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ABSTRACT

Objective: Alzheimer is a progressive neurodegenerative disorder that gradually impairs
mental abilities through abnormal protein accumulation, as well as inflammatory and oxidative
processes.. the present study aimed to investigate the effects of aerobic exercise and Rhodiola
rosea extract on brain-derived neurotrophic factor (BDNF) expression and oxidative stress
indices in the brain tissue of mice with Alzheimer.

Methodology: 30 male C57BL/6 mice with an weight of 14 £ 2 g and an age of 12 weeks
were randomly assigned to five groups: (1) healthy control, (2) Alzheimer’s, (3) Alzheimer’s +
exercise, (4) Alzheimer’s + Rhodiola, and (5) Alzheimer’s + exercise + Rhodiola. The
Alzheimer’s model was induced by intrahippocampal injection of ABi—2. Mice in the training
groups performed treadmill running for 30—45 minutes per session, five days per week, at a
speed of 10—-18 m/min for eight weeks. Rhodiola extract was administered by gavage at a dose
of 200 mg/kg on training days. Data were analyzed using one-way ANOVA followed by Tukey
test in SPSS.

Results: BDNF gene expression and SOD activity levels in the Alzheimer’s + exercise,
Alzheimer’s + Rhodiola, and Alzheimer’s + exercise + Rhodiola groups were significantly
higher than those in the Alzheimer’s group (P < 0.001). serum MDA levels were significantly
lower in these three intervention groups compared with the Alzheimer’s group (P < 0.001).
Conclusion: the concurrent application of aerobic exercise and Rhodiola rosea extract
represents an effective, non-invasive, and low-risk strategy for modulating oxidative stress and
promoting neuronal regeneration under neurodegenerative conditions.
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Extended Abstract

Introduction and State of Problem

Alzheimer's disease causes a decrease in neurogenesis, a disruption in the expression of
neurotrophic factors, and an increase in oxidative stress in brain tissue. (3). Brain-derived
neurotrophic factor (BDNF) plays a key role in the process of neurogenesis and synaptic
plasticity .
Oxidative stress is considered a major factor in the pathogenesis of Alzheimer's disease, which
is caused by an imbalance between the production of reactive oxygen species (ROS) and
antioxidant systems .
The enzyme superoxide dismutase (SOD) prevents the destruction of DNA and neuronal
proteins by eliminating superoxide radicals, while an increase in malondialdehyde (MDA) is an
indicator of increased lipid peroxidation (9). Along with physical activity, food consumption
reduces the incidence of age-related diseases such as Alzheimer's. Rhodiola rosea is a plant that
has significant antioxidant, anti-inflammatory, and neuromodulatory effects (17-19). The aim of
the present study was to investigate the combined effect of moderate-intensity aerobic exercise
and Rhodiola extract on neurogenesis and oxidative stress indices in Alzheimer's model mice.
Methodology
This study was an experimental research with a post-test and controlled design. Thirty C57BL/6
mice with an average weight of 14+2 g and an age of 12 weeks were obtained from Royan
Research Institute, Isfahan and were kept at a controlled temperature of 21+2°C, humidity of
about 50%, and a 12/12-hour light/dark cycle in special cages with free access to water and
food. All protocols were carried out in accordance with international guidelines for the care of
laboratory animals. Then, Alzheimer's disease was induced by injecting AB1-42. The mice were
randomly divided into 5 groups, each group containing 6 heads: 1) Control group - healthy
(healthy mice without Alzheimer's induction and without intervention of exercise and Rhodiola
extract), 2) Alzheimer's group (A), 3) Alzheimer's + aerobic exercise group (A + E), 4)
Alzheimer's + Rhodiola extract group (A + R), 5) Alzheimer's + aerobic exercise + Rhodiola
extract group (A + E + R).
Results
Thirty C57BL/6 mice with an average weight of 14+2 g and an age of 12 weeks were randomly
divided into 5 groups: 1) control, healthy 2) Alzheimer's, 3) Alzheimer's + exercise, 4)
Alzheimer's + rhodiola, 5) Alzheimer's + exercise + rhodiola. The Alzheimer's model was
created by injecting AB1-42 into the hippocampus. The mice in the exercise groups ran on a
treadmill for eight weeks, five days a week, each session for 30 to 45 minutes and at a speed of
10 to 18 m/min. Rhodiola extract was given by gavage at a dose of 200 mg/kg on the exercise
days. RNA extraction from the hippocampal tissue of the brain was performed using the Trizol
method based on the protocol of the manufacturer Yekta Tajhiz Azma. RNA purity and quality
were determined using Nano Drop spectrophotometry at wavelengths of 260/280 nm. cDNA
synthesis was performed according to the BIOFACT kit protocol. The expression levels of the
target genes were evaluated using Real-Time qPCR technique using Corbett rotor gene 6000
device. Primer sequences were designed using Oligo 7 and Beacon designer 7 software and the
results are listed in Table 1. GAPDH gene was used as a housekeeping gene in this study. Gene
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expression analysis was calculated and evaluated using the AACT-2 method.
Table 1. Table Table

C A A+P A+R A+P+R
BDNF 1.0£0.03 0.4+0.03 0.65+0.03 0.68+0.02 0.86+0.02
F=303.24" P=0.000
SOD 45.0+0.32 25.0+0.60 35.0+0.566 37.914+0.51 43.0+0.34
F=1572.94"  P=0.000
MDA 2.50+0.08 5.1+0.14 3.78+0.11 3.45+0.10 2.80+0.08
F=510.48" P=0.000

Discussion and Conclusion

The aim of the present study was to investigate the effect of aerobic exercise and Rhodiola
extract on BDNF gene expression and oxidative stress markers (SOD and MDA) in the brain
tissue of Alzheimer's model mice induced by intrahippocampal injection of AB1-42. The results
showed that both interventions, especially in combination, improved memory, increased BDNF
and SOD levels, and decreased MDA levels in brain tissue. The results of these findings suggest
that aerobic exercise and Rhodiola utilize overlapping but complementary molecular pathways
to modulate oxidative stress and increase neurogenesis.In Alzheimer's models, injection of
amyloid beta (Af1-42) activates the NF-kB and MAPK inflammatory pathways in neurons and
microglia, leading to increased expression of TNF-a, IL-6, and iNOS and production of free
radicals. This increase in ROS and RNS ultimately leads to lipid peroxidation, increased MDA,
and inhibition of CREB-BDNF-dependent neurogenic pathways. The findings of the present
study are also consistent with this mechanism, as decreased expression of BDNF and SOD and
increased MDA were observed in the Alzheimer's group (25-27).Aerobic exercise, especially at
moderate intensity, causes phosphorylation of the transcription factor CREB (cAMP-response
element binding protein) through activation of the PI3K/Akt and MAPK/ERK1/2 axis in
neurons and astrocytes. CREB is the main factor inducing BDNF gene expression, and
increased BDNF expression leads to stimulation of the TrkB receptor tyrosine kinase on the
surface of neurons. Activation of TrkB enhances the ERK and Akt/mTOR pathways, ultimately
increasing neuronal survival, dendrite growth, and the formation of new synapses.This process
is one of the key mechanisms in increasing synaptic plasticity and improving memory after
aerobic exercise (28, 29). Aerobic exercise also improves mitochondrial function by increasing
the expression of genes related to PGC-1a, NRF1, and TFAM, which leads to an increase in
cellular respiratory capacity and a decrease in ROS production (30, 31). In the present study, the
level of SOD, a key antioxidant enzyme, was also increased in the exercise group. SOD
converts superoxide radicals to hydrogen peroxide and prevents oxidative damage to DNA and
neuronal membranes. This increase in SOD activity was accompanied by a decrease in MDA,
which indicates a decrease in lipid peroxidation.Rhodiola extract exerts antioxidant, anti-
inflammatory and neuromodulatory effects by containing active compounds such as rosavin,
salidroside and tyrosol. Salidroside is able to activate the Nrf2/ARE pathway and increase the
expression of antioxidant enzymes such as SOD, CAT and GPx. In addition to inhibiting
oxidative stress, Nrf2 activation reduces NF-kB activation and prevents the secretion of
inflammatory cytokines. At the same time, rhodiola prevents excessive phosphorylation of tau



protein and AP accumulation by inhibiting the p38 MAPK pathway. As a result, rhodiola
consumption can prevent the destruction of synaptic structures in addition to reducing ROS
(35).Overall, the present results suggest that the interaction between regular physical activity
and antioxidant plant compounds such as Rhodiola can lead to improved memory function and
neurogenesis in the Alzheimer's model through multiple mechanisms including (1) activation of
the CREB-BDNF-TrkB axis, (2) enhancement of the antioxidant system via the Nrf2/ARE
pathway, (3) inhibition of the NF-xB and MAPK-p38 inflammatory pathways, and (4)
improvement of mitochondrial function.

Overall, the present results suggest that the interaction between regular physical activity and antioxidant
plant compounds such as Rhodiola can lead to improved memory function and neurogenesis in an
Alzheimer's model through multiple mechanisms including (1) activation of the CREB-BDNF-TrkB
axis, (2) enhancement of the antioxidant system via the Nrf2/ARE pathway, (3) inhibition of the NF-xB
and MAPK-p38 inflammatory pathways, and (4) improvement of mitochondrial function. In conclusion,
it can be said that the simultaneous use of aerobic exercise and Rhodiola extract is an effective, non-
invasive, and low-complication strategy to modulate oxidative stress and enhance neuronal regeneration
in neurodegenerative conditions.

Limitations
It is important to note that the researcher's awareness of the limitations of the study can lead to more valid
conclusions. The present study was small in terms of sample size and the study was conducted cross-
sectionally. On the other hand, changes in the intensity and duration of exercise training can also affect
the results of the study.
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