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Abstract

Introduction: RBM24 is an RNA-binding protein involved in neuronal differentiation, RNA stability, and adult
neurogenesis. Dysregulation of RBM24 has been associated with impaired neural regeneration and enhanced
neurodegenerative processes, which are key pathological features of Parkinson’s disease. Considering the neuroprotective
effects of exercise and herbal antioxidants, this study aimed to investigate the combined effects of aquatic exercise and
Panoeol herbal supplementation on RBM24 gene expression in a mouse model of Parkinson’s disease.

Methods: For this research and case study, we chose two autistic children, from a rehabilitation center in Tehran. This
selection was made through the A-B-A method, considering their HFA and 1Q scores (60-90). The participants were a 12-
year-old boy with an IQ score of 67 and an 11-year-old girl with an I1Q score of 60. Following their parents' approval, they
agreed to take part in the study. Subsequently, they completed a pre-test before beginning the rehabilitation exercises,
which were designed to last for 12 weeks, totaling 36 sessions of 60 minutes each. To enhance the precision and success
of the targeted exercise program, we employed a single-subject research approach. The assessments were conducted prior
to the start of the intervention, followed by the completion of the targeted exercises over 12 weeks (36 sessions) of 60
minutes each, divided into two 30-minute segments with a 10-15 minute break in between. To enhance the precision and

efficiency of the targeted training program, a single-subject research approach was employed. Following 18 training
sessions and throughout the follow-up period, the participants underwent assessments, and a comprehensive evaluation
was conducted at the conclusion and post-training. The (EMS) emotional Development questionnaire were utilized to
measure the impact of the targeted training program on the improvement of emosional abilities.

Findings: Parkinson’s induction significantly decreased RBM24 gene expression compared to the healthy control group.
Both aquatic exercise and Panoeol supplementation independently increased RBM24 expression; however, the greatest
increase was observed in the combined intervention group (p < 0.05).

Conclusion: The combination of aquatic exercise and Panoeol supplementation effectively increases RBM24 gene
expression in a Parkinson’s disease mouse model. These findings suggest that RBM24 may play a key mechanistic role
in the neuroprotective effects of exercise and herbal supplementation and could serve as a potential therapeutic target for
slowing neurodegeneration in Parkinson’s disease.
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1. Introduction

Parkinson’s disease (PD) is one of the most
common neurodegenerative disorders in
adults, characterized by the loss of
dopaminergic neurons in the substantia nigra
pars compacta and the onset of motor
symptoms such as tremor, muscle rigidity,
bradykinesia, and postural instability(1). In
addition to motor deficits, patients with PD
exhibit widespread molecular and cellular
alterations, including neuroinflammation,
oxidative stress, disturbances in trophic
signaling, changes in gene expression, and
dysregulation of RNA post-transcriptional
processing(2). These molecular alterations can
accelerate disease progression and reduce the
efficacy of conventional pharmacological
treatments, highlighting the importance of
identifying novel molecular targets for
therapeutic interventions(3). Accumulating
evidence indicates that regular physical
exercise, particularly aquatic exercise or
hydrotherapy, exerts multiple beneficial effects
on brain function and neuronal health. Aquatic
exercise not only improves physical
performance and motor function but also
enhances neuronal plasticity and survival by
modulating inflammatory and oxidative stress
responses and activating protective molecular
pathways(4). Previous studies have shown that
regular exercise can increase the expression of
neurotrophic factors, reduce levels of pro-
inflammatory cytokines, and improve cognitive
performance in both animal models and
humans(2). In parallel, supplementation with
plant-derived
antioxidant and anti-inflammatory properties,
such as Panoeol, has emerged as a potential

compounds exhibiting

adjunctive strategy for mitigating neuronal
damage and promoting neuronal function.

Such supplements may synergistically enhance
the neuroprotective effects of physical exercise
and modulate molecular pathways associated
with neuronal survival and plasticity(5). The
combined intervention of aquatic exercise and
herbal supplementation may therefore produce
additive or synergistic effects on neuronal
protection and molecular regulation(6).

RBM24 (RNA-binding motif protein 24) is an
RNA-binding protein involved in the regulation
of post-transcriptional processes, including
mRNA stability and splicing. While previous
studies have predominantly focused on its role
in muscle and cardiac tissues, its expression and
function in the brain, particularly in
neurodegenerative conditions such as PD,
remain largely unexplored(7). Given that
RBM24 is less connected with well-
characterized inflammatory and neuroplastic
pathways, investigating its role provides an
opportunity to uncover novel molecular
mechanisms underlying neuronal responses to
and herbal supplementation(8).
Therefore, the present study aims to investigate
the role of RBM24 in the molecular response to
aquatic exercise and Panoeol supplementation

exercise

in a mouse model of Parkinson’s disease. We
hypothesize that these interventions may
significantly alter RBM24 expression in key
brain regions, including the substantia nigra and
potentially
neuroprotective mechanisms and modulation of
cellular responses. This study may provide new
insights into the impact of combined physical
and dietary interventions on understudied RNA-
binding proteins and their potential as targets
for neuroprotection in PD.

striatum, contributing to
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2. Materials and Methods

In this experimental study, 30 male C57BL/6
mice, aged 8-10 weeks and weighing between 20
and 25 grams, were obtained from the
Laboratory Animal Breeding and Propagation
Center at Isfahan Royan Center. Following
transfer to a specialized laboratory, the animals
were allowed a one-week acclimation period to
adapt to the new environment. Throughout the
entire study, the mice were maintained under
standard laboratory conditions, including a 12-
hour light-dark cycle, ambient temperature of
20-22°C, relative humidity of 55%, and free
access to food and water. All experimental
procedures were conducted in accordance with
ethical guidelines for the use of laboratory
animals and the principles of the Helsinki
Declaration, and the study protocol was
approved by the Ethics Committee of Islamic
Azad University, Isfahan (Khorasgan).

Induction of Parkinson’s disease

To induce a Parkinson’s disease model, male
C57BL/6 mice were administered MPTP (1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine), a
neurotoxin widely used to induce dopaminergic
neuron degeneration. MPTP was injected
intraperitoneally at a dose of 30 mg/kg per day
for five consecutive days(9).

Grouping and research design

A total of 30 mice were randomly divided into
five groups: Parkinson’s, aquatic exercise +
Parkinson’s, Panoeol
aquatic

supplementation + Parkinson’s. It is worth
noting that, to evaluate the effect of Parkinson’s
induction, 5 healthy mice were included in the

healthy control group.

supplementation +

Parkinson’s, exercise + Panoeol

Aquatic Exercise Protocol

The aquatic exercise protocol consisted of
8weeks of swimming in a circular rodent pool
with a diameter of 1 meter, water depth of 50 cm,
and temperature maintained at 25 + 2°C. Each
session lasted 50 minutes at moderate intensity,
with three sessions per week. Prior to each
session, the animals were allowed 1 minute of
acclimation in the
themselves with the environment and perform a
warm-up. During the main exercise, mice were
released from a fixed section of the pool and,
while swimming, navigated to a hidden platform
acting as a safety refuge. The platform was 10 cm
in diameter, made of transparent plexiglass, and
positioned 1 cm below the water surface. As soon
as a mouse reached the platform, its position was
changed to ensure continuous swimming and
active exercise throughout the session. This
protocol ensured that mice performed moderate-
intensity aerobic exercise while minimizing
stress and allowing for consistent engagement
during each session.

water to familiarize

Panoeol Supplementation Protocol

Panoeol was administered to the mice via
drinking water at a dose of 1 gram per mouse
every 12 hours (twice daily) for 56 days (8
weeks). The supplement consisted of a mixture
of three probiotic bacterial strains: Lactobacillus
acidophilus ~ (ATCC  4356), Lactobacillus
fermentum (ATCC 9338), and Bifidobacterium
(DSM  10140),
proportions. Each strain was added at
approximately 10710 colony-forming units
(CFU) per 334 mg of water solution.The probiotic
strains were prepared in a water-soluble
formulation and purchased from Zist-Takhmir
Company (Tehran, Iran).

lactis combined in equal
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This protocol ensured consistent intake of the
probiotic mixture along with drinking water
throughout the intervention period(10).

Molecular Analysis of brain Tissue by Real
Time PCR

The Real Time PCR method was used to
determine the expression level of the RBM24
gene. In this procedure, 50 mg of brain tissue was
first isolated, and RNA extraction was carried out
for all experimental groups according to the
manufacturer's protocol (Qiagen, Germany).To
evaluate RNA quality, the samples were first
electrophoresed on an agarose gel and then
assessed for purity by measuring optical
absorption at a wavelength of 260 nm using a
Sigma PicoDrop device (USA).

Statistical analysis

To analyze the data in this study, the Shapiro-
Wilk test was first applied to assess the normality
of the data distribution. After confirming that the
findings followed a normal distribution, a one-
way analysis of variance (One-way ANOVA) was
employed to compare the groups.

3. Results

The results of one-way analysis of variance
indicated that RBM24 gene expression in the
brain tissue of Parkinsonian mice differed
significantly among the various groups
(P=0.001). Tukey’s post hoc test showed that
RBM24 expression in the Parkinson’s group was
significantly decreased compared to the control
group (P=0.05). Moreover, the aquatic exercise
group (P=0.001), Panouel supplement group
(P=0.001), and the combined aquatic exercise
plus Panouel supplement group (P=0.001)
showed a significant increase in RBM24
expression compared to the Parkinson’s group,
with the combined exercise and supplement
group exhibiting the greatest increase among all
groups.

Table 1. RBM24 Gene Expression Levels in Brain Tissue Assessed by One-Way Analysis of Variance

sum of squares df average of | F P
squares
between groups 299 4 072 92.794 .0001
within the group .019 25 .001
Total 309 29
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3. Discussion

The results of this study showed that Panouel
supplement consumption and aquatic exercise
led to a significant increase in RBM24 gene
expression in the Parkinson’s group, and this
increase was greatest in the combined aquatic
exercise and Panouel supplement group.
Parkinson’s disease has a wide range of
complications, the most important of which are
neuromuscular impairments and
cognitive/motor dysfunction. Studies have

shown that certain positive lifestyle changes,
such as a healthy diet and exercise, can improve
neurological disorders and complications of
Parkinson'’s disease through various
mechanisms (2, 11). The aim of this study was to
investigate the effect of eight weeks of aquatic
exercise combined with Panouel supplement
consumption on RBM24 gene expression in the
brain tissue of Parkinsonian mice. According to
the results obtained, Parkinson’s induction
caused brain dysfunction and a decrease in
RBM24 gene expression.(8). After eight weeks of

aquatic exercise and Panouel supplement
consumption, RBM24 gene expression increased
in the Parkinson’s group compared to the control
group. The reduction of RBM24 expression in the
Parkinson’s group may be attributed to neuronal
dysfunction and damage to nerve cells in
Parkinson’s disease. The possible mechanisms
underlying the effect of aquatic exercise and
Panouel supplementation on increasing RBM24
expression include improved neuronal metabolic
function, enhanced neurotrophic support,
increased neural plasticity, and reduced
oxidative stress(12, 13). These results indicate
that the combination of aquatic exercise and
Panouel supplementation has a synergistic effect
and produced the greatest increase in RBM24
expression compared to the other groups(8, 14).
RBM24 is an important protein involved in
neuronal function and the regulation of neural
gene expression, playing a crucial role in
maintaining neuronal stability and protecting
neurons from damage(15).

In this study, RBM24 expression was found to be
reduced in the Parkinson’s group, while aquatic
exercise combined with Panouel
supplementation led to an increase in its
expression in Parkinsonian mice.(16, 17). Wang
and colleagues demonstrated that RBM24 is a
tissue-specific splicing factor that plays a critical
role in the differentiation and regeneration of
adult muscle cells. Deletion of RBM24 in mice
leads to impaired muscle regeneration and
delayed repair. This gene regulates a network of
alternative  splicing events involved in
myogenesis, muscle regeneration, and
hypertrophy. The study results indicate that
RBM24 is essential for adult tissue regeneration
and may serve as an important target for
improving cellular repair under injury or disease
conditions.(8, 18) Overall, recent studies indicate
that RBM24 plays a key role in neural stem cells
and adult neurogenesis, particularly in the
subventricular zone, and its reduction or
deletion is associated with impaired
neurogenesis and the emergence of Parkinson’s-
like phenotypes(15). Evidence also suggests that
RBM24 can modulate regulatory pathways
related to cell survival or death in various tissues
and is involved in the regulation of apoptosis,
although this role is tissue-dependent and, in
some cancers, has even been associated with
increased apoptosis. On the other hand, long-
term aerobic exercises, such as swimming, in
neurodegenerative models (including mouse
models of brain diseases) have been shown to
enhance antioxidant capacity, reduce ROS levels
and oxidative stress markers, and improve
cognitive and motor functions.(19, 20). These
effects are generally associated with activation of
antioxidant pathways (such as
Nrf2/Keap1l/GPX4) and reduced cell death.
Based on this evidence, references can be used in
your discussion regarding the role of RBM24 in
neurogenesis and Parkinson’s disease, its role in
apoptosis regulation, and the antioxidant and
neuroprotective effects of exercise (particularly
swimming) on the brain and Parkinsonian
models(8, 21).
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The combination of aquatic exercise and Panouel
supplementation has a synergistic effect: aquatic
exercise provides a protective environment and
activates neurotrophic pathways, while Panouel
supplementation adds antioxidant effects and
enhances gene regulatory pathways(1). This
combination leads to a significant increase in
RBM24 expression in the brains of Parkinsonian
mice, thereby contributing to improved
neurogenesis and neuronal regenerationThe
combination of aquatic exercise and Panouel
supplementation has a synergistic effect: aquatic
exercise provides a protective environment and
activates neurotrophic pathways, while Panouel
supplementation adds antioxidant effects and
enhances gene regulatory pathways(22). This
combination leads to a significant increase in
RBM24 expression in the brains of Parkinsonian
mice, thereby contributing to improved
neurogenesis and neuronal regeneration(23-26).

4. Conclusion

The results of the present study showed that
aquatic exercise and Panouel supplementation
increased RBM24 gene expression in the brains
of Parkinsonian mice, indicating an
improvement in neuronal regeneration and
central nervous system function. Furthermore,
the combined administration of aquatic exercise
and Panouel supplementation had the greatest
effect on increasing RBM24 expression and
reducing neuronal damage. Overall, periodic
aquatic exercise together with Panouel
supplementation, through its antioxidant and
neuroprotective effects, contributes to enhanced
neurogenesis and neuronal regeneration in the
Parkinsonian model.
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