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Abstract

The current pandemic was caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The quarantine period
during corona virus disease 19 (COVID-19) outbreak might affect the quality of life leading thousands of individuals to diminish the
daily caloric expenditure and mobility, leading to a sedentary behavior and increase the number of health disorders. Exercising is used
as a non-pharmacological treatment in many chronic diseases. Here, we review the molecular mechanisms of physical exercise in
COVID-19 pandemic on mental health. We also point links between exercise, mental, and cardiovascular health. The infection caused
by SARS-CoV-2 affects host cells binding to angiotensin-converting enzyme-2 (ACE2), which is the receptor for SARS-CoV-2. If
there is not enough oxygen supply the lungs and other tissues, such as the heart or brain, are affected. SARS-CoV-2 enhances ACE2
leading to inflammation and neuronal death with possible development of mood disorders, such as depression and anxiety. Physical
exercise also enhances the ACE2 expression. Conversely, the activation of ACE2/Ang 1-7/Mas axis by physical exercise induces an
antiinflammatory and antifibrotic effect. Physical exercise has beneficial effects on mental health enhancing IGF-1, PI3K, BDNF,
ERK, and reducing GSK3{3 levels. In addition, physical exercise enhances the activity of PGC-1o/ FNDC5/Irisin pathway leading to
neuronal survival and the maintenance of a good mental health. Thus, SARS-CoV-2 infection leads to elevation of ACE2 levels
through pathological mechanisms that lead to neurological and cardiovascular complications, while the physiological response of
ACE2 to physical exercise improves cardiovascular and mental health.
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The current pandemic caused by the novel corona virus,

which was named the severe acute respiratory syndrome co-
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have applied social distance or total isolation protocols to their
populations, the only effective measure to avoid the contam-
ination of the majority of the people at the same time in order
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to not exceed hospitals capacities, and a minimum of 70% of
social distancing is recommended, 90% or above is ideal, to
control the spread [6]. It is known the importance of understand-
ing the transmission process of SARS-CoV-2 at this moment
where people are living in social distancing, but the virus trans-
mission is projected to happen until 2024 and prolonged or in-
termittent social distance may occur until 2022 what leads to a
great change in the lifestyle of the world population [7, 8]. Thus,
it is questionable if being in quarantine, into their own homes, the
population would be leaded to develop a sedentary behavior that
could contribute to significant physiological changes [9].

The quarantine period during COVID-19 outbreak might af-
fect the quality of life leading thousands of individuals to develop
or increase mental health disorders, such as depression or anxiety
[2]. Poor eating habits can contribute to cognitive impairment
and the development of mood disorders in different animal
models [10, 11] and humans [12]. Reduced level of physical
activity also contributes to the development of a sedentary be-
havior during the quarantine what would also favor the develop-
ment of several chronic diseases, such as mood disorders, obesi-
ty, and cardiovascular diseases [13, 14]. It is known that being
physically active and exercising are gold healthy standards, and
physical exercise is an efficient non-pharmacological approach in
many chronic diseases [14-16].

The most common types of physical exercise are aerobic
exercise and resistance exercise [17, 18]. Aerobic exercise
presents higher consume of oxygen, and predominantly re-
cruits red fibers, also named as type I fibers or fibers of slow
contraction [19, 20]. Conversely, resistance training is charac-
terized by performing exercises against one or multiple exter-
nal resistance, which could be the individual’s body mass or
any source of elastic resistance presenting predominantly the
recruitment of white fibers, also named as type II fibers or
fibers of rapid contraction [19]. It is well stablished that phys-
ical exercise reduces the risk of developing cardiovascular
diseases, obesity, diabetes, and other chronic diseases and
conditions [14, 21]. It is also known that the regular practice
of physical exercise induces beneficial effects in the brain,
such as the enhancement in the blood flow to the hippocampus
and prefrontal cortex (brain areas related to cognitive func-
tions, memories, and emotions); synapses; neuronal plasticity;
neurogenesis; and changes in the morphology of the dendrites
[22-24]. Here, we review the molecular mechanisms of phys-
ical exercise on mental health during COVID-19 pandemic.

Neurological consequences
during the COVID-19 pandemic and potential
effects of the physical exercise

Viral brain invasion may occur through different pathways,

such as through infected neurons, entry through the olfactory
nerve, infection of the vascular endothelium, or leukocyte
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migration through crossing the blood-brain barrier [25]. The
most common neurological consequences of COVID-19 are
anosmia and headache, but other neurophysiological conse-
quences, such as stroke, impaired consciousness, seizure, and
encephalopathy, have been reported [25, 26]. A recent study
evaluated 214 patients diagnosed with COVID-19, 88
(41.1%) were severe and 126 (58.9%) were non-severe pa-
tients, from China and found that 36% of the total amount
had neurological manifestations, including acute cerebrovas-
cular disease and impaired consciousness [26]. More severe
patients were likely to have neurologic symptoms than non-
severe patients (45.5% vs 30.2%), such as acute cerebrovas-
cular diseases (5.7% vs 0.8%), impaired consciousness
(14.8% vs 2.4%), and skeletal muscle injury (19.3% vs
4.8%). The results from this study indicate that COVID-19
severe patients usually present more neurologic disturbances
that may occur due to an inflammatory response to the virus.

Brain inflammation has shown to underlie acute and long-
term central nervous system damage that might lead to insulin
resistance [27], cognitive decline [12], and changes in behav-
ior [28]. The inflammatory response that occurs in acute viral
infections may contribute to the development of early mech-
anisms that underlie the earliest stages of neurodegenerative
disorders [29, 30]. COVID-19 has also been associated to
memory impairment, psychoses, and posttraumatic stress dis-
order symptoms due to the induction of neuronal death, syn-
aptic plasticity impairment, and changes in neurotransmitter
synthesis [31]. SARS-CoV-2 acts using spike proteins on the
viral surface to bind to the ACE2, which act as receptors on
human host cells [25]. A growing body of evidence suggests
that ACE2 are expressed in multiple regions of the human
brain, such as the cortex, striatum and olfactory bulb, and also
on many different cell types that make up the central nervous
system, including neurons, microglia, astrocytes, and oligo-
dendrocytes [32, 33]. The activation of ACE2 to SARS-CoV-
2 infection is the main proposed mechanism to disturb the
functioning of central nervous system through the enhance-
ment of an inflammatory response.

Physical exercise and mental health
during the pandemic

There was just one original study found by us about physical
exercise during the COVID-19 pandemic that was performed
in human individuals until present date [5]. The main results
found indicate that a small percentage of individuals (13.8%)
were doing physical exercise during the quarantine period in
China and the severity of COVID-19 on life satisfaction
depended on physical exercise hours of these individuals.
This study was a cross-sectional survey and revealed that peo-
ple who stopped working and stayed in quarantine reported
worse health indicators during the COVID-19 pandemic.
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Controversially, the authors also found that individuals who
performed excessive hours of physical exercise during the
quarantine period, over 2.5 h/day, life satisfaction was nega-
tively affected. Another fact to take under consideration is the
greater prevalence rates of symptoms of depression and anx-
iety that naturally raises up due to this social distancing and/or
isolation period during the COVID-19 pandemic [34]. These
results together indicate that individuals who exercised exces-
sively during the COVID-19 pandemic need to be better ob-
served because they might be more frustrated by the social
distancing and isolation. Thus, exercising a lot might not be
a signal of good mental health, but a clue about a possible
development or establishment of a mood disorder [5]. We
can assume that physical exercise has a time-dose dependent
effect and too many hours exercising can induce negative
health responses, such as the development of mood disorders
and overtraining.

COVID-19 pandemic—associated quarantine has taken the
population to develop or enhance a sedentary lifestyle, and
this can be seen even in teenagers [35]. It is known that the
regular practice of physical exercises acts as a modulator of
the immune system lowering the incidence, intensity of symp-
toms, and mortality in viral infections, which can be observed
in people who are physically active [36]. The regular practice
of sport activity, or physical activity, or physical exercise may
represent a complementary therapy to improve mental and
social well-being not only during COVID-19 pandemic [2],
but also in different conditions, such as in neuromuscular dis-
orders [37].

It has been reported neuroinvasion, neurotropism, and
neuroinflammatory mechanisms related to SARS-CoV-2 that
will definitely influence and generate many negative mental
health outcomes, such as encephalopathy, encephalitis, cere-
brovascular pathologies, acute myelitis, and Guillain-Barré
syndrome [38]. To investigate the effects of physical exercise
on COVID-19 pandemic and how it would contribute to pre-
vent or fight these negative mental health outcomes, using
different protocols and types of exercise, making biochemical
and molecular analysis is extremely necessary. Unfortunately,
there is a lack of original studies to recommend and prescribe
what are the best physical exercise protocols to be performed
during COVID-19 and their effects in cardiovascular and
mental health. The links between exercise, mental, and car-
diovascular health should be a part of this investigation too.

The most common mental disorders are depression and
anxiety with the prevalence rates varying by age, peaking in
the elderly, but also occurring in children, adolescents, and
adults [39]. Depression and anxiety might induce a negative
effect on several dimensions of quality of life, including being
physically active [13]. The pathophysiology of depression and
anxiety is not yet fully understood, existing plenty of emerg-
ing biomarkers that are suggested to detect the development
and the progression of these mental health disorders [13, 40].

Nevertheless, physical exercise has been extensively recom-
mended as non-pharmacological approach to reduce the con-
sequences of social distancing/isolation during COVID-19
pandemic [2]. During COVID-19 pandemic, the effects of
different physical exercise training are an unexploited field.
In this sense, exercising during quarantine should be carefully
prescribed and studied.

Physical exercise effects on anxiety
and depression

Anxiety and depression are the most frequently diagnosed
neuropsychological disorders [41]. Non-pharmacological
and non-conventional interventions, such as physical exercise,
are commonly used to treat many people with depression or
anxiety [42]. A growing body of scientific evidence indicates
that aerobic and resistance training, types of physical exercise,
have beneficial effects on physiological and mental health in
humans [2, 43, 44] and animal models [24, 45, 46]. Regular
physical exercise practice acts on brain health inducing posi-
tive changes that can be seen through the enhancement of
neurogenesis, angiogenesis, and synaptogenesis, caused by
neurotrophins and growth factors, such as the brain-derived
neurotrophic factor (BDNF), the insulin-like growth factor 1
(IGF-1), hormones, and second messengers [23, 47]. It has
been reported that the regular physical activity is capable to
postpone age of occurrence of first-ever stroke and improves
long-term outcomes [48], what is extremely important once
COVID-19 has higher prevalence and incidence in the elderly.

It has been reported that depressive symptomatology has a
significant improvement following a 21 consecutive weeks of
swimming and aqua aerobics program or a stretching training
program [49]. This study evaluated psychological measures at
the beginning and at the end of the protocols. The level of de-
pression was measured by the Geriatric Depression Scale.
Resistance training, a type of physical exercise based on weight
lifting, has also been reported to be effective on treating mental
health issues [50]. Another study showed that even a short-term
cycle ergometer training has a significant impact on quality of
life, cognition, and depressive symptomatology in multiple scle-
rosis patients [51]. A recent evaluated the effects of resistance
training on the mental health of older patients [52]. The study
made at 2 sets of 10 repetitions maximum that consisted of 3
exercises twice a week, lasting for 60 min each session, for
12 weeks. The resistance training was capable to improve the
psychological well-being in the elderly. These results together
reveal that aerobic training, resistance training, and even a
stretching training program are capable to reduce the levels of
depression and its symptomatology.

There is a growing body of evidence saying that a regular
physical exercise routine can improve symptoms of anxiety
[42]. Ttis important to remind that sex differences may be seen
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in different pathological conditions, where anxiety normally
raises up twice more in females than males individuals [53].
Another situation that can trigger the development of anxiety
is having a stressful work or living under pressure at home
[28]. A recent study has revealed that aerobic training and
Pilates are capable to diminish the levels of anxiety, and de-
pression [13]. The relationship between anxiety and COVID-
19 pandemic must be investigated in order to develop forms or
preventing or treating it.

A recent systematic review and metaanalysis analyzed the
existing research works and findings in relation to the preva-
lence of stress, anxiety, and depression in the general popula-
tion during the COVID-19 pandemic [54]. The authors used
Science Direct, Embase, Scopus, PubMed, Web of Science
(ISI), and Google Scholar databases, without a lower time
limit and until May 2020, to do their search. The study found
a prevalence of stress in 5 studies (29.6%) with a total sample
size of 9.074 individuals. The authors also reported a preva-
lence of anxiety in 17 studies (31.9%) with a sample size of
63.439 individuals, and the prevalence of depression in 14
studies (33.7%) with a sample size of 44.531 individuals.
These results together show that COVID-19 can lead to the
development of psychological disorders and impact the men-
tal health of people in different global areas. Thus, developing
strategies that can reduce the impact of COVID-19 on mental
health, such as through the regular practice of physical exer-
cise, is necessary.

Another recent study has proposed that physical exercise
can be used as a therapy to fight against the mental and phys-
ical consequences of COVID-19-associated quarantine, with a
special focus on the elderly [2]. The authors comments sug-
gest that outdoor activities are often more available, varied,
presenting more facilities, and infrastructures to perform any
type of physical exercise. However, there are many possibil-
ities for exercising at home during a quarantine. The WHO
has declared the emergency of COVID-19 on January 30,
2020 [55], and due to the impact of this pandemic on social
life and mental health, we suggest that doing a bit of physical
exercise is better than doing nothing.

Regarding animal studies about the consequences of phys-
ical exercise on anxiety and depression, a recent study in mice
revealed that amygdala circuity modulates anxiety [56].
Whenever developing an anxious profile there is inhibition
of the phosphatidylinositol 3 kinase (PI3K)/protein kinase B
(AKT) pathway, which is involved in cell proliferation and
survival, and higher activation of the glycogen synthase ki-
nase 3 beta (GSK3[3), with the last one being involved in
neuronal death [57]. In this context, rats induced to depression
by social isolation, decreased the activity of PI3K and AKT,
and increased GSK-33 [58]. However, isolated rats that were
running on a treadmill induced higher activation of PI3K and
AKT with consequent decrease in GSK3f3, demonstrating that
aerobic exercise is beneficial to alleviate the symptoms of
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depression. Other studies revealed similar results, showing
that physical exercise increases the PI3K pathway activity,
reduces GSK3f, increases neurogenesis and BDNF levels,
which seems to be the most sensitive neurotrophin to the ef-
fects of physical exercise [23, 59].

Prefrontal cortex and hippocampus have also been reported
as important area of the brain to evaluate anxiety through the
measurement of BDNF in mice [60—62], while the measure-
ment of the BDNF levels in serum is most commonly used in
humans [63]. BDNF is also an immediate upstream regulator
of the extracellular signal-regulated kinase (ERK), which has
a pivotal role in the pathogenesis, symptomatology, and treat-
ment of the depressive behavior [64]. The inhibition of the
ERK pathway in the prefrontal cortex and hippocampus leads
to the development of depression. Thus, there are molecular
mechanisms that seems to be up or downregulated by physical
exercise in anxiety and depression (Fig. 1).

Physical exercise effects
on PGC-1a/FNDC5/Irisin pathway

The regular practice of physical exercise enhances the produc-
tion and activation of many signaling factors and pathways
that contribute to maintain neuronal and cardiac homeostasis,
such as the peroxisome proliferator—activated receptor coacti-
vator 1 alpha (PGC-1x) pathway [65, 66]. Physical exercise
activates PGC-1«x pathway and is associated with reduced
pathological myocardial remodeling, improving blood pres-
sure, decreasing cardiac apoptosis and collagen accumulation,
as well as beneficially modulating several genes associated
with mitochondrial biogenesis [66]. The activation of PGC-
1 pathway also contributed to reducing the myocardial and
systemic inflammatory profile by inhibiting the infiltration of
macrophages, tumor necrosis factor alpha (TNF«), and induc-
ible nitric oxide synthase (iNOS), including suppression of
chemokines and cytokines in the bloodstream [67].

PGC-1 leads to the increased expression of fibronectin
type III domain-containing 5 (FNDCS5), which is cleaved at
the C terminal to favor the release of Irisin [68—70]. Irisin is an
exercise-induced myokine identified for its ability to produce
the browning of the adipose tissue, to increase energy expen-
diture, and to inhibit insulin resistance [71]. PGC-1a/FNDC5/
Irisin modulates peripheral metabolism and stimulates brain-
derived neurotrophic factor (BDNF) expression in the hippo-
campus, a key memory center in the human brain [17, 65]. It
was recently reported that Irisin had a positive effect on the
expression of several different genes related infection SARS-
CoV-2 infection in subcutaneous adipocytes cell culture of
humans [72]. Until now, there is just this result in vitro about
this beneficial effect of Irisin. Here, we suggest that PGC-1o/
FNDC5/Irisin pathway should be investigated due to its
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Fig. 1 Physical exercise regulates
the expression of key proteins that
might avoid the development of
anxiety and depression. Aerobic
and resistance physical exercise
change muscle fibers
characteristics and have beneficial
effects on mental health
enhancing IGF-1, PI3K, BDNF
(serum and brain), ERK, and
reducing GSK3f levels. These
physiological changes contribute
to cell proliferation and survival
inhibiting cell death avoiding,
consequently, the development of
anxiety and depression
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'
i
| @D @D @D O | @D

unknown effects on mental health of infected individuals with
SARS-CoV-2 (Fig. 2).

Thus, performing physical exercise regularly in quarantine
should be investigated into a molecular perspective.
Nevertheless, if physical exercise could preserve wellness
and mental health in the quarantine is an opened question
and similarly if PGC-1o/FNDC5/Irisin axis could have a de-
terminant role remains to be extensively investigated.

Physical exercise effects on ACE2/Ang
1-7/Mas axis: cardiovascular health
mechanisms

Conversely to what happens in pathological states, the activa-
tion of ACE2/Ang 1-7/Mas axis by physical exercise induces
an antiinflammatory and antifibrotic effect [73] (Fig. 3). The
difference is that ACE2 pathway when activated by physical
exercise cleaves angiotensin II (Angll) to angiotensin 1-7
(Angl-7) production. SARS-CoV-2 entry to pulmonary and
others cells binding to ACE2 and disables the positive effect
of Ang 1-7 production, inducing an imbalance between Ang
II/Angl1-7 ratio and exacerbating inflammatory response [74].

Although ACE2 works as the SARS-CoV-2 receptor, the
ACE2/Angl-7 axis when activated by physical exercise has a
protective role to the lungs. A recent study evaluated the associa-
tive effects of pharmacological treatment with an ACE2 activator
and swimming training for 4 weeks, on the pulmonary lesions
induced by bleomycin in rats [75]. The physical training in-
creased functional capacity and reduced tissue fibrosis, type I
collagen, transforming growth factor beta-1 (TGF-(3-1) expres-
sion, and beta-prolyl-4-hydroxylase compared to sedentary rats.
The authors concluded that exercise training associated with the
activation of ACE?2 significantly reduces pulmonary fibrosis. In
addition, ACE2/Ang1-7 axis has an important role in autonomic
control and cardiovascular response. The effect of swimming
training on the cardiovascular responses produced by angiotensin
peptides at the rostroventrolateral medulla (RVLM) of non-
anesthetized normotensive rats [76] shows that the microinjec-
tion of Ang-(1-7) in the RVLM induces smaller pressor effect,
while Ang II induces higher on trained rats. Thus, exercise train-
ing might induce a differential RVLM responsiveness to angio-
tensin peptides in the autonomic outflow, mainly changing sym-
pathetic drive.

Physiological left ventricular hypertrophy was parallel in-
creased by moderate and high swimming training volume in
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Fig. 2 Physical exercise and
SARS-CoV-2 potential effects on
the central nervous system.
Physical exercise enhances the
activity of ACE2 and PGC-1o/
FNDC5/Irisin pathway leading to
neuronal survival and the mainte-
nance of a good mental health.
SARS-CoV-2 enhances ACE2
activity leading to inflammation
and neuronal death with possible
development of mood disorders.
It is unknown until now what
would be the consequences of the ACE2
regular practice of physical exer- l
cise by individuals infected with

SARS-CoV-2 on central nervous
system 1

Neuronal survival

l

Mental health

Wistar rats, also increasing ACE2 activity and Ang-(1-7)
levels in the heart [77]. This evidence show that ACE2/Ang
1-7 axis is stimulated by physical exercise training. This phys-
iological change improves cardiovascular health, while the
stimulation of this axis through pathological mechanisms
can lead to cardiovascular complications. Recently, it was
showed that physical exercise modulates the ACE2/Angl-7
axis in active man #s dependent on the intensity of the applied
protocol [78]. The authors investigated the acute effect of two
protocols: high-intensity interval exercise (HIIE) and
moderate-intensity continuous exercise (MICE) in plasma
and urinary levels of renin angiotensin system components.
While the HIIE protocol increased urinary levels of ACE and
plasma levels of ACE2, the MICE protocol elevated urinary
concentrations of ACE2 and of Ang-(1-7) and decreased plas-
ma level of ACE. Thus, both protocols improved ACE2/ACE
ratio. These studies together show convergent evidence that
physical exercise acutely increases the activity of ACE2/
Angl-7 axis, which can be benefic for cardiovascular and
global health state. The findings that acute exercise can

Physical exercise

ACE2/Ang 1-7/Mas axis

Anti-fibrotic Vasodilation Anti-inflammation

Fig. 3 The main effects of the physical exercise on the ACE2/Ang 1-7/
Mas axis. Physical exercise activates the ACE2 pathway and cleaves
Angll to Angl-7 production leading to physiological changes that are
beneficial for the cardiovascular system and inhibiting the inflammatory
response, and, consequently, the development of pathological molecular
mechanisms

@ Springer

Physical exercise

PGC-1a/FNDC5/Irisin

Physical exercise and SARS-CoV-2 SARS-CoV-2

l l

ACE2 ACE2

1 |

PGC-1a/FNDC5/Irisin and inflammation Inflammation
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modulate plasma and urinary levels of ACE and ACE2 in
healthy individuals suggest a protective enzymatic modula-
tion by both protocols. Additionally, when under the physical
exercise stimuli ACE2 seems to perform a protective a role in
mood disorders as depression and anxiety, which will be
reviewed in the next topic.

Physical exercise effects on ACE2 axis: links
between cardiovascular and mental health

Several studies have implicated brain renin angiotensin sys-
tem in a variety of neurological disorders that affect the mem-
ory function, induce depression, and cardiovascular dysfunc-
tion [79, 80]. Just like for cardiovascular disease, physical
exercise is often a useful non-pharmacological tool to inhibit
disturbances on mental health [43] and related negative phys-
iological changes [17]. For many people, social distancing,
and quarantine, and in parallel the closure of indoor and out-
door training centers imposes various barriers to maintaining a
physically active lifestyle. Concomitantly, psychiatric dis-
eases, such as anxiety and depression, are some of the most
prevalent worldwide disturbance and an important public
health issue being closely associated with physical inactivity
[80]. In this view, in pandemic times it is crucial not confusing
social isolation with captivity. The intersection between a tril-
ogy of pandemics: COVID-19, sedentary behavior and mood
disorders must be carefully examined, under the risk that one
may interact with the other, leading to harmful effects on
worldwide public health.

There is evidence that physical exercise effects on ACE2/
Angl-7 axis can be used as an efficient therapeutic strategy to
increase resilience, assist in the development of positive mood
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states, and improve the quality of life [81]. The ACE2/Ang-(1-
7)/Mas pathway, as mentioned, possesses an intrinsically pro-
tective role in the central nervous system. On the other hand,
the classical pathway (ACE/Ang II) shows an overall proin-
flammatory and anxiogenic activity in the brain. The activa-
tion of PGC-1a/FNDC5/Irisin pathway through exercise can
be seen as a mediator of the ACE2/Angl-7 axis inducing
positive physiological changes (Fig. 4).

In a recent study, physical exercise training provided con-
sistent evidence that depletion of ACE2 reduced brain seroto-
nin and impairs the running-induced neurogenic response
[82]. Adult wild type and ACE2-deficient mice daily per-
formed voluntary running and the authors assessed the precur-
sor cells in dentate gyrus of the hippocampus, exploring the
effect of exercise stimulus on neurogenesis. The reduction in
Ang II degradation in ACE2-deficient mice contributed to the
suppression of well stablished running-induced hippocampus
cell proliferation. The ACE2 crucial role in the proliferative
profile of hippocampus occurs due its interaction with the
collectrin domain in neutral amino acid transporter (BOAT1)
in the small intestine that increases tryptophan absorption and
consequently the serotonin biosynthesis in central nervous
system that can activate the neurogenic response. Therefore,
lack of ACE2 decreases circulating and brain serotonin levels

SARS-CoV-2

/- PGC-‘I\AOLIFNDCSIIrisin

in mice, and ACE2 is an important modulator in exercised-
induced fast neurogenic response, being a neurogenic target
for exercise therapy in pandemic that could prevent and im-
prove mood disorders.

The investigation involving ACE2, SARS-CoV-2 infection
and physical exercise is incipient. It remains a broad field to be
investigated due the positive effect of regular exercise on men-
tal, neurological, and cardiovascular health. On the other
hand, a deleterious effect due sequestration of ACE2 caused
to its binding to the SARS-CoV-2 also should be evaluated on
further studies. A third question that has not yet been explored
is whether increased plasma ACE2 by acute exercise can also
increase the predisposition to infection. Then, physical exer-
cise regular practice must be carried out with efficient hygiene
and social distancing.

Conclusions

SARS-CoV-2 infection leads to elevation of ACE2 levels
through pathological mechanisms that lead to neurological
and cardiovascular complications, while the physiological re-
sponse of ACE2 to physical exercise improves general health.
The main possible molecular mechanisms of the influence of

Physical exercise

IGF-I

PI3K
BDNF

Circulating ACE2

Virus entrance and replication

Fibrosis
Inflammation
Vasoconstriction
Reduced neurogenesis
Cardiovascular damage

»Ang Il »>@OANg 1-7
St

|

Mas receptor

Anti-fibrosis
Anti-inflammation
Vasodilation
Enhanced neurogenesis
Cardiovascular protection

Fig.4 Molecular mechanisms of physical exercise and SARS-CoV-2. Representative scheme of the main molecular pathways activated by SARS-CoV-

2 and physical exercise and their respective consequences

@ Springer



1332

Neurol Sci (2021) 42:1325-1334

physical exercise on SARS-CoV-2 infection and general
health occurs through the activation of PGC-1a/FNDCS5/
Irisin pathway and the ACE2/Ang 1-7 axis.
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