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of the hippocampus in sensory-motor functions, we conducted the present study.

. In this experimental laboratory study, 40 female Wistar
rats were randomly divided into five groups of eight: a control group, a
methamphetamine group, a methamphetamine with aerobic exercise group, a
methamphetamine with berberine hydrochloride group, and a methamphetamine
with aerobic exercise and berberine hydrochloride group. Following anesthesia
induction, hippocampal samples were isolated and examined under a light
microscope.

: Histopathological analysis revealed significant tissue disorganization and
prominent vascular dilation in the hippocampal region of methamphetamine-treated
subjects. The methamphetamine with the exercise group exhibited tissue
disorganization accompanied by slight hyperemia. In the methamphetamine group
with berberine hydrochloride, cellular integrity was better than in the
methamphetamine group, although hyperemia and vascular dilation were still
evident. Compared to the group receiving berberine alone, the methamphetamine,
exercise, and berberine hydrochloride group demonstrated improved activity and

morphology with less hyperemia. Keywords: Methamphetamine,

: Methamphetamine has detrimental effects on hippocampal tissue, Histopathology, Hippocampus,
disrupting cellular integrity and leading to hyperemia and vascular dilation. The Berberine  hydrochloride,
simultaneous use of berberine hydrochloride and exercise yields more effective Aerobic exercise

outcomes than using either intervention alone.
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Impact of Aerobic Exercise and Berberine on Hippocampal...

Introduction

Methamphetamine is a highly potent central
nervous system stimulant known for inducing
severe dependency and addiction with prolonged
use. This drug significantly increases the release
of neurotransmitters, such as dopamine, leading to
heightened feelings of euphoria and increased
energy. However, chronic methamphetamine use
can result in devastating consequences for both
physical and mental health, including
neurotoxicity, cognitive impairments, and
alterations in mood and behavior. One of the
critical brain regions affected by
methamphetamine is the hippocampus, which is a
crucial component of the limbic system located in
the temporal lobe of the brain. The hippocampus
is densely populated with neurons and plays a
vital role in various functions, including memory
formation, emotional regulation, and sensory-
motor integration.

Given the widespread abuse of
methamphetamine and its detrimental effects on
the hippocampus, understanding ways to mitigate
this damage is of paramount importance. Recent
research has highlighted the potential of berberine
hydrochloride, an alkaloid derived from several
plant species, to exhibit neuroprotective
properties. Berberine has garnered attention in the
scientific community for its ability to promote
neuronal health and protect against various forms
of neurotoxicity. Its mechanisms of action may
involve antioxidant effects, anti-inflammatory
properties, and enhancement of neuronal survival
pathways.

In light of the significant implications of
methamphetamine abuse on the hippocampus and
the promising neuroprotective potential of
berberine  hydrochloride, our study was
meticulously designed to investigate the effects of
berberine on hippocampal neurons exposed to
methamphetamine. We aimed to explore whether
berberine could attenuate the neurotoxic effects
induced by methamphetamine and promote
neuronal survival and functional recovery. By
assessing various neurobiological markers,
cognitive functions, and behavioral outcomes, we
hope to contribute valuable insights into potential
therapeutic interventions for individuals suffering
from methamphetamine dependency and its
associated cognitive deficits. This research holds
the promise of enhancing our understanding of the
neurobiological consequences of
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methamphetamine abuse and paving the way for
the development of effective treatment strategies
that harness the neuroprotective properties of
compounds like berberine hydrochloride.

Methodology

In this experimental laboratory investigation, 40
female Wistar rats were randomly assigned to five
groups: a control group, a methamphetamine
group, a methamphetamine with aerobic exercise
group, a methamphetamine with berberine
hydrochloride group, and a methamphetamine
with aerobic exercise and berberine hydrochloride
group. Rats were administered intraperitoneally
with methamphetamine at a dose of 15 mg every
12 hours for 4 days. Additionally, berberine
hydrochloride was injected intraperitoneally in a
dose of 100 mg per kilogram daily for 4 weeks
into the recipient groups. The aerobic exercise
protocol consisted of treadmill running for
rodents, including an 8-week running program
with increasing intensity from 15 minutes to 50
minutes. In this exercise regimen, the maximum
daily speed increased from 12 cm/s to 54 cm/s,
with a 5% incline introduced in the fourth week.
Following anesthesia induction, hippocampal
samples were extracted and examined using a
light microscope.

Results

The findings of the study revealed significant
alterations in the hippocampal structure of
subjects  exposed to  methamphetamine.
Specifically, tissue disorganization and vascular
dilation were prominently observed in the
hippocampus of the methamphetamine-only
group, indicating that the neurotoxic effects of
methamphetamine lead to detrimental changes in
the brain's architecture, potentially affecting
cognitive and emotional functions regulated by
the hippocampus.

In contrast, the group that engaged in exercise
while receiving methamphetamine displayed a
somewhat different profile. Although these
subjects also exhibited tissue disorganization,
there was evidence of slight hyperemia,
suggesting that while exercise may not
completely counteract the adverse effects of
methamphetamine on tissue structure, it may
mitigate vascular responses.
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The group administered berberine
hydrochloride  alongside  methamphetamine
showed notable improvements in cellular integrity
compared to the methamphetamine-only group.
While hyperemia and vascular dilation were still
present, the overall cellular condition appeared
less compromised, highlighting the potential
protective effects of berberine hydrochloride in
preserving aspects of cellular health in the
presence of methamphetamine's neurotoxic
effects.

Furthermore, the most promising results were
observed in the group that received a combination
of methamphetamine, exercise, and berberine
hydrochloride.  This group  demonstrated
enhanced activity levels, better morphological
characteristics, and a reduction in hyperemia
compared to the group that solely received
berberine hydrochloride. The synergistic effects
of combining exercise  with  berberine
hydrochloride seem to provide a more robust
protective mechanism against the harmful impact
of methamphetamine, suggesting that both
physical activity  and pharmacological
intervention can work together to promote better
outcomes for brain health.

These findings underscore the complex
interplay between substance exposure, exercise,
and potential neuroprotective agents, pointing to
important implications for therapeutic strategies
aimed at mitigating the effects of
methamphetamine use. Further research is
warranted to explore the underlying mechanisms
driving these observations and assess the long-
term benefits of such combined interventions in
preclinical and clinical settings.

Discussion

The study revealed that the hippocampus in the
control group displayed a normal structure. In
contrast, the methamphetamine group exhibited
significant  tissue disruption and cellular
disorganization, accompanied by indications of
hyperemia and vascular dilation. Exercise did not
lead to recovery in the methamphetamine group,
but the addition of berberine hydrochloride
improved cellular organization and integrity,
reducing hyperemia.

Previous studies corroborate these findings,
with Omamuyovwi et al. (2011) showing cell
vacuolation and damage in methamphetamine-
treated rats, and Alizadeh et al. (2020) linking
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methamphetamine use to spatial memory
disruption and altered hippocampal signaling.
Rezaeian et al. (2020) demonstrated that berberine
reduced addiction-related behaviors and exhibited
neuroprotective effects. Li et al. (2022) found that
moderate exercise reduced inflammatory markers
related to methamphetamine. Park et al. (2016)
noted that exercise mitigated blood-brain barrier
permeability issues caused by methamphetamine.

In our study, similar to Park et al., exercise did
not improve tissue condition, confirming
persistent hippocampal damage from
methamphetamine.

Conclusion

In conclusion, the results obtained from the
present study indicate that methamphetamine
induces morphological changes, including
irregularities, alterations in cell size and
dispersion, cellular necrosis, hemorrhage, and
vascular dilation in hippocampal tissue. Although
aerobic exercise alongside methamphetamine still
exhibited the aforementioned morphological
changes, hemorrhage, and vascular dilation, the
use of berberine hydrochloride in combination
with methamphetamine resulted in better tissue
integrity and organization compared to the
methamphetamine group alone, albeit with
increased vascularity and blood flow. The
combination of aerobic exercise and berberine
hydrochloride  alongside  methamphetamine
minimized  morphological  changes  and
maintained acceptable cell organization and
integrity. However, tissue still exhibited
alterations compared to the control group, and
signs of inflammation were also noted.
Considering these findings, while the concurrent
use of berberine hydrochloride and aerobic
exercise alongside methamphetamine is more
effective in reducing tissue manifestations caused
by methamphetamine when employed separately,
there remains a residual morphological impact of
methamphetamine on the hippocampus. This
suggests that the proposed strategies and
treatments may not fully mitigate the effects of
methamphetamine.
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