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ABSTRACT

Physical training and nutrition may have a protective role in the
kidney through their anti-inflammatory effects. The aim of the present study was to
investigate the effect of eight weeks of endurance training combined with pumpkin seed
extract on DNA damage in the kidney tissue of male rats toxicated with hydrogen peroxide.
In the present experimental study, 48 male Wistar rats were divided
into healthy control groups, hydrogen peroxide poisoned control, 1 g and 2 g pumpkin seed
extract per kilogram of body weight, endurance training, and endurance training combined
with 1 g and 2 g pumpkin seed extract per kilogram of body weight.

s Hydrogen peroxide induction caused a significant decrease in adenosine triphosphate
(ATP) (P=0.001) and a significant increase in 6-methylglutamine (P=0.001),
malondialdehyde (MDA) (P=0.001) and peroxidase-antioxidant balance (PAB) (P=0.001)
in kidney tissue. A net effect of exercise (P=0.001), a net effect of supplementation (P=0.001)
and an interaction effect of exercise+supplementation (P=0.039) were observed on the
concentration of ATP and PAB in kidney tissue. A net effect of exercise (P=0.001) and a net
effect of supplementation (P=0.001) were observed on the concentration of 6-methylguanine
and MDA in kidney tissue, but the interaction effect of exercise+ supplementation was not
significant (P=0.391).

Based on the findings of the present study, endurance training and pumpkin seed
extract can provide renal protection by improving antioxidant status.
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Extended Abstract
Introduction

idney diseases are a major public health

concern, and identifying the underlying

pathogenic  mechanisms and  potential

therapeutic strategies is of great importance
(1). One of the primary factors contributing to renal injury
is the acute or chronic elevation of reactive oxygen species
(ROS), which disrupts the balance between free-radical
production and the body’s antioxidant capacity, ultimately
leading to oxidative stress (2, 3). The resulting oxidative
damage to proteins, membrane lipids, and nucleic acids
initiates cellular death. This process is a significant factor
in the pathogenesis of chronic diseases, particularly in
renal tissue injury (4, 5). Oxidative stress promotes lipid
peroxidation and mitochondrial DNA damage, impairs
ATP production, and exacerbates tissue damage (6, 7).
Increased levels of 6-methylguanine are also considered an
important indicator of oxidative DNA injury (8). Studies
have shown that oxidative stress levels in patients with
renal failure are higher than those in healthy individuals,
and even treatments such as hemodialysis may further
increase oxidative injury (9). On the other hand, regular
physical activity—despite acutely increasing ROS
production—enhances antioxidant defenses and reduces
oxidative damage over the long term (10, 11). As an
indicator of lipid peroxidation, malondialdehyde (MDA)
levels have been reported to be higher in inactive
individuals (14, 15), while regular exercise has been shown
to reduce oxidative DNA damage (16). Plant-derived
antioxidants also play an important role in improving
oxidative balance and preventing disease (17). Pumpkin
seeds are rich in unsaturated fatty acids, vitamins,
carotenoids, tocopherols, and minerals such as zinc and
selenium, and they can inhibit lipid peroxidation by
strengthening antioxidant defense systems (6, 18). Their
protective effects on the liver and the blood—brain barrier
have also been reported (19, 20). Considering the
independent antioxidant effects of endurance training and
pumpkin seed extract, studies examining their combined
(synergistic) impact on oxidative stress and renal DNA
damage are absent. Therefore, the present research was
conducted to investigate the effects of eight weeks of
endurance training combined with pumpkin seed extract on
oxidative stress markers and renal DNA damage in male
rats exposed to hydrogen peroxide.

Methods

In this study, 56 male Wistar rats weighing 200-220 g
were used. Upon transfer to the animal facility, the rats
were maintained for one week under standard conditions—
temperature 22 + 2°C, humidity 50 + 5%, and a 12:12 h
light—dark cycle—for acclimatization, with free access to
pellet food and tap water. After acclimation, the animals
were randomly assigned to seven groups (n=8 per group):
healthy control, toxin control, two pumpkin seed extract
groups (1 and 2 g/kg body weight), endurance training, and
two combined training + extract groups with the same
doses. To induce oxidative stress, all groups except the
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healthy control received intraperitoneal injections of
hydrogen peroxide at 100 mg/kg body weight for 14 days.
Pumpkin seed extract was prepared by grinding dried
seeds, soaking in 80% ethanol. The mixture was then
filtered, and the solvent was evaporated. Each 50 mg of
dried extract was dissolved in 0.1 mL of distilled water and
administered via gavage two hours after exercise. The
endurance training protocol consisted of eight weeks of
treadmill running (five sessions per week) on a rodent-
specific treadmill. Training began at 8 m/min with a 10%
incline and progressively increased to 20 m/min for 60
minutes per session by week eight. For tissue sampling, the
animals were euthanized via cervical dislocation. Kidney
tissues were excised, rinsed, snap-frozen in liquid nitrogen,
and stored at —80°C for protein analysis. RNA extraction
was performed using a Qiagen kit after homogenizing 30
mg of tissue. Total protein was isolated using a Pro-Prep
kit, and its concentration was measured using the BCA
method. Statistical analyses included mean + standard
deviation, the Kolmogorov—Smirnov test, Levene’s test,
and two-way ANOVA to assess the independent and
interactive effects of training and supplementation. The
significance level was set at 0.05, and graphs were
generated using GraphPad software.

Results

Hydrogen peroxide induction caused a significant
decrease in adenosine triphosphate (ATP) (P=0.001) and a
significant increase in 6-methylglutamine (P=0.001),
malondialdehyde (MDA) (P=0.001) and peroxidase-
antioxidant balance (PAB) (P=0.001) in kidney tissue. A net
effect of exercise (P=0.001), a net effect of supplementation
(P=0.001) and an interaction effect of
exercise+supplementation (P=0.039) were observed on the
concentration of ATP and PAB in kidney tissue. A net effect
of exercise (P=0.001) and a net effect of supplementation
(P=0.001) were observed on the concentration of 6-
methylguanine and MDA in kidney tissue, but the
interaction effect of exercise+supplementation was not
significant (P=0.391).

Conclusion

The results showed that induction of oxidative stress
through intraperitoneal injection of H,O, led to a significant
decrease in ATP and an increase in MDA, PAB, and 6-
methylguanine. Moreover, endurance training, pumpkin
seed extract supplementation, and their combination resulted
in significant increases in ATP and reductions in PAB.
However, despite the significant independent effects of
training and pumpkin seed extract on MDA and 6-
methylguanine, no synergistic effect was observed.
According to previous reports, increased oxidative stress and
disruption of PAB balance play a critical role in damage to
various organs (18). Oxidative stress is also elevated in
patients with renal failure (9), and the accumulation of ROS
is associated with impaired kidney function (7). In the
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present study, the greatest increase in ATP was observed in
the training + 2 g pumpkin seed extract group. Although
previous studies have reported inconsistent findings
regarding changes in renal ATP (24-27), exercise intensity,
exercise duration, and the time interval between the last
training session and sampling appear to be determining
factors. Previous findings from the research team also
indicated that pumpkin seed extract increases liver tissue
ATP (18). Given that pumpkin seeds are rich in vitamins A,
B, and E, folic acid, carotenoids, tocopherols, chlorophyill,
and minerals such as zinc and selenium (6), and even
increase swimming time to exhaustion (28), the increase in
renal ATP observed in this study seems reasonable. The
significant reduction in PAB also indicates an improvement
in antioxidant status. The independent effects of exercise
(29) and pumpkin seed extract have been reported in other
tissues, such as the liver (18, 20) and lungs (30). Based on
the results, the combination of training and pumpkin seed
extract led to a greater reduction in oxidative stress,
especially with higher doses. Endurance training also
reduced renal tissue MDA. Since MDA is one of the key
markers of lipid peroxidation (31), the findings of the present
study are consistent with similar results reported in active
women (32). Pumpkin seed extract also reduced MDA,
which can be attributed to its antioxidant properties and its
phenolic compounds and unsaturated fatty acids (19). The
reduction in 6-methylguanine also reflects an improvement
in DNA repair capacity. The accumulation of this compound
can lead to point mutations, and its reduction following
exercise and antioxidant adaptations has been previously
reported (8, 34). Pumpkin seed extract has also been
associated with reduced risk of certain cancers (6). Overall,
activation of anti-inflammatory pathways such as I1L-10 and
increased Nrf2 activity (35, 36), as well as improved
efficiency of the electron transport chain (37), may play
important roles in the findings of the present study. In
general, the results suggest that the combination of
endurance training and pumpkin seed extract—particularly
at a dose of 2 g/kg—exerts considerable synergistic effects
on enhancing renal antioxidant status and reducing oxidative
damage. These findings confirm the independent benefits of
exercise and pumpkin seed extract and indicate that their
combination may be a more effective approach for renal
protection under oxidative stress conditions.
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