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Abstract
Declared as a global public health emergency, coronavirus disease 2019 (COVID-19) is presented as a disease of the respiratory
tract, although severe cases can affect the entire organism. Several studies have shown neurological symptoms, ranging from
dizziness and loss of consciousness to cerebrovascular and neurodegenerative diseases. In this context, Guillain-Barré syndrome,
an immune-mediated inflammatory neuropathy, has been closely associated with critical cases of infection with “severe acute
respiratory syndrome of coronavirus 2” (SARS-CoV-2), the etiological agent of COVID-19. Its pathophysiology is related to a
generalized inflammation that affects the nervous system, but neurotropism was also revealed by the new coronavirus, which
may increase the risk of neurological sequel, as well as the mortality of the disease. Thus, considering the comorbidities that
SARS-CoV-2 infection can promote, the modulation of purinergic signaling can be applied as a potential therapy. In this
perspective, given the role of adenosine triphosphate (ATP) in neural intercommunication, the P2X7 receptor (P2X7R) acts
on microglia cells and its inhibition may be able to reduce the inflammatory condition of neurodegenerative diseases. Finally,
alternative measures to circumvent the reality of the COVID-19 pandemic need to be considered, given the severity of critical
cases and the viral involvement of multiple organs.
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COVID-19 and Neurological Symptoms

Coronavirus acute respiratory syndrome (SARS-CoV-2) was
the name chosen for the beta coronavirus of the Coronaviridae
family responsible for coronavirus 2019 disease (COVID-19).
Defined as a pandemic by the World Health Organization
(WHO), its transmission occurs through hand-mouth-eye con-
tact and infected droplets released by coughing and sneezing
(Machhi et al. 2020). Thus, due to its high level of contagion,
about 26,961,795 people were infected and the disease of the
novel coronavirus had been responsible for the death of
880,955 people (Coronavirus disease 2019).

Among the symptoms, initial cases have shortness of
breath, cough, and chest pain, which can progress to respira-
tory distress and acute respiratory distress syndrome, the main
complication related to mortality (Chen et al. 2020a, b, c).
Also, early signs of infection are dizziness, headache,
obtundation, hypogeusia, ageusia, hyposmia, anosmia, and
myalgia (Hartung 2020). This loss of consciousness indicates
neurological effects and persistent sensory neuronal involve-
ment, as these symptoms can persist for months after infection
(Machhi et al. 2020).

Thus, the manifestation of COVID-19 has been related
to neurological problems, including stroke (ischemic,
hemorrhagic and secondary to coagulopathy), venous si-
nus thrombosis, cerebral hemorrhage, encephalopathy, en-
cephalitis, and neurodegenerative diseases such as
Guillain-Barré syndrome (GBS), or its variant Miller-
Fisher syndrome (Hartung 2020).

GBS is a rare autoimmune disease characterized by bilat-
eral weakness and neuromuscular paralysis (Willison et al.
2016) and classified into two subtypes: axonal and demyelin-
ating. It has variants that include acute inflammatory demye-
linating polyneuropathy (PDIA), acute motor axonal
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neuropathy (NAMA), acute motor axonal neuropathy
(NAMSA), and Miller-Fisher syndrome (SMF) (Kaida 2019).

There are other phenotypes as SMF overlapping with GBS,
acute ophthalmoparesis without ataxia, GBS with preserved
reflexes variant regional pharyngeal-cervical-brachial GBS
ataxia, GBS sensory ataxia, GBS pure sensory, encephalitis,
Bickerstaff, Bickerstaff encephalitis overlapping with GBS
(Kaida 2019). PDIA, the classic and most common variant
of GBS develops after gastrointestinal or respiratory infec-
tions and has appeared after viral epidemics and pandemics
(Zubair et al. 2020).

The relationship between infections and the development
of GBS is explained by the mechanism of molecular mimicry,
given the sharing of similar epitopes between peripheral nerve
components and infecting viruses (Wijdicks and Klein, 2017).
Thus, autoreactive T and/or B lymphocytes and the cross-
reaction are stimulated, in which the antibodies that had the
function of viral destruction bind to the peripheral nerve com-
ponents. In the demyelinating subtype, like the classic variant
(PDIA), the myelin sheath is compromised while, in axonal
variants like NAMA, autoantibodies attack axonal mem-
branes of peripheral nerves (Leonhard et al. 2019) (Fig. 1).

Thus, neurological parainfectious diseases, such as GBS,
transverse myelitis, or acute disseminated encephalomyelitis,
can be an associated disease (Ahmed et al. 2020). Neuronal
dysfunction and clinical manifestations have also been de-
scribed in Severe Acute Respiratory Syndrome (SARS) and
Middle East Respiratory Syndrome (MERS-CoV) infections,
surprisingly two to three weeks after recovery from respiratory
disease (Kim et al. 2017). In the period from 2015 to 2016, the
Zika virus epidemic occurred and several studies reported the
development of GBS in infected patients, which was related to
a worse prognosis (Barbi et al. 2018; Dirlikov et al. 2018;
Major et al. 2018; Arias et al. 2017; Araujo et al. 2016).

Studies claim that the manifestations of neurological dis-
eases are a significant part of the manifestations of COVID-19
(Asadi-Pooya and Simani L 2020). Zhao et al. (2020) related
GBS to SARS-CoV-2. Thus, in the same city as the outbreak,
Wuhan, China, 214 hospitalized SARS-CoV-2 patients with
neurological problems were reported (Mao et al. 2020). In
France, among 58 patients, neural involvement was observed
in almost 85% of this group (49 patients) (Helms et al. 2020).

As for GBS reports, cases have been reported in China,
Iran, and Europe - most notably Italy (Alberti et al. 2020; El
Otmani et al. 2020; Gutiérrez-Ortiz et al. 2020; Padroni et al.
2020; Scheidl et al. 2020; Toscano et al. 2020; Sedaghat and
Karimi 2020; Zhao et al. 2020). The first group (Toscano et al.
2020) consists of five patients, who developed symptoms be-
tween five and ten days after the viral infection, and four
patients had weakness in the lower limbs and paresthesia.
Through electromyography, two patients with GBS and three
with acute motor axonal neuropathy (Toscano et al. 2020)
were confirmed. In another Italian patient, as well as an

Iranian (Sedaghat and Karimi 2020) patient, the Miller-
Fisher GBS variant was found (Gutiérrez-Ortiz et al. 2020).

Mechanismof Neural Infection by SARS-CoV-2

The angiotensin-converting enzyme (ACE2) has the function
of enzymatic modification of the vasoconstrictor peptides an-
giotensin II and angiotensin I in the vasodilating peptides an-
giotensin [1–7] (Ang [1–7]) and angiotensin [1–9], respective-
ly. Thus, Ang [1–7] is the predominant form in several regions
of the brain, including the hypothalamus and amygdala, as
well as in the oblong medulla, which inhibits hypothalamic
noradrenergic neurotransmission, reducing inflammation, ox-
idative stress, and neuronal apoptosis (Rocha et al. 2018).

Also, coronaviruses use the ACE2 protein as a receptor
associated with serine transmembrane protease 2
(TMPRSS2) for cell invasion and replication in human cells
(Yan et al. 2020). Thus, organs and tissues that express the
ACE2 gene can be considered targets for infection. The
SARS-CoV-2 neurovirulence is related to the degree of ex-
pression of the ACE2 receptor in the central nervous system
(CNS), which is highly expressed in the substantia nigra,
choroid plexus, ventricles, middle temporal gyrus, posterior
cingulate cortex, olfactory bulb (Chen et al. 2020a, b, c), in the
sympathetic tract of the brain stem, and the motor cortex (Xia
and Lazartigues 2008).

ACE2 is considered a key element in the anti-inflammatory
and hypotensive arm of the renin-angiotensin-aldosterone sys-
tem (RAAS), which is operating endogenously in the CNS
(Garcia-Garrote et al. 2019; Xu et al. 2011; Xia and
Lazartigues 2008). This protein is present both in the superfi-
cial membrane and in the cytoplasm of the neuronal and glial
cells of the human brain (Xiao et al. 2013). Furthermore, using
transcriptomic analysis, the expression of ACE2 has been re-
ported in astrocytes, oligodendrocytes, endothelial cells, ex-
citatory and inhibitory neurons (Chen et al. 2020a, b, c), in-
creasing the possibility of viral attack.

Other evidence found this receptor in the cardiorespiratory
nuclei of the brain stem, which may indicate direct viral con-
tact and justify the atypical form of acute respiratory distress
syndrome (ARDS) (Marini.2020;Marini and Gattinoni 2020).
Likewise, being expressed in the capillary endothelium, the
viral S protein can allow the virus to interact in the cerebral
microcirculation, triggering endothelial damage, and spread-
ing to neurons (Baig et al. 2020).

Autopsies have demonstrated SARS-CoV-2 ribonucleic
acid (RNA) in the respiratory and cardiovascular regulatory
centers in the medulla (Meinhardt et al. 2020). The way
SARS-CoV-2 infects nerve tissue remains uncertain though.
Thus, five different ways are being hypothesized for the virus
to enter the nervous system and to bind ACE2 expressed in
this organ, including the neuronal, hematogenous, Trojan,
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pericellular, and lymphatic routes (Briguglio et al. 2020)
(Fig. 2).

The mechanism of involvement of multiple organs is shared
by other coronaviruses, so understanding how they infect the
brain can be a way of understanding SARS-CoV-2. Previous
studies have analyzed the nervous system of SARS patients and
reported the presence of viral particles in the brain, exclusively
in neurons (Xu et al. 2005). In vivo experiments with transgenic
mice reproduced the infection by SARS andMERS intranasally
and perceived the entrance through the olfactory nerve and the
dissemination through brain regions such as the brainstem and
thalamus (Li et al. 2016).

Occurring at different stages, the invasion of the CNS in the
COVID-19 scenario can be reported both early and late and
the manifestations of CNS disease can appear directly after
infection, at the end of the disease course, or after recovery
(Conde Cardona et al. 2020). Baig et al. (2020) found the
presence of RNA in the cerebrospinal fluid as evidence, which
supports neurovirulence and the route through the SARS-
CoV-2 cribriform plate to the brain (Fig. 2a). Also, the likeli-
hood of virus binding is increased in the nasal olfactory epi-
thelium, as Bilinska et al. (2020) demonstrated the expression

of two host receptors, ACE2 and TMPRSS2, which facilitate
the binding, replication, and accumulation of SARS-CoV-2.

Thus, the new coronavirus can spread via the transcervical
pathway from the olfactory epithelium along the olfactory
nerve to the olfactory bulb within the CNS, in addition to
using the trigeminal nerve branch through the transsynaptic
route (de Freitas Ferreira et al. 2020) (Fig. 2a). Besides, an-
other form of dissemination would be the vesicular transport
of the virus through microtubules and neuronal cell bodies
(Zubair et al. 2020), through transsynaptic transfer using an
axonal transport mechanism and endocytosis or exocytosis
(Fig. 2b).

The biological evidence supporting the retrograde
transsynaptic pathway of peripheral nerve endings is a finding
that demonstrates that coronaviruses can penetrate the CNS
through the cribriform plate of the ethmoid bone (Li et al.
2020). Gosztonyi (1986) demonstrated the axonal transport
of viral nucleic acid between some neurotropic viruses, as well
as Taylor and Enquist (2015) profoundly presented this route
in several viruses in a review. Also, Li et al. (2013a, b) dem-
onstrated that other viruses spread in the CNS through a
transsynaptic route. Thus, joining these observations, we can

T cells

B cells

APC
plasma cells

ANTI-GM1

microglia

Non-myelinating schwann cellNormal schwann cell

intact myelin sheath damaged myelin sheath

Neuron

ACE2immune system 
     activation

proinflammatory
       action

 antibody
production

Guillain-barré syndrome
macrophage

epitope

IL-4
IL-6

epitope 
  GM1

TNF-α
 IFN-γ

Fig. 1 Representation of molecular mimicry, pathophysiological
mechanism of GBS. The pathophysiology of GBS is evidenced by the
mechanism of molecular mimicry, in which the virus shares epitopes
common to neuron components, such as the myelin sheath and axonal
lining. Thus, direct virus infection triggers the activation of the immune
system and APC precursor cells, which differentiate into T and B
lymphocytes. Also, the viral epitope is recognized by the B lymphocyte
and the T lymphocyte releases isoleucine such as IL-6 and interleukin 4
(IL-4), in addition to cytokines such as TNF-α and interferon-gamma

(IFN-γ) for macrophage activation, triggering local inflammation that
can be exacerbated. Thus, there is the production of antibodies (ANTI-
GM1) to attack the virus, however, by sharing epitopes, these antibodies
also attack components of the neuron. The recruitment of more macro-
phages increases inflammation, as well as the performance of the microg-
lia that release cytokines such as IFN-γ and interleukin 1 beta (IL-1β).
Finally, the neuron is in hyperinflammation and operates with its reduced
functionality or loses it definitively, being able to suffer cell death and
causing irreversible damage to the patient with this syndrome
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base the direct infection of SARS-CoV-2 as a possibility in
transsynaptic transport (Fig. 2a and b).

Another mechanism of CNS involvement can be by hema-
togenous propagation (Fig. 2c), or by the lymphatic pathway
(Fig. 2d). Thus, damage to the capillary epithelial barrier al-
lows the virus to reach the bloodstream and lymphatic capil-
laries, spreading through the body and reaching the brain.
SARS-CoV-2 particles were found in the capillary endotheli-
um and neurons in a frontal lobe sample from an autopsy case
study (Paniz-Mondolfi; et al. 2020), infecting vascular and
neural cells. ACE2 interaction of these cells can occur, in-
creasing their replication and damage to vascular and neuronal
tissue (Baig et al. 2020) (Fig. 2c and d).

Furthermore, there is the possibility of the Trojan pathway,
also called the “Trojan horse mechanism”, in which infected
leukocytes pass through the barrier (BBB) and spread the
virus (Fig. 2e). Generalized systemic inflammation can in-
crease BBB permeability and as lymphocytes, monocytes
and granulocytes express ACE2. Thus, the invasion of the

CNS by infected immune cells is facilitated (Sankowski
et al. 2015). Finally, contamination of adjacent cells via the
pericellular route can occur, in which the virus passes through
the gap between the efferent cells of the olfactory sensory
neurons and infects their surrounding cells, as well as diffu-
sion through the mucous layer of the respiratory tract or the
cerebrospinal fluid (Briguglio et al. 2020) (Fig. 2f).

SARS-CoV-2 and the SGB

SARS-CoV-2 infiltrated in neural tissue is capable to generate
the pathophysiology of GBS through the mechanism of mo-
lecular mimicry, however, it is not the only way to develop
this pathology when the patient presents COVID-19. The clin-
ical picture of this disease is closely related to a “cytokine
storm” and the subsequent hyperinflammation may also be
responsible for the development of the pathogenesis of GBS,
as they can result in the breakdown of the blood-brain barrier
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Fig. 2 Different hypothetical routes of viral infiltration of the new
coronavirus to the CNS. Representation of virus entry and involvement
of nervous tissue by different pathways. A neuronal pathway, which can
be through the olfactory nerve (a) or transsynaptic axonal reverse
pathway (b), occurs when the virus comes into contact with the nasal
cavity (a) or with peripheral nerves (b) and is transported through the
synapses. In the first situation (a), the virus has contact with the olfactory
nerves that allowed the olfactory bulb to enter and spread through the
brain. As for the retrograde transsynaptic pathway, the virus that is being
transported by the peripheral nerves follows the opposite pathway by
endocytosis of the neurotransmitters by the presynaptic neuron. Thus,
this virus can follow up to the central nervous system and infect the
brain. Another route may be the hematogenic (c), in which the virus

injures and infects blood-brain barrier endothelial vascular cells and this
infected cell has contact with neural cells such as the astrocyte, which can
spread SARS-CoV-2 through neuronal tissue until infection direct to the
brain. Another possible route is the lymphatic route (d), which occurs
through the infection of the coronavirus and the lymphatic vessels
through contact with infected capillaries, thus, these infected lymphatic
capillaries may have contact with the brain and enable viral dissemination
in this organ. The Trojan route, on the other hand, occurs through the
movement of leukocytes infected by the blood-brain barrier and the con-
tamination of these cells. Finally, a pericellular route can occur, for ex-
ample, in contact between alveoli and blood capillaries, thus, SARS-
CoV-2 can cross the alveolar membrane and spread through the blood
and infect blood cells
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without direct intracranial viral invasion (Ahmed et al. 2020;
Zhou et al. 2020).

Thus, cytokines such as interleukin-6 (IL-6) act onmultiple
organ dysfunction, with fatal consequences (Ahmed et al.
2020; McCrayet al. 2007). The same is true for tumor necrosis
factor alpha (TNF-α), which was identified as pro-
inflammatory and related to the increased severity of GBS
(Li et al. 2013a, b) (Fig. 3a). Also, the “macrophage activation
syndrome”, associated with the coagulopathy observed in the
disease, causes cerebrovascular events, both thrombotic and
hemorrhagic (Ahmed et al. 2020) (Fig. 3b).

Considering that coronaviruses can infect immune cells,
the host’s immune-mediated response may play a role in brain
failure, given that the hyperinflammatory syndrome has been
linked to increased mortality due to COVID-19 (Mehta et al.
2020). Studies have shown a significant increase in the levels
of pro-inflammatory cytokines such as IL-6, TNF-α, interleu-
kin 1 (IL-1) (Yesilkaya and Balcioglu 2020), and the
chemokine-1 monocyte protein after infiltration of infected
T lymphocytes (Jacomy et al. 2010) (Fig. 3b).

Hypoxia, caused by infection and respiratory tract dysfunc-
tion, is closely associatedwith indirect neuronal damage.With
the reduction of oxygen levels, CNS cells increase anaerobic
metabolism, in addition to the induction of ischemia, intersti-
tial edema and vasodilation in the cerebral circulation, which
ends up causing stroke, syncope and anoxic crisis (Wu et al.
2020) (Fig. 3c).

Regardless of the etiology, GBS generates neurolog-
ical problems that persist in up to 20% of patients with
the disease. Half of these patients are severely deficient
(Ahmed et al. 2020), affecting several components of
the nervous system and changing the dynamics of func-
tioning. Adenosine triphosphate (ATP) is seen as a neu-
ronal modulating agent, as it can involve several impor-
tant intracellular pathways, such as calcium, adenosine
3’, 5’-cyclic monophosphate (cAMP), inositol-1,4,5-tri-
phosphate, phospholipase C, and others (Fields
and Burnstock 2006). Also, both microglia and immune
cells respond to a wide range of ATP receptor agonists,
secreting cytokines (Hide et al. 2000), plasminogen
(Inoue et al. 1998), increasing intracellular calcium
(Toescu et al. 1998), and triggering potassium currents
(Boucsein et al. 2003).

In GBS, cell damage can result in the release of large
amounts of ATP in the extracellular environment, which
stimulates the proliferation of microglia - immune cells
active in the CNS and act as a powerful chemoattractant
at the brain injury site (Ahmed et al. 2020; Li et al.
2013a, b). Responses to ATP released during brain in-
jury are not always neuroprotective though and can con-
tribute to pathophysiology (Hide et al. 2000). Thus,
purinergic signaling is evidenced as therapy, due to
the regulation of ATP release.
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Fig. 3 Cytokine storm and hypoxia in COVID-19 as a possible trigger of
GBS. In addition to direct viral infection, pathology of GBS and other
neurological disorders may occur due to the cytokine storm and hypoxia
caused by COVID-19. Thus, a cytokine storm (a) can break through a
blood-brain barrier and contribute to pathogenesis, in addition to activat-
ing the “macrophage activation syndrome” (b) that triggers both

thrombotic and hemorrhagic cerebrovascular events. Furthermore, hyp-
oxia (c) forces the anaerobic metabolic function of neural cells, by reduc-
ing the concentration of oxygen, causing interstitial edema and cerebral
vasodilation, which compromises its functioning and can progress to
stroke, syncope, and anoxic crisis
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Purinergic System and Coronavirus‐induced
GBS

Proposed in 1972, purinergic signaling is characterized by the
relationship between signaling components, receptors, and
specific enzymes (Burnstock 2020a). The signaling molecules
include adenosine (Ado) and ATP, which are co-transmitters
and act in the process of synaptic transmission. Ado plays an
important role in presynaptic neuromodulation and ATP has
been identified as a short-term signaling molecule in
neuromodulation, neurosecretion, and neurotransmission, in
addition to playing an important role in cell proliferation, dif-
ferentiation, and death (Burnstock 2020b).

Purinergic receptors are widely distributed in different cell
types, both non-neuronal and neuronal and are divided into
two groups: Ado receptors (P1) and ATP receptors (P2). The
former play an important role in presynaptic neuromodulation
and are divided into four subtypes. The second group is divid-
ed into seven P2X ionotropic nucleotide receptors, which are
involved in rapid synaptic transmission and synaptic plastici-
ty; and eight P2Y metabotropic nucleotide receptors widely
involved in presynaptic activities, as well as in mediating
long-term (trophic) signaling of cellular activity (Burnstock
2020b). Also, there are the ectonucleotidases: the ectoenzyme
adenosine deaminase (ADA) responsible for the deamination
of Ado in inosine and the ectonucleotidases E-NPP, E-
NTPDases, ecto-5’-nucleotidase, and alkaline phosphatase,
which regulate the nucleotides (Leal et al. 2005).

Acting in conjunction with glutamate, norepinephrine,
GABA, acetylcholine, and dopamine in the brain, ATP has
receptors in both neurons and glial cells (Illes 2020). Within
the receptor-channel family of this nucleotide, the P2X7R is
widely distributed in the CNS, especially in microglia, but
also in neurons and neuroglia (astrocytes, oligodendrocytes)
(Illes et al. 2020). It plays a role in transmembrane flows of
Na+, Ca 2+, and K+, in addition to the slow permeation of
larger organic molecules, acting on cellular functions such
as, for example, the excess influx of Ca2+, is capable of pro-
moting necrosis (Illes 2020).

Furthermore, stimulation of this receptor leads to the re-
lease of pro-inflammatory cytokines, proteases, chemokines,
reactive oxygen species (ROS), and the excitotoxic glutamate
and ATP (Illes 2020). These bioactive molecules inducing
neurodegeneration when released in excess, by signaling ef-
fect, mechanical deformation or injury, are closely associated
with a variety of neurological problems, including stroke,
thrombosis, Alzheimer’s disease (AD), Parkinson’s
(Burnstock 2020b), trauma, ischemia, epilepsy, neurodegen-
erative diseases, and cancer, including gliomas (Illes 2020).

Thus, after these events, a massive release of ATP occurs
through the permeable plasma membrane of neural tissue,
causing cell damage, in addition to the original consequences
of neurodegeneration, increasing comorbidities (Illes 2020).

Thus, the modulation of purinergic signaling can act as a pos-
sible therapy for Guillain-Barré syndrome triggered by the
SARS-CoV-2 infection, with emphasis on P2X7R antagonists
permeable to the blood-brain barrier with excellent
bioavailability.

As the main objective of this therapy, the use of P2X7R
antagonists may be able to reduce the release of pro-
inflammatory molecules and thereby reduce the damage from
the cytokine storm. However, an obstacle to its application
may be a less significant reduction of these biomarkers in
relation to their uncontrolled production. Thus, it would be
necessary to use an adjuvant therapy or analyze these markers
to enhance the results.

Thus, including both neurological pathologies and other
diseases that plague the world as well as cancer, recent studies
have worked and shown good results with the modulation of
the P2X7R. These include infections (Di Virgilio et al., 2017),
inflammation (Freire 2019), glioma (Kan et al. 2020), tumors
(De Marchi et al. 2019), sclerosis (Cieślak, Roszek and
Wujak, 2019), depression and anxiety (Hong et al. 2020).
Thus, it is understood that the association made between the
purinergic system, with emphasis on P2X7R, in Guillain
Barré Syndrome is unprecedented, but strongly supported by
the literature, although there are no clinical experiments.

As confirmed several times in the literature, P2X7R acts
directly on neuroinflammation in neurological diseases and
the performance of its antagonists is related to a reduction in
inflammatory markers, which must be analyzed to assess the
effectiveness of the therapy. As an example, the study by Lu
et al. (2013), demonstrated the role of the low toxicity and
selective P2X7R antagonist brilliant blue G (BBG) in reduc-
ing microglial activity and its consequent inflammation by
reducing levels of cyclooxygenase-2 and IL-6.

Thus, the use of antagonists becomes a universally used
therapy against inflammatory scenarios in the nervous envi-
ronment. In the study by Wang et al. (2020) the anti-
inflammatory effect of the BBG was able to attenuate the
neuroinflammatory response, being perceived by the reduc-
tion in the levels of pro-inflammatory cytokines as interleu-
kins and TNF-a, as well as levels of mRNA, inducible oxide
synthase protein and cyclooxygenase-2. In addition, these an-
tagonists were used to protect against brain ischemia and re-
perfusion injury, reducing the levels of IL-1ß, TNF-α and IL-
6 and the overexpression of these cytokines in the hippocam-
pus (Chu 2012).

In addition, the role of purinergic signaling in epilepsy
enables treatment with modulation of both Ado and ATP
receptors. Thus, Ado acts to inhibit seizures, which can
induce inflammatory processes and vice versa, as well as
activation of P2X7R. Therefore, the use of its antagonists
reduces the uncontrolled release of pro-inflammatory cyto-
kines such as IL-1ß and TNF-α and act in the way of
inhibiting seizures (Ciéslak et al. 2017). Likewise, in cases
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of alcohol abuse, treatment with the antagonist P2X7R
A804598 was able to reverse changes in microglia and
astrocytes, in addition to significantly reducing levels of
mRNA and inflammatory markers such as IL-1ß in the
brain (Freire et al. 2019).

This therapeutic hypothesis becomes stronger when analyz-
ing the gene expression of this receptor in pathology. In a rest-
ing situation, microglia act in different physiological functions,
such as protection of the blood-brain barrier, conformation of
synaptic structures, and elimination of excess synapses during
development (Illes et al. 2020). When in a scenario of neurode-
generative disease, however, its activation can aggravate the
disease and trigger an uncontrolled neuroinflammatory reaction
(Fig. 4a).

Whereas the microglia is regulated by a set of purinergic
receptors, namely P2Y12, P2Y6, P2Y4, P2X4, P2X7R, A2A,
and A3 (Illes et al. 2020), modulation P2X7R was chosen by
previous studies to demonstrate its role inmicroglia associated
with neurodegenerative diseases. Thus, there is therapeutic
potential in GBS, as P2X7R regulates different microglial
functions, including migratory capacity (Davalos et al. 2005).

Martínez-Frailes et al. (2019) confirmed in vitro studies the
action of ATP in promoting microglial mobility by activating
P2X7R. Thus, there is an interdependent relationship between
the increase in ATP and microglial activity, however, it is also

related to a release of cytokines by the microglia (Di Virgilio
et al. 2017). It has also been reported in changes in the cytoskel-
eton, reducing phagocytic capacity (Fang et al. 2009) (Fig. 4b).

From this perspective, studies have found P2X7R in neu-
rons (Miras-Portugal et al. 2017) and others have detected it
mainly in glial cells (Illes et al. 2017) (Fig. 4a), although the
distribution pattern is altered in pathological conditions
(Fig. 4b). Neuroinflammation causes microglial proliferation
and activation and reduces the transcription of neuronal
P2X7R and increases in microglial cells, demonstrating how
the pathology regulates the expression of this receptor
(Martínez-frailes et al. 2019).

Thus, the increase in pro-inflammatory cytokines released
by P2X7R can promote its overload, characterizing a positive
feedback cycle that promotes an exacerbated microglial re-
sponse and contributes to the adverse effects of neuroinflam-
mation (Mosher and Wyss-Coray 2014) (Fig. 4b). Therefore,
P2X7R blockade is ratified by the reduction of microglial
activity and subsequent inflammation, as well as its ability to
attenuate LPS-induced neuroinflammation in the study by Lu
et al. (2013), also reducing microglial proliferation (Bianco
et al. 2006) (Fig. 4c).

Lee et al. (2011) applied this therapy in AD and was able to
create a close relationship between the positive regulation of
P2X7R in the microglia and the increase in synaptic toxicity in

P2X7R

anti-inflammatory
        therapy
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P2X7R inhibitors

P P P
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P P P

ATP
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Fig. 4 Representation of quantitative changes in P2X7R in microglia in
neuropathologies. In a resting state and basal cell action, the microglia
acts in neuronal protection and the structural action of the synapse. In the
neuropathies scenario, there is greater activation of these cells and the
development of neuroinflammation. As for the disposition of the receptor,
in the case of neurodegenerative diseases, there is a greater expression of

P2X7R in glial cells, which release pro-inflammatory cytokines and a
smaller one in neurons. Thus, with greater microglial activation and mi-
gration, this release becomes exacerbated and ends up worsening the
disease. Thus, considering that there is an increase in the production of
ATP in GBS by cells, the inhibition of receptors would be able to reduce
inflammation and assist in the treatment of both GSB and COVID-19
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this pathology. The compression of brain tissue by extracellu-
lar β-amyloid deposits is observed in the final stages of the
disease and can cause amechanical release of ATP (Burnstock
et al. 2011), which favors microglial migration, which also
expresses the receptor towards these deposits. Also, it can
promote sustained activation of neuronal P2X7R, compromis-
ing cell viability, and increasing neuronal loss associated with
neurodegenerative diseases (Martínez-Frailes et al. 2019).

The Ado is also present in the nerve intercom, as Schwann
cells respond to nerve stimulation and are intimately involved
in signal Ado and ATP the release of transmitters. Thus, the
nucleoside may be neuroprotective, activating A1R in a situ-
ation of depression of synaptic transmission in the hippocam-
pus during hypoxia, although the activation of A2B receptors
in astroglioma cells increases the synthesis of IL-6 messenger
RNA and IL-6 protein. Hence, in addition to the discussion
about the P2X7R and other ATP receptors, the P1 subtype can
also be implemented as therapy, hypoxia being closely related
to neuropathologies, with Ado modulation acting as a protec-
tor of this system (Fields and Burnstock 2006).

Finally, inhibition of P2X7R in patients with GBS would
be able to reduce the existing neuroinflammation and reduce
damage to the pathology, given the exacerbated action of the
microglia. Thus, as discussed above, antagonists of this recep-
tor can negatively modulate the inflammatory cycle and bring
more comfort to the neural environment. Therefore, both in
GBS and in its variants triggered by the coronavirus, which is
closely associated with generalized and uncontrolled systemic
inflammation, purinergic signaling can be used as adjuvant
therapy in the treatment of COVID-19.

Conclusions

In a COVID-19 pandemic scenario, the development of im-
munotherapies becomes a priority. The fact that SARS-CoV-2
affects the nervous system increases this concern even more,
as the involvement of the brain increases the level of fatality
and can trigger comorbidities. Thus, neurological symptoms,
ranging from sensory losses to cerebrovascular diseases, are
highlighted in the literature as associated with the action of the
neural tissue coronavirus. Therefore, the study and application
of the modulation of purinergic signaling in neurodegenera-
tive diseases, with emphasis on GBS and its variants, may be
able to work together with the treatment of COVID-19 and
reduce the level of mortality. Finally, the use of P2X7R an-
tagonists may indicate a usual therapy, as this block reduces
neuronal inflammation and microglial activity.
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