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Beta-Adrenergic Blockers as a Potential Treatment
for COVID-19 Patients

Natesan Vasanthakumar

More than 15 million people have been affected by coronavirus disease 2019
(COVID-19) and it has caused 640 016 deaths as of July 26, 2020. Currently,
no effective treatment option is available for COVID-19 patients. Though
many drugs have been proposed, none of them has shown particular efficacy
in clinical trials. In this article, the relationship between the Adrenergic system
and the renin-angiotensin-aldosterone system (RAAS) is focused in COVID-19
and a vicious circle consisting of the Adrenergic system-RAAS-Angiotensin
converting enzyme 2 (ACE2)-severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) (which is referred to as the “ARAS loop”) is proposed.
Hyperactivation of the ARAS loop may be the underlying pathophysiological
mechanism in COVID-19, and beta-adrenergic blockers are proposed as a
potential treatment option. Beta-adrenergic blockers may decrease the
SARS-CoV-2 cellular entry by decreasing ACE2 receptors expression and
cluster of differentiation 147 (CD147) in various cells in the body.
Beta-adrenergic blockers may decrease the morbidity and mortality in
COVID-19 patients by preventing or reducing acute respiratory distress
syndrome (ARDS) and other complications. Retrospective and prospective
clinical trials should be conducted to check the validity of the hypothesis. Also
see the video abstract here https://youtu.be/uLoy7do5ROo.

1. Introduction

Coronavirus disease 2019 (COVID-19) has affected people’s lives
across the world, and as of 26 July 2020, 15 785 641 people
are affected globally and caused 640 016 deaths.[1] Severe acute
respiratory syndrome coronavirus 2 (SARS-COV-2), a positive-
sense single-stranded RNA virus, belongs to the beta coronavirus
genus. It is known that the SARS-CoV-2 spike protein binds to
human angiotensin-converting enzyme 2 (ACE2), which acts as
a receptor, and binding to ACE2 is crucial for the cellular entry
of SARS-COV-2.[2,3] It has been proposed recently that cluster of
differentiation 147 (CD147) also known as Basigin, maybe an-
other receptor in the host cells that play a role in the SARS-CoV-2
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entry into the cell. SARS-CoV-2 invades
host cells via a novel route: CD147-spike
protein.[4,5] In this paper, I develop a novel
proposal for treatment of COVID-19 in-
fection based on the following compo-
nents: (i) Adrenergic system by its action
on Renin-angiotensin-aldosterone system
(RAAS), ACE2, and SARS-CoV-2might play
a crucial role in COVID-19. (ii) Hyperactiva-
tion of the vicious ARAS loop may be the
mechanism behind COVID-19. (iii) Beta-
adrenergic blockers should be used as a po-
tential treatment option in COVID-19 pa-
tients.

1.1. Pathophysiological Features in
COVID-19

1.1.1. Clinical and Laboratory Features of
COVID-19

Clinical course of COVID-19 patients are
variable—ranging from being asymp-
tomatic to having mild symptoms like

fever, cough, sore throat, dyspnea, muscle pain, tiredness, loss
of taste or smell sensation, etc.[6] Around 15% of COVID-19 pa-
tients exhibit pneumonia and ≈5% progress to acute respira-
tory distress syndrome (ARDS) wherein patients have tachyp-
noea, decreased oxygen saturation, decreased partial pressure of
oxygen in arterial blood, and lung infiltrates in the X-ray and
CT chest imaging.[7] Severe COVID-19 patients with complica-
tions like ARDS, respiratory failure, and septic shock have a
high mortality rate.[8] Laboratory investigations in moderately
or severely affected COVID-19 patients showed increased In-
terleukin 6 (IL-6), D-dimer (a degradation product of fibrin),
C-reactive protein (CRP), and lactate dehydrogenase (LDH).[6]

Severely affected COVID-19 patients had lymphopenia and in-
creased IL-6, Interleukin-1𝛽 (IL-1𝛽), tumor necrosis factor alpha
(TNF𝛼) cytokines levels.[7]

1.1.2. IL-6 Increase in COVID-19 Produce Complications

Increased IL-6 is an indicator of poor outcome in patients with
ARDS and Tocilizumab can be used to block the action of IL-6.[7]

It has been shown that IL-6 is increased in COVID-19
nonsurvivors.[9] Increased mucus aggregation has been noticed
in the distal airways and alveoli in the postmortem study of
COVID-19 patients.[10] It is known that IL-6 plays a key role in
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the activation of MUC5AC and MUC5B gene expression and
increases the mucus secretion.[11] It has been suggested that
Tocilizumab by the inhibition of IL-6 receptor may help decrease
the mucus secretion in COVID-19.[12] Postmortem study has
shown the presence of hyperplasia of type II alveolar epithelial
cells, diffuse alveolar damage, macrophage and neutrophil in-
filtration, fibrosis, hyaline membrane formation.[13] It is known
that cytokine storm occurs in COVID-19, as the levels of IL-1𝛽,
IL-6, TNF𝛼 are increased and this leads to multiple organ dys-
function and septic shock.[7]

1.1.3. Pulmonary Complications in COVID-19 Patients

Inflammatory responses likemacrophage and neutrophil infiltra-
tion may lead to alveolar damage, pulmonary capillary endothe-
lial dysfunction, and the pulmonary capillary leak that may lead
to pulmonary edema. Since type II pulmonary alveolar epithelial
cells are the main cells that express ACE2 receptors, their dam-
age might cause problems in surfactant secretion by these cells.
Decreased surfactant leads to increased surface tension in the
alveoli, which along with the damage in the alveolar epithelium
and pulmonary capillary endothelium, may lead to pulmonary
edema. Respiratory dysfunction as a result of this leads to de-
creased partial pressure of oxygen in arterial blood (PaO2), de-
creased oxygen saturation, and severe cases warrant mechanical
ventilation. If refractory hypoxemia develops despite mechanical
ventilation, then extracorporeal membrane oxygenation (ECMO)
can be tried as per World Health Organization’s (WHO) interim
guidance.[14]

1.1.4. Severely Affected Patients Exhibit Complications Like ARDS,
Pulmonary Embolism, Septic Shock

Around 30% of the severely affected COVID-19 patients devel-
oped pulmonary embolism and D-dimer level is found higher
in these patients.[15–17] Around 5% of them had severe com-
plications like ARDS, septic shock.[18] Septic shock occurs in
severely affected COVID-19 patients wherein the mean arterial
pressure is low (<65 mmHg) irrespective of fluid management
and plasma lactate concentration will be >2 × 10−3 m L−1. Sep-
tic shock state carries a high mortality rate and the primary drug
used in the treatment is norepinephrine.[19]

1.1.5. Cytokine Storm, Nucleotide-binding domain (NOD)-like
Receptor Protein 3 (NLRP3) Activation and Hyperinflammation
Occurs in COVID-19

Cytokine storm and hyperinflammation occurs in COVID-19 ir-
respective of lymphopenia.[20,21] Considering the cytokine storm
and potential activation of the NLRP3 inflammasome, it is likely
that immune hyperactivation occurs in COVID-19. Nucleocapsid
protein of SARS-CoV has been shown to increase IL-6 via the acti-
vation of Nuclear factor kappa B (NF-𝜅B).[22] Since the nucleocap-
sid protein of SARS-CoV-2 shares 89.6% homology with SARS-
CoV nucleocapsid,[23] it is likely that the increase in IL-6 found in
severely affected COVID-19 patients may also have a similar un-
derlying mechanism. IL-6 level has been shown to positively cor-
relate with the SARS-CoV-2 viral load.[24] NLRP3 inflammasome

has been suggested to be activated by SARS-CoV-2. It is known
that colchicine inhibits NLRP3 inflammasome, and clinical tri-
als have already been registered to test whether colchicine treat-
ment in COVID-19 improves the clinical condition by inhibiting
NLRP3.[25] It is known that the SARS-COV orf3a protein activates
the NLRP3.[26] SARS-CoV viroporin 3a has also been shown to ac-
tivate NLRP3.[27] SARS-CoV-2may also activate NLRP3 by a simi-
lar mechanism. The downstream effectors of NLRP3 are caspase
1, IL-1𝛽, and IL-18.[28] It is known that the decrease in surfac-
tant protein D in ARDS patients is associated with mortality[29]

and interestingly surfactant protein D has been shown to inhibit
NLRP3.[30] Since the type 2 alveolar epithelial cells which secrete
the surfactant are one of the main cells affected by SARS-CoV-2,
surfactant secretionmay likely be decreased. Reduction in surfac-
tant D may result in loss of its inhibitory role on NLRP3 and the
resultant activation of the NLRP3 inflammasome pathway may
produce an inflammatory response in COVID-19.

1.1.6. Hypercoagulation State in COVID-19 Patients

As mentioned earlier, severely affected COVID-19 patients devel-
oped pulmonary embolism, and D-dimer levels were shown to
be high.[15–17] But so far, it is not known what causes pulmonary
embolism or deep vein thrombosis (DVT) in COVID-19. I hy-
pothesize that the hypercoagulation state in COVID-19 may be
due to a sympathetic storm. Increased catecholamine levels may
hyperactivate the vicious ARAS loop, which will be explained
in a later section. It has been known that beta2-adrenergic ago-
nist nebulization increases the plasma catecholamine levels.[31]

Sympathetic hyperactivation has been shown to be related to
hypercoagulation state.[32] Inhalation of beta2-adrenergic ago-
nists has been shown to increase coagulation factor VIII, von
Willebrand factor (VWF), D-dimer, and lead to hypercoagulation
state.[33] I hypothesize that use of catecholamines in COVID-19
patients may lead to hypercoagulation state, and nebulization
with beta2-adrenergic agonists for respiratory symptoms and in-
travenous administration of norepinephrine for treating septic
shock should be avoided in COVID-19, as it may lead to hyper-
coagulation state and may induce complications like deep vein
thrombosis and pulmonary embolism.
Other organs damage in COVID-19 is not discussed in this

article due to space constraints.

1.2. Current Treatment Recommendations are Largely Ineffective
and Controversial

At present, there is no effective drug available against the COVID-
19 pandemic.[6,34] Many potential treatments are proposed and
some are on clinical trials. Many are focusing on drugs that inter-
rupt the binding of spike protein with the ACE2 receptor. Remde-
sivir, hydroxychloroquine, azithromycin, tocilizumab are used in
COVID-19 condition all over the world, though there is no evi-
dence so far, for their efficacy. Remdesivir is presumed towork, by
its inhibitory action on RNA dependent RNA polymerase restrict-
ing the viral replication but so far, its efficacy has not been shown
in clinical trials.[34] Hydroxychloroquine may restrict the SARS-
CoV-2 cellular entry but its efficacy has not been shown in clinical

BioEssays 2020, 42, 2000094 © 2020 Wiley Periodicals LLC2000094 (2 of 9)



www.advancedsciencenews.com www.bioessays-journal.com

trials. Tocilizumab by its action on the IL-6 receptor blocks the
inflammatory actions due to IL-6, but its efficacy has not been
proven in clinical trials. As mentioned earlier, Tocilizumab may
help decrease the mucus secretion in COVID-19.[12] Recently Na-
tional Institutes of Health (NIH) had recommended Remdesivir
for COVID-19 patients who are on supplemental oxygen but not
for those who are on mechanical ventilation. NIH has also rec-
ommended dexamethasone due to their immunomodulatory role
for the COVID-19 patients who are on mechanical ventilation.
NIH has not recommended hydroxychloroquine, azithromycin,
tocilizumab treatment in COVID-19.[35]

Another treatment option on the trial is convalescent plasma
therapy. Supportive measures are used depending on the clinical
condition such as the use of mechanical ventilation, ECMO, etc.
Asmentioned earlier,WHOsuggests that if refractory hypoxemia
persists despite mechanical ventilation, then ECMO can be opted
for in selected cases. Many have raised concerns about the use
of ECMO in COVID-19, as some studies showed increased mor-
tality in patients who suffered from ARDS and were on ECMO
support.[9,36,37]

In summary, the underlying pathophysiology of the COVID-19
is not known and no effective treatment is available at present.
In this article, I speculate that the dangerous relationship be-
tween the adrenergic system, RAAS, ACE2, and SARS-CoV-2
may be the underlying pathological mechanism in COVID-19.
I propose the existence of a vicious Adrenergic system-RAAS-
ACE2-SARS-CoV-2 (ARAS) loop in COVID-19 condition. Any
drugs like norepinephrine, beta2 agonist that increase the activity
of ARAS loop, may worsen the condition in COVID-19 patients.
Adrenergic blockers may inhibit this vicious ARAS loop and
provide beneficial effect in COVID-19 patients. I propose beta-
adrenergic blockers as a potential drug option for the treatment of
COVID-19.

1.3. The Adrenergic System-RAAS-ACE2-SARS-CoV-2 (ARAS)
Loop May be the Underlying Pathophysiological Mechanism in
COVID-19

It is important to study whether sympathetic storm, i.e., in-
creased catecholamine level in the body occurs in COVID-19.
Considering all the above evidences and clinical features of
pulmonary edema, pulmonary embolism, deep vein thrombosis,
and septic shock it appears that the critical illness in COVID-19
may exhibit sympathetic storm in the body and maybe the
basis for all the complications. Increased catecholamine level
in the COVID-19 patients may trigger a hypothetical ARAS
loop. Adrenergic system regulation of RAAS is crucial in the
COVID-19. Increased plasma catecholamine level will activate
the adrenergic system leading to the activation of RAAS and
increase in ACE2, as a result of which the entry of SARS-CoV-2
increases, producing complications in COVID-19 patients; in
response to the critical illness, endogenous catecholamines will
be increased and the vicious cycle goes on. I would like to call this
as adrenergic system-RAAS-ACE2-SARS-CoV-2 (ARAS) loop
(Figure 1).
It is known that critical illnesses will increase the plasma

catecholamine level.[38] It is interesting to note that adenoviral
respiratory illness causes increased plasma catecholamine level.

SARS-CoV-2 infection may also lead to increased catecholamine
levels.[39] I speculate that in the severely affected COVID-19
patients with complications like ARDS and septic shock, it is
likely that endogenous catecholamine levels may be high and
it may trigger the ARAS loop. Apart from the increased en-
dogenous catecholamine level in these complicated COVID-19
patients, giving exogenous catecholamines like beta-agonists in
the nebulizer solution for treating dyspnea or norepinephrine
given intravenously for the patients having septic shock, may
further increase the catecholamine level and hyperactivate the
vicious ARAS loop and worsen the condition. I speculate that
any drug that augments the activation of the ARAS loop will
worsen the COVID-19 condition and increase the mortality. The
potential dangers of using norepinephrine, beta2-agonists, and
angiotensin receptor-blockers (ARBs) inCOVID-19 are discussed
in a later section.

1.4. RAAS Inhibitors Role in COVID-19 Patients is not Clear

It is known that the RAAS plays a crucial role in the regulation
of blood pressure, sodium level, extracellular fluid volume,
etc. RAAS system has two opposing arms, the classic Renin-
angiotensinI-angiotensin converting enzyme (ACE)–angiotensin
II(ATII)-aldosterone and Renin-ATII-angiotensin-converting-
enzyme2(ACE2)-angiotensin-(1-7)-Mas receptor (MasR). Along
with the classic pathway which produces effects like vasocon-
striction and inflammation, one more pathway with opposing
actions to classic pathway exist which produces effects like va-
sorelaxation and is anti-inflammatory. Unlike the classic RAAS
pathway which uses ACE, the vasorelaxation arm uses ACE2.[40]

Angiotensin II receptor-blockers (ARBs) and angiotensin-
converting-enzyme inhibitors (ACEIs) are common drugs used
in hypertension patients. They have inhibitory action on RAAS
pathway and produce the antihypertensive effect. Recently
concerns were raised regarding the use of angiotensin receptor
blocker (ARB) drugs as it may increase the ACE2 expression,
which in turn may increase the SARS-CoV-2 entry.[41,42] It has
been suggested that other antihypertensive drugs like beta-
adrenergic blockers and calcium channel blockers can be used in
COVID-19 cases with hypertension instead of ARBs.[41] On the
contrary, many opined that in the absence of sufficient evidence
there is no need to change the drugs like ARBs in the COVID-19
patients who are already taking them.[43] Withdrawal of ARBs
and ACEIs in COVID-19 patients with hypertension was sug-
gested not to be done without sufficient evidence.[44] I speculate
that beta-adrenergic blockers decrease the renin level by their
inhibitory action on the sympathetic system and decrease ATII.
Unlike ARBs and ACEIs, beta-adrenergic blockers have an
advantage by their action on upstream protein renin which may
decrease the activity of both arms. Therefore, beta-adrenergic
blockers not only decrease ATII levels but also reduce the ACE2
receptors, which will be useful in regulating the blood pressure
and at the same time decrease the SARS-CoV-2 cellular entry.
I suggest that beta-adrenergic blockers can be considered as
an alternative to ARBs in the COVID-19 patients having hy-
pertension and ARBs should be avoided in COVID-19 patients.
Since ARBs, by blocking the angiotensin II receptor increase
the ATII level, they may trigger the ARAS loop and complicate
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Figure 1. The adrenergic system-RAAS-ACE2-SARS-CoV-2 (ARAS) loop: A hypothetical vicious circle consisting of the adrenergic system-RAAS-ACE2-
SARS-CoV-2 (ARAS) is predicted to emerge in COVID-19 pathology. Severely affected COVID-19 patients may have “sympathetic storm” (increased
catecholamine levels in the body), which may hyperactivate this loop, and increase ACE2 which in turn may increase the viral entry into cells. Ad-
ministration of catecholamines exogenously via application of beta2-adrenergic agonists in a nebulizer solution, or by intravenous administration of
norepinephrine for treating the septic shock condition in COVID-19 patients, will serve as an agonist of the ARAS loop, and worsen the condition. Beta-
adrenergic blockers will inhibit this ARAS loop and may produce beneficial effects in COVID-19 patients by preventing or reducing complications such
as pulmonary embolism, ARDS and septic shock.

the COVID-19 condition. It has been already shown that ATII
induces pulmonary edema in the animal model study,[45] which
supports the view that increased ATII may be detrimental in
COVID-19.

1.5. Why Beta2-adrenergic Agonist in Nebulizer Form Likely
Worsens Symptoms?

Clinicians treat dyspneic patients routinely with beta2-adrenergic
agonists like salbutamol, anticholinergics, and corticosteroids ei-
ther alone or in combinations. Beta2-adrenergic agonists are one
of the primary drugs used in nebulizers. Considering their role in
sympathetic activation and renin release, beta2-adrenergic ago-
nistsmay increase ACE2 expression in the alveolar epithelial cells
whichmay help the SARS-CoV-2 andworsen the condition. It has
been already suggested that beta-2 agonists should be avoided
in ARDS, as they worsen the condition.[46] As mentioned ear-
lier, beta2-adrenergic agonists like salbutamol used in the nebu-
lizer solutions, increase the plasma catecholamine level, and pro-
duce hypercoagulable state.[31–33] Considering the vicious ARAS
loop, I suggest beta2-adrenergic agonists should be avoided in
the nebulizer solutions, as they may worsen the clinical condi-
tion in COVID-19 patients and may produce complications like
pulmonary embolism.

1.6. Why Norepinephrine Given for Septic Shock Complication in
COVID-19 Patients May Worsen the Condition?

Adrenergic system hyperactivation occurs in critical conditions,
which increases the catecholamine level. Critically ill COVID-
19 patients may also have sympathetic storm, i.e., increased
catecholamine level in the body. So far whether increased cat-
echolamine level occurs in COVID-19 patients is not known.
As any critical condition may activate the adrenergic system, it
is likely that in severe COVID-19 patients catecholamine lev-
els may increase. Increased catecholamine level will lead to
increase renin release, which increases the activity of both its
arms including an increase in ACE2 expression facilitating the
SARS-Cov-2 cellular entry and worsening the condition. Some
of the severe COVID-19 patients may end up in septic shock.
The primary drug used in septic shock is norepinephrine.[19]

As mentioned earlier, in the critical COVID-19 patients, endoge-
nous catecholamine levels may be increased, and giving nore-
pinephrine exogenously will further worsen the condition. Many
have raised concerns about the use of norepinephrine in sep-
tic shock, as norepinephrine may worsen the condition and in-
crease the mortality rate in septic shock.[47–50] Not only increased
catecholamine but also increased RAAS activation is detrimen-
tal in sepsis patients. It has been shown that increased ATII and
plasma renin activity worsen the sepsis condition.[51] Recent stud-
ies showed that beta-adrenergic blockers may be beneficial in
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Figure 2. The effect of beta-adrenergic blockers on RAAS and COVID-19: A) Beta-adrenergic blockers by their inhibitory action on the sympathetic
nervous system decrease renin release by juxtaglomerular (JG) cells in the Kidney. A decrease in renin may reduce activity in both arms of the RAAS, and
may decrease ACE2 receptor expression on cells. B) Beta-adrenergic blockers decrease ACE2 receptor abundance, hence reducing the opportunities for
SARS-CoV-2 cellular entry and thereby reducing viral infectivity. Beta-adrenergic blockers reduce mortality in cases of ARDS, septic shock and respiratory
failure. Beta-adrenergic blockers may inhibit the NLRP3 inflammasome, reduce IL-6 level, decrease mucus secretion, reduce the pulmonary edema,
pulmonary embolism, and refractory hypoxemia complications.

septic shock.[52,53] I suggest that norepinephrine should not be
used in the treatment of COVID-19 patients with septic shock,
instead beta-adrenergic blockers should be used.

2. Beta-Adrenergic Blocker Treatment in
COVID-19: How They Work, and Why They Hold
Promise in Treating COVID-19?

The aforementioned considerations suggest that beta-adrenergic
blockers like Propranolol should be used in COVID-19 patients,
as per the schematic reasoning presented in Figure 2. Here, I
focus mainly on the beta-adrenergic blocker’s role in COVID-19.
Which subtype of beta-adrenergic receptor blocker plays a crucial
role in COVID-19 remains to be seen. It is possible that alpha1
adrenergic blockers such as Prazosin or combination of beta-
and alpha-adrenergic blockers may also be beneficial in COVID-
19. I discuss the advantages of using beta-adrenergic blockers in
COVID-19 in the following section.

2.1. Beta-Adrenergic Blockers Reduce the SARS-COV-2
Host Cell Entry

Beta-blockers by its negative regulation on the juxtaglomerular
cells in the kidney reduce the activity of both arms of the RAAS
pathway, thereby it may decrease the ACE2 level. As ACE2 is the

receptor for SARS-CoV-2, beta-adrenergic blockers may decrease
the cellular entry of SARS-CoV-2. It is already known that beta-
adrenergic blocker propranolol down-regulates CD147.[54] There-
fore, beta-adrenergic blockers treatment in COVID-19 patients
may reduce the cellular entry of SARS-COV-2 via downregula-
tion of the ACE2 receptor as well as CD147.

2.2. Beta Adrenergic Blockers Reduce IL-6

It is known that activation of beta-adrenergic receptors plays a
role in the IL-6 secretion.[55] It is also known that beta-adrenergic
blockers decrease IL-6 in cardiac disorder patients.[56,57] I suggest
beta-adrenergic blockers will reduce the IL-6 level in COVID-19
patients and reduce the inflammatory complications associated
with it.

2.3. Beta Adrenergic Blockers Decrease Proinflammatory
Cytokines and Inhibit Cytokine Storm

Beta-adrenergic blockers have been shown to decrease a variety
of proinflammatory cytokines expression including IL-1𝛽, IL-6,
TNF𝛼, IFN𝛾 .[56–60] The use of beta-adrenergic blockers inCOVID-
19 patients may reduce the cytokine storm by decreasing the ex-
pression of the proinflammatory cytokines and the inflammation
associated with it.
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2.4. Beta-Adrenergic Blockers Might be Beneficial in ARDS
and Respiratory Failure Condition

It is known that beta-adrenergic agonists counterintuitively
worsen the ARDS condition and beta-adrenergic blockers have
been shown to reduce the mortality in ARDS.[46] Based on
the BASEL II ICU study Noveanu et al had shown that
beta-adrenergic blockers reduce mortality in respiratory failure
cases.[61] A recent study has shown that beta-adrenergic blockers
reduce mortality in ARDS.[62]

2.5. Beta-Adrenergic Blockers are Beneficial in Septic Shock

Recent trends suggest that beta-adrenergic blockers are benefi-
cial in septic shock and reduce the mortality rate.[52,53] As men-
tioned earlier, many have raised concerns about the use of nore-
pinephrine in septic shock.[47–50] I suggest that norepinephrine
for treating septic shock in the COVID-19 condition should be
avoided. Instead beta-adrenergic blockers should be used for
treating septic shock in COVID-19 patients.

2.6. Beta-Adrenergic Blockers May Reduce the Pulmonary Edema

As mentioned earlier, increased catecholamine levels may trig-
ger the ARAS loop and worsen the COVID-19. It is well known
that increased catecholamine induces pulmonary edema in the
animal model studies. Studies have shown that both alpha- and
beta-adrenergic receptors may be involved in this. Both alpha1
and beta-adrenergic blockers have shown to relieve pulmonary
edema in many animal models studies. Due to adrenergic recep-
tor involvement in the etiology of pulmonary edema, it has been
suggested that beta-2 agonists should not be used routinely in
themechanically ventilated patients.[63] Increased catecholamine
level induced pulmonary edema can be prevented by adrenergic
receptor blockers. I suggest that beta-adrenergic blockers like
Propranolol or alpha1 adrenergic blockers like Prazosin should
be used to reduce or prevent pulmonary edema in COVID-19
patients.

2.7. Beta Adrenergic Blockers May Reduce the Hypercoagulation
State and Prevent Pulmonary Embolism in COVID-19 Patients

Severely affected COVID-19 patients developed pulmonary em-
bolism in COVID-19 and D-dimer level was shown to be
high.[15–17] This indicates that the hypercoagulation state occurs
in COVID-19. Adrenergic hyperactivation is known to be asso-
ciated with the hypercoagulation state. Beta-adrenergic block-
ers have been shown to reduce the coagulation parameters and
prevent complications like venous thrombosis in both animal
models and patients.[64,65] I suggest that beta-adrenergic blockers
should be used in COVID-19 patients to prevent or reduce the
hypercoagulation state complications like pulmonary embolism
and deep vein thrombosis.

2.8. Improvement of Oxygenation level by Beta Adrenergic
Blockers

Beta-adrenergic blockers have been shown to improve the oxy-
genation level in the patients who were on ECMO.[66] This
suggests the possibility that the use of beta-adrenergic block-
ers in COVID-19 patients who are on ECMO may improve
the oxygenation level. It has been shown that beta-adrenergic
blockers improved the oxygenation level in the hypoxic con-
dition induced in an animal study.[67] It is known that beta-
adrenergic blockers improve the PaO2 level in critically ill patients
and increase the oxygenation.[68,69] Considering the above evi-
dences, I hypothesize that beta-adrenergic blockers may improve
the oxygenation level and reduce the hypoxemia in COVID-19
patients.

2.9. Beta-Adrenergic Blockers May Reduce the Mucus
Hypersecretion in COVID-19

Increased mucus aggregation has been noticed in the distal
airways and alveoli in the postmortem study of COVID-19
patients.[10] It is known that IL-6 plays a key role in the activa-
tion of MUC5AC andMUC5B gene expression and increases the
mucus secretion.[11] It has been suggested that Tocilizumab by
the inhibition of IL-6 receptor may help decrease the mucus se-
cretion in COVID-19.[12] As mentioned earlier, beta-adrenergic
blockers decrease IL-6. It is interesting to note that chronic pro-
pranolol administration has been shown to decrease MUC5AC
expression and mucus secretion.[70] I hypothesize that the use of
beta-adrenergic blockers like propranolol may decrease the mu-
cus secretion in COVID-19 patients.

2.10. Computational Studies Suggest the Potential use of
Beta-Adrenergic Blocker in COVID-19

Wu et al. using the computational method has shown some po-
tential molecules that could be used for the treatment in COVID-
19. In the article, beta-adrenergic blocker Oxprenolol has been
suggested to potentially inhibit SARS-CoV-2 papain-like protease
(PLpro) and Carvedilol has been suggested to potentially inhibit
SARS-CoV-2 3-chymotrypsin like protease.[71] Using a network-
based approach Zhou et al shown 16 potential drugs that can be
used in the treatment of COVID-19 and one of the drugs men-
tioned was beta-adrenergic blocker Carvedilol.[23] The above two
recent computational studies support the hypothesis that beta-
adrenergic blockers may be useful in the treatment of COVID-19
patients.

2.11. Beta-Adrenergic Blockers Inhibit NLRP3 Inflammasome

As mentioned earlier, NLRP3 has been suggested to be activated
inCOVID-19 and a clinical trial targeting the inhibition ofNLRP3
using Colchicine is already registered.[25] It is interesting to note
that beta-adrenergic blocker carvedilol has been shown to inhibit
NLRP3 inflammasome.[72] Thus, one of the many uses of beta-
adrenergic blockers in COVID-19 condition may be the inhibi-
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tion of NLRP3 inflammasome and thereby reducing the inflam-
mation by decreasing the NLRP3 downstream effectors IL-1 and
IL-8.

2.12. Use of Beta-Adrenergic Blockers are Safe in Respiratory
Illness Condition

Traditionally clinicians are hesitant in using beta-blockers in pa-
tients with respiratory illness. But recent studies are changing
this viewpoint, for example, beta-adrenergic blockers have been
shown beneficial effects in chronic obstructive pulmonary dis-
ease (COPD) patients.[73] I suggest that clinicians should not hes-
itate to use beta-adrenergic blockers inCOVID-19 patients having
respiratory dysfunction.
Considering the above evidence beta-adrenergic blockers like

Propranolol may be a good candidate for treating COVID-19 pa-
tients. As mentioned earlier which subtype of beta-adrenergic re-
ceptor blocker works better in COVID-19 needs to be clarified in
the future. It is possible that alpha1-adrenergic blockers like Pra-
zosin or combination of beta and alpha-adrenergic blockers may
also be beneficial in COVID-19.

3. Testing of the Hypothesis

3.1. Testing the Existence of ARAS Loop and Sympathetic Storm
in COVID-19 Patients

To check the presence of the hypothetical ARAS loop, I suggest
measuring the following in COVID-19 patients—plasma cate-
cholamine levels especially plasma norepinephrine levels, AT II,
ACE, ACE2, Renin levels. These parameters need to be mea-
sured in all the COVID-19 patients along with the viral load mea-
surement. If the plasma concentration of above said ARAS loop
molecules correlates with the viral load in the COVID-19, it would
validate the existence of the ARAS loop in COVID-19. The plasma
catecholamine levels in COVID-19 patients have to be measured
in all the COVID-19 patients which would clarify whether a sym-
pathetic storm occurs in this condition.

3.2. Retrospective and Prospective Clinical Trials Would Test the
Effect of Beta-Adrenergic Blockers in COVID-19 Patients

I suggest conducting retrospective and prospective clinical trials
to clarify the following questions;

i. Do beta-adrenergic blockers reduce the morbidity and mor-
tality in COVID-19 patients?

ii. Do beta-adrenergic blockers reduce the SARS-CoV-2 host cell
entry and viral load?

4. Conclusion

The interrelationship between the adrenergic system, RAAS,
ACE2, and SARS-CoV-2 plays a crucial role in COVID-19 pathol-
ogy. I propose a hypothetical ARAS loop, hyperactivation of which
may be the pathophysiological mechanism behind COVID-
19. Beta-adrenergic blockers may produce beneficial effects in

COVID-19 patients in many ways ranging from decreasing the
SARS-CoV-2 virus entry, inhibiting NLRP3 inflammasome, re-
duction of IL-6 to decreasing the complications such as pul-
monary embolism, ARDS, and septic shock. It is important now
to act quickly and do retrospective clinical studies on the COVID-
19 patients who were already on beta-adrenergic blockers for pre-
existing cardiovascular illness, and assess their effect on mortal-
ity. The proposed retrospective studies will test the validity of the
hypothesis that I develop in this paper. If the retrospective study
result transpires as expected, it would help millions of people all
over the world, because beta-adrenergic blockers are well-known
drugs with longstanding safety profiles. Furthermore, they are
relatively inexpensive, can be taken orally and intravenously, and
are readily available in all parts of the world. It is imperative to
do the proposed retrospective and prospective clinical trial stud-
ies as soon as possible, with the aim of clarifying the role of beta-
adrenergic blockers in COVID-19 patients.
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