0.4 mg/kg) in OTA. Histological analysis of the kidney revealed more severe renal tubule degeneration in OTA-
induced rats, While GSE and GPE combonation showed only moderate glomerular tuft enlargement and minimal
renal tubule deterioration. Furthermore, the combination of GSE 2 %-Sel (50-50) revealed normal histological
structure.

Conclusions: Grape seed extracts along with selenium mightbe used as dietary supplements to reduce renal
toxicity induced by chemicals or compounds that cause nephrotoxicity.

1. Introduction

The kidney is a crucial organ for maintaining blood vessel homeo-
stasis and regulating the extracellular environment, including detoxi-
fying and eliminating harmful compounds and medicines (Kim and
Moon, 2012). Indeed, renal failure is a potentially fatal disorder that
causes multiple organ failure and mortality. Furthermore, since renal
failure is irreversible, the gradual loss of kidney function leads to the
accumulation of urea, creatinine, and nitrogen in the blood (De Zeeuw
et al., 2005). Thus; dialysis or kidney transplantation may be indis-
pensable to avoid waste products building up in our bodies.

Drug-induced nephrotoxicity is increasingly recognized as a cause of

kidney illness, particularly acute kidney damage and chronic kidney
disease. Ochratoxin-A (OTA) is a fungal toxin thathas been proposedto
be responsible for endemic nephropathy and urothelial tumors in
humans through food. Indeed, it has potential risks, such as teratoge-
nicity and carcinogenicity (Fuchs and Peraica 2005; Patil et al., 2006).
As a result, the kidney is the target organ impacted by OTA in both
people and animals (Damiano et al., 2020). However, because to its
great thermal stability, eliminating OTA from the food chain will be
difficult, and after being taken, OTA promotes lipid peroxidation and
decreases glutathione, catalase, and superoxide dismutase in the kidneys
and liver of rats. These effects may be related to oxidative pathways as
well as pathological abnormalities associated with its toxicity, such as
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liver and kidney damage (Schaaf et al., 2002). Numerous researches
have been carried out with the goal of lowering reactive oxygen species
(ROS) generation, oxidative stress, or focusing on the nuclear factor E2-
related factor 2 (Nrf2) pathway to lessen the impact of OTA toxicity.
Malondialdehyde (MDA) is a common kind of free radical produced by
lipid peroxidation. This extremely hazardous aldehyde is utilized as a
biomarker to gauge how much oxidative stress is affecting vital body
organs like the kidneys and liver (Alshammari et al., 2023). Numerous
studies either make use of natural substances like flavonoids or nano-
particle technologies (Abdel-Wahhab et al., 2017; Yang et al., 2019; Ren
et al., 2019). Nevertheless, the majority of these studies were dose
dependent, making their application as dietary additives difficult.

Grape (Vitisvinifera, Vitaceae) seed extract hasa polyphenolic com-
bination that contains antioxidant and anti-inflammatory activities
(Turki et al., 2016). According to Khanal et al. (2009), grape seed
extract, sold commercially as IH636, exhibited multi-organ protective
abilities against medication and chemical-induced toxicity and exhibi-
ted long-term safety. The components resveratrol, quercetin, catechins,
flavonoids, and unsaturated fatty acids from grape seed oil are the po-
tential sources for its beneficial effect (Wang et al. 2016), also, admin-
istration of grape juice along with the high cholesterol diet for 12 weeks
to the rats, improved the lipid profile, kidney functionswhich might be
due to its high contents of fibers and proteins, thus associated with with
the kidneys showing downregulation of Txnip (for the generation of
ROS) and upregulation of antioxidants (Dhcr24, Gstkl, Prdx2, Sod2,
Gpx1, and Gpx4) (Ali et al., 2019).

As far as we know, no published research article assessed the neph-
roprotective and curative benefits of grape GSE and GPE, with or
without selenium (an antioxidant co-factor), against OTA-induced renal
failure. Therefore, these OTA-induced nephrotoxic rats were examined
for a number of biological parameters, including dietary intake, weight
gain, animal liver weight, the bloodstream lipid division, including Very
Low Density Lipoprotein (VLDL-C),Low Density Lipoprotein (LDL-C),
High Density Lipoprotein (HDL-C), Total Cholesterol (TC) and Tri-
glycerides (TG), blood serum kidney diagnostic markers (Urea Nitrogen,
Uric acid, Albuminand Creatinine), non-enzymatic (MDA, GSH&
Vitamin E) and enzymatic (GPx,SOD and CAT) lipid peroxidation in-
dicators and histopathological effects.

2. Materials and methods
2.1. Chemicals

Unless stated otherwise, all analytical-grade chemicals and reagent
kits used for analysis were purchased from Sigma Chemicals Co., USA.

2.2. Preparation of plant material extracts

Freshly picked matured red grapes (Vitisvinifera L.) were acquired
from a neighbouring farm in Cairo, Egypt, and were separated, rinsed
and removed from the stems. To retain the moisture level at 6.2 % w/w
and prevent lipid breakdown, the grape skins and seeds were meticu-
lously removed before being dried in an oven at 70 °C for seven hours.
After blending the partially dried grape seeds and skins in an electric
blender, a 0.5 mm sieve was used to get the powdered samples. The
filtered powder was then concentrated and extracted with 95 % ethanol
for 24 h at 60 °C using a high-capacity evaporator (EYELA Rotary vac-
uum evaporator N-11; Tokyo Ridadidai Co., Ltd., Japan) (Teresa et al.,
2008).

2.3. Basal diet preparation

The basal diet, which contains 20 % casein, 10 % percent sucrose, 4.7
percent oil from corn, 2 % choline chloride, 1 % vitamin blend, 3.5
percent salt mixture, 5 % fibers, and the remaining corn starch, was
produced using methodology AIN-93 (Reeves et al., 1993).
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2.4. Experimental animals

Forty nine adult male Sprague Dawley albino mice with an average
weight of (200 + 10 g) were sourced from the Experimental Animal
House in Helwan, Egypt under the ethical approval protocol number
ARC-FU-41-24. The rats were maintained in stainless steel wire mesh
bottomed cages with temperature and humidity controls and a 12-hour
light/dark cycle. To assist them adjust to the lab environment, all rats
were given free access to a basic diet and water for the first seven days.
Rats were randomly divided into seven groups (each group = 7 rats)
shortly after acclimatization. To cause nephrotoxicity, rats were gas-
trogaved with OTA at a dose of 0.5 mg/kg body weight per day
(Arbillaga et al., 2008). The rats were fed for 6 days and the orders of
groups are explained below:

Group 1 (Normal control) was given a basal diet with no other
treatment.

Group 2: OTAgastro-gavaged rats fed withbasal diet (Positive
control).

Group 3: OTAgastro-gavaged ratsfed with basal diet and Grape seed
extract (GSE- 2 %).

Group 4:0TAgastro-gavaged ratsfed with basal diet andGrape peel
extract (GPE-2 %).

Group 5:0TAgastro-gavaged rats fed with2% GSE+0.4 mg Sel/kg/
bw(50 %+50 %).

Group 6: OTAgastro-gavaged ratsgroups fed 2 % GPE and 0.4 mg Sel
/kg/bw(50 %-+50 %).

Group 7: OTAgastro-gavaged ratsfed with basal dietand Selenium
(0.4 mg/Kg bw) alone.

Daily records of dietary intake and body weight change were
recorded using the method described by El-Shafie et al. (2015). Once
completion of the trail, all rats wasexposed toaesthetic ether,the rats’
blood was separately collected, and thenthe kidneys were removed,
rinsed in ice-cold saline to be clean from any blood. The kidney tissues
were divided into pieces and ground into a 20 % homogenate (w/v) in a
cold buffer (pH 7.0). The homogenates were cold spun at 0 °C for ten
minutes at a speed of 1000 rpm. The amount of various biomarkers
present in the control and treatment OTA-induced animals was esti-
mated by separating the supernatant.

2.5. Estimation of lipid fractions and kidneysbiomarkers activities

Blood samples were given enough time to coagulate before the serum
was extracted for 15 min at a speed of 2500 rpm. Employing the enzy-
matic techniques outlined by Allain et al. (1974), Wahlefeld, (1974),
and Albers et al. (1983), several biochemical parameters, including
serum total cholesterol (TC), triglycerides (TG), and high density lipo-
protein (HDL-c), were assessed. Using Fridewald’s equation, the con-
centrations of low density lipoprotein (LDL-c) and very low density
lipoprotein(VLDL-c) were estimated as follows: LDL-c = TC — (HDL-c)
— (VLDL-c); and VLDL-c = triglycerides / 5 (Fridewald et al., 1972).
Additionally, the methods used by Husdan and Rapoport (1968), Dou-
mas et al. (1971), Fossati et al. (1980), Patton and Crouch (1977), were
used to estimate the amounts of serum urea nitrogen, uric acid, creati-
nine, and albumin.

2.6. Lipid peroxidation, enzymatic and non-enzymatic antioxidants
biomarkers determinations

According to Rudnicki et al. (2007), kidney homogenates were used
to determine the tissue lipid peroxide (MDA) that developed in terms of
thiobarbituric acid reactive substances (TBARS). Non-enzymatic anti-
oxidants biomarkers (GSH and Vitamin E) were also determined as a
reflection for its tissue availability in relation to treatments. Baker
et al.’s method (1980) was used to measure vitamin E levels, while
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Ellman’s methods (1959) were utilised to quantify reduced glutathione
(GSH). Additionally, according to Spitz and Oberley (1989), Sinha
(1972), and Paglia and Valentaine (1979), the activities of superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) in
kidney tissues were all colorimetrically assessed using the appropriate
kits.

2.7. Histomorphological examinations

After being immolated, kidney samples from the treatment and
control rats were extracted and immediately submerged in 10 % neutral
buffered formalin. The conserved specimens underwent trimming,
rinsing, and dehydration in increasing concentrations of alcohol,
clearing in xylene, embedding in paraffin, sectioning at 4-6 um thick-
ness, staining with hematoxylin and eosin, and microscopically exam-
ining them for anomalies in accordance with Carleton’s 1979 guidelines.

2.8. Statistical analysis

The data obtained in the results of the study was evaluated using one-
way analysis of variance (ANOVA) in SPSS version 11 (SPSS, Chicago,
IL) followed by Duncan’s Multiple Range Test (DMRT). The P<0.05 was
selected as the upper limit of statistical significance.

3. Results

3.1. Biological effect of GPE,GSEand selenium(single and combined
treatments) in OTA induced nephrotoxicity rats

The determination of the biological effect of GPE and GSE with/
without selenium on Food ingestion, increase in body and liver weight in
OTA induced nephrotoxicity are reported in Table 1. The result indi-
cated a decrease in Food intake and body weight gain and an increase in
liver weight in OTA induced rats compared to normal (untreated) rats.
The treatments of GPE and GSE with/without selenium had slight effects
on food intake;increase in body and liver weight ofOTA induced neph-
rotoxicity rats.However, the OTA induced nephrotoxicity rats treated
with GSE+Sel (50-50) showed a maximum increase of feed intake and
body weight gain of 19.35 g/day and 32.32 %, respectively. Also, the
same treatment decreases liver weight by up to 4.022 %.

3.2. Impact of GPE and GSEwith/without selenium on the different lipid
parameters in OTA induced nephrotoxicity rats

The influence of grape seed and peel extract with/without selenium
on TG, HDL-c, LDL-c VLDL-c and TC on the OTA induced nephrotoxicity

Table 1
Biological effect of GSE, GPE and Selenium (single and combined treatments) in
OTA-induced nephrotoxicity rats.

GROUPS PARAMETERS
Food intake Body weight Liver weight/body
(g/day) gain (%) weight (%)
Normal Control 20.22 34.97 + 2.56% 3.933 + 1.024¢
Intoxicated Control 17.23 18.72 + 3.12¢ 5.125 + 0.410
OTA+GSE 2 % 17.96 27.45 + 2.02¢ 4.223 + 0.125°
OTA+GPE 2 % 17.42 26.39 + 2.07¢ 4.421 + 0.225%¢
OTA-+GSE+Sel 19.35 32.32 + 1.66° 4.022 + 0.257%
(50-50)
OTA+GPE+Sel 18.95 30.46 + 1.97° 4.082 + 0.232¢
(50-50)
OTA+Sel (0.4 mg/ 18,63 29.57 + 1.83% 4.803 + 0.114°¢
kg)
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rats are presented in Table 2. Compared to the normal control, the OTA
induced nephrotoxicityrats indicated high levels of TG, LDL-c, VLDL-c
and TC by producing 77.43, 83.74, 15.48 and 130.72 mg/dl respec-
tively. Also, a significant drop in HDL level of 31.52 mg/dl was detected
in OTA induced ratsin comparison to the normal control. However, in
the treated group, a maximum reduction of TG, LDL-c,VLDL-c and TC of
49.27, 26.62, 9.854 and 87.28 mg/dl were observed in the GSE+Sel
(50-50) treated OTA induced rats. In addition, the same treatment
showed a significant rise in HDL levels of 50.81 mg/dl. This effect of
treatment GSE+Sel (50-50) was on par with the normal (untreated)
control. Further, the treatment of GPE+Sel (50-50) also showed a sig-
nificant drop in TG, LDL-c, VLDL-c and TC levels (54.32, 31.48, 10.86
and 91.31 mg/dl) and a significant rise in HDL (48.92 mg/dl) compared
to intoxicated control.

3.3. Effect of GPE and GSEwith/without selenium on serum kidney
functions and albumin in OTA-induced nephrotoxicityrats

The effect of GSE and GPE with/without selenium onserum urea
nitrogen, uric acid, albumin and creatinine of OTA induced nephro-
toxicity ratswere presented in Table 3. It was observed that the oral
administration of GSE and GPE with/without selenium generally lowers
the Urea Nitrogen, Uric acid and Creatinine serum levels and increases
the albumin level compared to intoxicated control. However, a
maximum reduction of all treatments were Sel (0.4 mg/kg) with 1.77
and 3.57 respectively for uric acid and albumin,while GSE 2 % reached
23.53 for urea nitrogen and 0.59 for creatinine determinations.

26.88, 1.87and 0.61 mg/dl in urea nitrogen, uric acid and creatinine
level was achieved in the GSE+Sel (50-50) treated OTA induced rats.
However, all the other treatments also, recorded a considerable decrease
in the urea nitrogen, uric acid, and creatinine levels and showed more
variations in the albumin level.

Table 2
Effect of GSE and GPE with/ without selenium on various serum lipid fractions in
OTA-induced nephrotoxicityrats.

GROUPS PARAMETERS
Total Triglycerides = HDL LDL VLDL
cholesterol
mg/dl mg/dl mg/dl  mg/dl mg/dl
Normal Control ~ 086.47 + 48.42+£3.99 5193 24856  09.684
4.28¢ + +1.8¢ +0.784
4.06°
Intoxicated 130.72 + 77.43 £3.5°  31.52  83.714  15.486
Control 4.542 + +1.9° +0.71?
4.374
OTA+GSE2%  102.33 + 60.47 £ 2.9 4373  46.506  12.094
3.77%° + +1.7¢ +0.61°
3.14°
OTA+GPE2%  112.42 + 66.31 £ 1.7  41.46  47.610  13.262
4.83° + +1.8° +
2.18° 0.79>
OTA+GSE+Sel ~ 087.28 + 49.27 £279 5081  26.616  09.854
(50-50) 3.97¢ + +1.6¢ +0.43¢
3.14%
OTA+GPE+Sel ~ 091.31 + 5432 +3.2°  48.92  31.483  10.864
(50-50) 3.89¢ + +1.9¢  +0.64°
2.18°
OTA~+Sel (0.4 118.29 + 70.25 + 272 3742 66.820  14.05
mg/kg) 4.30%° + +1.6° +0.55%
2.39¢

Values are means + S.D n = 7 rats/group.
Values with the same superscript do not significantly differ from one another at
p < 0.05 (DMRT).

Values are means + S.D n = 7 rats/group.
Values with the same superscript do not significantly differ from one another at
p < 0.05 (DMRT).



M. Farouk Elsadek et al.

Table 3
Modifications of GSE and GPE with/ without selenium on kidney functions and
serum albumin on OTA-induced nephrotoxicityrats.

GROUPS PARAMETERS
Uric Urea Creatinine Albumin
acid Nitrogen (mg/dl) (mg/dl)
(mg/dl) (mg/dl)

Normal Control 2.02 + 21.66 + 0.84°  0.58 & 0.02° 3.82 +
0.12° 0.29°

Intoxicated 2.25 + 48.56 + 1.60°  1.04 + 0.06% 2.56 +

Control 0.10? 0.43°

OTA+GSE 2 % 1.95 + 23.53 £ 0.67°  0.59 & 0.03° 293 +
0.14° 0.34°

OTA+GPE 2 % 1.97 + 24.76 + 0.88°  0.67 + 0.02° 3.11 +
0.15° 0.31%

OTA+GSE+Sel 1.87 + 26.88 + 0.61 + 0.04° 2.49 +

(50-50) 0.11° 0.47° 0.28°

OTA+GPE+Sel 1.99 + 29.53 + 0.67°  0.67 + 0.04" 278 +

(50-50) 0.09° 0.24¢

OTA+Sel (0.4 1.77 + 28.88 + 0.47°  0.61 + 0.07° 3.57 +

mg/kg) 0.16" 0.30°

Values are means + S.D n = 7 rats/group.
Values with the same superscript do not significantly differ from one another at
p < 0.05 (DMRT).

3.4. Effect of GPE and GSEwith/without selenium on the on the level of
oxidative stress indices in OTA treated rats

The modifications in serum lipid biomarkers, including MDA, GSH,
SOD, GPx, and CAT, and a non-enzymatic antioxidant vitamin E are
depicted in Figs. 1a—c and 2a-c. Fig. 1a illustrates the modification in the
oxidative stress marker MDA. We observed that the OTA intoxicated
nephrotoxicity control rats showed remarkably increased MDA level
(0.773 nmol/mg) protein in relation to normal control rats (0.253 nmol/
mg protein). The treatment of OTA-induced nephrotoxicity rats fed with
GSE+Sel (50-50) has a significant effect on MDA by reducing it to 0.269
nmol/mg and this reduction level was comparable to normal control.
Moreover, the rats fed with GPE+Sel (50-50) recorded 0.293 nmol/mg
of MDA, which was slightly similar to normal rats. Nevertheless, the
nephrotoxicity rats treated with selenium alone increases the MDA level
by showing 0.537n mol/mg compared to intoxicated control.

The effect of GSE and GPE with/without selenium on the serum non-
enzymatic biomarker GSH is presented in Fig. 1b. The OTA-induced
nephrotoxicity rats fed with GSE+Sel (50-50) and GPE+Sel (50-50)
recorded the lowest level of GSH (10.51 and 10.89 nmol/mg protein),
which wason par with OTA intoxicated control rats. The nephrotoxicity
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rats fed with selenium alone increased the GSH level to 14.82n mol/mg
protein.

The influence of the treatments GSE and GPE with/without selenium
on the non-enzymatic antioxidant vitamin E is depicted in Fig. 1c. The
OTA intoxicated control rats showed a minimum level of 1.23 mmol/
100 g wet tissue of vitamin E compared to normal control rats. More-
over, treating OTA-induced nephrotoxicity rats with GSE+Sel (50-50)
and GPE+Sel (50-50) has significantly increased the vitamin E level to
2.93 and 2.79 mmol/100 g, respectively, compared to OTA intoxicated
control rats. Also, the other treatments like GSE, GPE, and selenium
alone showed an increased level of vitamin E compared to OTA intoxi-
cated control rats.

The single and combined effect of GPE, GSE, and Selenium on the
SOD biomarker is illustrated in Fig. 2a. In general, the combined effect of
GSE+Sel (50-50) and GPE+Sel (50-50) lowers the SOD level to 9.04
and 9.85 Units/mg protein, which is more similar to OTA intoxicated
control rats. However, the treatments of GSE, GPE and Selenium alone
showed an increased level of SOD of 12.31, 12.94 and 14.59 units/mg
protein, whereas the control rats showed 19.21 units/mg protein.

A similar trend was noted in the level of GPx enzyme in the OTA
intoxicated rats treated with the combination of GSE+Sel (50-50) and
GPE+Sel (50-50) thereby recording 5.91 and 6.91 nmol/mg protein.
This reduction was on par with the effect of OTA intoxicated rats that
showed 5.68 nmol/mg protein. However, the treatments of GSE, GPE
and Selenium alone on nephrotoxicity rats had some significant effect on
GPx level by increasing it to 8.03, 8.86, and 9.22 nmol/mg protein, and
normal control rats showed 11.32n mol/mg protein (Fig. 2b).

A drastically high level of CAT (42.88 mMol/mg protein) enzyme
was produced in the normal control rats, and a lower CAT enzyme level
was noted in all other treatments. The combined effect of GSE+Sel
(50-50) and GPE+Sel (50-50) and GSE, GPE and selenium alone
showed only less effect on the CAT level in OTA induced nephrotoxicity
rats, which was described in Fig. 2c. It was observed that the different
combinations GSE-+Sel (50-50), GPE+Sel (50-50) and the individual
treatments of GSE, GPE, and Selenium showed a CAT level of 19.25,
20.96 and 27.56, 28.57, 36.40 nmol/mg protein, respectively.

3.5. Histopathological effect of GPE and GSEand/or selenium on the
kidney tissues of OTA-induced nephrotoxic rats

Microscopically histopathological examination (H and EX 200) of
kidney tissues is depicted in Fig. 3 (Photos 1-4). It was observed from
Photo 1 that the kidneys of the normal rat group showed glomerular and
tubular histological structure normally, whereas the kidneys of OTA
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Fig. 1a. Effect of GSE, GPE and/or selenium addition on MDA in OTA-induced nephrotoxic rats.
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Fig. 1c. Effect of GSE, GPE and/or selenium addition on Vitamin E in OTA-induced nephrotoxic rats.

intoxicated control rats (Photo 2) showed more distortions like inflam-
matory reaction and cloudy swelling of the epithelial lining of the col-
lecting tubules leading to different grades of the lumen obliteration. The
rats fed with a combination of GPE2%-+-Sel (50-50) displayed only mild
histological alteration with patent lumens (Photo 3),whereas the com-
bination of GSE 2 %-+-Sel (50-50) showed a normal histological pattern
similar to the normal control (Photo 4). It was inferred from all the
above results that the treatment of GSE 2 %-+Sel (50-50) in OTA induced
nephrotoxicity rats positively reduces renal damage.

4. Discussion

Nephrotoxicity is one of the most prevalent kidney issues that arise
when a drug or toxin is ingested by the body. OTA affects the human
kidneys by causing a deleterious effect on human health when acci-
dentally consuming OTA-contaminated food (Fuchs and Peraica 2005).

OTA controls histone modifications, DNA methylation, and transcrip-
tional variables to generate kidney damage eventually leading to
inflammation, glomerular and tubular damage, and even renal fibrosis
(Khoi et al., 2021). According to Khanal et al. (2009), the extract from
grape seed (GSE) is a complex polyphenolic mixture including flavo-
noids, non-flavonoids, and pro-anthocyanidins that exhibits multi-organ
protection in several experimental conditions. Therefore, in the current
investigation, the ameliorative effect of GPE and GSE along with or
without combining selenium was evaluated for its nephroprotective
effects in OTA induced nephrotoxicity in Wistar rats.

Body weight is the major indicator for determining the harmful ef-
fects of various medications or toxins on animals (Wang et al., 2016).The
biological effect of GPE and GSE with/without selenium on food
ingestion increase in body and liver weight in OTA induced nephro-
toxicity rats was determined. The OTA induced nephrotoxicity rats
treated with GSE+Sel (50-50) showed a maximum increase in feed
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Fig. 2a. Effect of GSE, GPE and/or selenium addition on SOD enzyme in OTA-induced nephrotoxic rats.
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Fig. 2b. Effect of GSE, GPE and/or selenium addition on GPx enzyme in OTA-induced nephrotoxic rats.

intake and body weight gain and decreased liver weight to a level similar
to normal rats. These effects may be to the reduction of toxicity by OTA
by this treatment. The results obtained are consistent with the effects
reported by Damiano et al. (2020) and El-Shafie et al. (2015). Damiano
et al. (2020) determined that OTA administration significantly reduced
body weight in rats; however, the combined treatment with curcumin
significantly increased the body weight of rats. Herein, we examined the
impact of grape seed and peel extract with/without selenium on TG,
HDL, LDL-¢c, VLDL-c andTC since these are theone of modifiable risk
factors responsible for chronic renal disorders mainly dyslipidemia. In
the condition of dyslipidemia, there will be elevation in triglycerides,
low-density lipoprotein and low high-density lipoprotein. The results
showed that the OTA induced nephrotoxicity rats specified a high rise in
TG, LDL-c VLDL-c and TC and a significant drop in HDL level in relation
to normal control. However, the treatment GSE-+Sel (50-50) was
significantly on par with the normal control, thereby returning to the
vicinity of normal in control rats. The cause of this impact in our results
might be due to presence of polyphenolics, flavonoids, and unsaturated
fatty acids in GPE and GSE (El-Shafie et al., 2015).Moreover, the OTA-

induced rats fed with GPE and GSE showed increased body weight,
HDL-C and decreased levels of TG, LDL-C, VLDL-c and TC.

It is interpreted from our study that the GPE and GSE with/without
selenium have a substantial effect on kidney functions, as evidenced by
alteration in blood serum urea nitrogen, uric acid, albumin and crea-
tinineof OTA induced nephrotoxicity.The results revealed that the
administration of GSE+Sel (50-50) lowers uric acid, urea nitrogen, and
creatinine levels and increases albumin levels compared to intoxicated
control. Yet, the maximum increase in albumin level was more evi-
denced in the alone selenium treated nephrotoxicity. There are also
reports indicating that the intake of high doses of selenium alone will
result in albuminuria (Zhang et al., 2023). In fact, our study suggested
that selenium might act as a cofactor of antioxidant enzymes, and
therefore it is safe to be administered along with GSE rather than alone
(Zachara, 2015).

Interestingly, there are no significant alterations noted in serum
antioxidant biomarkers such as GSH, SOD, GPx, and CAT in the OTA-
induced nephrotoxicity rats fed with GSE+Sel (50-50) and GPE+Sel
(50-50). Nevertheless, most treatments showed a positive effect in
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Photo 1. Kidney of rat in normal control group
showing the normal histological structure

Photo 3. Kidneys of rats administrated with Photo 4. Kidneys of rats administrated with
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Fig. 3. Histopathological assessment of the kidneys of OTA-induced nephrotoxic rats by the treatment of GSE, GPE and/or selenium (Microcroscopical examination
at H and EX 200).
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reducing MDA levels and increasing vitamin E levels. Incidentally, the
effect of GSE+Sel (50-50) and GPE-+Sel (50-50) on GSH, SOD, GPx, and
CAT levels was significantly similar to the OTA-induced nephrotoxicity
rats rather than control rats. This insignificant result might be due to the
addition of co-factor selenium to GPE and GSE, as the nephrotoxicity
rats fed with selenium alone increased the GSH, SOD, GPx, and CAT
levels, which was closely comparable to normal control rats. Excessive
selenite on its own causes toxicity in liver asseleniumbind toa prosthetic
group in important oxidative stress-related enzymes such as glutathione
peroxidase and TR that necessary for reducing oxidative stress (Ranmali
Ranasinghe et al., 2023). The enzymatic activity of CAT, GPx, and SOD
might be affected by excess selenium, indicating the presence of cell
membrane damage. selenium also enhances lipid peroxidation in a dose-
dependent way (Talbi et al., 2019).

It is also well evinced from the current study that the combined effect
of GSE 2 %-+Sel (50-50) on kidney tissues of OTA-induced nephrotox-
icity rats displayed normal histological pattern (normal glomerular and
tubular histological structure) as similar to the normal control, whereas
the kidneys of OTA intoxicated control rats exposed more distortions
and cell inflammations.Indeed, similar effects on the histological data
were reported by Charradi et al. (2013), who reported that the grape
skin and seed extract (GSSE) is protective against high-fat diet imposed
renal damage. Moreover, proved that the ethanol extract obtained from
unripe pods and leaves of Orchid tree named Bauhinia purpurea had
curative effects on renal injury by protecting rat kidneys from
gentamicin-induced histopathological changes. In addition, numerous
biological effects and health-promoting qualities of GSSE have been
reported, including antioxidants, cholesterol reduction, and anti-tumor
capacities (Charradi et al., 2013; Talbi et al., 2019; Sikuten et al. 2020).

5. Conclusion

In conclusion, our results suggested that the supplementation of the
GSE 2 % in combination with selenium (50-50) treatment had the most
beneficial effect on lowering renal dysfunction in OTA-induced neph-
rotoxicity rats, thereby revealing the possible nephroprotective and
curative efficacy. Therefore, from the perspective of its potential use in
issues related to renal toxicity, GSE, along with selenium, could be
widely used as a dietary supplement.
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