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Abstract
Introduction: Alzheimer’s disease (AD) is associated with mitochondrial dysfunction,

decreased adenosine triphosphate (ATP) production, and increased oxidative stress in
hippocampal neurons. Non-pharmacological interventions such as physical activity and
Alzheimer's herbal compounds can enhance mitochondrial function; however, their combined effects
ATP remain unclear. This study aimed to investigate the synergistic effect of swimming
Clove oil exercise and clove oil on mitochondrial ATP levels in the hippocampus of model rats with
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Alzheimer’s.

Methods: In this experimental study, 36 male Wistar rats were randomly assigned to six
groups: control, Alzheimer’s, Alzheimer’s+exercise, Alzheimer’s+clove,
Alzheimer’s+exercise+clove, and healthy+exercise. The Alzheimer’s model was induced
by intracerebroventricular injection of aggregated beta-amyloid 1-42 (AB1-42) peptide
into the CA1 region of the hippocampus. Swimming exercise was performed for three
weeks (30 minutes daily, water temperature 32 + 1°C). Clove oil containing 80% eugenol
was administered orally at a dose of 0.1 mg/kg body weight daily. At the end of the
intervention, mitochondrial ATP levels were measured using the Abcam ATP Assay Kit.
Data were analyzed after normality testing with the Shapiro—Wilk test, followed by one-
way ANOVA and Tukey’s post hoc test.

Results: Induction of Alzheimer’s disease significantly decreased hippocampal ATP levels
(p<0.001). Both swimming exercise and clove oil alone significantly increased ATP
compared to the Alzheimer’s group (p<0.01). The combined intervention exhibited a
pronounced synergistic effect on ATP elevation (p<0.001).

Conclusion: Swimming exercise and clove oil may mitigate Alzheimer’s-induced
reductions in ATP levels by improving mitochondrial function. These interventions could
serve as complementary and safe approaches in managing neurodegenerative disorders.
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INTRODUCTION

Alzheimer’s disease is a progressive
neurodegenerative disorder characterized by
cognitive impairment, synaptic dysfunction, and
widespread neuronal degeneration. Among the
pathological mechanisms implicated in its
progression, mitochondrial dysfunction plays a

central role. Neurons have high metabolic
demands, and impairment in mitochondrial
oxidative phosphorylation can severely
compromise their ability to maintain

energy-dependent processes. Reduced adenosine
triphosphate (ATP) availability in the hippocampus,
a region essential for learning and memory, has
been frequently documented in Alzheimer’s
disease models and is believed to contribute to
accelerated cognitive decline. Mitochondrial
deficits are also associated with increased
oxidative stress, accumulation of reactive oxygen
species, and disruption of neuronal homeostasis.
Given the limited effectiveness of pharmacological
therapies, non-pharmacological strategies and
natural compounds have become important areas
of research. Aerobic exercise is widely recognized
for its ability to improve mitochondrial function,
stimulate antioxidant systems, and promote
neuroplasticity. Swimming exercise, in particular,
provides a controlled aerobic stimulus that can
activate metabolic pathways while reducing
mechanical stress on the body. Concurrently,
phytochemicals derived from medicinal plants
have received increasing attention for their
potential neuroprotective properties. Clove oil,
extracted from Syzygium aromaticum, contains
high concentrations of eugenol, a compound with
demonstrated antioxidant and anti-inflammatory
activity. Eugenol has been shown to reduce
oxidative damage, support mitochondrial stability,
and improve overall cellular resilience. Although
both swimming exercise and clove oil have been
individually associated with enhanced
mitochondrial performance, the combined impact
of these interventions on hippocampal ATP levels
has not been extensively investigated. A clearer
understanding of whether these strategies exert
additive or synergistic effects may contribute to
the development of accessible and non-invasive
approaches for improving neuronal energy
metabolism in neurodegenerative conditions.
Therefore, the present study was designed to
evaluate the independent and combined effects of
swimming exercise and clove oil supplementation
on mitochondrial ATP concentration in the
hippocampus of rats with experimentally induced
Alzheimer’s disease.

METHODS

This study utilized 36 adult male Wistar rats
maintained under controlled temperature,
humidity, and light-dark conditions. After
acclimatization, the animals were randomly

divided into six groups consisting of six rats each:
control, Alzheimer’s, Alzheimer’s+exercise,
Alzheimer’s+clove, Alzheimer’s+exercise+clove, and
healthy+exercise. All experimental procedures were
conducted in accordance with established ethical
guidelines for the treatment of laboratory animals. To
induce Alzheimer-like pathology, aggregated
beta-amyloid 1-42 peptide was administered
intracerebroventricularly into the CA1 region of the
hippocampus. This procedure is widely accepted as an

effective model for producing mitochondrial
dysfunction, oxidative imbalance, and cognitive
impairment similar to those observed in human

Alzheimer’s disease. Following induction of the disease
model, the experimental interventions were applied
for three weeks. The exercise groups underwent a daily
swimming protocol in which each animal swam for 30
min in a water tank maintained at approximately 32°C.
This protocol was designed to induce moderate aerobic
activity capable of promoting mitochondrial and
metabolic adaptations.

In the clove oil group, animals received oral clove oil at
a dose of 0.1 mg/kg of body weight per day. The
preparation consisted of approximately 80% eugenol.
Rats in the Alzheimer's+exercise+clove oil group
received both interventions simultaneously. At the end
of the intervention period, animals were sacrificed
under appropriate conditions and hippocampal tissues
were harvested. Mitochondria were isolated using
standard laboratory procedures, and ATP
concentrations were measured using the Abcam ATP
Assay Kit. This method provides a sensitive indicator of
mitochondrial energy production and allows precise
quantification of ATP levels. Statistical analyses were
conducted following verification of normality using the
Shapiro—Wilk test. Differences among groups were
determined via one-way ANOVA, and statistically
significant results were further examined using Tukey’s
post hoc test. A P-value of less than 0.05 was
considered statistically significant.

RESULTS

The collected data indicated that beta-amyloid
administration significantly reduced mitochondrial ATP
concentration in hippocampal tissue compared with
the control group. This confirmed that the
Alzheimer-like model produced substantial disruption
in mitochondrial energy metabolism. The decline in
ATP levels reflects impaired oxidative phosphorylation
and is consistent with findings from previous studies on
mitochondrial dysfunction in Alzheimer’s disease.
Swimming exercise resulted in a significant increase in
ATP concentration in the Alzheimer’s exercise group
relative to the untreated Alzheimer’s group. This
improvement suggests that aerobic exercise can
partially restore mitochondrial function in hippocampal
neurons. Mechanisms underlying this enhancement
may include increased mitochondrial biogenesis,
improved oxidative enzyme activity, and strengthened
antioxidant defense systems. Clove oil
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supplementation also significantly elevated ATP
levels compared with the Alzheimer’s group. The
observed improvement in the Alzheimer’s clove oil
group is likely due to the antioxidant and
membrane-stabilizing properties of eugenol. By
reducing oxidative stress, clove oil may help
maintain mitochondrial integrity and promote
efficient ATP production. The largest increase in
ATP concentration occurred in the Alzheimer’s
exercise—clove oil group. The combined
intervention produced significantly higher ATP
levels than those observed in either the
exercise-only or clove-oil-only groups. This
suggests a synergistic interaction, where aerobic
exercise enhances mitochondrial capacity while
clove oil reduces oxidative damage, resulting in
greater overall improvement in neuronal energy
metabolism. The healthy exercise group also
showed relatively high ATP levels, supporting the
general notion that regular aerobic exercise
promotes  mitochondrial health even in
non-pathological conditions.

CONCLUSION

The results of this study demonstrate that swimming
exercise and clove oil supplementation each exert
beneficial effects on mitochondrial ATP production
in the hippocampus of rats with experimentally
induced Alzheimer’s disease. More importantly, the
combined intervention produced a greater
enhancement of ATP levels than either treatment
alone, indicating a synergistic interaction. These

findings highlight the potential of integrating
lifestyle-based strategies with natural antioxidant
compounds as complementary approaches for
supporting neuronal energy balance in

neurodegenerative conditions. Swimming exercise and
clove oil are both inexpensive, accessible, and associated
with minimal side effects, making them promising
candidates for non-pharmacological support in the
management of Alzheimer’s disease. Further research is
required to determine the molecular pathways involved,
assess long-term outcomes, and evaluate whether similar
effects may be observed in other models or in human

populations.
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