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Dear Sir,
Severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) continues to spread rapidly all over the 
world; however, the mechanism of the disease is not yet 
fully understood. Why do many people who come into 
contact with the virus not get sick and remain asympto-
matic? Why do some people recover with tiny symptoms, 
while other people have a severe infection or die? SARS-
CoV-2 infection can lead to severe or fatal outcomes in 
patients with comorbid diseases such as hypertension, dia-
betes, obesity, and heart failure. SARS-CoV-2 binds to 
angiotensin-converting enzyme (ACE)-2, like SARS-CoV, 
enters the cells and causes infection. The renin-angiotensin 
system (RAS) plays a crucial role in the virus entry to cells 
and the progression of the virus-induced disease. Whether 
ACE2 upregulation will increase viral load remains 
unclear.1 ACE2 up-regulation increases angiotensin 1–7 
formation and may have a protective effect against SARS-
COV-2 caused acute respiratory distress syndrome 
(ARDS) and heart damage.1 Angiotensin II level is high in 
patients with the novel coronavirus disease 2019 (COVID-
19). According to an extensive view, SARS-CoV-2 binds 
to ACE2, causing ACE2 to become dysfunctional.2 
Therefore, increased angiotensin II level leads to ARDS 
and heart damage.2 Interestingly, most infected people 
have no symptoms, and they do not have heart or lung 
damage. The effects of SARS-CoV-2 on peripheral RAS 
have been highlighted so far. We believe that the central 
RAS involvement of the virus has vital implications for 
COVID-19 progression.

Regulation of pulmonary vascular tone is vital for the 
maintenance of pulmonary functions. RAS regulates vaso-
constriction and vasodilation of the pulmonary vascular 
system. Bradykinin and kinin are responsible for the per-
meability and vasodilation of the pulmonary vascular sys-
tem (Figure 1). Inflammation leads to an increase in 
bradykinin-1 receptor (B1R) in the lungs. They increase 
vascular permeability by binding bradykinin to the brady-
kinin-2 receptor (B2R) and des-arg9-bradykinin binding to 
the B1R. Increased pulmonary vascular permeability 
causes pulmonary edema.3,4 SARS-CoV-2 can cause 
ARDS via the bradykinin pathway in the lung (Figure 1).3,4 

The brain is one of the tissues containing ACE2, such as 
the lung, heart, pancreas, kidney, and vascular endothe-
lium, and SARS-CoV-2 can easily infect the brain.5,6 The 
virus infects the brain after can cross the blood-brain bar-
rier either by direct transport through the bloodstream or 
indirectly by binding to the vascular endothelium (Figure 
1).7 The virus may cause cerebrovascular disorders,  
epileptic seizures, and neurodegenerative diseases with  
central involvement.5,8 Neuroinflammation of SARS-
CoV-2 can lead to an increased risk of hospital stay and 
mortality. The virus can cause brain damage through the 
bradykinin and des-arg9-bradykinin pathway, as in the 
lung. Bradykinin has two receptors, and the brain and spi-
nal cord have a few numbers of B1R, while many tissues 
have B2R.9,10 There is also abundant B2R in the brain. 
Bradykinin is only a substrate for ACE, and it is not a sub-
strate for ACE2.9,10 The mechanism by which bradykinin 
causes central hypertension through B2R is well known. 
Especially, bradykinin injection into the lateral ventricle 
causes severe systemic hypertension through B2R.10–12 It 
was observed that bradykinin into the brain caused a high 
increase in central blood pressure in hypertensive rats than 
in normotensive rats.13 The central or intrathecal brady-
kinin injection leads to noradrenaline release and sympa-
thoneuronal pathway activation.11 The development of 
central hypertension through B1R is less well known than 
B2R. Not bradykinin, des-arg9-bradykinin binds B1R and 
is a substrate of ACE2. B1R upregulation occurs in patients 
with hypertension, heart failure, diabetes, and obesity.14 
COVID-19 is aggressive and severe in patients with 
comorbid diseases such as hypertension, diabetes, obesity, 
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and chronic obstructive pulmonary disease. Some stimu-
lants such as tissue injuries, pro-inflammatory cytokines, 
and bacterial lipopolysaccharides cause B1R upregula-
tion.12,14 The virus can render it dysfunctional by forming 
a complex with ACE2 in brain tissue. Thus, the virus  
can increase angiotensin II levels (Figure 1). It may also 
cause an abundant release of pro-inflammatory cytokines. 
Stimulation of B1R causes nitric oxide release. Increased 
nitric oxide turns peroxynitrite and superoxide radicals.14 
The virus disrupts the structure of the blood-brain barrier 
either directly through its spike protein or due to increased 
oxidative stress via B1R (Figure 1).14,15 Disrupted blood-
brain barrier facilitates the passage of harmful substances 
such as reactive oxygen species and cytokines from the 
peripheral circulation to the brain.

The virus-ACE2 complex causes ACE2 to lose its func-
tion, and ACE2 does not degrade des-arg9-bradykinin and 
angiotensin II. The increased levels of des-arg9-brady-
kinin, angiotensin II and cytokines cause B1R upregula-
tion. B1R upregulation in the brain increases noradrenaline 
discharge, leading to severe central and peripheral hyper-
tension (Figure 1).16 High angiotensin II levels lead to 
ADAM17 activation. The activation induces ACE2 shed-
ding, and as a result, ACE2 upregulation occurs.14 ACE2 
upregulation causes the downregulation of ACE and 
increases bradykinin levels. High bradykinin levels trigger 
noradrenaline discharge in the brain (Figure 1).11,12 ACE2 
protects tissues against the toxic effects of angiotensin  
II by converting angiotensin II to angiotensin 1–7.17 
Angiotensin 1–7 is a vasodilator peptide and protects tis-
sues against ischemia. Angiotensin 1–7 acts as a vasodila-
tor and antioxidant in the brain as in the peripheral 
system.18 It lowers blood pressure by reducing norepi-
nephrine release and shows a neuroprotective effect.18,19 
The invasion of ACE2 by the virus reduces the formation 
of angiotensin 1–7. Low angiotensin 1–7 may not have 
neuroprotective and blood pressure lowering effects. Since 
the vasodilator-vasoconstrictor balance in the brain is dis-
turbed, blood pressure may increase with the stimulation 
of the central pathway (Figure 1).

In conclusion, the virus increases angiotensin II, brad-
ykinin, and des-arg9-bradykinin levels in the pulmonary 
vascular bed and peripheral vascular system. Increasing 
these peptides can lead to ARDS and hypertension 
(Figure 1). The virus can reach the brain and cause neu-
roinflammation and increase the level of these peptides. 
Neuroinflammation of the virus can have two conse-
quences. First, the virus can directly trigger the develop-
ment of ARDS and hypertension via the central pathway. 
Second, the simultaneous involvement of both peripheral 
and central vascular systems may worsen the clinical 
course of ARDS and hypertension. Brain involvement of 
the virus may increase the duration of the hospital stay 
and mortality rate.
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