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ABSTRACT 

 

The new virus SARS-CoV-2 is savagely spreading out over the world. The biologic 

studies show that the target receptor for the virus might be angiotensin-converting enzyme 2 

(ACE2). This peptide is responsible for converting angiotensin II (Ang II), which is a 

profoundly active peptide, into Ang 1-7 with quite a balancing barbell function. It is 

emphasized that the direct target of the virus is ACE2 underlining the obvious difference 

with ACE. Nevertheless, we hypothesized that a back load build up effect on Ang II may 

usurp the ACE capacity and subsequently leave the bradykinin system unabated. We think 

there are clinical clues for dry cough and the presumed aggravating role of ACE inhibitors 

like captopril on the disease process. Thereby, we speculated that inhibition of bradykinin 

synthesis and/or blockade of bradykinin B2 receptor using Aprotinin/ecallantide and 

Icatibant, respectively, may hold therapeutic promise in severe cases and these molecules can 

be advanced to clinical trials. 
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INTRODUCTION 

 

Severe respiratory sickness was first reported 

in Wuhan city, Hubei province in China, and on 

January 30, 2020, the world health organization 
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(WHO) confirmed the Chinese outbreak of 

COVID-19 as a public health emergency.
1,2

 

Although COVID-19 may only cause mild 

symptoms (dry cough, sore throat, and fever) with 

spontaneous recovery, in some cases it is 

associated with life-threatening situations such as 

organ failure, septic shock, pulmonary edema, 

severe pneumonia, and acute respiratory distress 

syndrome.
3
 Notably, the emergency of the 
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situation, rapidly growing burden of the disease, 

and its paralyzing consequences on societies are a 

clear depiction of “reality” making it difficult to 

endure with solemnity and precision. At the time, 

despite applying intensive supportive regimens to 

control the severity of the illness in COVID-19 

patients, respiratory failure due to the respiratory 

distress syndrome remains as the main cause of 

mortality.
4
 Given this, achieving biologic 

hypothetical frames in this situation is of utmost 

importance for designing effective treatments. In 

this excerpt, we try to allude toward a familiar 

scenario based on the interaction of the renin-

angiotensin system with the bradykinin system 

upon coronavirus attack. At the inception of 

writing our work, we did not find any hint or 

postulation of its role in the previous literature. 

We may still have no facts but we can raise and 

shed a light on a corner that has not been yet 

illuminated.  

Bradykinin as a potent vasodilator autacoid 

peptide is widely distributed in plasma and 

different tissues. It is produced via enzymatic 

activity of kallikrein on the low molecular weight 

and high molecular weight kininogens, 

respectively, in tissues as well as plasma and is 

degraded by both angiotensin-converting enzyme 

(ACE) and carboxypeptidase into inactive 

fragments.
5,6

 It exhibits regulatory roles for 

plasma exudation, vascular permeability, 

nociception, and chronic inflammatory 

reactions.
7-9

 Moreover, bradykinin triggers cough 

reflex, induces bronchoconstriction, and increases 

airways resistance partly through the activation of 

bradykinin B2 receptors.
10

 Bradykinin B2 

receptors have a high affinity for bradykinin. 

They are constitutively expressed on residential 

and immune cells in the airways,
7
 and 

inflammatory cytokines including tumor necrosis 

factor Alpha (TNF-α) and interleukin (IL)-1β can 

up-regulate these receptors through activation of 

mitogen-activated protein kinase (MAPK) 

pathways.
11

 Bradykinin may increase airways 

responsiveness to cationic peptide compounds
12

 

and its inhalation contracts bronchial smooth 

muscles in asthmatic patients.
13

 Based on pre-

clinical findings, induction of airway constriction 

was inhibited by blocking bradykinin B2 receptors 

(Hoe 140) in rat model.
14

 Compounds with ACE-

inhibitory effects compete with bradykinin for 

ACE binding sites, therefore, lower bradykinin 

degradation increases active bradykinin in the 

circulation and tissues
15

 causing angioedema and 

cough in ACE inhibitor-treated patients.
5,16

  

As experimental findings support, inactivation 

of bradykinin B2 receptors by Icatibant (Trade 

name: Firazyr) reduces cough reflex induced by 

repeated ACE-inhibitor regimen.
10

 Cumulatively, 

these findings highlight the importance of ACE/ 

bradykinin/ bradykinin B2 receptors pathway in 

bradykinin-mediated pulmonary effects that may 

have clinical importance in coronavirus 

pathophysiology and management.  

It is noteworthy that the activity of the renin-

angiotensin system as a modulator of vascular 

function is naturally high in the lungs. In this 

system, ACE converts angiotensin I (Ang I) to 

angiotensin II (Ang II) and produced Ang II, 

subsequently changes to Angiotensin 1-7 ([Ang 

1-7]) under enzymatic activity of the ACE2.  

The lungs express a high amount of ACE2 

which may have a role in maintaining Ang II and 

Ang 1-7 balance.
17,18

 Ang II exerts 

vasoconstriction effects during hypoxic 

conditions and evokes pulmonary edema by 

increasing vascular permeability.
19

 Given this, 

increasing levels of Ang II may be associated 

with lung injuries. Interestingly, it has been 

shown that coronavirus uses ACE2 as a fusion 

site to invade target cells.
18

 In our scenario (as 

illustrated in Figure 1), on the one hand, with the 

fusion of coronavirus to ACE2 and formation of 

coronavirus/ACE2 complex, this complex down-

regulates or abolishes ACE2 function, therefore, 

results in excessive accumulation of Ang II (or 

makes a biochemical gradient in this direction),  

and on the other hand, increased concentration of 

Ang II may dissipate the enzymatic capacity of 

ACE which must be free to metabolize bradykinin 

into inactive fragments. This situation may tip the 

balance toward the excessive deposition of 

bradykinin and activation of bradykinin B2 

receptors signaling in the lungs and subsequent 

occurrence of pulmonary complications. 

Accordingly, we hypothesized that pharmacologic 

blockade of bradykinin B2 receptors and/or 

inhibition of the enzymatic activity of kallikrein 

by molecules such as aprotinin/ecallantide may be 
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effective in impedance of a roller coaster 

phenomenon of ACE/ bradykinin/ bradykinin B2 

receptors pathway. Focusing on the enzymatic 

inactivation of bradykinin and measuring 

bradykinin levels especially in the target organs’ 

tissue in coronavirus affected patients, may have 

advantages for designing better therapeutic 

strategies.
21

 

During the eerie process of submission and 

rejection in different journals, two new drafts 

were published whose point of view, fortunately, 

coincided with ours and strengthened it. One is in 

the form of a preprint
22

 and the other from a 

nearby center.
23

 Both of these papers intended to 

enlighten the almost skipped over role of the 

bradykinin system among so many other 

cytokines in SARS-CoV-2 pathogenesis.  

 All we are going to raise here has a strong 

hypothetical content which has not been 

converted into a trial due to the novelty of the 

situation. There are clinical features quite 

characteristic of the disease that we think are best 

explained by this activation of bradykinin model: 

a) Dry cough: Notoriously ascribed to bradykinin 

as the most frequent side effect of ACE 

inhibitors (notably not angiotensin receptor 

blockers) due to a rise in the bradykinin 

activity.
24,25

 

b) The clinical scenario of the disease 

accompanies a prolonged course of dry cough 

lasting days to a few weeks and sudden 

aggravation of respiratory function leading to 

respiratory failure. We think this may be the 

result of aminopeptidase as an alternative 

catalyst of bradykinin running out of its 

capacity.
26

 Aminopeptidase is a micro mineral 

zinc-dependent enzyme with a limited reserve 

that significantly runs out at some point 

leading to the sudden aggravation of the 

situation, thus leaving the bradykinin system 

unabated. 

c) Interestingly and congruent with the latter, the 

ameliorating effects of zinc supplements have 

been proposed.
21

 

d) An aggravating effect of ACE inhibitors on the 

disease is consistent with the role we are 

assigning to the ACE and its failure in 

bradykinin catalysis. At the same time, 

angiotensin receptor blockers are gradually 

moving to the safe side which may 

paradoxically even exert an enhancing effect 

on ACE after their chronic use.
27,28

 

e) An early drop in O2 saturation, bronchospasm, 

and increased vessel wall permeability is 

compatible with bradykinin activity. 

 

 

 

Figure 1. Schematic representation of involvement of angiotensin-converting enzyme (ACE)/ bradykinin/ 

bradykinin B2 receptors pathway in coronavirus respiratory insult 
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Among smooth muscle relaxing factors, 

bradykinin is well known for its paradoxical 

action of causing bronchospasm. Under normal 

conditions, ACE converts Ang I to Ang II and 

inactivates bradykinin (BRK). In this pathway, 

ACE2 converts Ang II to Ang 1-7, hence reduces 

levels of Ang II and increases Ang 1-7 levels. 

Once coronavirus fused to ACE2, as its entry 

point, it forms virus/ACE2 complex, 

downregulates ACE2 surface expression, and 

results in internalization of virus/ACE2 complex. 

This increases the levels of Ang II and 

consequent damages of lung tissues. Also, 

increased levels of Ang II or the biochemical 

gradient may impact on the ACE capacity to such 

extent that it is unable to inactivate bradykinin 

competently. In the pulmonary system, 

bradykinin binds to BK B2 receptors (which are 

expressed constitutively and under stimulatory 

effects of inflammatory cytokines) to induce 

bronchial contraction, vascular permeability, and 

inflammatory reactions and consequently these 

events together with deleterious effects of Ang II 

may worsen conditions in patients. In this 

scenario, the application of BK B2 receptors 

antagonists (Icatibant) and/or inhibition of 

bradykinin synthesis by aprotinin/ecallantide may 

benefit patients. 

In conclusion, due to the strong correlation of 

clinical findings with this hypothesis, designing 

clinical trials based on molecules including (but 

not limited to) Icatibant and Aprotinin or 

ecallantide may have priority over diverse 

therapeutic strategies. 
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