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The study was designed to search the efficacy of the oil blend, composed of sesame, canola, walnut, and
wheat germ oils against diabetic nephropathy (DN). In the present study, the notion that a vegetable oil
blend (VOB) minimizes oxidative damage, reduces renal injury, and preserves renal architecture was
tested. Male wistar rats received VOB (2 ml/ kg�1) for 56 days after diabetes induction (streptozotocin
55 mg kg�1). Biochemical evidences in serum and renal tissue had been used to evaluate the impact
on kidney injury and supported with histopathological examination. A significant increase in blood glu-
cose, blood urea nitrogen (BUN), N-acetyl-b-D-glucosaminidase (NAG), and proteinuria levels with a con-
comitant decrease in glomerular filtration rate (GFR) were noted in diabetic rats. Oxidative damage
indices such as 8-hydroxy-20-deoxyguanosine (8-OHdG), transforming growth factor-beta1 (TGF-b1),
malonaldehyde (MDA) and glutathione (GSH) were found higher in diabetic group with diminished glu-
tathione reductase (GR) and superoxide dismutase (SOD) antioxidant enzymes level. Histological exam-
ination also revealed significant alterations, including glomerulosclerosis and interstitial fibrosis in
diabetic group. Administration of VOB significantly modulated abnormalities in markers of renal dysfunc-
tion and tubular damage. Further oxidative damage and renal histological changes were recovered in the
treatment group. In conclusion, our findings strongly suggest that renoprotective effect of VOB on
nephrotic damage is attributable to its potential antidiabetic and antioxidant capabilities. There is still
work to be done on a longer-term investigation or a clinical trial.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Diabetic nephropathy (DN) is a general complication of diabetes
and the leading cause of about half of all end-stage kidney diseases
in the developed world. Approximately 40% of people with dia-
betes develop DN, diagnosed as albuminuria and/or decreased
glomerular filtration rate (GFR) (Alicic et al., 2017; Saeed et al.,
2021). Diabetic cases were found approximately 9.3% in 2019 glob-
ally and are predicted to be raised to 10.2% by 2030 (Saeedi et al.,
2019). Even though the exact cause of renal dysfunctionality is not
defined, it ultimately leads to damage to the kidney and causes
severe kidney disease. DN is diagnosed by many parameters
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correlated with morphological and structural alterations within
the kidney (Liu, 2011; Toth-Manikowski and Atta, 2015). However,
hypertension and hyperglycemia have been regarded as the main
mediators in the progression of DN (Khaki et al., 2010). The process
of excessive production of ROS induced by persistent hyper-
glycemia is the main contributor underlying the pathogenesis of
diabetes mellitus (DM) and its associated vascular complications,
including DN (Zeng et al., 2014).

Nowadays, an unavoidable sedentary lifestyle with fast foods
and no time for exercise is causing severe health problems in all
age groups. Unlike allopathic drugs, which mainly use synthetic
chemicals intended for specific target receptors and primarily offer
symptomatic relief, the demand for natural plant-based products is
growing to eradicate the root cause of the disease without adverse
effects. Vegetable oils are renewable resource products gaining
popularity due to their numerous health benefits (Balboa et al.,
2014; Orsavova et al., 2015). Vegetable oils are the natural sources
of essential fatty acids and the chief source of fat in the diet and are
mainly used as the cooking medium in different food preparations
(Ramesh and Murughan, 2008). Vegetable oils formulations, a
complex mixture of various fatty acids, have been used promi-
nently in the food, medical, and cosmetic industries (Dhavamani
et al., 2014; Badea et al., 2015; Sarkar et al., 2017).

Several studies have found that mixing oils improved their
nutritional and functional characteristics and resulted in a variety
of health benefits (Reena and Lokesh, 2007; Huang and Freter,
2015). In the present study, four oils, namely sesame, canola, wal-
nut, and wheat germ, were selected to make an oil blend, and its
efficacy was evaluated to manage renal complications in the dia-
betic model. The richness of lignans in sesame oil, such as sesa-
min, sesaminol, c-tocopherol, sesamol, and other acylglycerols,
was attributed to its various biological activities (Wu et al.,
2019). All of these bioactive compounds likely act synergistically
to contribute to the reported antioxidant, antihypertensive,
antimutagenic, anti-inflammatory, antidiabetic, antithrombotic,
and cardioprotective activities (Aslam et al., 2017; Wan et al.,
2017**; Qin et al., 2019; Wu et al., 2019). Various beneficial
effects of canola oil have been reviewed, including cardioprotec-
tive, insulin-sensitizing, antioxidant, anti-inflammatory, and anti-
cancer (Lin et al., 2013; Amiri et al., 2019; Ramezani-Jolfaie et al.;
2020). It has been suggested that canola oil intake might improve
lipid profile, hyperglycemia, and insulin sensitivity (Atefi et al.,
2018).

Recently, research is focused more on walnuts (Juglans regia)
than any other variety of nuts. The oil extracted from it is highly
valuable and has several health benefits, including anti-
inflammatory, antioxidant, cardioprotective, anti-aging, improve-
ment of blood circulation, prevention of eczema, and stabilization
of body hormones (Laubertová et al., 2015). Walnut can also help
with diabetes management (Tapsell et al., 2004, Gillen et al.,
2005; Zibaeenezhad et al., 2016).

Wheat germ oil (WGO), the other most crucial oil, is rich in vita-
min E, policosanol, octacosanol, fat-soluble carotenoids such as
lutein, zeaxanthin and b-carotene (Zou et al., 2018), has an impor-
tant place in the food, medicine, and cosmetics industry (Gili et al.,
2018). Previous studies reported the beneficial effects of WGO,
including antioxidant, antidiabetic, and neuroprotective actions
due to the presence of its active constituents (Paranich et al.,
2000; Ohashi et al., 2011; El-Marasy et al., 2012; Merghani et al.,
2015]. Utilization of WGO is bounded because the enzymatic activ-
ity and the level of unsaturated fatty acids are high, further stabi-
lization techniques are needed to gain mastery over this problem.
Since oils blending might overcome this problem by mixing WGO
with other edible oils in countries like India, where wheat is the
principal crop, oils blending may benefit a vast range of health
benefits.
2

This study aimed to see if giving the oil mix to diabetics reduced
hyperglycemia-induced oxidative damage while also restoring kid-
ney function and histology. This study will aid new insights for
future reference.

2. Materials and methods

2.1. Experimental animals

Male Wistar rats weighing (150 ± 10 g), 7–8 weeks old were
obtained from Hamdard University’s Central Animal House in India
and allowed to acclimate to the animal house environment for one
week before the trials. Throughout the experiment, the animals
were fed a conventional laboratory diet.

2.2. Preparation of vegetable oil blend (VOB)

The VOB was obtained by mixing sesame oil, canola oil, walnut
oil, and wheat germ oil equally in a ratio of 1:1:1:1. It was stored in
airtight glass bottles in the dark at room temperature.

2.3. Acute toxicity study

According to OECD guidelines, the acute toxicity study of the
VOB was assessed using male Wistar rats weighing 140–150 g to
determine the dose. The animals were fasted overnight prior to
carrying out the experimental plan. A different dose of VOB was
given intraperitoneally (i.p.). The LD50 was calculated according
to Miller and Tainter. Even at the highest dose of VOB (20 ml/kg,
p.o.), there was no mortality; as a result, the dose of VOB (2 ml/
kg) was chosen for further research in animal models (Ghosh,
2005).

2.4. Gas chromatography-mass spectrometry (GC–MS) analysis

GC–MS analysis of VOB was performed on Shimadzu GCMS-
QP-2010 ultra-system. The equipment has an Rtx-5 MS low bleed
column with dimensions of 30 mm � 0.25 mm ID � 0.25 lm
films. The carrier gas, Helium, was used at a 1.0 ml/min flow rate.
The operating conditions of the column were as follows: the oven
temperature was programmed from 140 to 280 �C at 5 �C min�1

increments withhold time of 5 min (280 �C) was kept for 56 min.
The temperature of the injector was kept at 260 �C. The volume
of injected sample was 0.3 ll with a pressure of 107.4 kPa. The
total flow was 28.4 ml min�1, while column flow was
1.21 ml min�1 with linear velocity of 41.6 cm s�1 at purge flow
of 3.0 ml min�1. The split ratio of ions was maintained at
230 �C temperature. The scan mass range (m/z) of 40–600 was
maintained at interface line temperature of 270 �C. For GC–MS
interpretation, the National Institute of Standards and Technology
(NIST, New Delhi) database was used, which has approximately
62,000 patterns. The compounds present in each test solution
under investigation were identified by comparing their spectra
to those in the NIST library of known compounds. The compo-
nents of the test solutions were identified by their names, molec-
ular weights, and structures.

3. Experimental protocols

Diabetes was induced in rats by Streptozotocin (STZ; Cat no:
14653; in citrate buffer of pH 4.5) given intraperitoneally (i.p.).
After three days of STZ administration, blood was taken from
12 h overnight fasted rats via the tail vein. The rats that mani-
fested fasting blood glucose of more than 250 mg/dl were used
in the study. A total of 32 animals were divided into four
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different groups. Control: given a single i.p. injection of normal
saline only; diabetic: given a single dose of STZ (55 mg/kg body
weight; i.p.) only; diabetic + VOB: animals were given VOB orally
(200 mg/kg body weight) for 56 days after diabetes induction;
Control + VOB: given VOB orally (200 mg/kg body weight) for
56 days to normal rats.

After 56 days, all groups had their fasting blood glucose (FBG)
concentrations measured using a strip-operated glucometer, and
24 h urine was collected and stored to determine urinary parame-
ters (proteinuria, N-acetyl-D-glucosaminidase (NAG), 8-hydroxy-
20-deoxyguanosine (8-OHdG), and creatinine) to track the progres-
sion of renal damage.
3.1. Collection of sample and tissue preparation

Blood was collected, and serum was separated for analysis of
various parameters. The rats were sacrificed by cervical disloca-
tion, and the left kidney was quickly extracted, and the cortex
was separated from the medulla for homogenate preparation and
biochemical analysis. The other kidney (right) was taken for
histopathological examination in a 10% buffered formalin solution.
Homogenization of Cortical slices, approximately 0.3 g pieces, were
carried out with a Polytron homogenizer (Kinematica A.G.), at 0 0.1
M of ice-cold phosphate buffer (pH 7.4). The centrifugation of the
homogenate was done at 800g for 5 min at 4 �C to remove the
nuclear debris and the supernatant was used for estimation of
malondialdehyde (MDA). The supernatant was centrifuged
(10,000g) for 20 min at 4 �C to obtain the post-mitochondrial
supernatant (PMS).
3.2. Estimation of kidney dysfunctionality

Blood urea nitrogen (BUN) concentration was analyzed in
serum by the urease method using a commercial kit from (Elab-
science, Texas, USA; Cat no: E-BC-K183-S) and the value was
expressed as mmol/l. NAG concentration was determined in urine
to observe tubular damage (Pedraza-Chaverrí et al., 2005), using
p-nitrophenyl-N-acetyl-b-D-glucosaminide as a substrate with
the slight modification described by Price et al., (1970). One unit
of NAG was equated as the amount of enzyme release per 1 lmol
of p-nitrophenol in the assay medium. Creatinine concentration
in urine and serum was determined using a commercial kit
(Cat no: E-BC-K188-M) by sarcosine oxidase method. GFR was
equated as creatinine clearance using the standard equation of
Arreola-Mendoza et al. (2006). Urinary protein was measured
as total protein (mg/24 h) described by the Bradford method
(Bradford, 1976).
4. Assessment of oxidative stress

4.1. Estimation of urinary 8-OHdG level

Samples were centrifuged (2000g) for 20 min to measure the
urine 8-OHdG level, and then dilution was used to evaluate. The
urinary level of 8-OHdG was estimated using ELISA kit (Elab-
science, Texas, USA; Cat no: E-EL-0028), and the value was
expressed as total amounts excreted in 24 h.
4.2. Determination of TGF-b1 in the serum

TGF-b1 plays an important role in maintaining the renal archi-
tecture. Serum levels of TGF-b1 were determined using ELISA kit
according to the manufacture’s protocol (Elabscience, Texas, USA;
Cat no: E-EL-0162).
3

4.3. Analysis of oxidative damage in the renal cortex

Lipid peroxidation was equated as MDA and performed as
described previously (Ohkawa et al., 1979). Value was expressed
as nmol MDA formed/h/mg protein. Reduced glutathione (GSH)
was determined using Gherghel method (Gherghel et al., 2005).
Glutathione reductase (GR) activity was assessed using Carlberg
and Mannerviek (1975) method, with slight modifications. Value
was expressed as nmol NADPH/min/mg protein. Superoxide dis-
mutase (SOD) activity was determined by the method of
Marklund and Marklund (1974) and the value was expressed as
units/mg protein. Total protein analysis in the homogenate and
PMS was done using Bradford (1976) method.

4.4. Histopathological study

Histopathological study was performed in the kidney retained
in 10% buffered formalin solution. Small kidney tissue slices were
dehydrated and immersed in paraffin for post-fixation. For histo-
logical evaluation, at least three cross-sections of 3–4 lm thickness
were taken and then stained with hematoxylin and eosin (H and E)
and Jones periodic acid-Schiff (PAS), respectively. The tissue sec-
tions after xylene wash were mounted with DPX mountant. The
slides were then taken for microscopic observation (bright field)
and photography.

4.5. Statistical analysis

Statistical analysis of data was done using one-way ANOVA to
compare the groups followed by Tukey–Kramer test post-analysis
test for multiple comparisons. The statistical software SPSS 23
was used to perform all analysis and data were expressed as
mean ± S.E.M. P-value <0.05 were considered statistically
significant.

5. Results

5.1. Phytochemical analysis

The GC–MS analysis of VOB showed total of 38 phytocon-
stituent presents in the mixture of oils (Indian variety). The active
compounds with their retention time (RT), and concentration
(peak area %) are presented in Table 1. The chromatogram is pre-
sented in Fig. 1. The retention times ranged between 4.29 and
44.13 min. The most abundant compounds were c-Sitosterol
(9.02%), Phenol, 2,4-bis(1,1-dimethyethyl) (8.17%), vitamin E
(7.40%), heneicosane (3.63%) and c-tocopherol (3.53%).

5.2. VOB supplementation reduced hyperglycemia

Hyperglycemia is the main consequence of diabetes progres-
sion. Blood glucose level was measured in all groups. A sharp
increase in the blood glucose level was detected in diabetic rats
(Table 2). As depicted from the results, the administration of VOB
in the treatment group showed significantly lower blood glucose
levels when compared to diabetic rats.

5.3. Effect of VOB on markers of renal function

5.3.1. VOB supplementation attenuated proximal tubular damage
The function of proximal tubules is to reabsorb organic mole-

cules, especially glucose. Persistent hyperglycemia carries out an
alteration in tubular function, ultimately affecting the kidney’s
excretory function. NAG excretion in urine is considered a sensitive
indicator of tubular damage occurring with the progression of DN.



Table 1
Phytoconstituent present in VOB (GC–MS analysis).

Sl.
no

Name R.
Time

Area
%

1 TETRADECANE 4.297 2.14
2 Heneicosane 5.984 3.63
3 PHENOL, 2,4-BIS(1,1-DIMETHYLETHYL)- 6.644 8.17
4 Hexadecane 8.739 2.74
5 HEXADECANE, 2,6,10,14-TETRAMETHYL- 11.215 3.00
6 Eicosane 12.369 1.18
7 Heptadecane 13.951 1.04
8 2-Bromotetradecane 15.730 0.25
9 Tetracosane, 1-iodo- 16.448 0.40
10 Nonane, 5-methyl-5-propyl- 16.710 0.39
11 Triethanolamine triacetate 20.767 0.10
12 Tetracontane 20.852 0.39
13 9,12-Octadecadienoic acid, methyl ester 21.134 2.29
14 9-Octadecenoic acid, methyl ester, (E)- 21.295 1.37
15 1,3,12-Nonadecatriene 22.654 1.82
16 Ethyl Oleate 22.795 0.64
17 TRIACONTANE 25.432 0.53
18 1-Cyclohexyldimethylsilyloxy-3,5-dimethylbenzene 25.928 1.44
19 O O’-BIPHENOL, 4,40 ,6,60-TETRA-T-BUTYL- 26.636 0.52
20 PHYTAN 30.289 2.49
21 PHYTANE 31.082 1.02
22 2-Methyltriacontane 33.495 1.86
23 Tetrapentacontane 34.089 1.61
24 1,3-Benzenedicarboxylic acid, bis(2-ethylhexyl)

ester
34.222 0.90

25 Squalene 35.364 3.29
26 Dipivefrine, N.O-bis(pentafluoropropionyl)- 37.107 0.88
27 HEXATRIACONTANE 37.617 0.55
28 .delta.-Tocopherol 37.696 0.72
29 TETRACOSANE, 2,6,10,15,19,23-HEXAMETHYL- 38.297 0.27
30 (3S,8S,9S,10R,13R,14S,17R)-17-((2R,5R)-5,6-

Dimethylhe
38.387 0.55

31 .gamma.-Tocopherol 39.382 3.53
32 STIGMAST-5-EN-3-OL, OLEAT 39.810 2.19
33 Phytonadione 40.450 2.60
34 Vitamin E 40.619 7.40
35 Octadecanoic acid, 2,2,3,3,4,4,4-heptafluorobutyl

ester
41.095 1.48

36 ERGOST-5-EN-3-OL, (3.BETA.,24R)- 42.307 3.22
37 STIGMASTA-5,22-DIEN-3-OL, (3.BETA.,22E)- 42.837 2.53
38 .gamma.-Sitosterol 44.135 9.02

S. Anwar, Mohd. Adnan Kausar, K. Parveen et al. Journal of King Saud University – Science 34 (2022) 102018
NAG level was estimated to evaluate the efficacy of VOB treatment
on hyperglycemia-induced tubular derangements (Fig. 2). Diabetic
rats showed increased loss of NAG concentration in urine due to
severe tubular damage. The data conclusively depicted that the
supplementation of VOB showed a significant (P < 0.05) restoration
of NAG level as compared to the diabetic group. While administra-
tion of VOB in control rats did not show any significant changes
when compared to the control group.
Fig. 1. GC–MS chrom

4

5.3.2. VOB supplementation ameliorated GFR
Results showed an abrupt increase in BUN levels in diabetic ani-

mals when compared to control rats. The data conclusively mani-
fested that supplementation with VOB significantly reduced BUN
levels in the diabetic-treated group. It is well known in clinical
and experimental studies that GFR was diminished with the devel-
opment of DN. The diabetic group exhibited a sharp increase in cre-
atinine level with a steep decrease in creatinine clearance,
indicating low values of GFR compared with the control group as
equated by creatinine clearance (Fig. 3). Supplementation with
VOB in diabetic animals restored these altered low values of GFR
compared with the diabetic group. Excretion of protein in urine
is an index of glomerular damage. Proteinuria was elevated in
the diabetic group, which was blunted significantly in VOB treated
group (Fig. 4). Thus, treatment with VOB was not limited to prox-
imal tubules but also broadened to glomeruli. Our results indicate
that the depletion in GFR may be due to glomerular damage sup-
ported by the histological analysis in diabetic rats associated with
early stages of DN.

5.3.3. Effect on parameters of oxidative stress
It is well established that hyperglycemia-induced oxidative

stress contributes to renal damage in STZ treated diabetic rats.
The oxidative damage parameters measured in this study indicate
that VOB has nephroprotective effects in the STZ-induced diabetic
model.

5.3.4. VOB supplementation modulated 8-OHdG level
As 8-OHdG is considered one of the overriding patterns of ROS-

induced oxidative DNA damage, it has been suggested as a sensi-
tive indicator of oxidative stress. An abruptly elevated urinary 8-
OHdG was observed in diabetic rats versus the control group
(Fig. 5). Administration of VOB for 56 days was enough to signifi-
cantly diminish 8-OHdG concentration in the treated group com-
pared to the untreated diabetic group.

5.3.5. VOB supplementation restored TGF-b1 concentration
TGF-b1 is a well-established fibrogenic cytokine and it is sug-

gested as the central mediator to carry out the hypertrophic alter-
ations associated with the progression of DN. TGF-b1 values were
significantly elevated in the diabetic group compared to the control
group (Fig. 6). Treatment with VOB restored a significant level of
TGF-b1 when compared to the diabetic group.

5.3.6. VOB supplementation decreased MDA content
It was noted that MDA contents were found higher in the

diabetic group when compared to the control group. In the VOB
atogram of VOB.



Table 2
Effect of VOB supplementation on FBG and BUN level in the diabetic rats.

Control Diabetic Diabetic + VOB Control + VOB

FBG (mg/dl) 88.76 ± 3.53 375.75 ± 8.24* (+323.33%) 212.54 ± 5.6**

(�112.54%)
102.27 ± 4.58 (+15.22%)

BUN (mmol/l) 20.29 ± 1.8 59.95 ± 2.1*
(+195.46%)

30.34 ± 1.7**

(�49.39%)
23.44 ± 1.9
(+15.52%)

Values were expressed as mean ± S.E.M. (n = 8). Diabetic group showed a significant increase in FBG and BUN. VOB treatment preserved the marker levels significantly.
(*P < 0.05 Diabetic group vs. Control OR Control + VOB group; **P < 0.05 Diabetic + VOB group vs. Diabetic group).

Fig. 2. Effect of VOB supplementation on NAG level in experimental groups.
Diabetic group showed a significant increase in NAG level in serum. VOB
administration preserved the level significantly. Values were expressed as
mean ± S.E.M. (n = 8). (*P < 0.05 Diabetic group vs. Control OR Control + VOB
group; **P < 0.05 Diabetic + VOB group vs. Diabetic group).

Fig. 3. (A) Effect of VOB supplementation on serum creatinine level in experimental
groups. (B) Effect of VOB administration on creatinine clearance in experimental
groups. Values expressed as mean ± S.E.M. (n = 8). (*P < 0.05 Diabetic group vs.
Control OR Control + VOB group; **P < 0.05 Diabetic + VOB group vs. Diabetic group).
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supplemented group, MDA content diminished significantly com-
pared to the untreated diabetic group (Table 3).

5.3.7. VOB supplementation improves GSH level
Conventionally, GSH is a main unit of the endogenous antioxi-

dant defence network and contributes as a mediator in many free
radical scavenging reactions, especially hydrogen peroxide in our
body system. The estimation of GSH level was performed to evalu-
ate the effect of VOB on the internal antioxidant defence array dur-
ing DN.

5.3.8. VOB supplementation increased GR and SOD activity
GR and SOD values of different groups of animals during the

experimental period were recorded in (Table 3). Accordingly, the
diabetic group exhibited significantly decreased levels of GR and
SOD in renal tissue compared with the normal control rats. Supple-
mentation of VOB showed significant restoration of these
parameters.

5.3.9. Effect of VOB supplementation on renal morphology
Figs. 7 & 8 show the photomicrographs of H&E and PAS stain of

renal cortical sections of control and experimental groups of rats.
H& E stained renal cortical sections of the control group demon-
strated well-preserved renal parenchyma with normal glomeruli
surrounded by Bowman’s capsule and renal tubules. Renal sections
from the diabetic group exhibited atrophy of glomeruli with focally
hyaline deposit in renal tubules and edema, vacuolation, and
necrosis in renal tubular epithelial cells. Administration of VOB
in the treated group restored most of the degenerative changes
with well-retained renal parenchyma. Only minor degenerative
5

changes were seen in isolated areas, with no inflammatory lesions.
After 56 days of experimental study, Fig. 8 shows the histopatho-
logical observations of renal sections using PAS staining. Multifocal
areas of glomerular basement membrane thickening were seen in
the diabetic group. Sclerotic changes in glomeruli, accumulation
of plasma proteins between the glomerular endothelium and
glomerular basement membrane (i.e., fibrin cap) and fibrinous
deposits in the renal interstitium were also seen focally, compared
with the control group. Significantly, treatment with VOB modu-
lated the glomerulosclerosis condition and preserved renal
parenchyma.

6. Discussion

In the present study, we evaluated that STZ-induced type 2
diabetes mellitus (T2DM) causes hyperglycemia, renal



Fig. 4. Effect of VOB supplementation on excretion of urinary protein in experi-
mental groups. Values were expressed as mean ± S.E.M. (n = 8). (*P < 0.05 Diabetic
group vs. Control OR Control + VOB group; **P < 0.05 Diabetic + VOB group vs.
Diabetic group).

Fig. 5. Effect of VOB administration on urinary 8-OHdG excretion in experimental
groups. Diabetic group showed a significant increase in 8-OHdG levels in urine
samples. VOB treatment significantly decreased its level in Diabetic + VOB group.
Values are expressed as mean ± S.E.M. (n = 8). (*P < 0.05 Diabetic group vs. Control
OR Control + VOB group; **P < 0.05 Diabetic + VOB group vs. Diabetic group).

Fig. 6. Effect of VOB administration on TGF-b1 level in experimental groups.
Diabetic group showed a significant increase in TGF-b1 level. While administration
with VOB significantly augmented its level in Diabetic + VOB group. Values were
expressed as mean ± S.E.M. (n = 8). (*P < 0.05 Diabetic group vs. Control OR
Control + VOB group; **P < 0.05 Diabetic + VOB group vs. Diabetic group).
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dysfunctionality followed by renal oxidative damage in rats similar
to previous research (Clozel et al., 2006). Administration of VOB
was effective to revert these alterations significantly due to their
antidiabetic and antioxidant potential. Additionally, we also found
that VOB treatment was effective to restore histological alteration
against STZ induced T2DM.

Diabetes prevalence is one of the most prominent challenges
globally, as the mortality rate is rising about 1.6 million worldwide
and is considered the third strong risk factor for worldwide prema-
ture mortality due to hyperglycemia and its consequence oxidative
stress (Oguntibeju, 2019). Synergistic strategy is always supported
by nature due to multitarget synergistic mode. Nowadays, scien-
tific studies have supported the use of natural compounds from
plant resources because of the doubts raising the adverse reactions
of synthetic agents (Kumar et al., 2021). Natural products are also a
6

great drift of novel therapeutic agents for many medical condi-
tions, including metabolic disorders. Oils are one of the most nutri-
tional products present in our diet and dietary manipulation has
been implicated in managing various medical conditions. The pre-
sent study used a mixture of four oils, namely, sesame, canola, wal-
nut, and wheat germ, for making VOB. This study was focused on
evaluating the therapeutic efficacy of this VOB to prevent oxidative
renal damage and improve renal function and histological changes
in DN animal models. Remarkably, we found that treatment with
VOB ameliorated oxidative stress and restored renal architecture
and function in STZ-induced DN.

The GC–MS analysis of VOB revealed the presence of bioactive
components e.g. phenolics, sterols, esters, vitamins, tocopherols,
alcohols, acetate and fatty acids. These diverse groups of phyto-
chemicals have gained much attention as potential natural antidi-
abetic agents and antioxidants. Major compounds were identified
as c-sitosterol, phenol, 2,4-bis (1,1-dimethylethyl), vitamin E and
c-tocopherol. Previous studies have suggested that phenol 2,4-bis
(1,1-dimethylethyl) and vitamin E as potent free radical scav-
engers, c-sitosterol as insulin secretagogues by regulating ATP sen-
sitive K+ channel and c-tocopherol as insulin sensitizers mediated
through PPARcmechanism (Chang et al., 2007; Balamurugan et al.,
2011; Gray et al., 2011).

Our study revealed that the diabetic group showed a significant
increase in blood glucose level, while administration of VOB signif-
icantly improved the glucose level in the treated group. The protec-
tive effect of VOB may be due to the presence of enormous
constituents of different oils, which decreased hyperglycemia in
the diabetic group by improving glucose uptake, correcting insulin
action/insulin sensitivity and retaining islet architecture similar to
previous studies (Mitra 2007; Sankar et al., 2011; Merghani et al.,
2015; Zibaeenezhad et al., 2016; Atefi et al., 2018; Qin et al.,
2019;).

Diabetes is well known for impairing kidney function and mak-
ing it difficult to properly filter blood and produce urine due to
altered cell membrane permeability and functional integrity
(Abtahi-Evari et al., 2017). One of the indicators of renal damage
is altered GFR, evaluated by estimating creatinine and BUN levels.
The present study exhibited increased creatinine and BUN levels,
whereas diminished creatinine clearance in the diabetic group is



Table 3
Effect of VOB supplementation on oxidative stress markers in the kidney.

Control Diabetic Diabetic + VOB Control + VOB

MDA
(nmol MDA formed/h/mg protein)

0.51 ± 0.15 1.82 ± 0.26*
(+256.86%)

0.61 ± 0.18**

(�66.48%)
0.45 ± 0.21
(�11.76%)

GSH (nmol/mg protein) 5.38 ± 1.1 2.03 ± 0.82*
(�62.26%)

3.86 ± 0.92**

(+90.14%)
6.14 ± 1.2
(+14.12%)

GR
(nmol NADPH/min/mg protein)

9.63 ± 1.2 5.04 ± 2.1*
(�47.66%)

7.89 ± 3.3**

(+56.54%)
10.03 ± 2.8
(4.15%)

SOD (U/mg protein) 7.04 ± 0.94 2.44 ± 0.72*
(�65.34%)

4.87 ± 1.2**

(+99.59%)
6.78 ± 0.98
(�3.69%)

Values were expressed as mean ± S.E.M. (n = 8). Diabetic group showed a significant increase in MDA level with a decreased GSH, GR, and SOD activity in kidney tissue. VOB
supplementation restored all these changes. (*P < 0.05 Diabetic group vs. Control OR Control + VOB group; **P < 0.05 Diabetic + VOB group vs. Diabetic group).
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Fig. 7. H&E stained sections of Kidney showing 1) Control Kidney – Apparently normal glomerulus (G) and renal tubules (T) 40�. 2) Diabetic Kidney –Atrophied glomerulus
(G) and mild degenerative changes in the surrounding renal tubular epithelial cells (T) 40�. 3) Diabetic + VOB treated Kidney–Apparently normal glomerulus (G) and renal
tubules (T) 40�.
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similar to previous research (Zeng et al., 2014). We examined that
administration of VOB significantly ameliorated GFR by improving
creatinine clearance in the treatment group due to its antioxidant
potential (Paranich et al., 2000; Fukuda et al., 2003; Wan et al.,
2015; Atefi et al., 2018) coinciding with the previous studies
(Sharma, Kulkarni, Chopra, 2006). Excretion of proteins in urine
is marked by tubular and glomerular damage during DN. In the
present study, proteinuria was increased in diabetic rats due to
altered GFR, similar to previous studies (Chiarelli et al., 1995;
Vedel et al., 1996). While the supplementation of VOB reduced
the excretion of total protein in the urine, indicating the renopro-
tective role of VOB. One possible reason to decrease the degree of
proteinuria in the treatment group may be attenuating hyper-
glycemia and retaining tubular damage (Clark et al., 2000).
7

N-acetyl-b-d-glucosaminidase (NAG), an enzyme, is found in
the proximal tubular part of the kidney. Previous reports have
shown the secretion of NAG in urine increased following tubu-
lar damage in the early stages of DN (Fu et al., 2012). Eventu-
ally, a strong specific marker has been suggested to examine
the interstitial tubule damage during the development of DN
(Fu et al., 2012; Gluhovschi et al., 2016). In the present study,
we showed that NAG level was found to be increased in dia-
betic rats, whereas supplementation with VOB modulated the
loss of NAG in the urine, suggesting the tubular protective
function of VOB. Further decline in tubular damage may occur
due to reduced renal inflammation caused by hyperglycemia,
consistent with previous studies (Takao et al., 2011; Parveen
et al., 2019).
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Fig. 8. PAS stained sections of Kidney showing 1) Control Kidney – Apparently normal glomerulus (G) and renal tubules 40�. 2) Control Kidney – Apparently normal renal
tubules (T) 40�. 3) Diabetic Kidney – Diffuse thickening of glomerular basement membrane (double arrow) 40�. 4) Diabetic Kidney- Moderately thickened glomerular
basement membrane (double arrow), sclerotic changes in glomeruli (upward arrow) and fibrin cap (right arrow) 40�. 5) Diabetic + VOB treated Kidney – Apparently normal
glomerulus (G) and renal tubules (T) 40� 6) Diabetic + VOB treated Kidney – Apparently normal renal tubules (T) 40�.
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Substantial evidence has proposed that persistent hyper-
glycemia is the main causal factor in the advancement of early
stages of DN, and augmented oxidative stress has been suggested
as the main determinant in the pathological changes that occurred
during diabetes and diabetes-associated renal complications
(Forbes et al., 2008). The generation of ROS directly or indirectly
(glycolysis, polyol pathway, PKC, NAD(P)H oxidase, etc.) is a conse-
quence of hyperglycemia. Accumulating evidence has shown that
control of oxidative stress is necessary to reduce the severity of
kidney damage; that’s why antioxidant therapy is preferred
(Sharma et al., 2006; Ramesh et al., 2005; Aslam et al., 2017).

Our findings confirmed that the increase in oxidative DNA dam-
age marker 8-OHdG, elevated MDA content and the fibrotic cyto-
kine TGF-b1 level was found in diabetic animals. Accompanying
with the beneficial effects of VOB, in the present study, we noticed
a steep augmentation of these elevated oxidative stress markers
8

(8-OHdG, MDA) and TGF-b1 levels in the treatment group. We also
evaluated the efficacy of VOB on the endogenous antioxidant sys-
tem as one of the mechanisms to control diabetes-induced oxida-
tive renal damage. Diabetic animals supplemented with VOB
showed increased GSH, GR, and SOD in the treated group, similar
to previous studies (Osawa, 1999; Paranich et al., 2000; Ramesh
et al., 2005; Laubertová, et al., 2015). Thus, the results revealed that
the antioxidant potential of VOB mitigates oxidative stress-
prompted renal damage in the early stage of diabetes in a rat
model of experimental DN. The protective effect of VOB is attribu-
ted due to the presence of enormous levels of phytoconstituents
that act synergistically to preserve renal damage during oxidative
stress, probably via attenuation of NADPH oxidase and inducible
NOS (iNOS) activity and superoxide radicals formation (An and
Zhang, 2010; Lei et al., 2012; Acharya and Talahalli, 2019). Earlier
canola oil, one of the parts of VOB, also has shown a renoprotective
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effect by downregulating the expression of collagen VI, CD68 and
TGF-b1 (Garman et al., 2009). Other mechanisms may be inhibition
of lipid peroxidation reaction by various antioxidants, and vitamin
E in VOB improves overall pancreatic b-cell function, which might
attenuate protein glycation, lipid oxidation, and insulin sensitivity.
Our results were also added with improved histopathological fea-
tures. Significant structural alterations were notified in the renal
glomerulus and tubules of diabetic rats. All severities like glomeru-
losclerosis and tubulointerstitial fibrosis were restored after VOB
supplementation, suggesting the reno-protective efficacy of VOB
in DN (Clark et al., 2000; Garman et al., 2009).

7. Conclusion

On the basis of the above findings, it could be concluded that
VOB, a combination of four plant oils, employs a remarkable
nephroprotective effect through modulation of renal functions,
restoring redox imbalance and maintaining the renal architecture.
This might be due to the presence of enormous types of bioactive
compounds in VOB with potent antioxidant and inflammatory
properties. Therefore, VOB may be used as the source of nutrition
and may be helpful in renal diseases and associated complications.
Further research is required to explore the benefits of VOB with
more windows and duration response preclinical studies.
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