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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes the disease covid-19, is

characterized by high mortality among the elderly. The main manifestation that separates this virus from other beta-

coronaviruses, is associated with the increased risk of pneumonia, that leads to acute respiratory distress syndrome

(ARDS). Any tissue damage in the periphery, is triggered by the excess of cytokines, that are released in the

bloodstream, after the initiation of ARDS. Moreover, the virus appears to have the RNAemia trait, a condition that is

also witnessed in the case of the human immunodeficiency virus (HIV), but the difference lies in the inability of the

former to be transmitted through blood. The angiotensin-converting enzyme 2 receptor (ACE2R) downregulation leads

to increased renin-angiotensin system (RAS) activation, and also decreased activity of the Mas receptor, a well-known

GPCR, which is the substrate for the ligand angiotensin 1-7, which is produced by the conversion of angiotensin II, by

the ACE2R. Last but not least, since pneumonia is one of the main causes of acute lung injury (ALI), the latter, present

due to severe damage to the main pulmonary artery, we hence claim that medication used for the treatment of

pulmonary hypertension could decrease the fatality risk of pneumonia, and in combination with the standard approach

of corticosteroids, antiviral agents, and NO administration, could alleviate, or even eradicate pneumonia symptoms.

Introduction

1. Covid-19 pathophysiology and mechanisms of infection

Covid-19 is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The entry receptor for the

virus is the ACE2R, whereas other coronaviruses with the same target receptor include the beta-coronavirus SARS-CoV,

the alpha-coronavirus HCoV-NL63, alpha-coronavirus, HCoV-229E, and beta-coronaviruses HCoV-OC43 and HCoV-

HKU1. The cleavage of spike protein into S1 and S2 subunits takes place during their formulation in the infected host cell.

The same subunits are essential for binding to ACE2(S2) and cell entry (S1), respectively. There is some acclaimed

involvement of proteases like TMPRSS2 and FURIN assisting with the functions of the S trimer (spike), since the cleavage

site of TMPRSS2 lies in the S2’ subunit of the spike, whereas the FURIN cleavage site is located between the S1 and S2
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subunits. [1] The symptoms of the virus are embedded by heterogeneity, that is exacerbated with older age and increased

viral load. In most patients the main ailments include symptoms that resemble that of the common cold virus and that of

Influenza, but in some cases, there is a need for immediate hospitalization, for patients to be stabilized, and the symptoms

tend to be more severe in nature, with pneumonia and ARDS, considered the most imminent threat. [2] A lower threshold

for developing pneumonia and ARDS brings about a high mortality rate. Other classes of coronaviruses, that pose the

same risk, include the severe respiratory distress syndrome coronavirus (SARS-CoV) [3] and the middle eastern

respiratory syndrome coronavirus (MERS-CoV) [4]. The main localization of all three coronaviruses described is mainly the

lungs and the nasopharynx, hence the high chance of causing pneumonia. Initial estimates of fatality were approximately

in the range of 1.5-2% and an overall 31.7% of covid-19 patients required hospitalization. Of course, the spread of the

disease to the general population diversified those estimates, but frequent hospitalization of elderly was still

evident. [5] The uniqueness of SARS-CoV-2, compared to the rest, is based on the dependence on comorbidities, to fully

lead to a deteriorated state, given that most covid-19 victims previously had diseases of either the cardiovascular or the

respiratory system. [6] This liability possibly entails the importance of the entry receptor, in those conditions, which, in turn,

amplifies health complications that lead to the patient’s ‘departure’.

2. The nicotine hypothesis

Any potential discussion, concerning the interaction of the virus with secondary receptor subtypes, mainly those of the

nicotinic cholinergic system, the most prominent being the alpha 7 nicotinic receptor (a7nAchR) is lacking. First of all, the

authors that had previously supported this statement, including the author of this manuscript, claimed that the virus affects

the function of nicotinic receptors (nAchRs). [7] This is supposed to take place through binding to the a7nAchR of local

epithelial cells of the lungs, that are directly projected by the vagus nerve. [8] The value of this approach scolds behind the

idea that all the ligands that possess the same mechanism of action, such as various neurotoxins, neuromuscular blocking

agents (NMBA), as well as bupropion, should cause the same toxicity, but this is not materialized. [9][10][11] The vagus

nerve is part of the inflammatory reflex. The inflammatory reflex consists of the brain, the immune system, and the vagus

nerve, the latter being the main operator. Even more, the medication that enhances the function of the vagus nerve,

mainly most anti-epileptics, should have been empowered as a potential treatment for covid-19, which is not the case, for

patients who have already been administered this treatment for the relative neurological disorder. [12] The therapeutics of

nicotine, are questionable, since it might encourage the public to turn to smoking, or those who are willing to enter

smoking cessation, to essentially discontinue their effort. [13] Of course, the authors quoted, do encourage the use of

patches and nicotine gums, but the most likely scenario for the common folk is to turn to the cheapest alternative.

Moreover, the addictive nature of this alkaloid, will, in the long-term, cause dependence on the substance, thereby sliding

backward any effort of the anti-smoking campaigns. Apart from that, no matter the drug formulation, nicotine, which is

thought to upregulate ACE2R, [14] cannot help with the alleviation of symptoms, taking into consideration that the

expression of ACE2R, either widespread, or minimized, does not affect the membrane’s action potential, since it does not

have an intracellular pathway. [15] The idea that either the reduced or the increased expression of the enzyme can make

symptoms milder, is based on the observation that minors and generally younger people, experienced more subtle
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symptomatology, whereas less ACE2R means fewer points of entry. Both assumptions are irrelevant, since the ACE2R is

widespread across the whole body, so there cannot be a limited expression, [16] and younger people do have fewer

symptoms, due to a lack of comorbidities, though there are some comorbidities with increased risk for covid-19, even in

minors, which explain some rare cases of deaths in that age group. [17]

3. The Mas receptor

Therefore, how can the expression of ACE2R affect in any way possible, the patient and the general symptoms

experienced? It is more likely, that the binding of the spike to ACE2R, downregulates the ACE2R, or at least keeps more

copies of the receptor occupied by the spike, and this in turn, leads to decreased conversion rates of angiotensin II into

angiotensin 1-7, [18] which is the active ligand for the Mas receptor, a well-known GPCR, that has many properties, among

which are included angiogenic and hypertension regulation ones. [19] The gene of the Mas receptor is not one, but two,

and the point is that one of those genes, is a proto-oncogene, suggesting that overstimulation of the receptor can

potentially lead to tumor-genesis. The design of a novel agonist for the Mas receptor or even the external administration

of angiotensin 1-7 is a likely solution, according to the quoted citation, especially taking into account the cardio-protective

role of this peptide agonist. [20] However, we ought to proceed with caution, despite the conflicting evidence debating the

anti-tumor versus the tumor-genic nature of the Mas receptor. It should be clarified that the type of tumor expressed, is

either indifferent or vital in its dependence on the Mas receptor. Chances are, that a lot of the symptoms of covid-19, are

strongly aggregated by the downregulation of the Mas receptor and generally, by the overall comorbidities of the

cardiovascular system, due to the cell entry enzyme.

To better examine the phenomenon, we have to address the issue of the angiotensin-converting enzyme inhibitors

(ACEI), that are used for cases of hypertension, as well as heart failure. These agents, up to a point do affect the ACE2R,

as well as the Mas receptor, via upregulation, and the entire RAS system in general, via downregulation, that is

manifested through the host’s ability to resist the effects of those agents. However, ACEI medication does not provide any

prophylactic or compromising traits, concerning covid-19. The referenced article suggests that there is a reduced risk for

hospitalization, but it is ethnic-dependent, and generally, the literature based on the matter is contradictory, so any

potential conclusion on the matter seems vague, for the time being. [21][22]

4. ARDS, cytokine storm, and RNAemia intrerperspective

Studying the hospitalized patients, we observe a high rate of pneumonia and ARDS. [23] Those patients, at the same time,

do express cytokine storm. [24] Moreover, they have increased chances of experiencing RNAemia, which leads to a worse

prognosis. [25] RNAemia cannot cause infection of another individual, through blood transfusion, [26] hence why it might

be simply, commonplace, among patients having ARDS and/or pneumonia. To verify the solidity of the last sentence, we

searched for data on pneumonia/ARDS, that were caused by other viruses, or even bacteria, in order to ascertain whether

the RNAemia trait and the excess of cytokines, are common ground among patients with the same condition.

In detail, the influenza virus can cause RNAemia, during the acute phase of the infection, which pinpoints the exact cause,
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as diffusion of the virus, through the capillaries of the lungs, with RNAemia potentially deteriorating the prognosis of the

patient. There are some indications of distal virus incubation in various tissues, but it is disputable whether the latter is

actually the case, having considered that every virus requires a virion to force cell entry. [27] Another candidate for viremia,

is the human immunodeficiency virus (HIV), though the same conditions of RNAemia, are less common among patients

with the disease, since the viremia trait is much more predominant. [28] Despite data that are supporting viremia, being

mostly restricted to certain viruses, the same can be said for bacterial-acquired pneumonia, which may eventually lead to

sepsis, with a high mortality rate of 51%. [29] This condition can be reached both through infections, most commonly that

of the lungs, as well as minor injuries, such as excessive tooth brushing. [30] Sepsis, much like ARDS, causes an overload

of cytokine release across the whole body, with the body’s inability to suppress systemic inflammation, leading to a

phenotype much similar to ARDS. Although, lung infection is the major etiology of sepsis, other tissues’ vulnerability can

lead to the same condition, such as infections of the urinary tract, as well as of the gastrointestinal tract. [31]

Taking into account the similarities between sepsis and ARDS, as well as the common ground of viremia, between

different viruses, it is best to quantify the cytokine response of the cytokine storm, compared to that of sepsis, to verify

whether those two conditions are related, or even intertwined. This test revealed case reports of patients developing

cytokine storm, early on, after abdominal surgery. At the same time, the diagnosis also mentioned the pre-existence of

sepsis, and possibly a faulty surgery might be to blame for the acquirement of both ailments. The co-existence of those

major pro-inflammatory conditions in the same individual, suggests that one can interfere or even lead to the

development, of the other. [32] Another case that should be heed, concerns ARDS versus cytokine storm. Data from

reviews mention that cytokine storm is linked to ARDS, and the cytokine storm can lead to ARDS and vice

versa. [33] Other references mention that the cause of ARDS is an immune system overreaction to the infection, which

leads to ample release of cytokines in the lungs, that in turn, causes extensive tissue damage. The same effect can be

triggered by the cytokine storm, with the localization of inflammation being systemic versus localized. [34] The cytokines

that are overproduced during the cytokine storm, are interleukin-4(IL-4), IL-5, IL-1, IL-6, IL-17, tumor necrosis factor alpha

(TNF-a), and IL-13. From the pool of patients with pneumonia, 15% of them eventually develop ARDS, as well, hence

pneumonia and cytokine storm, is more prevalent than ARDS, in the covid-19 infection. The cytokine storm is

characterized by major cell apoptosis, as well as distal tissue sustained damage, due to the unleashed and of course,

uncontrolled, actions of pro-inflammatory cytokines, whose effects, can lead to multiple organ failure. Apart from that,

most patients with covid-19, regardless of the viral load, and severity of symptoms, do suffer from lymphocytopenia,

mostly related to a decreased title of CD4+ and CD8+ T cells. T cells do not express the ACE2 receptor, thus it is unlikely

that this condition is reached via direct T cell infection. According to the overall evidence, it is palpable, that

lymphocytopenia is triggered by the regulation of T cell production, via cytokine signaling. The first candidate is IL-6, which

possesses both pro-inflammatory and anti-inflammatory roles, depending on the quantity released in the serum. The over-

stimulation of the IL-6R, the receptor of IL-6, leads to pro-inflammatory responses and is linked to ARDS as well as severe

symptoms of covid-19, which led to the hypothesis that IL-6 and IL-6R neutralizing antibodies can improve prognosis. We

would also add, that the binary profile of action of IL-6 depending on extracellular concentration, might indicate the

pharmacodynamics of a partial agonist, which is commonplace among ligands that have contradictory effects, depending

on dose availability, although this is mere speculation, that we use to imply that IL-6R blockers, might be more beneficial
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than IL-6 neutralizing antibodies. Another ligand of potential interest is IL-1, which has a distinct pro-inflammatory role and

is released from infected cells. The signaling pathway of IL-1 activates basic pro-inflammatory agents, such as the NF-kB

superfamily, pinpointing the exacerbation of inflammation through this response. IL-17 seems to help in the maturation of

T cells, into Th17 cells, while, at the same time, it halts the immune system mobilization, prolonging the infection, via a

long-term decrease of adaptive immune system cell recruitment. Moreover, IL-17 has been evaluated as a biomarker in

lung pathology of viral infections. Lastly, TNF-a, apart from its direct role in cell apoptosis, is also responsible for

bronchoconstriction and breathing difficulties. Treatment of patients with TNF-a blockers led to recovery without the need

for hospitalization. [35]

5. Mas receptor, ACE2 receptor, and acute lung injury

Having established the connection between the Mas receptor and the RAS system, in general, it is high time we discuss

the properties of the Mas receptor in detail. The Mas receptor, angiotensin 1-7, angiotensin 1-9, the ACE2, and the

angiotensin II receptor (AT2R), pose the major counterweight in the actions of the RAS system. ACE2R converts

angiotensin II, to angiotensin 1-7 and angiotensin I, to angiotensin 1-9. The activation of the Mas receptor by angiotensin

1-7, promotes blood pressure reduction, noradrenaline decreased release, vasodilation, NO generation and release, an

increase in parasympathetic tone, and baroreflex sensitivity. The angiotensin 1-9, also binds to the AT2R and promotes

natriuresis and NO release. Interestingly enough, the cardioprotective role of the Mas receptor is attributed to the

antagonism of the angiotensin II signaling. The AT1R and AT2R have opposing effects, which are contributed to their

signaling, with angiotensin II binding to both, whereas angiotensin 1-7, binding to AT2R, but most likely not Mas. The

AT1R can interact with the MasR to form heterodimers, whose function is to halt the AT1R activity. The same ability to

form heterodimers with the MasR is also a tendency of the AT2R. While MasR potential agonist angiotensin 1-7, does not

bind to the receptor, an antagonist of the AT2R, also known as PD123319, can also bind to the MasR, suggesting that a

modification of the structure of the angiotensin 1-7 might produce an agonist for both. Studying the potential benefits of

ACE2R agonists, in terms of pulmonary arterial hypertension, those ligands may face resistance to their effects, due to the

cleaving of the ACE2R, which is a membrane enzyme, and at the same time, substrate, to various proteases. That is why

analyzed experiments with recombinant ACE2R gave better results, with a good safety profile, with the process still

ongoing, and in need of further investigation. However, soluble ACE2Rs can enhance the counter-balancing actions of the

RAS system, which is the main theme of this experiment. The MasR theoretical agonist angiotensin 1-7, due to a limited

half-life of 10 seconds, cannot provide a viable solution. As suggested before, the Mas-ACE2-angiotensin 1-7 Axis can

regulate the actions of the RAS system, and promote cardio-protective effects, as well as anti-inflammatory responses. In

terms of any cardiovascular disease, it is emphasized that the developed ligands, either synthetic, or endogenous, do not

provide enough data, to enter the market just yet. [36] However, this article gives us enough details about the importance

of the MasR, as well as the angiotensin 1-7. As said before, those components are being tested for the treatment of

pulmonary arterial hypertension, and we believe that the same artery is involved in the acute lung injury, sustained due to

covid-19.

Studying cases of ARDS, patients with etiology other than covid-19, do suffer from gas partial pressure abnormalities, in a

Qeios, CC-BY 4.0   ·   Article, April 19, 2023

Qeios ID: 67TZRK   ·   https://doi.org/10.32388/67TZRK 5/12



range of 10-12%, whereas covid-19 ARDS has this feature much more common, approximately 40-50%. The inequity in

the frequency of this complication, can be limited to two parameters, anatomic intact tissues and gas exchange

incapacities. All in all, it seems that in other cases, some tissues are left with some component of aerial regeneration,

whereas in covid-19, some areas are completely starved out of oxygen, hence making the hypoxemia more severe,

increasing the need for mechanical ventilation. The areas without oxygen (dead space) are more likely to suffer from

vasoconstriction, as well as immuno-thrombosis. The phenomenon of thrombosis is relative to severe vascular damage,

sustained, likely by the increased release of Angiotensin II, as well as the cytokines of ARDS. [37]

The comorbidity of pulmonary arterial hypertension (PAH) seems to be accompanied, most often by atrial fibrillation

(AF)/atrial arrhythmias. The key manifestations are hypoxemia and PAH, which distort the autonomic sympathetic tone,

and eventually bring about AF, with most of those cases having a poor prognosis. [38] Therefore, the treatment of both

might potentially decrease the risk of heart arrhythmias. A meta-analysis of PAH acquired due to covid-19 showed an

increased mortality rate. [39] As for the causes, most likely they are summed up to lung and vascular tissue

damage. [40] As said before, the lead cause behind vascular and alveolar damage in the lungs, has to do with the gas

exchange of O2/CO2, relative of course, to hypoxemia, because this deficiency leads to dead space in the lungs, thereby

altering blood supply in those areas. In the meantime, the other endogenous gas in the lungs, nitric oxide (NO) in

particular, can pose a buffer in the abnormalities of the other two gasses and many researchers have described the

therapeutic potential of this agent. Though the researchers mention the ability of NO to inhibit SARS-CoV-2 replication,

this is highly unlikely, but the most plausible case scenario, involves the chance to restore the imbalance between the

O2/CO2 and decrease dyspnea [41] As described, by the previous references, one of the functions of the MasR, is to

increase the release of NO and to try stimulating this pathway, which may as well provide a potential treatment, in

combination with the administration of NO via inhalation.

To connect the pieces of the puzzle, it seems that, at first, patients experience pneumonia, due to covid-19, followed by

hypoxia, which is the first sign of pO2/pCO2 imbalance. Then, considering the delay between diagnosis and the patient’s

transfer to the ICUs, pneumonia deteriorates with excessive release of pro-inflammatory cytokines, that cause damage to

the tissue, that is already labeled as anatomic dead space, meaning that it does not receive enough blood and oxygen

supply from the pulmonary artery, due to alveolar and pulmonary artery sustained damage. At that point, there is a high

chance of development of PAH, that is often accompanied by AF or other cardiac arrhythmias. If the latter is not treated

sufficiently, there is a high chance of acute lung injury (ALI). Data from the literature, pinpoint that PAH is more common

than thought, in covid-19 patients, and only their transfer to specialized centers treating PAH, could save their lives,

especially considering that from a sample of patients, approximately 63.6% required transfer to ICU, of which 45.45%

died, and only a minimum 36% of those submitted to ICUs, eventually received treatment for PAH, and

survived. [42] Meanwhile, patients admitted to ICUs, experienced AF, at a rate of 4.2% among a sample of 3435 patients

overall, and those that did have a higher risk of passing away, with the overall ratio being 37.2% versus 16.9%, having

compared the development of AF within the ICU, with the incident AF admission, respectively. [43] Studying the incidence

of PAH and right ventricular dysfunction (RVD), the latter being a liability for developing AF, researchers found that in a

sample of hospitalized non-ICU patients, RVD was not a liability for higher mortality, but the same cannot be said for PAH,
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and the study did not even consider having both abnormalities at the same time. [44] Another article quoted mentions that

the co-existence of PAH and AF, causes severe impairment in daily activities, and this poses a deterrent to any chances of

improved prognosis. [45]

Discussion

Having taken into account the different parameters of covid-19 complications, it seems that the first issue that needs to be

addressed is the gas exchange imbalance, which needs mechanical ventilation, along with the administration of NO, to

help with the hypoxemia. Moreover, extreme inflammation, albeit it is ARDS or cytokine storm, though both are

interconnected, must be dealt with anti-inflammatory agents, one of which is TNF-a blockers, an example of which is

ananikra. Also, the administration of corticosteroids, most commonly methylprednisolone is crucial for any chances of

halting inflammation, especially the one linked to specific interleukins, that we analyzed above. But the bigger issue is to

restore blood supply to the lungs to avoid ALI, so this involves medications used against PAH, such as sildenafil. As for

the case of AF, one needs to treat it, simultaneously with PAH, to get better results. RNAemia accurately used as a

biomarker for prognosis, is an indication of multiple organ failure, and also might be triggered by severe alveolar damage,

having considered that most patients with covid-19 suffer from alveolar edema, which can at the same time lead to

RNAemia, and we believe that this is caused by severe lung damage due to hypoxemia and cytokine release, that would

eventually disturb the alveoli’s ability to control which components pass from the lungs to the blood and which

not. [46] Given the importance of increased angiotensin II release, due to ACE2 downregulation, and the counter-intuitive

role of MasR-ACE2-angiotensin 1-7, to the RAS system, we believe that if we promote the increased action of ACE2R,

angiotensin 1-7, angiotensin 1-9, and the MasR, either directly, or indirectly, we could effectively reduce the actions of

angiotensin II. This in turn, could potentially decrease the cytokine storm, which is mainly triggered by the pro-

inflammatory actions of angiotensin II on the AT1R, and the decreased activity of the MasR, [47][48] and in turn reverse

and prevent the chance of ALI.

Conclusion

All in all, covid-19 is a multiparameter disease. First, the lung edema, then the cytokine storm, the PAH, and AF-in other

words too many factors to take into account. However, one can easily observe, that one is the result of a dysregulation of

the other. We thereby, note that, the turning point in a patient’s prognosis begins with the accumulation of pus in the

lungs, which leads to lung edema, and subsequently PAH and ARDS. The initial cause for this is the development of

pneumonia and hypoxemia, which might not be as early diagnosed, as needed, but could still be reversed. That is why, it

is vital to provide auxiliary treatment for PAH, and AF/cardiac diseases, and at the same time to the point that it is

feasible, to offer mechanical ventilation, not just with oxygen, but NO as well. In the end, restoring and counter-balancing

the RAS system's excessive stimulation, can in turn, reduce the severe inflammation sustained. The latter is based on the

restoration of the MasR-angiotensin 1-7-ACE2R Axis.
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