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Keywords: present study aimed to investigate the effects of eight weeks of endurance training
combined with Shilaljit supplementation on oxidative stress markers and passive

Endurance training avoidance memory following cerebral ischemia-reperfusion injury in male rats.

Lipid peroxidation Materials and Methods: Thirty-five male Wistar rats (200-250 g) were randomly

Passive avoidance memory assigned to five groups: Control, Ischemia, Ischemia + Endurance Training, Ischemia +

Shilajit Shilajit, and Ischemia + Endurance Training + Shilajit. The endurance training protocol

Total antioxidant capacity and Shilajit supplementation (150 mg/kg) were administered for eight weeks. Following

the induction of cerebral ischemia-reperfusion, oxidative stress markers, including
malondialdehyde (MDA) and total antioxidant capacity (TAC), were measured. Passive
avofidancs memory was asselssed fusing thefsnuttledlclgox tei‘(st. Statistir(]:al analysis was
A : performed using one-way analysis of variance followed by Tukey’s post hoc test.
fcize%ii?rakUmverSIWOfMed'cal Results: Cerebral ischemia caused a significant increase in MDA (6.585+1.18) and a
significant decrease in TAC (0.376+0.081) compared to the control group (1.081+0.406,
1.712+0.229; p<0.0001). Endurance training (4.99+1.032, p<0.05) and the combination
of endurance training and shilajit supplementation (2.447+0.222, p<0.001) caused a
significant decrease in MDA compared to the ischemic group. In addition, the
combination of endurance training and shilajit supplementation caused a significant
increase in TAC compared to the ischemic group (0.887+0.185; p<0.05). In the
assessment of passive avoidance memory, the initial latency time to enter the dark
chamber was significantly reduced in the ischemic group (27.5+23.231) compared to the
control group (136.33+44.99; p<0.05), while this time increased in the endurance
training group (159+42) and the combination of endurance training and shilajit
supplementation group (140.8+53.844; p<0.05). Furthermore, the time spent in the dark
chamber was significantly increased in the ischemic group (110.5+55.507) compared to
the control group (8.5+14.053; 0.05). This time decreased significantly in the
endurance training group (0.5+1), the shilajit supplement group (17.67+31.207), and the
combination of endurance training and shilajit supplement group (25+50.498; p<0.05).
Conclusion: The findings obtained revealed that the combination of endurance training
and shilajit supplement consumption can significantly improve ischemia-induced
memory impairment by reducing oxidative stress and improving antioxidant capacity.
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INTRODUCTION

Cerebral ischemia is among the leading
causes of mortality and  long-term
neurological  disability ~ worldwide. The
interruption of cerebral blood flow followed
by reperfusion initiates a complex cascade of
pathological  events  characterized by
excessive production of reactive oxygen
species (ROS), mitochondrial dysfunction,
neuroinflammation, and apoptotic neuronal
death. Among the brain regions affected by
ischemic injury, the hippocampus,
particularly the CA1 subfield, exhibits
remarkable vulnerability because of its high
metabolic demand and sensitivity to oxidative
stress. Consequently, ischemic damage to the
hippocampus frequently results in learning
and memory deficits, substantially reducing
the quality of life of affected individuals.

Increasing evidence suggests that non-
pharmacological interventions, especially
regular physical exercise, can induce

neuroprotective adaptations before cerebral
insults occur. Endurance training enhances
endogenous antioxidant defenses, improves
mitochondrial efficiency, promotes cerebral
angiogenesis, and increases the expression of
neurotrophic factors, such as brain-derived
neurotrophic ~ factor ~ (BDNF),  thereby
improving neuronal survival and cognitive
performance. In addition to exercise, natural
compounds possessing antioxidant and anti-
inflammatory  properties have attracted
considerable attention as potential
therapeutic agents for ischemic brain injury.
Shilajit ~is a  mineral-rich  natural
phytocomplex containing fulvic acid, humic
substances, dibenzo-a-pyrones, amino acids,
and trace minerals. Previous experimental
studies have demonstrated its antioxidant,
anti-inflammatory, mitochondrial protective,
and neuroprotective properties. Nevertheless,
limited evidence exists regarding the
combined effects of endurance exercise and
Shilajit supplementation on oxidative stress
and cognitive function following cerebral
ischemia. Therefore, the present study aimed
to investigate whether eight weeks of
endurance training combined with Shilajit
supplementation could attenuate oxidative
stress and improve passive avoidance
memory in a rat model of cerebral ischemia—
reperfusion injury.

Materials and Methods

Thirty-five adult male Wistar rats (200-250 g)
were randomly assigned to five experimental
groups (n=7): Control, Ischemia, Ischemia +
Endurance Training, Ischemia + Shilajit, and
Ischemia + Endurance Training + Shilajit.
Animals were maintained under standard
laboratory  conditions (22+2 °C, 12-h
light/dark cycle) with free access to food and
water throughout the experiment. The
endurance training intervention consisted of
an 8-week progressive treadmill-running

program, performed 5 days per week.
Training intensity and duration were
gradually increased during the adaptation
period until the animals completed 60 min of
running per session at a moderate intensity
(approximately 25 m-min™, 0° inclination), a
protocol designed to induce physiological
adaptations  without causing  excessive
fatigue. Rats in the supplementation groups
received Shilajit orally at a dose of 150
mg-kg<-day® throughout the eight-week
intervention period. The supplement was
freshly prepared before administration to
ensure stability and consistency of dosing.
After the last training session, transient global
cerebral ischemia was induced under general
anesthesia using the bilateral common carotid

artery occlusion (BCCAO) model. Both
common carotid arteries were carefully
isolated and occluded with atraumatic

vascular clips for 20 min, followed by clip
removal to allow reperfusion.  This
experimental model closely reproduces the
oxidative and neuronal damage associated
with cerebral ischemia—reperfusion injury.
Behavioral function was assessed using the
passive avoidance shuttle-box test. Step-
through latency (STL) and the total time spent
in the dark compartment (TDC) were
recorded as indicators of learning acquisition
and memory retention. Oxidative stress was
evaluated by measuring serum
malondialdehyde (MDA) concentrations as an
index of lipid peroxidation and total
antioxidant capacity (TAC) as an indicator of
systemic  antioxidant defense. Statistical
analyses were performed using one-way
analysis of variance (ANOVA) followed by
Tukey's post hoc test. A P-value < 0.05 was
considered statistically significant.

Results

Induction of cerebral ischemia produced
marked oxidative stress and significant
impairment of passive avoidance memory
compared with healthy controls. Rats
subjected to ischemia exhibited a substantial
elevation in serum MDA concentrations
accompanied by a pronounced reduction in
TAC, confirming severe oxidative damage
induced by ischemia-reperfusion. Endurance
training  significantly  attenuated lipid
peroxidation by reducing MDA levels
compared with untreated ischemic animals.
Although Shilajit supplementation alone also

improved oxidative status, the greatest
reduction in MDA was observed when
endurance training and Shilajit
supplementation were administered
simultaneously.  Similarly, TAC  values
increased significantly in the combined
intervention group, indicating enhanced
antioxidant defense capacity. Behavioral
assessment ~ demonstrated  considerable

cognitive impairment after cerebral ischemia.
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The ischemic group showed significantly
shorter latency to enter the dark compartment
together with prolonged time spent inside the
dark chamber, reflecting impaired memory
retention.  Endurance training markedly
improved passive avoidance performance,
whereas  Shilajit  supplementation  also
produced measurable cognitive benefits. The
combination therapy produced the most
pronounced improvements, restoring
behavioral performance to levels comparable
to those observed in healthy control animals.
Collectively, these findings demonstrate that
simultaneous endurance training and Shilajit
supplementation reduced oxidative damage
while preserving cognitive function following
cerebral ischemia-reperfusion injury.

Conclusion

The present findings indicate that endurance
exercise and Shilajit supplementation exert
complementary  neuroprotective  actions
against ischemia-induced oxidative stress and
cognitive  dysfunction.  Excessive =~ ROS
production following cerebral ischemia
disrupts cellular membranes through lipid
peroxidation, damages mitochondrial
integrity, and initiates apoptotic signaling

pathways. Elevated MDA concentrations
observed in the ischemic animals are
consistent  with these pathological

mechanisms. Regular endurance exercise
enhances endogenous antioxidant enzyme
systems, improves cerebral circulation,
stimulates mitochondrial biogenesis, and
increases resistance to oxidative injury. These
physiological adaptations likely contributed
to the observed reduction in lipid
peroxidation and improvement in antioxidant
capacity. Shilajit supplementation appears to
reinforce these protective effects through its
potent antioxidant constituents, particularly
fulvic acid and other bioactive compounds

capable of scavenging free radicals,
preserving  mitochondrial  function, and
suppressing inflammatory responses. The

synergistic interaction between endurance
exercise and Shilajit may explain the superior
biochemical ~and behavioral outcomes
observed in the combined treatment group.
Improved passive avoidance memory further
supports the hypothesis that attenuation of
oxidative stress contributes directly to
preservation of hippocampal  neuronal
integrity. Since hippocampal neurons are
highly  susceptible to ischemic injury,
reducing oxidative damage likely facilitates
maintenance of synaptic plasticity and
memory consolidation. Although the present

findings are promising, several limitations
should be acknowledged. Histopathological
evaluation of hippocampal neurons and
direct measurements of cerebral blood flow
were not performed. Future investigations
should incorporate molecular biomarkers,
neurotrophic factors, inflammatory cytokines,
and histological analyses to clarify the precise
mechanisms  underlying the  synergistic
neuroprotective effects observed.
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