Proceedings S.Z.M.C. Vol: 34(2): pp. 7-10, 2020.

The Potential Role of ACEi and ARBs in COVID-19;

A Perspective

Ahmad Hammad Hassan

PSZMC-744-34-2-2020

Primary and Secondary Healthcare Department, Punjab, Pakistan

ABSTRACT

COVID-19 pandemic has caused significant morbidity and mortality around the world. The disease severity
ranges from mild upper respiratory infection to severe lower respiratory and cardiac illness. Acute respiratory
distress syndrome (ARDS) is the most serious complication and results in diffuse inflammatory alveolar
damage, respiratory failure, and death. Components of the Renin-Angiotensin-Aldosterone-System (RAAS)
are involved in an inflammatory reaction in the lungs. Various studies have shown that blocking RAAS
peptides in the lungs especially angiotensin-converting enzyme (ACE) and type-1 angiotensin receptor
(ATR1) reduces lung injury, improves respiratory function and is associated with better clinical outcomes in
the COVID-19 patients. We suggest that angiotensin-converting enzyme inhibitors (ACEi) and angiotensin
receptor blockers (ARBs) — drugs that block RAAS peptides — be considered for a repurposed use in COVID-

19 induced lung injury.

INTRODUCTION

Corona virus disease 2019 (COVID-19) emerged

as a respiratory illness of unknown infectious origin
in China. It then spread all around the world and has
caused substantial mortality. The disease-causing
virus, SARS-CoV2 (later identified), is closely
related to other beta corona viruses, SARS-CoV
(2003) and MERS-CoV (2012), that have caused
severe respiratory disease pandemics in the past two
decades. The disease follows a variable pattern,
ranging from asymptomatic or mild upper
respiratory or gastrointestinal infection' to a severe
lower respiratory tract (pneumonia) or cardiac
(myocarditis) illness, especially in patients with
other co-morbidities.> In very severe cases, a hyper-
inflammatory response causes cytokine-storm
leading to Acute Respiratory Distress Syndrome
(ARDS), respiratory failure, sepsis, and death.’> The
exact mechanism of this variable disease expression
is not yet understood.

The pathogenicity and tissue tropism of apathogenis
determined by the type of interaction with the host
receptors and the tissue distribution of interacting
receptors in the host.* SARS-CoV2 is genetically
72% similar to SARS-CoV and likewise interacts
with Angiotensin-Converting Enzyme 2 (ACE2)as
receptor through its spike glycoprotein (S) to bind,
fuse and enter into the host cells.>®” ACE2 is a
component of the Renin-Angiotensin-Aldosterone-
System (RAAS) and is expressed abundantly in
airway epithelia, lung parenchyma, heart, intestines,
esophagus, bladder, and kidney.’

The RAAS regulates fluid balance and blood
pressure through several peptides, including renin,
angiotensin 2 (AT2) and aldosterone. The precursor
angiotensinogen is released from the liver and is
cleaved by renin into angiotensin 1 which is, in turn,
converted into angiotensin 2 by the Angiotensin-
Converting Enzyme 1 (ACE) in the lungs.
Angiotensin 2 (AT2) maintains vascular tone, blood
pressure and  fluid volume through its
vasoconstrictor effect, the release of aldosterone and
vasopressin, and direct catecholaminergic effects on
cardiac myocytes. AT2 is then converted into
angiotensin  (1-7) by Angiotensin-Converting
Enzyme 2 (ACE2). Angiotensin (1-7) mitigates the
effects of AT2 and thus a balance exists between
ACE and ACE2 for appropriate homeostasis.®
Angiotensin-Converting Enzyme Inhibitors (ACEi)
and Angiotensin Receptor Blockers (ARBs) are
drugs that act on the RAAS and are used in
hypertension, cardiomyopathies and heart failure.
Much controversy exists on the effects of these
drugs on the respiratory and cardiac pathology of
COVID-19.° Long term use of ACEi can upregulate
ACE2° due to the absence of its natural ligand AT2.
The long-term use of ARBs has been also been
associated with the upregulation of ACE2." This
may cause an increased number of ACE2 receptors
made available to the virus for infecting host cells
and consequently enhanced pathogenicity. Indeed,
hypertension and cardiovascular diseases are the top
two co-morbidities associated with the worst
outcome in COVID-19? and that may be attributed
to the long term use of ACEis or ARBs.
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Role of RAAS Components in COVID-19 Lung
Injury: In addition to their respective roles in
RAAS, ACE, ACE2, and AT2 are also involved in
the pathogenesis of acute lung injury. Interestingly,
an imbalance between ACE and ACE2 activity is
found in various disease models of ARDS (the most
common complication of COVID-19). Increased
ACE activity and decreased ACE2 activity in the
lungs is associated with diffuse alveolar edema and
lung injury.!" AT2 has been found to have pro-
inflammatory and pro-fibrotic effects (in addition to
RAAS effects)'? and lung levels of AT2 were found
to be elevated in mice model of SARS-CoV"
induced ARDS and in COVID-19 patients.'* ACE2
has been shown to protect mice from severe lung
damage induced by acid aspiration.”> ACE2 also
hydrolyzes and inactivates des-bradykinin, a
proinflammatory peptide,'> that can potentially
worsen  inflammation-induced lung damage.
Blockade of Angiotensin Receptor 1 (ATR1) with
Losartan attenuates acute lung injury in mouse
models of ARDS.!® The lung-protective effects of
ACEi and ARBs against lung injury in ARDS have
been described in various clinical studies as
well.'*!7 Accordingly, increased ACE2 activity and
ATRI antagonism have a protective role in acute
lung injury and ARDS.!3:1#

A hypothesized mechanism of COVID-19 lung
injury (based on studies on previous SARS-CoV) is
that the SARS-CoV2 binds ACE2 in the lungs
through the spike glycoprotein (S). S is cleaved at a

polybasic site by trans membrane protease
(TMPRSS2) into S1 and S2,° the virion fuses with
the epithelial cell membrane and is internalized
along with ACE2 by pH-dependent endocytosis. '
Internalization results in the down regulation of
ACE2,% thus tipping the balance towards relative
excess of ACE. This results in more angiotensin 2
and that may worsen lung injury and ARDS (Fig A).
Increased number of ACE2 receptors can cause
increased viral load that causes more lung damage.
This presents a conflicting paradox to the lung-
protective effects of ACE2 and ATRI blockade. It
can be partly explained by the timing of
expression®?! of ACE2 receptors on airway epithelia
and lung parenchyma. The preexisting increased
numbers of ACE2 (due to long-term ACEi or ARB
use) can provide a good homing ground to the
SARS-CoV2 and may cause increased
pathogenicity. Also, after interaction with the virus,
the ACE2 would internalize, thus decreasing the
number of available ACE2 at the time of lung injury
that comes late after virus internalization.
Contrarily, inducing ACE2 expression, or blocking
ATRI1 at the time of lung-injury may enhance the
protective effects of these mechanisms. These
mechanisms are not fully characterized and we
suggest further experimental studies to determine
the exact underlying mechanisms.

Mitigates effects of AT2

Lung-protective

Pro-Inflammatory
Lung Injury

Fig-A:Hypothesized mechanism of SARS-CoV2 cell-infectivity and subsequent lung-damage with focus on the balance
between ACE (yellow) and ACE2 (black). SARS-CoV2 (red spiked spheres) via its spike glycoprotein S bind
with ACE2 on lung epithelial cells. S is cleaved to sl and s2 (not shown) by TMPRSS (blue stripe) and
internalized. This also leads to the internalization of ACE2 and thus decreased numbers of ACE2 on the
epithelium. Decreased ACE2 and relative increased ACE disturbs the balance. This subsequently results in more
AT2 compared to ATI (as shown in the second part of the figure). AT2 binds its receptor ATRI and can
potentially contribute towards diffuse alveolar edema and inflammatory acute lung injury as shown by edema and
infiltrates in the second part of the figure. Red spiked spheres = SARS-CoV2. Yellow chevron arrows = ACE.
Black chevron arrows = ACE2. Blue strips = TMPRSS. Light blue box = Angiotensin 2 (AT2). Green box =
Angiotensin 1-7 (AT1). Purple triangle = Angiotensin 2 Receptor 1(ATR1).
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*LUNG INJURY*

Fig-B:Schematic role of RAAS components (ACE,
ACE2, AT2, and ATR1) in acute lung injury and
sites where RAAS antagonists (rACE2, ACEi, and
ARBs) block the inflammatory pathway and
attenuate inflammatory Ilung injury. S (yellow
triangle) = Spike Glycoprotein of SARS-CoV2.
ACE2 counter balance ACE and subsequent pathway
by deactivating AT2. rACE2 = recombinant ACE2,
can potentiate activity of ACE2.

The Potential Lung-Protective Roleof RAAS
Antagonistsin COVID-19:

Based on the fact that angiotensin 2 (AT2) has
proinflammatory activity in the lungs and the
inflammatory basis of acute lung injury and ARDS
in COVID-19 patients, the following strategies may
protect against the fatal lung damage in COVID-19.
(a) Therapeutically inducing ACE2 activity.

(b) Blocking Lung Angiotensin Receptor 1 (ATR1).
(c) Decreasing lung Angiotensin 2 (AT2) levels.
(Fig. B). Recombinant ACE2 receptor can both
block the virus from binding natural ACE2 and also
counterbalance the proinflammatory effects of ACE.
It has shown promising results in experimental
studies?? but clinical trials are yet to be completed.
ACEi and ARBs are available drugs and their
pharmacokinetics, pharmacodynamics, and safety
profile are well established. These drugs can work
by decreasing the AT2 levels and blocking ATR1 in
the lungs, both effects rescue acute lung injury. A
recent clinical study (n=417) has demonstrated the
beneficial effects of local Renin-Angiotensin
antagonism against inflammatory lung injury in
COVID-19 patients. ARB and ACEi use was shown
to be associated with less inflammatory lung injury,
enhanced acquired immunity, decreased viral load,
and Dbetter clinical outcomes in COVID-19
patients.”> We, therefore suggest that these drugs
can be repurposed to be used in COVID-19 lower
respiratory tract injury® after appropriate testing,
dose adjustments and optimization.

It is worth mentioning here, that, although there has
been an association between the use of ACEi/ARBs
and the worst cardio respiratory outcome in
COVID-19, there is no adequate experimental or
clinical evidence in humans yet that long-term use
of ACEi or ARBs worsen the cardio respiratory
illness associated with SARS viruses.*** Some
further clinical trials are going on to ascertain and
confirm the exact effects of Renin-Angiotensin
antagonism on COVID-19 associated lung-injury
and results are awaited”> (NCT04330300). Current
recommendations, however, are to continue the use
of ACEi and ARBs for their renal and cardiac
protective benefits?.

CONCLUSION

The proinflammatory role of RAAS components,
ACE and AT?2 in acute lung injury coupled with the
inflammatory nature of lung damage in COVID-19,
justifies that RAAS antagonists (ARBs and ACEi)
can be considered as a therapeutic modality to
protect against acute lung injury and respiratory
failure in COVID-19. As these drugs are already in
use, and their kinetics and dynamics are well
known, they can be readily readopted for their lung-
protective benefits. The dose and timing of
administration of these drugs will need to be
optimized.
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