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Abstract

This article aims to summarize the current research on the influence of physical activity-induced changes in myocytokine 
secreted by skeletal muscle cells on Alzheimer's disease (AD). Alzheimer's disease is the most common neurodegenerative 
disease leading to dementia. The limited clinical effect of current drug therapy, and there is no effective treatment strategy to 
treat, reverse or slow down the progression leading to an irreversible course. Physical activity (PA) is any physical exercise 
produced by skeletal muscles that requires energy consumption. Research shows that moderate physical activity is beneficial 
to health, and more evidence supports the beneficial effects of PA on neurodegenerative diseases such as AD, Mild cognitive 
impairment, and Dementia. This article reviewed the current research progress on the influence of changes in myocytokine 
expression induced by physical activity on AD, which would lay the foundation for further exploration of the mechanism of 
physical activity to improve cognition and prevent AD in the elderly.
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Introduction

According to statistics, about 50 million people in the 
world currently suffer from dementia. It is expected that 
this number will increase to 152 million by 2050, leading 
to a trillion dollars in losses per year [1] and bringing huge 

economic, living and psychological burdens to the families 
of patients. AD is the most common neurodegenerative 
disease leading to dementia with the typical pathological 
features including extracellular amyloid β (Aβ) aggregation 
and intracellular neurofibrillary tangles composed 
of excessive phosphorylation of tau protein [2]. It is 
accompanied by a series of neurodegenerative events in the 
hippocampus, including microglia and astrocyte activation, 
neuroinflammation, oxidative damage, energy metabolism 
failure, and subsequent nerve cell apoptosis [3,4]. Despite a 
large number of studies conducted in this field, most of them 
end in failed clinical trials [5]. Currently, there is no effective 
treatment to treat, reverse or slow down the progression of 
AD [6].
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More evidence supports that there is an interaction 
between muscle tissue and other organs. The myocytokines 
can act on many tissues in the body and produce beneficial 
effects at the multi-system level. This article aims to refine 
the possible mechanism of myocytokine changes caused by 
exercise on regulating brain-derived neurotrophic factor 
(BDNF) expressions and provide a reference for further 
researches on the specific mechanism of exercise to improve 
AD improving AD.

The Aim

The purpose of this article is to organize and analyze 
the progress of the impact of physical activity on improving 
the cognitive functions in AD patients, explore research 
hotspots and future research directions in related fields, and 
provide references for scholars who are conducting related 
researches.

Methodology

The subject words, including Alzheimer’s Disease, 
Physical Activity, Cognitive impairment, Brain-derived 
neurotrophic factor, and elderly/aged/Older adults/
aged individuals, were selected using the Medical Subject 
Headings (MeSH). A comprehensive search was applied in 
the PubMed and Google Scholar databases. According to the 
search results, the research progress on the effects of physical 
activity on cognitive function in AD patients was organized. 
The changes of myocytokines expression in the peripheral 
blood after physical activity and their impacts on regulating 
the expressions of BDNF in the brain and the subsequent 
cognitive functions of AD patients were discussed. 

Results

Physical activity refers to the body movement produced 
by skeletal muscles that requires energy consumption. 
Exercise is a subset of PA, which is planned, organized, 
and repeated PA, whose ultimate or intermediate goal is to 
improve or maintain physical health. It has been believed 
that moderate amounts of PA are beneficial to health for a 
long time, and much more evidence supports the beneficial 
effects of PA on neurodegenerative diseases such as AD, Mild 
cognitive impairment, and Dementia have been presented 

[7,8]. In the process of physical activity, the contraction 
and relaxation of skeletal muscle stimulate muscle cells to 
produce a large number of cytokines and release them into 
the blood, including BDNF, irisin, cathepsin B (CTSB), lactic 
acid, and ketone bodies, etc. These cytokines are transported 
throughout the body by the blood circulation and can cross 
the blood-brain barrier (BBB) to reach various brain regions, 
which further stimulates the hippocampus to increase the 
expression of BDNF and the subsequent neurotrophic and 

neuroprotective effects.

Brain-Derived Neurotrophic Factor (BDNF)

BDNF is a basic protein isolated and purified from the 
pig brain in 1982, and plays a crucial role in regulating 
brain plasticity and memory functions [9]. The molecular 
weight of BDNF is 12.3 kD, and its gene is located at 11P13. 
The precursor of BDNF is composed of 247 amino acid 
residues, and it exerts the biological role by binding to the 
tyrosine kinase receptor B (TrkB)，which can specifically 
binds to BDNF in the hippocampus, and then promotes the 
survival of nerve cells and increases synaptic plasticity and 
neurogenesis [10].

Exercise can increase the expression of BDNF by 
enhancing cytokine secretion, which is conducive to 
preventing cognitive damage and improving cognitive 
function in the elderly. The levels of BDNF in the blood and 
brain of AD patients are down-regulated in the early stage 
of AD, which is positively correlated to cognitive decline [8]. 
Even one-time acute physical exercise can have beneficial 
effects on BDNF production in healthy adults and elderly 
AD patients [11]. Rasmussen et al. demonstrated that 
aerobic exercise can increase the mRNA level of BDNF in 
the hippocampus and cortex of the mouse brain through a 
treadmill exercise test. It was also confirmed that the BDNF 
levels in the blood samples collected from the radial artery 
and internal jugular vein of subjects undergoing aerobic 
exercise were significantly up-regulated (3-fold) compared 
with the resting state, accounting for about 70-80% of 
circulating BDNF levels [12]. However, there is also evidence 
that although the mRNA and protein expressions of BDNF in 
human skeletal muscle is increased after exercise, myogenic 
BDNF is not released into the circulation, but retained in 
skeletal muscle and myotubes activating the phosphorylation 
of TrkB and ERK in an autocrine and/or paracrine manner 
[13]. In addition, exercise intervention contributed to 
the maintenance of brain homeostasis in AD transgenic 
model mice with invasive brain amyloidosis although the 
improvement of neurogenesis could not alleviate the AD 
symptoms [14]. Therefore, further research is needed to 
study the therapeutic mechanism of exercise-induced BDNF 
signal transduction and neurogenesis in AD patients.

Acute exercise usually increases BDNF, however, the 
effect of chronic exercise on blood BDNF levels is less obvious 
[15]. Studies have shown that BDNF level decreased after 
exercise training, which was closely related to metabolomic 
alterations. Indeed, lipid metabolites (such as ceramides and 
sphingolipids) regulate neurotrophin signaling in the brain 
[16]. However, the regulation of BDNF by metabolites in the 
blood under exercise conditions has not been confirmed. 
On the other side, there is also a report that suggested no 
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significant association between BDNF and the overall 
cognitive ability or executive functions [17], or the increased 
cognitive ability in patients with mild cognitive impairment 
was not associated with the up-regulated BDNF expression 
[18]. Therefore, the relationship between muscle-derived 
BDNF and the increase in brain-derived BDNF needs to be 
revealed by further studies.

Irisin

Irisin is a motion-induced myosin. Its fibronectin type 
Ⅲ domain-containing protein 5 (FNDC5), which binds to 
the precursor protein fibronectin type III domain, and 
then is cleaved, secreted, modified, and released into 
the blood to produce a polypeptide fragment, which can 
promote browning of white adipose tissue and improve 
body energy metabolism, thereby reducing myocardial 
hypertrophy, myocardial fibrosis, and inhibiting oxidative 
stress and inflammatory responses. It is also expressed in 
the hippocampus, which is relieved to pass through BBB 
and stimulate hippocampal neurogenesis by increasing 
BDNF expression. During exercise, the expression of the 
transcription factor PPARγ-assisted activator 1α (PGC-1α) 
in skeletal muscle cells is up-regulated, which promotes 
expression of the gene containing FNDC5. The extracellular 
segment of FNDC5 is Irisin, which falls off into the blood 
circulation after shearing, stimulates the expression of 
BDNF in the hippocampus, and improves the learning 
and memory function of the hippocampus. Meanwhile, 
the voluntary rotation exercise for 30 days enhanced the 
expressions of PGC-1a and FNDC5 in the hippocampus of 
mice, thus increasing the expression of BDNF and other 
neuroprotective genes [19]. A recent study showed that 
irisin level was reduced in the hippocampus of AD model 
mice, and the memory function was impaired in brain irisin 
knockout mice, while memory functions in AD mouse models 
would facilitate along with the enhancement of the brain 
irisin expression [20]. In addition, the 5-week swimming 
exercise of AβO-induced memory-deficient mice prevented 
the reduction of FNDC5/irisin mRNA and protein in their 
hippocampus, which were higher than those of the sedentary 
group, suggesting that the overexpressed peripheral irisin 
could reach the brain and might mediate the neuroprotective 
effect of exercise on AD synaptic plasticity and memory by 
inducing increased BDNF secretion in the hippocampus [20].

Cathepsin B (CTSB)

CTSB, an important member of the papain family located 
in lysosomes, is expressed intracellularly in various animal 
tissues [21]. Current studies have found that CTSB mediates 
different effector mechanisms in different tissues and cells, 
including the degradation of extracellular matrix proteins, the 
induction of apoptosis, and the activation of inflammasomes, 

which play a critical role in neurodegenerative diseases 
and brain injury and are related to the mechanism of 
neurodegenerative diseases such as inflammatory molecule 
activation, neuroimmune responses, energy metabolism 
disorders, cell signaling and neuronal apoptosis [22,23].

It was reported that exercise promoted the expression of 
plasma CTSB in mice, which further elevated the expression 
of BDNF in the hippocampus through the BBB, thereby 
enhancing neurogenesis and memory function in wild-
type mice [24]. A recent study of adult sedentary women 
showed that after 5 weeks of high-intensity circuit training 
(HICT), the CTSB and BDNF concentrations in plasma were 
increased. Their quality of life and cognitive functions were 
improved [25]. These results suggest that plasma CTSB can 
be upregulated by aerobic exercise training, which may be 
associated with cognitive performance in young adults.

The results of a study observing the effect of long-term 
exercise on the memory of men aged 17-68 [26] show that 
long-term exercise training was related to higher memory 
functions of middle-aged subjects. Although there was a 
temporary increase in the levels of serum BDNF with CTSB 
in the subjects immediately after exercise, they returned 
to resting levels or even lower in 1 hour after exercise. 
Compared with the sedentary group, the levels of serum 
BDNF and CTSB in the long-term exercise group were lower 
in the resting state. Moreover, there was no significant 
correlation between CTSB and score in the memory test. 
The researchers also found that middle-aged subjects had 
significantly higher resting serum BNDF levels and lower 
serum CTSB levels than young adults, both in the sedentary 
and trained groups, and that peripheral blood levels of CTSB 
and BDNF did not follow the same pattern in terms of age.

Therefore, although most current studies suggest that 
the improved cognitive function with exercise is generated 
following strenuous exercise and/or chronic aerobic 
exercise, there is disagreement about the mechanism by 
which exercise improves AD because of the different research 
protocols. The mechanism of action of CTSB in muscle-brain 
interaction needs to be further investigated.

Lactate (LA)

During strenuous exercise, muscle cells mainly use blood 
glucose and muscle glucose to synthesize ATP to provide 
fuel for glycolysis [27]. Pyruvate produced in the process is 
reduced to LA by lactate dehydrogenase under anaerobic 
(hypoxic) conditions. Most of the LA is released and 
absorbed by skeletal muscle, heart, and brain through the 
lactate shuttle process, and oxidized and energized again as 
an energy substance, or transported to the liver to synthesize 
glucose through gluconeogenesis, while part of them is 
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released into the blood circulation and passes through the 
BBB under the mediation of monocarboxylate carrier (MCT) 
acting as substrates to provide energy for the maintenance of 
normal physiological functions of brain cells [28]. Moreover, 
it was reported that the elevation of LA level in peripheral 
blood was related to the upregulation of circulating BDNF, 
the increase of hippocampus volume, and the improvement 
of cognitive functions [29]. A recent study in mice indicated 
that voluntary aerobic exercise (30-day round running) led to 
the accumulation of LA in the hippocampus, which improved 
cognitive functions (learning and memory) by increasing 
BDNF expression. Meanwhile, the inhibition of LA transport 
in the brain decreased the BDNF expression after exercise. 
After intraperitoneal injection of LA, the expression of 
BDNF was up-regulated and the related signal transduction 
in the hippocampus was enhanced, which improved the 
cognitive functions of mice [30]. LA induces neurogenesis 
in the rat brain by activating nuclear factor κB (NF-κB). The 
connection between LA and BDNF in humans has also been 
reported [31] and intravenous infusion of LA would increase 
the level of circulated BDNF [32]. Consistently, acute high-
intensity exercise (90% of the maximum work rate) resulted 
in higher blood LA values and plasma BDNF concentrations 
than moderate-intensity exercise (70% of the maximum 
work rate) [33]. 

Furthermore, LA may be a molecule with important 
effects on cerebral metabolism. For instance, LA plays 
a regulatory role in cerebral blood flow control and 
maintenance of synaptic function through binding to the 
receptor GPR81, which is a G protein-coupled receptor (GPR) 
localized in the hippocampus, neocortex, and cerebellum 
[34].

Limitations

In addition to the above-mentioned cytokines, the balance 
between exercise-mediated interleukin and cytokines plays a 
key role in the progression of neuroinflammation. Prolonged 
aerobic exercise can induce an increase in the expression of 
ketone bodies, which can also cross the BBB to stimulate the 
production of BDNF after being released into the blood, there 
by presenting a neuroprotective effect on synaptic plasticity 
and memory in AD. The related information is not detailed h 
in this paper.

Conclusion

In summary, physical exercise can affect AD through 
multiple pathways. Based on the existing evidence, it is 
conceivable that physical exercise-based interventions 
may help prevent AD or delay (at least partially delay) the 
process of neurological damage in patients. Although many 
hypotheses and mechanisms for the benefit of exercise in AD 

prevention have been proposed in preclinical studies, the 
exact biological basis underpinning the benefits of exercise 
remains to be elucidated. Further research is needed to 
confirm whether these benefits apply to all populations 
(particularly older adults with AD).

Funding: NSSFC: 21XTY018.
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