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Abstract

In coronavirus disease 2019 (Covid-19) era, neuroinflammation may develop due to neuronal tropism of severe acute respira-
tory syndrome coronavirus type 2 (SARS-CoV-2) and/or associated immune activation, cytokine storm, and psychological
stress. SARS-CoV-2 infection and linked cytokine storm may cause blood—brain barrier (BBB) injury through which activated
immune cells and SARS-CoV-2 can pass into the brain causing activation of glial cells with subsequent neuroinflamma-
tion. Different therapeutic regimens were suggested to alleviate Covid-19-induced neuroinflammation. Since glibenclamide
has anti-inflammatory and neuroprotective effects, it could be effective in mitigation of SARS-CoV-2 infection-induced
neuroinflammation. Glibenclamide is a second-generation drug from the sulfonylurea family, which acts by inhibiting the
adenosine triphosphate (ATP)-sensitive K channel in the regulatory subunit of type 1 sulfonylurea receptor (SUR-1) in
pancreatic B cells. Glibenclamide reduces neuroinflammation and associated BBB injury by inhibiting the nod-like receptor
pyrin 3 (NLRP3) inflammasome, oxidative stress, and microglial activation. Therefore, glibenclamide through inhibition of
NLRP3 inflammasome, microglial activation, and oxidative stress may attenuate SARS-CoV-2-mediated neuroinflammation.
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Introduction

Coronavirus disease 2019 (Covid-19) represents a current
pandemic disease caused by a novel severe acute respira-
tory syndrome coronavirus type 2 (SARS-CoV-2) lead-
ing to formidable global effects (Al-kuraishy et al. 2022c;
Al-Thomali et al. 2022). Covid-19 is regarded as a pri-
mary respiratory disease leading to a mild respiratory
infection. However, in severe cases, it causes acute lung
injury (ALI) and the development of acute respiratory
distress syndrome (ARDS) (Al-kuraishy et al. 2022a; Al-
kuraishy et al. 2022¢). Besides, Covid-19 may cause extra-
pulmonary complications including acute kidney injury,
stroke, hepatic injury, testicular injury and neuroinflam-
mation due to the propagation of hyper-inflammation and
cytokine storm (Al-kuraishy et al. 2022b).

Furthermore, in Covid-19, neuroinflammation may
develop due to neuronal tropism of SARS-CoV-2 and/or
associated immune activation, cytokine storm, and psy-
chological stress (Kempuraj et al. 2020; Ojo et al. 2021;
Alorabi et al. 2022). Exaggeration of peripheral immune
response and hyper-inflammation in SARS-CoV-2 infec-
tion can exacerbate and causes neuroinflammation by
activating mast cells (Kempuraj et al. 2020; Koneru et al.
2021). SARS-CoV-2 infection and linked cytokine storm
may cause blood-brain barrier (BBB) injury through
which activated immune cells and SARS-CoV-2 can pass
into the brain causing activation of glial cells with subse-
quent neuroinflammation (Pacheco-Herrero et al. 2021).
In the clinical setting, it has been reported that the latency
of about one week gap between the onset of severe Covid-
19 and onset of neuroinflammation due to SARS-CoV-2
and alteration in the function of BBB (Pacheco-Herrero
et al. 2021). SARS-CoV-2-induced neuroinflammation
is associated with increased biomarkers of neuronal and
BBB injuries such as neurofilament light chain (NfL) and
glial fibrillary acidic protein (GFAP) in Covid-19 patients
(Kanberg et al. 2020). A cross-sectional study included 47
Covid-19 patients with mild (n=20), moderate (n=9) and
severe (n=18) showed that patients with severe Covid-19
had higher levels of GFAP and NfL compared to the mild
and moderate ones. The early peak of GFAP was reduced
on follow-up while NfL remained high during the follow-
up (Kanberg et al. 2020). This finding suggests that SARS-
CoV-2-induced neuroinflammation is linked with early
astrocyte activation and delayed axonal injury in Covid-19.
SARS-CoV-2-induced neuroinflammation is more com-
mon in the elderly due to low-grade inflammatory changes
which might explain the greater risk of Covid-19 in the
elderly age group (Bosst et al. 2020).

Baig and other studies revealed that SARS-CoV-2 can
be transported through general circulation and enters the
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brain via cerebral microcirculation where it binds angio-
tensin-converting enzyme 2 (ACE2) in the neurovascular
unit leading to the induction of neuroinflammation (Baig
et al. 2020; Abubakar et al. 2021; Babalghith et al. 2022).
It has been reported that 36.4% of Covid-19 patients pre-
sented with neurological manifestations including dizzi-
ness, headache, impaired consciousness, and cerebrovas-
cular events (Mao et al. 2020). Similarly, a prospective
study showed that 13.5% of Covid-19 patients had neuro-
logical symptoms associated with poor clinical outcomes
and high mortality (Frontera et al. 2021; Mathew et al.
2021).

Different therapeutic regimens were suggested to alleviate
Covid-19-induced neuroinflammation. Ong and colleagues
suggested that antimalarial drugs could be effective in the
management of SARS-CoV-2 infection-induced neuroin-
flammation by inhibiting phospholipase A2 (PLA2) (Ong
et al. 2021). Besides, selective serotonin reuptake inhibi-
tor fluvoxamine which has an agonist effect on the sigma-1
receptor was confirmed in a randomized clinical trial to be
effective in reducing Covid-19-induced neuroinflammation
and clinical deterioration (Lenze et al. 2020; Al-kuraishy
et al. 2021a). In addition, statins were proposed recently to
be effective against Covid-19-induced neuroinflammation
and acute brain injury by their anti-inflammatory effects
(Hussien et al. 2021; Alsubaie et al. 2022). Of note, gliben-
clamide has anti-inflammatory and neuroprotective effects
(Hussien et al. 2018) therefore we hypothesized that glib-
enclamide could be an effective agent in the mitigation of
SARS-CoV-2 infection-induced neuroinflammation.

Glibenclamide and neuroinflammation

Glibenclamide is a second-generation drug from the sulfony-
lurea family (Fig. 1), which acts by inhibiting the adenosine
triphosphate (ATP)-sensitive K channel in the regulatory
subunit of type 1 sulfonylurea receptor (SUR-1) in pancre-
atic P cells. This effect induces membrane depolarization
with increasing intracellular Ca*™ within pancreatic p cells
and subsequent insulin release (Najdi et al. 2019). Gliben-
clamide is mainly used in the management of type 2 diabetes
mellitus (T2DM); however, it is not the first-line therapy in
T2DM (Najdi et al. 2019; Batiha et al. 2022).

Cl

Fig. 1 Chemical structure of glibenclamide
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Glibenclamide is regarded as an old drug; it was discov-
ered in 1969 and permitted in medical use in 1984 (Katsi-
lambros 2006). There are three isoforms of SUR, SUR-1 in
the pancreatic f cells, SUR-2A, and SUR-1B in the heart
and adipose tissue, respectively, though the brain expresses
all types of SUR isoforms (Katsilambros 2006). It has
been reported that neuroinflammation was associated with
over-expression of SUR-1 and tumor necrosis factor-alpha
(TNF-a) (Simard et al. 2012; Batiha et al. 2021). The use
of glibenclamide can reduce neuroinflammation in experi-
mental rats through the inhibition of SUR-1 (Tosun et al.
2013). Hussien et al (2018) proposed the neuroprotective
effects of glibenclamide in reducing ischemic stroke and
brain edema through induction of neurogenesis and possi-
ble anti-inflammatory effects. Similarly, glibenclamide was
suggested to be a potent systemic anti-inflammatory agent
against respiratory, cardiac, digestive, and neurological
inflammation by its anti-inflammatory effects with reduced
release of pro-inflammatory cytokines (Zhang et al. 2017). A
recent experimental study observed that glibenclamide miti-
gated hippocampal inflammation and cognitive impairment
in T2DM rats (Esmaeili et al. 2020). Zhang and colleagues
revealed that glibenclamide had a protective effect against
inflammation-mediated neuronal injury (Zhang et al. 2017).
Similarly, glibenclamide promotes neurological recovery
and neuroinflammation following intracerebral hemorrhage
in rats (Jiang et al. 2021). Notably, oral treatment of gliben-
clamide can mitigate functional outcomes in patients with
moderate to severe traumatic brain injuries (Khalili et al.
2017).

These verdicts suggest that glibenclamide is effective
against neuroinflammation by its anti-inflammatory effects.
Depending on these observations and suggestions, gliben-
clamide may be effective against viral infections including
SARS-CoV-2.

Glibenclamide and Covid-19-induced
neuroinflammation

In severe SARS-CoV-2 infection, different inflammatory
signaling pathways are activated with the subsequent release
of pro-inflammatory cytokines including TNF-a, interleu-
kins (IL-1p, IL-6) and chemokines (Mostafa-Hedeab et al.
2022; Al-Kuraishy et al. 2022d).

Of note, in Covid-19-induced neuroinflammation, nod-
like receptor pyrin 3 (NLRP3) inflammasome is activated
by SARS-CoV-2 and/or activated microglial cells causing
progressive neuroinflammation and brain injury (Cama
et al. 2021; Ezeonuegbu et al. 2021). Thus, suppression
of NLRP3 inflammasome could be an effective strategy
against the development of SARS-CoV-2-induced neuro-
inflammation (Cama et al. 2021). Likewise, activation of
the NLRP3 inflammasome by SARS-CoV-2 is linked with

the development of BBB injury (Zhao et al. 2021). Severe
disruption of BBB in Covid-19 leads to critical neuroin-
flammation and central nervous system (CNS) complica-
tions (Welcome and Mastorakis 2021). Targeting of NLRP3
inflammasome in SARS-CoV-2 by specific inhibitors can
mitigate the neuroinflammation and associated BBB injury
in Covid-19 patients (Freeman and Swartz 2020). As well,
natural products such as Oridonin, Parthenolide and vinyl
sulfone-related compounds have potential inhibitory effects
on the activation of NLRP3 inflammasome (Shah 2020).

Of interest, glibenclamide reduces neuroinflammation
and associated BBB injury by inhibiting NLRP3 inflamma-
some in mice with experimental intracerebral hemorrhage
(Xu et al. 2019). Yang et al (2019) found that glibenclamide
had a neuroprotective effect through inhibition of the NLRP3
inflammasome signaling pathway. In addition, glibenclamide
can decrease microglial activation-induced neuroinflamma-
tion through the suppression release of pro-inflammatory
cytokines IL-1p, IL-6, and TNF-a (Esmaeili et al. 2020;
Mabhran et al. 2021).

Glial cells including microglia and astrocytes respond to
the brain insults-induced neuroinflammation and could be
a potential target of SARS-CoV-2 due to higher expression
of ACE2 (McMabhon et al. 2021). As well, glial cells are the
major source of inflammatory cytokines in the CNS (Var-
gas et al. 2020). In general, glial cells are involved in viral
clearance through the recruitment of immune cells and the
activation release of antiviral cytokines (Amaral et al. 2021).
However, over-activation of microglial cells by the persis-
tence of viral infection or through activation of astrocytes
induces the release of pro-inflammatory cytokines with the
development of cytokine storm which causes synaptic loss
and BBB injury (Mangale et al. 2020; Opara et al. 2021).
Therefore, microglial cells might be responsible for direct
neuronal injury or T cell/astrocytes-induced neurotoxicity
and cytokine storm. Glibenclamide had a neuroprotective
role with the reduction of cerebral edema and the release of
inflammatory cytokines by inhibiting glial and microglial
cells in rats (Kajimoto et al. 2022).

These findings suggest that glibenclamide may reduce
Covid-19-induced neuroinflammation through its anti-
inflammatory effects which are mediated by suppressing
the activation of NLRP3 inflammasome and the release of
pro-inflammatory cytokines.

Furthermore, the induction of oxidative stress during
SARS-CoV-2 infection may cause neuroinflammation and
other CNS complications through the induction of nuclear
factor kappa B (NF-kB) (Karnik et al. 2021). Indeed, gliben-
clamide inhibits neuronal ischemic-reperfusion injury in rat
hippocampus through suppression the development of oxida-
tive stress (Abdallah et al. 2011; Yaqoob et al. 2021). Dif-
ferent experimental studies demonstrated that glibenclamide
can attenuate acute brain injury by reducing the generation
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of reactive oxygen species (ROS) and inducing the expres-
sion of antioxidant enzymes (Abdallah et al. 2011; Erejuwa
et al. 2010). However, the effect of glibenclamide on the
redox potential cellular changes in relation to neuroinflam-
mation is not well-defined. Thus, the glibenclamide effect
on SARS-CoV-2 infection needs further studies.

Of interest, glibenclamide was not evaluated in Covid-19
patients as most critical diabetic patients switched to insu-
lin therapy for strict glucose control (Rodrigues Ferreira
et al. 2021; Al-kuraishy et al. 2021b). In addition, the use of
glibenclamide in diabetic Covid-19 patients may increase
the risk of hypoglycemia (Nakhleh and Shehadeh 2020).
Of note, the medical use of glibenclamide is associated
with the risk of hypoglycemia in diabetic and non-diabetic
patients (Soydan et al. 2013). However, the use of a non-
hypoglycemic dose of glibenclamide 0.4 mg/kg still has an
anti-inflammatory effect (Berdugo et al. 2021). Therefore,
the use of a lower effective dose of glibenclamide could be a
promising therapeutic strategy in the management of SARS-
CoV-2-induced neuroinflammation even in non-diabetic
patients. Remarkably, glibenclamide is effective against ALI
by inhibiting the release of pro-inflammatory cytokines and
the generation of ROS (Nakhleh and Shehadeh 2020; Mou-
barak et al. 2021). In this state, glibenclamide can decrease
the risk for the development of hypoxemia which is associ-
ated with the propagation of neuroinflammation and acute
brain injury (Amruta et al. 2021).

Moreover, downregulation of ACE2 by SARS-CoV-2
may induce dysregulation of the renin-angiotensin sys-
tem (RAS) with increasing vasoconstrictor angiotensin II
(Angll) and reduction of vasodilator Angl-7 (Al-Kuraishy
et al. 2021c; Alkazmi et al. 2022). Dysregulated RAS in
Covid-19 increases the risk for the development of cytokine
storm and other critical complications including ALI (Al-
Kuraishy et al. 2021d). As well, hyperglycemia in T2DM
may trigger dysregulation of RAS causing propagation of
diabetic complications (Nakhleh and Shehadeh 2020). Inter-
estingly, insulin therapy induces the expression of a protec-
tive anti-inflammatory ACE2, which may reduce Covid-19
complications in T2DM patients (Nakhleh and Shehadeh
2020). Since glibenclamide stimulates insulin release from
pancreatic p-cells (Hussien et al. 2018), a lower dose of glib-
enclamide may decrease Covid-19 complications through
the insulin-mediated pathway.

Therefore, glibenclamide through inhibition of NLRP3
inflammasome, microglial activation, and oxidative stress
may attenuate SARS-CoV-2-mediated neuroinflammation
(Fig. 2).

These findings and our hypotheses provoke future pre-
clinical and clinical studies to confirm the potential role of
glibenclamide in Covid-19 and associated neuroinflamma-
tion. However, the present hypotheses had many limitations
including a paucity of clinical studies regarding the use of
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Oxidative stress

Microglial cells

Fig.2 The possible role of glibenclamide against neuroinflammation
in Covid-19

glibenclamide in patients with neuroinflammation. Besides,
glibenclamide is little to be used in T2DM patients with
Covid-19 as most of them switched to insulin therapy mainly
in the severe state. Therefore, experimental, preclinical and
clinical studies are warranted in this regard to confirm the
lower non-hypoglycemic dose of glibenclamide in Covid-19
even in non-diabetic patients.

Conclusions

Glibenclamide is an antidiabetic drug used in the man-
agement of T2DM by inhibiting ATP-sensitive K channel
SUR-1 in pancreatic f cells. Glibenclamide reduces neuroin-
flammation and associated BBB injury by inhibiting NLRP3
inflammasome, oxidative stress, and microglial activation.
Therefore, glibenclamide may attenuate SARS-CoV-2-me-
diated neuroinflammation.
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