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Blocking angiotensin earlier with RAS blockers, statins, and heparin
in high-risk COVID-19 patients: Is the remedy here?
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Introduction

Early data about the coronavirus disease 2019 (COVID-19)
showed that older male patients with hypertension and diabetes
mellitus were more likely to die of COVID-19 (1). This was linked
to the fact that the virus uses angiotensin-converting enzyme 2
(ACE2) as a receptor. Some medical experts question the safety
of using angiotensin-converting enzyme inhibitors (ACEl) and
angiotensin receptor blockers (ARBs) among COVID-19 patients
because ACE2 levels are increased in patients who are on ACEIl/
ARBs treatment (2). However, some recently published papers
hypothesized that ACElI and ARBs might be even beneficial in
COVID-19 patients, since ACE2 decreases the level of angioten-
sin 2 (AT2) (3, 4). We also hypothesized that the catastrophic
clinical picture in susceptible patients could be as a result of
increased AT2 levels. In this paper, we discussed whether early
use of well-known drugs that have some inhibitory effects on
AT2 such as ACEI/ARB, statins, and heparin could reverse AT2
effects on the body.

ACE2, an ACE homolog, converts AT2 to angiotensin (1-7),
thereby diminishing the potent vasoconstrictor effect of AT2
(5). We also know that severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) uses ACE2 as a receptor for en-
try into the cell. The question in mind is whether high levels of
ACE2 increase the severity of infection? Xudong et al. evalu-
ated ACE2 in rats and showed that ACE2 levels were dimin-
ished in old and male rats (6). It is expected that low levels of
ACE2 are present in older male patients who have the worst
clinical course in COVID-19. Although diminished ACE2 levels
decrease the chance of virus’ entry into the cell, once the virus
endocytosis occurs, the surface ACE2 is further suppressed,
resulting in AT2 accumulation (3). Increased levels of AT2 aug-
ment the local and systemic renin-angiotensin aldosterone

system (RAAS) and this could be the main trigger point of the
whole bad scenario.

ACE2 is found most abundantly in the lungs, heart, kidney,
endothelium, and intestines (7). Lungs are the most frequent tar-
get of the SARS-CoV-2. When lung cells are infected, decreased
ACE2 levels result in unopposed AT2. Upregulated AT2 causes
pulmonary artery vasoconstriction, disrupted vascular perme-
ability secondary to hypoxia, secretion of inflammatory cyto-
kines, accelerated apoptosis, stimulation of extracellular matrix
production, and lung fibroproliferation (8). Therefore, increased
AT2 levels in the lungs can explain the similar pathological pro-
cesses seen in acute respiratory distress syndrome (ARDS)
and hypoxic conditions such as COVID-19. On the other hand,
a recent study showed that COVID-19 causes endothelial infec-
tion and endothelitis (9). It is expected that when the virus en-
ters the endothelium via ACE2, unopposed AT2 levels secondary
to decreased ACE2 activity enhances inflammatory processes
and vascular remodeling and exacerbates vasoconstriction and
endothelial inflammation by decreasing NO production on the
damaged endothelium. It is also known that AT2 increases the
in vivo 1L-6 level that could support the cytokine storm seen in
COVID-19 patients. Additionally, AT2 enhances plasminogen ac-
tivator inhibitor-1 (PAI-1) expression and causes a procoagulant
situation (10). It has shown increased PAI-1 levels seen in ARDS
in relation with worse prognosis (11). All these could explain the
severe procoagulant situation in COVID-19 patients.

Heparin, a commonly used anticoagulant, inhibits AT2-relat-
ed vasoconstriction via cAMP-dependent pathways (12). Hepa-
rin also inhibits neutrophil chemotaxis and binds cytokines, so
that the early usage of heparin in high-risk COVID-19 patients
could be appropriate before AT2 dominancy occurs.

Moreover, statins are lipid-lowering, antioxidant, and anti-
inflammatory drugs that also increase the NO secretion and ef-
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fect. Statins decrease AT2 synthesis, AT1 receptor levels, and
aldosterone synthesis by reducing RAAS activation. As a result,
statins reduce AT2-related intracellular signaling, oxidative
stress, and inflammation (13).

Conclusion

Although it should be supported by clinical experiments and
trials, we hypothesized that unopposed AT2 levels secondary to
reduced ACE2 expression may be the main trigger of the cata-
strophic clinical consequences in COVID-19 patients, especially
among hypertensive and diabetic patients who have damaged
endothelium and older male patients who have lower ACE2 lev-
els. Suppressing AT2 effects by using intense ACEI/ARBs (pref-
erably ARBs because of less prominent coughing side effect),
statins, and heparin, especially in high-risk patients, should be
considered in the early period of the disease before AT2 domi-
nancy occurs.
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