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Background
In mammals, the kidneys act as a major excretory organ 
to remove and refine the body’s metabolic wastes (1). 
Most animal species die after one week of complete 
renal failure (2). Moreover, the balance of electrolytes, 
hormonal secretions such as renin, erythropoietin, and 
prostaglandin, along with the activation of vitamin D are 
important functions of the kidneys (1, 2). However, it has 
been demonstrated that with increasing age and aging, 
as in other tissues of the body, structural and functional 
changes occur in kidney tissue that can be associated 
with the incidence of kidney disease (1).

One of the underlying mechanisms of aging, which 
also increases in middle age, is damage caused by 
oxidative stress (3). Mammalian cells (e.g., kidney cells) 
often rely on aerobic metabolism (1). During aerobic 
metabolism, in addition to water and energy, some by-

products called reactive oxygen species (ROS) are formed 
that are involved in inducing oxidative stress in kidney 
cells (1, 4). The synthesis of uric acid as a final product 
of purine metabolism can also increase oxidative stress 
directly by xanthine oxidoreductase activity (1). This 
enzyme is synthesized as xanthine dehydrogenase, which 
can be converted to xanthine oxidase (XO) by calcium-
dependent proteolysis or the modification of cysteine   
residues (1). In doing so, the enzyme loses its capacity 
to bind nicotinamide adenine dinucleotide and instead 
transfers electrons to O2, producing the superoxide anion 
(O2-), one of the most important ROS (1). Therefore, 
XO measurement is known as one of the important 
indicators in monitoring oxidative stress of kidney 
tissue. Under physiological conditions, the produced 
ROS are mainly inactivated through intracellular and 
extracellular defense mechanisms, namely, antioxidants 
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Abstract
Background: Both exercise and vitamin D can affect oxidative stress indicators. However, their interaction 
at the level of kidney tissue has been less investigated. Hence, the main objective of the present study was 
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peroxidase (GPx), and xanthine oxidase (XO) was measured by the real-time polymerase chain reaction 
(PCR) method. Data analysis was performed by one-way analysis of variance test at the significance level 
of P < 0.05.
Results: The results showed that the EXE + VD increased the gene expression of Mn-SOD, CAT, and 
GPx (P < 0.05) and decreased the expression of XO (P < 0.05). Furthermore, VD alone had no effect on 
the expression of antioxidant enzymes or XO (P > 0.05). Moreover, EXE increased CAT and Mn-SOD 
expression compared to the CON (P < 0.05) and decreased XO expression (P < 0.05). Additionally, CAT 
values in EXE were significantly higher than those in VD (P < 0.05). 
Conclusion: According to the results of the present study, it seems that the VD + EXE can increase 
antioxidant defense and reduce oxidative stress in kidney tissue.
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(1, 3, 5). However, the excessive ROS formation or the 
inability of antioxidants to remove them can lead to 
large-scale oxidative damage to cellular molecules, 
including membrane lipids, proteins, and DNA (1, 4, 6). 
These injuries lead to cell dysfunction due to the reduced 
function of various organs of the body and the occurrence 
of various diseases (1, 4). Therefore, strengthening 
antioxidant pathways is extremely crucial to prevent 
and combat kidney disorders, especially in middle age. 
The most important enzymes in the antioxidant defense 
system include superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and catalase (CAT) (1).

SOD generally contains three isoenzymes: manganese 
superoxide dismutase (Mn-SOD), zinc superoxide 
dismutase (Zn-SOD), and copper superoxide dismutase 
(Cu-SOD) (1, 4). The main difference between these 
enzymes is their location at the cellular level, but 
functionally they all reduce the superoxide radical to a 
more stable radical called hydrogen peroxide (4) which 
is converted to water and molecular oxygen by CAT or 
GPx, using glutathione as a substrate (1, 4). Therefore, the 
coordinated action of SOD, GPx, and CAT is extremely 
important to maintain the oxidant-antioxidant balance 
of the body cells. For example, mitochondrial oxidative 
stress due to Mn-SOD dysfunction was found to be 
involved in the pathogenesis of several renal diseases, 
including acute kidney injury (AKI) and chronic kidney 
disease (CKD), as well as in the transmission of AKI to 
CKD (4, 7). Mn-SOD dysfunction is also associated with 
glomerular fibrosis and interstitial tubules, inflammation, 
excessive renal cell apoptosis, and tubular cell damage 
(4). Therefore, strategies that increase protein levels and 
enzyme activity of Mn-SOD CAT and renal GPx can play 
an important role in the prevention of kidney disease. It 
has been suggested that vitamin D is effective as one of the 
strategies to prevent diseases related to oxidative stress 
and inflammation in kidney tissue (8). This vitamin is 
involved in reducing oxidative stress by increasing NrF-2 
and expressing genes encoding antioxidant enzymes (8). 
It has also been found in animal models that pretreatment 
with vitamin D3 prevents the decrease in the expression 
of SOD genes caused by AKI (9). Therefore, vitamin D 
supplementation may be useful for the upregulation of 
the expression of antioxidant genes such as SOD, CAT, 
and GPx. 

Interestingly, metabolic stresses induced by exercise also 
stimulate the expression of antioxidant genes. In addition, 
exercise is one of the most important strategies proposed 
to improve kidney function or prevent kidney disease. 
However, the available evidence suggests inconsistent 
information regarding the effect of exercise on oxidative 
stress in renal tissue. For example, some studies have 
demonstrated an improvement in antioxidant profile (6, 
10, 11) and a reduction in oxidative stress (12, 13) after 
exercise, but others have not exhibited significant changes 

in antioxidants (12, 14, 15). Given these inconsistent 
findings, further studies are needed. Further, since 
exercise and vitamin D supplementation both affect the 
regulation of oxidative stress and antioxidant defense, the 
question arises as to whether vitamin D supplementation 
combined with aerobic exercise can further stimulate 
the gene expression of antioxidants in the kidney. Thus, 
the present study aimed to clarify the effect of vitamin D 
supplementation and aerobic training on oxidative stress 
markers in the kidney tissue of middle-aged male rats.

Material and Methods 
In the present study, 20 male rats (Wistar breed) with an 
age range of 14–12 months and a weight range of 350–400 
g were purchased from Pasteur Animal Breeding Center. 
After two weeks of identification, maximum velocity 
test, and weight measurement, they were randomly 
divided into four groups: control (Con), aerobic training 
(EXE), vitamin D (VD), and aerobic training + vitamin D 
(EXE + VD) with five rats in each group.

Storage and Tissue Removal Methods
After marking polycarbonate cages for rats separately (3 
rats in one cage), they were maintained at 25°C and an 
ambient humidity of 30-40% with a 12-hour dark and 
12-hour light cycle and free access to water and food. 
The animals were weighed at the start of each week 
with a digital scale for animals. The diet of rats included 
the standard feeding pattern of rats prepared from the 
Behvarvar food industry, consisting of a total of 16.6 
kJ/g: carbohydrate 66.40%, Fat 10.60%, and protein 23%. 
Then, 48 hours after the last intervention session, the 
animals were anesthetized (after 12 hours of fasting) with 
xylazine (10 mg/kg) and ketamine (75 mg/kg), and the 
kidney tissues were removed and kept at -80°C.

Exercise Protocol
To adapt the animals to environmental conditions 
such as changing the dark cycle to light, two weeks of 
familiarity with the laboratory environment and two 
weeks of familiarity with exercise on a treadmill were 
considered. Two weeks of familiarity with the exercise 
included a training program of 10 sessions for 10 minutes 
in each session with a zero-degree slope and a speed of 
5-7 meters per minute in the first week and a speed of 
8-10 meters per minute in the second week. The main 
training program consisted of 8 weeks and 5 days per 
week. The training period started with 20 minutes in the 
first session, and one minute was added to each session, 
so at the beginning of the seventh week, a maximum time 
of 50 minutes was reached, which was maintained until 
the eighth week. The highest intensity of exercise was at 
the beginning of the seventh week, which was maintained 
until the end of the eighth week. The maximum velocity 
was determined according to the Wisløff VO2max test 
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(16). Five minutes of warm-up time and 5 minutes of 
cooling- down time with 40-50% VO2max (10 meters per 
minute) were considered for each exercise session.

Vitamin D Supplementation Method
Vitamin D supplementation was performed after the 
second week of familiarity. At the beginning of each week 
after weighing the animals, the amount of vitamin D at 
the rate of 500 units (12.5 micrograms) per kilogram per 
day was calculated and divided into three servings with 
0.3 mL of olive oil. The supplement was administered to 
the animals by oral gavage every other day. It should be 
noted that the animals of the EXE and Con groups were 
fed olive oil as much as the VD group by gavage.

Measurement of Biochemical Variables
Real-time polymerase chain reaction (PCR) was used 
to measure antioxidant genes. For this purpose, tissue 
homogenization and RNA extraction process were 
performed first. The resulting RNA was then stored in 
a -80°C freezer, and cDNA synthesis was performed 
according to the instructions in the Easy cDNA synthesis 
kit (made by Pars Toos, Iran). The prepared cDNA 
was then stored at -20°C. To evaluate the expression of 
genes using real-time PCR, all primers were designed 
by Allele IDv7.8 software, and the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene was used as 
the internal control (Table 1). Then, for each gene, a 
mixture of different PCR components including SYBER 
Green Master Mix was prepared, and after mixing and 
spinning, it was distributed inside the microtubes for the 
device, and 1 µL of cDNA sample was added to each vial. 
Afterward, the program of the real-time PCR device was 
adjusted, and after completing the activity of the device 
and observing the graphs and the amount of fluorescence 
propagation, the amount of change in the expression of 
the desired gene compared to GADPH was measured 
by calculating ΔΔCt. Then, the relative expression of the 
gene was calculated using the formula 2-ΔΔCt. The mean 
and standard deviation of the measured variables are 
reported in Table 2.

Data Analysis
All statistical analyses in the present study were performed 
using SPSS software version 22. The distribution and 
homogeneity of variance were checked by Shapiro-
Wilk and Leven tests, respectively. After confirming the 
assumptions (i.e., normal distribution and homogeneity 
of variances), a one-way analysis of variance was used to 
analyze the data. In addition, the Tukey post hoc test was 
used to compare the pairs, and the significance level was 
considered P < 0.05.

Results
One-way analysis of variance showed that the expression 

of the GPx gene is significantly different between the 
studied groups [F(3,16) = 10.08, P = 0.001]. Post hoc test 
revealed that GPx expression in the EXE + VD group 
was significantly higher than that in the VD (MD = 1.1, 
P = 0.04), EXE (MD = 1.61, P = 0.003), and Con (MD = 1.90, 
P = 0.001) groups. However, no significant difference was 
observed between the other groups (P > 0.05), as depicted 
in Figure 1.

CAT gene expression [F(3,16) = 57.61, P = 0.000] was 
significantly different between the groups. Post hoc test 
showed that CAT expression in the EXE + VD group 
was significantly higher than that in VD (MD = 1.21, 
P = 0.000), EXE (MD = 0.84, P = 0.000), and Con 
(MD = 1.30, P = 0.000) groups. CAT expression was also 

Table 1. List of Primers Used in This Study

Genes Primer Sequences

Mn-SOD
Forward: 5’- CGGTCCAGCGGATGAAGAGAGG-3’

Reverse: 5’- GGCAATCCCAATCACACCACAAGC-3’

CAT
Forward: 5’-CAGAGCCTGAAGTCACCA-3’

Reverse: 5’-CAGAACGTGAGGCAAGAGGG-3’

GPx
Forward: 5’-CTG AGG GGA TTT TTC TGG-3’

Reverse: 5’-GGT TTT TCC ATG ACG GTG T-3’

XO
Forward: 5’- CATCCCCATTGAGTTCAGAGTATCC-3’

Reverse: 5’-TTGTTTTGCGTTATCTCCGTGCT -3’

GAPDH
Forward: 5’- AAG TTC AAC GGC ACA GTC AAG G-3’

Reverse: 5’-CAT ACT CAG CAC CAG CAT CAC C -3’

Note. Mn-SOD: Manganese superoxide dismutase; CAT: Catalase; GPx: 
Glutathione peroxidase; XO: Xanthine oxidase; GAPDH: Glyceraldehyde 
3-phosphate dehydrogenase.

Table 2. Mean and Standard Deviation of the Measured Variables

Variable Groups Mean ± SD

XO (Normalized gene expression)

EXE + VD (n = 5) 0.017 ± 0.004

VD (n = 5) 0.51 ± 0.25

EXE (n = 5) 0.25 ± 0.08

Con (n = 5) 0.55 ± 0.15

CAT (Normalized gene expression)

EXE + VD (n = 5) 1.45 ± 0.29

VD (n = 5) 0.24 ± 0.056

EXE (n = 5) 0.61 ± 0.17

Con (n = 5) 0.16 ± 0.02

Mn-SOD (Normalized gene expression)

EXE + VD (n = 5) 0.12 ± 0.037

VD (n = 5) 0.069 ± 0.020

EXE (n = 5) 0.075 ± 0.030

Con (n = 5) 0.024 ± 0.010

GPx (Normalized gene expression)

EXE + VD (n = 5) 2.24 ± 1.04

VD (n = 5) 1.13 ± 0.52

EXE (n = 5) 0.62 ± 0.12

Con (n = 5) 0.33 ± 0.09

Note. SD: Standard deviation; XO: Xanthine oxidase; CAT: Catalase; Mn-
SOD: Manganese superoxide dismutase; GPx: Glutathione peroxidase; Con: 
Control; EXE: Aerobic training; VD: Vitamin D.
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higher in the EXE group than that in the VD (MD = 0.36, 
P = .021) and Con (MD = 0.44, P = 0.004) groups. 
However, no significant difference was observed between 
VD and Con (P > 0.05) groups, as illustrated in Figure 1.

Likewise, Mn-SOD gene expression was significantly 
different between the groups [F(3,16) = 11.15, P = 0.000]. 
In addition, Mn-SOD in EXE + VD was significantly 
higher than that in the VD (MD = 0.52, P = 0.32) and 
Con (MD = 0.1, P = 0.000) groups. Further, Mn-SOD 
expression was higher in the EXE group than in the Con 
group (MD = 0.51, P = 0.036). However, no significant 
difference was observed between the other groups 
(P > 0.05), as depicted n Figure 1.

Similarly, XO expression was significantly different 
between the groups [F(3,16) = 13.06, P = 0.000]. Post hoc 
test showed that XO expression in the EXE + VD group 
was significantly lower than in VD (MD = 0.49, P = 0.001) 
and Con (MD = 0.53, P = 0.000) groups. XO expression 
was also lower in the EXE group than in the CON group 
(MD = 0.29, P = 0.035). However, no significant difference 
was observed between the other groups (P > 0.05), as 
presented in Figure 1.

Discussion
The findings of the present study indicated that the 
combination of vitamin D supplementation and 
aerobic training increased the expression of Mn-SOD, 
CAT, and GPx antioxidant genes and decreased XO 
expression. Further, according to the findings, vitamin D 

supplementation alone did not seem to have an effect on 
antioxidant defense or XO. However, aerobic training can 
increase CAT and Mn-SOD expression and decrease XO 
expression compared to the control group. In summary, 
the combination of vitamin D supplementation and 
aerobic exercise can increase antioxidant defense and 
reduce the oxidative stress of kidney tissue compared to 
any other interventions.

Although the combined effects of vitamin D 
supplementation and aerobic training on antioxidant 
defense or oxidative stress of kidney tissue have not been 
studied, some studies have exhibited the separate effects 
of these interventions (aerobic exercise and vitamin 
D supplementation) on oxidative stress. Consistent 
with the findings of the present study, Ishikawa et al 
found that in rats with diabetic nephropathy, 8 weeks 
of low to moderate-intensity aerobic exercise reduce 
the progression of diabetic nephropathy by reducing 
oxidative stress (6). Another study also revealed that 
exercise in diabetic nephropathy rats reduces oxidative 
stress and markers of cell apoptosis in kidney tissue by 
increasing SOD (10). In addition, Tucker et al in a study 
on animal models with early-stage CKD indicated that 8 
weeks of high-intensity interval exercise (85% VO2max) 
increased mRNA-SOD and mRNA-CAT compared to 
inactive rats (11). Likewise, de Souza et al demonstrated 
that 8 weeks of aerobic training increase the activity 
of SOD and GPx in renal tissue in rats with CKD (17). 
However, some studies have reported that exercise 

Figure 1. Changes in the expression of antioxidant genes in the study groups. GPx: glutathione peroxidase, CAT: catalase, Mn-SOD: manganese superoxide 
dismutase, XO: xanthine oxidase. * Significant difference with control group, #: Significant difference with VD group, $ Significant difference with EXE group 
Figure 1
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does not affect the expression or activity of antioxidant 
enzymes in kidney tissue (12). For example, Coelho et al 
found that 8 weeks of aerobic training do not significantly 
change the SOD and CAT levels of healthy male Wistar 
rats with CKD (12). However, levels of oxidative damage 
markers to lipids or carbonyl proteins decreased after 
exercise training (12). These findings suggest that exercise 
through mechanisms independent of the enhancement of 
antioxidant enzymes can also reduce oxidative damage in 
kidney tissue. Due to the decrease in XO activity in the 
present study, it seems that the decrease in the activity of 
ROS production sources in kidney tissue is one of these 
mechanisms. In addition, it was shown that increased 
uremic toxins such as uric acid can also be involved in 
inducing oxidative stress in kidney tissue (1). However, 
regular exercise can reduce the oxidative stress of kidney 
tissue by reducing the production of uric acid in the body 
(18-20). Nevertheless, in the present study, blood uric 
acid levels were not measured, so it is suggested that the 
role of this possible mechanism be further investigated 
in future studies. In addition, antioxidant enzymes in 
kidney tissue have been found to decrease with age (21, 
22), and exercise can reverse this process (6, 10-12, 15, 
17, 18). Given that the samples were middle-aged male 
rats, it is also possible that the observed changes were due 
to a decreasing trend of antioxidant enzymes and an up-
regulation of XO due to aging (1).

In general, according to previous studies and the 
results of the present study, the increase in antioxidant 
enzymes in the Exe + VD can be considered mainly due 
to the mechanisms resulting from exercise training. In 
particular, the expression of antioxidant enzymes in the 
VD group did not change significantly compared to the 
control group. Nevertheless, some previous studies have 
reported that vitamin D supplementation can reduce 
oxidative damage to kidney tissue after induction of 
kidney damage (9, 23, 24) and reverse the decreasing 
trend of antioxidant enzymes (9). It should be noted that 
differences in the type of samples and methodology of 
studies can partly explain this discrepancy in the findings. 
Xu et al indicated the antioxidant effects of vitamin D on 
kidney tissue in animal samples after the induction of 
AKI induced by lipopolysaccharides (9). BaSalamah et 
al also showed the antioxidant effects of vitamin D on 
the kidney after the induction of lead toxicity (24). The 
samples of the present study were healthy middle-aged 
male rats. Further, the length of the supplementation 
period in previous studies (9, 23, 24) is different from 
the present study. Despite this increase in GPx and CAT 
expression in the VD group compared to the Exe group, 
the presence of vitamin D may increase the antioxidant 
adaptations induced by exercise. This can be explained by 
the interaction of vitamin D receptor signaling pathways 
with exercise. In fact, it has been suggested that vitamin 
D or exercise may alter the morphology of mitochondria 

(the site of ROS production) in renal tissue (25). 
Moderate-intensity exercise prevented the reduction of 
age-related mitochondrial enzyme activity in the kidney, 
leading to a decrease in oxidative stress markers (25). 
However, some studies have reported that vitamin D 
receptor (VDR) signaling is involved in reducing the 
formation of mitochondrial ROS (26). These effects are 
in part due to the inhibition of nicotinamide adenine 
dinucleotide phosphate oxidase expression and increased 
SOD (5, 27). It has also been reported that after treatment 
with paricalcitol (VDR activators) in hemodialysis 
patients, levels of oxidative stress markers including 
malondialdehyde, nitric oxide, and carbonyl proteins 
in serum decreased, and levels of antioxidant defense, 
including glutathione, CAT activity, and SOD increased 
(28). One of the possible mechanisms for protecting 
the kidneys against oxidative stress by vitamin D is the 
Nrf2-Keap1 pathway (5). Nrf2 controls the expression of 
antioxidants and ROS detoxifiers through the antioxidant 
response element (5). Moreover, vitamin D3 can increase 
the expression of Nrf2 and also reduce the expression of 
Keap1 (an Nrf2 suppressor) (6). Interestingly, exercise 
can also help increase antioxidant defense by stimulating 
Nrf2 (29, 30). Therefore, the significant increase of CAT 
and Mn-SOD in the Exe + VD compared to other groups 
can be due to the synergistic effects of signaling caused by 
exercise and vitamin D on Nrf2 activation. Additionally, 
it has been reported that peroxisome proliferator-
activated receptor gamma coactivator-1alpha (PGC-1α) 
can act as a VDR coactivator (31). On the other hand, 
the up-regulation of renal PGC-1α has been confirmed 
in response to exercise (13). Hence, another possible 
mechanism can be attributed to the molecular interaction 
between PGC1 and VDR. However, the role of these 
mechanisms in the regulation of oxidative stress in renal 
tissue, especially after the combination of vitamin D 
supplementation and exercise, requires further study.

It should be noted that the present study had some 
limitations. For example, in this study, the measurement 
of oxidative stress indices was evaluated only at the level 
of gene expression, while their protein levels and enzyme 
activity were not measured; therefore, it is suggested 
to be considered in future studies. Further, plasma/
serum vitamin D levels and their relationship with 
oxidative stress indices were not evaluated. Therefore, 
the different absorption of vitamin D in the subjects 
may have influenced the results. Finally, in this study, 
only the effect of one dose of exercise training and 
vitamin D supplementation was investigated, so it is 
suggested to investigate the interactive role of vitamin 
D supplementation and aerobic exercise with different 
doses in future studies.

Conclusion
Overall, the findings of the present study revealed that 8 
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weeks of aerobic exercise leads to the increased expression 
of antioxidant enzymes in the tissues of middle-aged 
male rats. However, although vitamin D supplementation 
alone did not have a significant effect on the expression 
of antioxidant enzymes in kidney tissue, it seemed that 
it can enhance the adaptations of aerobic exercise in 
the expression of antioxidant = CAT, Mn-SOD, and 
GPx enzymes. The combination of aerobic training and 
vitamin D supplementation also reduced XO expression 
as one of the main sources of free radical formation in 
kidney tissue. These findings suggest that exercise training 
alone or in combination with VD supplementation can 
be effective in preventing age-related kidney disease and 
its associated oxidative stress.
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