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Abstract

: Exercise is a promising non-pharmacological option to potentially
delay the onset or slow the progression of Alzheimer's disease. Therefore, this
research seeks to find the possible mechanism of the connection between muscle and
hippocampus under the influence of swimming exercise in rats with Alzheimer's
disease. The significance level was 0.05.

: Thirty-two 6-week-old rats were randomly divided into
four groups: sham (SH), Alzheimer's control (AC), training (T) and Alzheimer's
training (AT). Alzheimer's was induced by injecting beta-amyloid into the
hippocampus. The training program consisted of 20 swimming training sessions
with increasing time. After the end of the intervention, the tissue of the
Gastrocnemius muscle and hippocampus was removed and the expression of the
desired proteins was measured by immunohistofluorescent staining method. A
correlation test was used to check the changes of the studied indicators.

: The results showed that the expression of neuron cell adhesion molecule,
SEMA3A and profilins proteins had a significant positive relationship with
NACHRa7 (P=0.001) and a significant inverse relationship with NLRP1 (P>0.05)
and Dead Cells (P>0.05).

: It seems that the induction of Alzheimer's causes the destruction of the
neuromuscular junction and motor neurons. It can be effective in increasing
hippocampus inflammation, on the other hand, swimming exercises is an effective
intervention to improve axonal regeneration and neuron plasticity in motor neurons,
and therefore it can be an effective intervention to prevent and control the
complications of Alzheimer's disease in old age.
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Introduction

Physical problems, such as reduced strength
and slow walking speed, are present in older
adults with cognitive impairment and dementia.
Body composition changes are also associated
with dementia and Alzheimer's disease (AD).
Burns et al. found reduced fat-free mass in
newly diagnosed AD subjects and this was
associated with brain atrophy. Some studies
have shown that weight loss occurs before the
diagnosis of AD and that it is associated with
faster clinical progression of AD. A
pathological study showed a significant
negative correlation between body mass index
(BMI) and AD pathology. Therefore, in AD, the
destruction of the central nervous system and
muscle atrophy are related, one of the important
factors in this relationship is the neuron cell
adhesion molecule (NCAM). It is involved in
various aspects of neural development,
including cross-talk, the association of axons
with pathways and targets, and signals that alter
the levels of neurotransmitter enzymes and
neuromuscular interactions. SEMAS3A has been
implicated in both the degeneration of CNS
neurons in Alzheimer's disease and in muscular
atrophy. Another molecule that has a significant
physiological role in preventing muscle atrophy
is profilins (Pfn). On the other hand, we
investigated the relationship of these three
molecules in the muscle with three molecules
that play a role in the inflammatory pathway in
the hippocampus, namely nicotinic
acetylcholine receptors (nAChRs), Dead Cells,
and NLRP1.

Conversely, exercise is a strong positive
modulator of hippocampal neurogenesis and
also has cognitive-enhancing effects in both
animal models and human subjects. In animal
models of AD, exercise has been shown to
reduce AD pathology by reducing A load and
tau hyperphosphorylation as well as cognitive
decline. However, to date, there has been little
focus on the effects of exercise on the
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association of hippocampal inflammatory
factors and muscle atrophy factors in AD
models. Therefore, this research seeks to
answer the question of whether swimming
exercise affects the relationship between factors
related to inflammation in the hippocampus
(nAChR, NLRP1, and dead cells) and effective
factors of muscle atrophy in the soleus muscle
(NCAM, SEMAS3A, and Pfnl) of rats with
Alzheimer's. Or not?

Methodology

Thirty-two 6-week-old male Wistar rats
weighing 200-250 grams were sourced from
Pasteur Laboratory Animal Care Center for this
research. The animals were randomly
distributed into 4 groups, each comprising eight
rats: healthy-control (HC), Alzheimer control
(AC), Alzheimer training (AT), and Sham (Sh).
In this study, Alzheimer's disease was induced
in the animals using beta-amyloid 42-1 (Abl-
42). Initially, beta-amyloid (from Sigma
Aldrich) was incubated at 37 °C for 4 days to
precipitate, following which it was injected into
the animals' hippocampi using a stereotaxic
device.

The swimming training protocol is detailed
in Table 1. The training program consisted of
two phases: a 4-day adaptive phase and a 16-
day main phase. During the adaptive period, on
the first day, , the rats underwent two 30-second
swimming sessions separated by a two-hour
interval. On the second day, they engaged in
two 2-minute swimming sessions with a similar
interval. The third day comprised three 10-
minute swimming sessions with 5-minute
breaks in between, and finally, on the fourth
day, two 15-minute swimming sessions were
conducted with 5-minute breaks. Subsequently,
from the 5th day to the 20th day, the rats swam
for 30 minutes each day as part of the main
training phase.
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Table 1. swimming training protocol

Phase Phase Adaptation Phase Main
Days Dayl Day?2 Day 3 Day 4 Day 520
Time 2 2 3 2 1
Repetition 30s 2 min 10 min 15 min 30 min
Interval between swimming 2h 2h 5 min 5 min no interval
Forty-eight  hours  after the last (2022), and Chen et al. (2022). Sports activity

intervention, the animals were anesthetized by
intraperitoneal injection of ketamine (90
mg/kg) and xylazine (10 mg/kg), and the
tissue of the hippocampus and the
Gastrocnemius muscle were isolated under
sterile conditions. Tissue samples were placed
in labeled microtubes. Some of the samples
were immediately fixed in 10% formalin for
immunofluorescent study. The other part was
promptly placed in liquid nitrogen (at -96 °C)
and frozen at -80 until the laboratory protocols
were implemented. Immunohistofluorescence
staining was carried out to examine the
expression of the studied proteins. Pearson's

correlation test was utilized to check the
correlation  between  the indicators,
considering the normal distribution of data.
Statistical analysis and graphing were
performed using SPSS software version 25
and Prism GraphPad version 9.

Results

The results of the present study showed that
the expression of NCAM, SEMAS3A, and Pfnl
proteins had a significant positive relationship
with NACHRa7 (P=0.001) and a significant
inverse relationship with NLRP1 (P>0.05)
and Dead Cells (P>0.05).

Discussion

No research was found whose variables
were the same as the present study, so we refer
to the studies that have discussed the
relationship between muscle and
hippocampus in Alzheimer's samples and
discuss the reasons for observing the
correlation in the present study. The results of
the present study were consistent with the
results of Rae and O'Malley (2016), Pen et al.
(2022), Moon et al. (2019), Filardi et al.
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has many beneficial effects on brain health
and helps reduce the risks of dementia and
plays a role in restoring and maintaining
cognitive function and metabolic control. The
fact that exercise is sensed by the brain
indicates that factors secreted by the muscle
enable a direct connection between muscle
and brain function.

Previous studies have revealed that muscle
atrophy is observed in AD, which points to the
connection between muscle and neuron or
hippocampus.  This  emphasizes  the
significance of neuronal excitability and
neuromuscular junction (NMJ) signaling in
the regulation of muscle contraction, as well
as the impact of retrograde signaling from
muscles to motoneurons.

Interestingly,  muscle  atrophy s
commonly associated with AD patients with a
decrease in motor neuron proteins potentially
initiating this process. The reduction of motor
neuron proteins may also have implications
for regulating oxidative stress and
inflammatory responses in microglia, the
primary immune cells of myeloid origin in the
brain. Following exposure to stress factors
like oxidative stress and inflammation,
microglial cells undergo morphological
changes leading to increased cell proliferation,
migration, and macrophage activity. This can
stimulate the NLRP3 inflammasome and the
production of proinflammatory mediators.
Ultimately, inflammation may reduce the
expression of a7nAChRs in the brain, which
is linked to B-amyloid accumulation and the
development of Alzheimer's disease.

Conclusion

Based on the findings of the present study,
it appears that the onset of Alzheimer's disease
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leads to the degradation of the neuromuscular
junction and motor neurons. This process may
contribute  to  increased  hippocampal
inflammation. Conversely,  swimming
exercises have shown to be a beneficial
intervention  for  enhancing axonal
regeneration and neuronal plasticity in motor
neurons.  Therefore, swimming could
potentially serve as an effective strategy for
preventing and managing the complications of
Alzheimer's disease in the elderly. It is
recommended that future studies investigate
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the communication between brain and muscle
tissues following swimming training.
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