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ABSTRACT

Severe Acute Respiratory Distress Syndrome caused by a novel human coronavirus SARS-CoV-2 named COVID-19
and declared as a pandemic. This paper reviews the possibility of repurposing angiotensin type 1 receptor (AT1R)
antagonists and vitamin D to treat COVID-19. ACE2 protein found on the cell membranes is the target of SARS-CoV-
2 for entering into the host cells. Viral spike protein-binding with ACE2 down-regulates it. As ACE2 is known to pro-
tect the lung from injuries, SARS-CoV-2-induced ACE2 deficiency may expose patients to lung damage. AT1R antag-
onists and vitamin D increase the expression of ACE2 independently. Besides, vitamin D suppresses the
compensatory increase in renin levels following the inhibition of the renin-angiotensin system by AT1R antagonists.
Therefore, a combination of AT1R antagonists and vitamin D may offer protection against COVID-19 induced lung
injury.

Key Indexing Terms: Coronavirus; SARS-CoV-2; COVID-19; SARS. [Am J Med Sci 2020;360(4):338–341.]
INTRODUCTION
Anovel human coronavirus named SARS-CoV-2
(severe acute respiratory syndrome coronavi-
rus 2) emerged from Wuhan, China, since Dec

2019.1 It causes Acute Respiratory Distress Syndrome
(ARDS) in susceptible patients. SARS-CoV-2 binds
with angiotensin-converting enzyme 2 (ACE2) mole-
cule for entry into the human cells.2 The previous
SARS-CoV infections were found to down-regulate
the expression of ACE2 molecule.3 Lower ACE2 levels
are implicated in lung injury, whereas higher levels are
protective against lung injuries.4 Low ACE2 is also
reported among aged men5 and in chronic disease
conditions.4 The mortality rate of COVID-19 has been
high among older people and those with pre-existing
comorbidities such as diabetes and hypertension.
Decreased levels of ACE2 in SARS-CoV-2 infections
could predispose people to severe COVID-19 com-
plications. Elevating the ACE2 levels in patients may
protect them from the lung complications of COVID-
19. Treatment with angiotensin type 1 receptor
(AT1R) antagonists and vitamin D supplementation
may present a simpler and effective way of improving
ACE2 levels safely among patients. This review elab-
orates on the idea of using AT1R antagonists and
vitamin D for treating serious lung complications of
SARS-CoV-2.
MECHANISM OF SARS-COV-2 ENTRY INTO
HUMAN CELLS

The entry mechanism of SARS-CoV-2 is similar to
that of SARS-CoV. Viral spike S glycoprotein has to
be primed by the host cell proteases before binding
with the receptors. The SARS-CoV-2 uses ACE2 as
the entry receptor.6 Viral entry is dependent on the S
protein priming by host cell surface-associated trans-
membrane protease serine 2. In virus infectivity stud-
ies, SARS-CoV-2 could not enter the HeLa cells that
did not express ACE2 proteins. The binding affinity of
SARS-CoV-2 S protein with ACE2 is 10-20 folds
higher than that of SARS-CoV. The lung alveolar epi-
thelial cells, heart, kidney, and enterocytes of the
small intestine express ACE2 protein.7

Angiotensin-converting enzyme (ACE) increases
the blood pressure by converting the inactive angio-
tensin I to active angiotensin II which in turn binds
with angiotensin type 1 receptor (AT1R) to induce
vasoconstriction. ACE2 is a counter-regulatory
enzyme in the renin-angiotensin system (RAS). It
cleaves the angiotensin II into a potent vasodilating
heptapeptide known as angiotensin 1-7.8 Binding of
SARS-CoV spike protein to ACE2 in cell lines and
SARS-CoV infections in animals reduced the expres-
sion of ACE2 protein. The acute lung injury (ALI)
resulting from the SARS-CoV infection was shown to
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be mediated through the down-regulation of ACE2 in
mice. ALI deteriorated after SARS-CoV spike protein
administration in mice whereas, inhibition of the RAS
rescued the animals. Lungs of SARS-CoV infected
mice showed decreased ACE2 protein while ACE lev-
els remained normal. ACE2 protected mice from ALI,
while ACE and angiotensin II worsened it.9
ACE2 LEVELS IN PATIENTS WITH COMORBID
CONDITIONS

Angiotensin 1-7, the product of ACE2 action, has a
wide range of anti-inflammatory and antioxidant proper-
ties. Infusion of angiotensin 1-7 resulted in the attenua-
tion of vascular dysfunction and atherosclerosis in mice
through the activation of Mas and angiotensin type 2
(AT2) receptors. The imbalance between angiotensin II
and angiotensin 1-7 plays a crucial role in the pathophys-
iology of vascular diseases. Lower levels of ACE2 are
implicated in several conditions such as hypertension,
atherosclerosis, heart failure, diabetic nephropathy, and
lung injury.4, 10 Expectedly hypertension and diabetes
have been the most common comorbidities associated
with severe cases of COVID-19.11−13

ACE2 has a beneficial effect on the lungs and pro-
tects it from severe injury.14 In ACE2 deficient conditions,
excessive angiotensin II causes increased vascular per-
meability, vasoconstriction, and inflammation in the
lungs leading to ALI. ACE2 down-regulation by SARS-
CoV infection was found in severe lung failure and was
associated with mortality in SARS infection.9 Similarly, in
SARS-CoV-2 infection, the ACE2 deficiency after the
viral spike binding and the subsequent imbalance in the
RAS may mediate the ALI. A recent study on the clinical
and biochemical indexes of COVID-19 patients showed
angiotensin II levels were markedly higher than healthy
individuals and were linearly associated with the viral
load and lung injury.15.
FIGURE 1. Blocking renin and AT1 receptor to increase ACE2 and
angiotensin (1-7).
INCREASING ACE2 LEVELS AS A STRATEGY IN
TREATING COVID-19

As ACE2 protein protects the lungs, and COVID-
19 patients have lower levels of ACE2, increasing the
ACE2 level is likely to protect against SARS-CoV-2
induced lung injury. Therapeutic approaches to
increase ACE2 levels may work as a good strategy in
treating SARS-CoV-2 infections. AT1R antagonists
can be used to increase ACE2 protein levels. ACE
inhibitors are not preferred because they cause
cough, a common adverse effect associated with their
use. ACE2 being the target molecule of SARS-CoV-2
viral spike protein, increasing its level may also
increase the viral load. However, the European Soci-
ety of Cardiology Council on Hypertension stated that
there is no evidence supporting any harmful effect of
ACE inhibitors in COVID-19 infections. It even hinted
about the possible beneficial effects of ACE inhibitors
Copyright © 2020 Southern Society for Clinical Investigation. Published by Elsev
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while referring observations from animal studies.16

Recently there are suggestions to use AT1R antago-
nists as a strategy of increasing ACE2 levels for treat-
ing COVID-19 infections.17−19
EFFECT OF VITAMIN D ON RAS
Vitamin D has a negative regulatory role on the

RAS. Suppression of RAS by AT1R antagonists
results in a feedback-induced compensatory increase
in renin. Vitamin D blocks the rise in renin at the tran-
scriptional level when given in combination with a
RAS inhibitor such as AT1R antagonists or ACE inhib-
itors.20 Renin is an enzyme involved in the production
of angiotensin II. It converts angiotensinogen to
angiotensin I, a precursor of angiotensin II. Inhibition
of renin will decrease the levels of pro-inflammatory
angiotensin II and alleviate lung injury. Vitamin D was
effective in attenuating the lipopolysaccharide-
induced ALI in rats by modulating the RAS. It inhibited
renin, ACE and angiotensin II expression and induced
ACE2 levels.21 With its inhibitory effect on renin, the
simultaneous administration of vitamin D may comple-
ment the effect of AT1R antagonists (Figure 1).
Besides, vitamin D has a direct protective effect on
the lungs. Its deficiency appeared to contribute to the
ARDS22 and was associated with increased admis-
sions to the intensive care unit and mortality in
patients with pneumonia. Vitamin D status was asso-
ciated with 30 days mortality rate in patients with
community-acquired pneumonia.23 A retrospective
study on Korean patients with ARDS showed that
vitamin D deficiency was prevalent among them, and
the serum levels correlated inversely with length of
hospital stay and intensive care unit stay among in-
hospital survivors.24

Vitamin D inhibits pulmonary inflammatory responses
and improves the host defense mechanisms against
respiratory infections.25 In a meta-analysis of individual
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patient data from 25 randomized controlled trials, vitamin
D supplementation reduced the risk of acute respiratory
tract infection among participants26 A review showed the
effect of vitamin D in lowering viral epidemics, respiratory
tract infections, and the reduction of inflammatory
responses in pneumonia.27 Recently there was a com-
mentary about the possible benefit of vitamin D in
COVID-19 patients.28
SUMMARY
AT1R antagonists or vitamin D or a combination

could prove to be beneficial in COVID-19 patients who
are prone to have lung complications. However, the role
of these drugs in patients who do not develop any lung
injury is unclear. As there are no available proven treat-
ments for COVID-19 infection, the possibility of using
drugs like AT1R antagonists and vitamin D to prevent or
lessen the severity of acute lung complications of
COVID-19 needs investigation. These widely available,
inexpensive drugs may help alleviate the massive burden
of managing severe COVID-19 cases.

CONCLUSIONS
The present review indicates that AT1R antagonists

or vitamin D or a combination may be useful in treating
the lung complication of COVID-19. Appropriately
designed clinical studies are needed to establish the
benefit of the combination of AT1R antagonists with vita-
min D.
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