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Background. The increasing prevalence of mood disorders among the elderly, together
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with the growing interest in medicinal plants and complementary therapies, highlights the
need for further research in this field. The present study investigated the effects of the
hydroalcoholic extract of Melissa officinalis on anxiety-like behavior and oxidative stress
parameters in the hippocampus of aged mice.

Methods. In this study, a total of 45 male albino mice were used, including young (2

months old) and aged (24 months old) animals. The animals in the aged intervention group
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received Melissa officinalis extract orally at a dose of 150 mg/kg body weight per day,
while the aged and young control groups received normal saline orally for 14 days. At the
end of the treatment period, behavioral assessments, including the Open Field Test and
the Elevated Plus Maze, were performed. In addition, serum corticosterone levels, total
antioxidant capacity, and hippocampal levels of malondialdehyde, superoxide dismutase,

and glutathione peroxidase were measured.

Results. Anxiety-like behavior was significantly increased in the aged control group
compared with the young control group (P<0.001). This change was accompanied by
elevated serum corticosterone levels, increased malondialdehyde concentrations, and
reduced antioxidant enzyme activities in the hippocampus (P<0.01). Administration of
the extract significantly improved anxiety-like behavior (P<0.01) and reduced serum
corticosterone levels (P<0.05) in the intervention group compared with the aged control
group. Moreover, treatment with the extract resulted in reduced malondialdehyde levels
(P<0.01) and improved antioxidant enzyme activities (P<0.05).

Conclusion. Overall, the findings suggest that the anxiolytic effects of Melissa officinalis
in aged mice are mediated, at least in part, through attenuation of stress axis activity,
reduction of oxidative stress, and enhancement of hippocampal antioxidant status.
Practical Implications. The use of Melissa officinalis extract may exert anxiolytic effects
in the elderly by improving hippocampal antioxidant defenses.
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Extended Abstract

Background

Aging is accompanied by progressive structural
and functional alterations in the central nervous
system, which can lead to cognitive and emotional
impairments, including an increased prevalence of
anxiety-like behaviors. Accumulating evidence
indicates that advancing age disrupts the balance of

neurochemical and hormonal systems in the brain,
resulting in stress responses. Among brain regions, the
hippocampus plays a pivotal role in the regulation of
emotion, memory, and stress responsiveness.
Additionally, it is particularly vulnerable to age-
related pathological processes.
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One of the major mechanisms underlying aging-
related neural damage is oxidative stress. An age-
dependent increase in reactive oxygen species
production, together with a decline in endogenous
antioxidant defense systems, contributes to lipid
peroxidation, protein oxidation, and neuronal
dysfunction. Previous studies have reported elevated
oxidative stress markers and reduced activity of
antioxidant enzymes, such as superoxide dismutase
(SOD) and glutathione peroxidase (GPx), in the
hippocampus of aged animals. These biochemical
alterations are closely associated with elevated levels
of stress hormones, including corticosterone, and the
manifestation of anxiety-like behaviors.

In recent years, growing attention has been
directed toward plant-derived compounds with
antioxidant and neuromodulatory properties as
potential interventions to prevent or attenuate age-
related neural dysfunction. Melissa officinalis is a
well-known medicinal herb traditionally used to
alleviate anxiety, improve the quality of sleep, and
enhance the function of nervous system.
Pharmacological studies have demonstrated that M.
officinalis  contains  phenolic and flavonoid
compounds with antioxidant, anti-inflammatory, and
neuroprotective effects. However, evidence regarding
its efficacy in ameliorating aging-associated anxiety-
like behaviors and oxidative stress, particularly in
specific regions of the brain such as the hippocampus,
remains limited and sometimes inconsistent.

Given the central role of the hippocampus in stress
regulation and its susceptibility to aging-related
damage, together with the therapeutic potential of M.
officinalis as a natural herbal compound, further
experimental investigation is warranted. Therefore,
the present study aimed to evaluate the effects of a
hydroalcoholic extract of M. officinalis on anxiety-
like behaviors, serum corticosterone levels, and
oxidative stress and antioxidant markers in the
hippocampus of aged mice.

Methods

This experimental study was approved by the
Regional Ethics Committee of Tabriz University of
Medical Sciences (IR.TBZMED.AEC.1400.005). A
total of 45 male albino mice were used in this study

and housed under standard laboratory conditions (24
+ 2°C, 12-h light/dark cycle) with free access to food
and water.

Animals were randomly divided into three groups
(n = 15 per group): (1) young control mice (2 months
old) receiving normal saline, (2) aged control mice (24
months old) receiving normal saline, and (3) aged
mice treated with hydroalcoholic extract of M.
officinalis (150 mg/kg; Aged + MO). All treatments
were administered orally by gastric gavage for 14
consecutive days at a fixed volume of 10 mL/kg.

The aerial parts of M. officinalis were collected
before flowering from an organic farm in FEast
Azerbaijan Province, Iran, authenticated, and
deposited in the herbarium of Tabriz University of
Medical Sciences. The collected plant material was
shade-dried, powdered, and extracted using a 30:70
ethanol-water solvent by warm maceration. The
solvent was removed under reduced pressure, and the
resulting dry extract was stored at 4°C in darkness
until use.

Behavioral assessments were performed in a quiet
room by an experimenter blinded to group allocation.
Anxiety-like behaviors were evaluated using the Open
Field Test (OFT) and the Elevated Plus Maze (EPM).
All sessions were video-recorded and analyzed using
EthoVision™ software.

Following behavioral testing,
anesthetized with ketamine/xylazine and euthanized.
Blood samples were collected for serum separation,
and hippocampal tissues were rapidly dissected,
frozen in liquid nitrogen, and stored at —70°C. Serum
corticosterone levels were measured using an ELISA
kit. Hippocampal homogenates were prepared for
biochemical analyses, including malondialdehyde
(MDA) as a marker of lipid peroxidation, total
antioxidant capacity (TAC), and the activities of SOD
and GPx, using standard commercial kits.

Statistical analyses were performed using
GraphPad Prism 8. The normality of data distribution
was assessed by the Kolmogorov—Smirnov test.
Results were presented as mean + SEM and analyzed
using one-way ANOVA followed by Tukey’s post hoc
test. P<0.05 was considered statistically significant in
this study.

animals were
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Results
In the OFT, locomotor activity did not differ
significantly among the experimental groups,

indicating that motor function was not affected by
aging or treatment. However, the time spent in the
central zone was significantly reduced in aged control
mice compared with young controls, reflecting
increased anxiety-like behavior. Treatment with M.
officinalis significantly increased central zone
exploration in aged mice relative to aged controls.

In the EPM, aged control mice exhibited a marked
reduction in both the percentage of time spent in open
arms (OAT%) and the percentage of open arm entries
(OAE%)  compared with young controls.
Administration of M. officinalis to aged mice
significantly increased both parameters, indicating an
anxiolytic-like effect.

Serum corticosterone levels were significantly
elevated in aged control mice compared with young
controls. Treatment with M. officinalis significantly
reduced corticosterone levels in aged mice.

Biochemical analyses of hippocampal tissue
showed significantly higher MDA levels and lower

TAC and SOD activity in aged control mice compared
with young controls, indicating enhanced oxidative
stress and impaired antioxidant defense. Treatment
with M. officinalis significantly reduced MDA levels
and increased TAC and SOD activity in aged mice.
Moreover, GPx activity did not differ significantly
among groups.

Conclusion

Overall, the findings of this study suggest that the
anxiolytic effects of M. officinalis in aged mice are
mediated, at least in part, through attenuation of stress
axis activity, reduction of oxidative stress, and
improvement of antioxidant status in the
hippocampus. The phenolic and flavonoid
constituents of M. officinalis, which possess
antioxidant and neuromodulatory properties, likely
play a crucial role in these protective -effects.
Nevertheless, further studies are required to elucidate
the precise molecular mechanisms and receptor
pathways involved in the neuroprotective actions of
this medicinal plant during aging.
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