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ABSTRACT

Introduction:Disruption of the homeostasis of immune regulatory mediators Aryl
hydrocarbon receptor (AhR) and Ornithine decarboxylase-1(ODC-1) is involved
in the pathogenesis of multiple sclerosis (MS). Physical activities play a role in
controlling and improving the symptoms of MS. This study aimed to investigate
the effect of 4 weeks of physical activity in enriched movement environment on
the gene expression of AhR and ODC-1 in the cerebellum tissue of an MS mice
model.

Method: This experimental study was conducted on 30 female C57BL/6 mice
(age: 8 weeks and average weight: 18 + 2). Mice were divided into 3 groups of
10 including 1) healthy control, 2) Induction of experimental autoimmune
encephalomyelitis (EAE) and 3) EAE + physical activity in enriched movement
environment for 4 weeks. Clinical score were recorded daily from induction until
28 days. The gene expression of AhR and ODC-1 in the cerebellum was
measured by RT-PCR method. Statistical analysis of the data was performed
using one-way analysis of variance.

Results: Activity in the enriched movement environment significantly decreased
the gene expression of AhR compared to the EAE group (P=0/02) and also
decreased the gene expression of ODC-1, but it was not statistically significant
(P=0/28). Also, the clinical score improved significantly after activity in the
enriched movement environment (P= 0/001).

Conclusion: In general, it seems that lifestyle change and activity in enriched
movement environment lead to the down regulation of the gene expression of
AhR and ODC-1 in the cerebellum and improved the clinical score of animals
with MS.
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Extended Abstract

Introduction and Aim: Multiple sclerosis (MS) is one of the most prevalent chronic
autoimmune diseases of the central nervous system, primarily affecting young adults
aged 20 to 40 years, with an incidence approximately 2 to 3 times higher in women
compared to men (1). Genetic and environmental risk factors increase the susceptibility
to this disease, and its exact etiology remains unknown (2). Based on previous
research, the disruption of homeostasis among immune-regulatory mediators in
dendritic cells plays a role in the pathogenesis of MS (3). In this context, the aryl
hydrocarbon receptor (AhR) is a transcription factor and an immune-regulatory mediator
in animal models of MS. Its activation and increased expression lead to reduced
inflammation and neurotoxins in the central nervous system of animal models of MS (7).
When AhR binds to its specific ligands, it attaches to the promoter region of target
genes. These target genes include the polyamine-synthesizing enzyme ornithine
decarboxylase-1 (ODC-1) (9). This enzyme synthesizes a polyamine called spermidine
(10). Polyamines are involved in peripheral nerve regeneration (14), nerve cell
proliferation (15), reduced production of pro-inflammatory cytokines in macrophages,
and protection against oxidative stress (16). However, dysregulation of spermidine
metabolism is implicated in the pathogenesis of various neurological disorders (17). To
manage the disease, various immunomodulatory drugs are prescribed (19); however,
their long-term use is associated with side effects such as cognitive impairment,
depression, fatigue, and obesity (20, 21). Therefore, cost-effective and effective non-
pharmacological therapeutic approaches, such as engaging in physical activity and
exercise, are recommended to counteract the development and progression of the
disease and improve the side effects of MS (19). Previous research indicates that a
healthy lifestyle is more effective than pharmacotherapy in controlling the clinical
symptoms of MS and reduces the severity and progression of the disease in
experimental autoimmune encephalomyelitis (EAE) models (23). Furthermore, studies
on animal models show that physical activity and exercise play a role in modulating and
controlling MS through various mechanisms, including improved synaptic plasticity (24),
enhanced mitochondrial function (25), neuroprotection (26), and improved secondary
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clinical symptoms such as increased motor and cognitive function (27). Despite
numerous studies investigating the impact of physical interventions and exercise on
different aspects of MS, there is still no consensus on the optimal type of activity for MS
patients. Enriched environment is a type of voluntary activity and suggests a more
receptive central nervous system to pharmacological treatments compared to forced
exercise regimens (30). Few studies have examined the changes in AhR and ODC-1
levels in the central nervous system following physical activity and exercise
interventions, and to date, no intervention has investigated the alterations of these two
genes in the brains of MS model animals. The disruption of homeostasis of AhR and
ODC-1 genes plays a role in the pathogenesis of animal models of MS, and based on
previous research, it is probable that the expression of these two genes is influenced by
physical activity and exercise. Therefore, the present study aimed to investigate the
effect of activity in an enriched environment on the expression of AhR and ODC-1
genes in female mice with MS.

Methods: A total of 30 female C57BL/6 mice, weighing 18 + 2 grams and aged 8
weeks, were selected based on physical activity research in EAE mouse models. The
animals were then housed individually in plastic cages at a temperature of 22 + 1 °C,
with 45% relative humidity, a 12-hour light/dark cycle, and free access to water and
food. After one week of acclimatization to the new conditions, they were randomly
divided into 3 groups of 10 each: healthy control, disease control (mice in which MS was
induced), and mice that engaged in activity in a motor-enriched environment after MS
induction. To induce MS in the mice, 50 micrograms of myelin oligodendrocyte
glycoprotein (MOG) 35-55 in a volume of 100 microliters of phosphate-buffered saline
(PBS) and 1 milligram per milliliter of complete Freund's adjuvant were mixed and
injected subcutaneously in the flank region of the animals. On the first and second days
post-injection, 100 nanograms of pertussis toxin were injected intraperitoneally into both
the disease control and motor-enriched environment activity groups (35). After the
induction of the MS model, the animals were transferred to cages and lived in these
cages for 4 weeks (36). The gene expression of AhR and ODC-1 was measured in the
groups using Real-Time PCR. Statistical analysis of the data was performed using
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SPSS version 25 software. The Shapiro-Wilk test was used to assess the normality of
data distribution, and Levene's test was used to examine the homogeneity of variances
between groups. Analysis of variance (ANOVA) was used to determine inter-group
differences. The significance level for all tests was set at p < 0.05.

Results: Clinical symptoms in the EAE group showed an increasing trend, peaking at
28 days post-induction (F = 1180.15, p = 0.001). In contrast, animals housed in the
motor-enriched environment exhibited a significant reduction in clinical scores at 28
days post-induction. AhR gene expression differed significantly among the studied
groups (F = 16.55, p = 0.000). Specifically, a significant increase in AhR gene
expression was observed in the EAE control group compared to the healthy control
group in the cerebellar tissue (p = 0.033), whereas activity in the motor-enriched
environment significantly reduced AhR gene expression compared to the EAE group (p
= 0.025). ODC-1 gene expression did not differ significantly among the studied groups
(F = 2.75, p = 0.28). Activity in the motor-enriched environment also reduced ODC-1
gene expression, but this reduction was not statistically significant (p = 0.28).
Conclusion: Consistent with the findings of the present study, Souza et al. (2017)
demonstrated that exercise improves clinical signs of EAE by controlling inflammation
and reducing oxidative stress (37). It appears that the decreased expression of the AhR
gene in the present study is due to the modulation of inflammatory factor levels, IFN-y
and TNFa, in the brain, subsequently leading to an improvement in clinical symptoms.
These researchers and colleagues also showed that kynurenine levels in the brains of
Alzheimer's mice significantly decreased after 8 weeks of exercise (38). In another
study, researchers reported that 8 weeks of endurance training increased the
expression of the kynurenine aminotransferase-2 enzyme in the muscle tissue of
depressed mice, thereby preventing kynurenine from entering the central nervous
system (39). A deficiency or lack of available AhR agonists may have led to the reduced
expression of the AhR gene. Contrary to the results of the present study, researchers
(2021, 2018) reported no change in kynurenine and kynurenic acid levels in the blood of

MS patients after interval exercise or continuous aerobic exercise (40, 41). It seems that
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the availability of AhR-activating agonists, the duration of exercise, the tissue, and the
study population play a role in altering AhR levels.

AhR is known as a transcription factor that leads to the transcription and expression of
the key enzyme ODC-1. ODC-1 is the enzyme that synthesizes the polyamine
spermidine (3, 42). However, in a study by Valomba (2002), it was shown that the gene
expression of the ODC-1 enzyme is excessively increased in the cerebellum of affected
mice, which increases the permeability of the blood-brain barrier and leads to a greater
influx of immune cells into the central nervous system, causing nerve cell damage and
myelin sheath degradation (18). In the present study, a downregulatory effect on ODC-1
gene expression was observed in the cerebellar tissue of female mice with MS following
activity in a motor-enriched environment. It appears that activity in the motor-enriched
environment, by reducing the expression of the AhR gene, led to a decrease in the
transcription of the downstream gene ODC-1. Contrary to the findings of the present
study, Boehmelt et al. (2007) showed increased gene expression of the ODC-1 enzyme
in rats after 12 weeks of voluntary wheel running (31). Furthermore, Matthew et al.
(2019) demonstrated that ODC-1 levels in the brains of healthy mice increased after 4
weeks of treadmill exercise (34), suggesting that changes in ODC-1 levels may be
dependent on the type of exercise intervention and the study population.

Limitations of the present study include the lack of measurement of other immune
system-regulating genes and the polyamine spermidine. Strengths of the present study
include the non-pharmacological nature of the intervention, which involves fewer side
effects and lower costs and is safer. Future research is suggested to investigate the
effect of this exercise model on other immune system-regulating genes and neurotoxic
metabolites of the kynurenine pathway, such as quinolinic acid, in MS mouse models.
Examining the impact of this intervention in human populations and measuring changes
in the expression of these genes in the central nervous system are other suggestions.
Activity in a motor-enriched environment regulates the expression of AhR and ODC-1
genes involved in the immune system, reduces the clinical score of the disease, and
thus decreases the severity of clinical symptoms, indicating a significant non-
pharmacological intervention for improving the clinical symptoms of MS.
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