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The membrane angiotensin converting enzyme 2 (ACE2) couples to the spike protein of Coronavirus-19 (Covid-19), inducing proteolytic cleavage by a cathepsin transmembrane protease serine 2 (TMPRSS2), and fusion of the viral and cellular membranes (Hoffman et al., 2020). ACE2 is also present in a circulating soluble form that lacks the membrane anchor (Batlle et al., 2020). The virus seems to infect not only epithelial cells in the lung, but also inflammatory cells, inducing local secretion of cytokines. Co-expression of ACE2 and TMPRSS2 has frequently been found in the upper and lower respiratory tract in SARS-coronavirus target cells and could thus support viral spread in the human host and between individuals (Bertram et al., 2012).
The positive or negative implications of treatment with ACE inhibitors and angiotensin II receptor blockers (ARB) in infected hypertensive patients is the object of studies and interpretations. The spike protein of the SARS-CoV reduces ACE2 expression and worsens acute lung failure in vivo. This effect can be attenuated in experimental studies by blocking the renin-angiotensin pathway (Imai et al., 2005). A study on ACE2 knockout mice provides a molecular explanation of why SARS-CoV infections cause severe and often lethal lung failure and suggests a rational therapy with recombinant ACE or with drugs that increase angiotensin II and ACE2 (Imai et al., 2005; Murthy et al., 2020). A possible explanation of the usefulness of therapy with drugs that increase circulating ACE 2 is that the binding of the virus to circulating ACE reduces its binding to ACE2 receptor of the cells of the tissues that possess the TMPRSS2.
In this short excursus we aim to highlight a possible positive effect on Covid-19 infections of spironolactone (SP) and of glycyrrhizin (GI), the main component of Glycyrrhiza glabra L. (licorice) root. SP increases the circulating ACE2 (Keidar et al., 2005; Kong et al., 2019; Stoll et al., 2019) and also has a powerful anti-inflammatory effect, antagonizing the inflammatory and cardiovascular effects of aldosterone even when its concentration is normal (Armanini et al., 2014). A recent study has shown that patients treated with antiandrogens for prostate cancer are protected from the coronavirus infection. This effect could be related to the blocking of TMPRSS2 (Stopsach et al., 2020). SP not only combines antialdosterone and antiandrogen activity by antagonizing both receptors, but also has a direct action in the adrenals, ovary and testes, where it locally blocks some enzymes involved in the synthesis of aldosterone and androgens. SP also has a stimulatory effect on aromatase (Armanini et al., 2014). Both these properties of SP could have a role in patients with Covid-19 infection.
A possible additive treatment with licorice could be considered, based on a report of the antiviral effect of licorice in SARS-coronavirus and in other virus diseases. In 2003, during the SARS-coronavirus epidemic, Cinatl and collaborators reported that GI, the main active principle of licorice, inhibits SARS-related coronavirus replication in VERO cells in vitro. Unlike ribavirin, GI was able to reduce the absorption of the virus during the early steps of replication. A possible explanation is that GI induces nitrous oxide synthase, as virus replication was inhibited by addition of this compound (Cinatl et al., 2003).
Licorice is one of the most used medicinal plants since antiquity. Numerous ancient reports mention its use for symptoms attributable to respiratory tract infections, such as dry cough and hoarseness (Yeh et al., 2013), and recent studies have reported an antiviral effect of licorice (Fiore et al., 2008b; Hardy et al., 2012; Wang et al., 2015). GI decreases liver enzymes and improves the histological picture of chronic hepatitis C. In mice infected with Influenza virus A2, pulmonary consolidation and viral load in the lungs were significantly lower following treatment with GI than with saline. In the same model the splenic T cells of GI-treated mice were transferred to mice infected with the virus and all recipients survived. The authors attributed the effect to the stimulation of interferon secretion by immunocompetent cells (Utsunomiya et al., 1997). GI can inhibit HIV replication in mononuclear cell cultures of infected patients (Sasaki et al., 2002–2003). GI also has a protective effect on the plasma membrane of cells, which could be involved in its antiviral activity. A direct effect of GI on the cell membrane has been reported in human erythrocytes, where GI, in a dose-dependent manner, strengthens membrane integrity against both oxidative and proteolytic damage of band 3 membrane protein, induced in vitro (Fiore et al., 2008).
A similar protective effect is exerted by canrenone, the main metabolite of SP, in erythrocytes of patients with primary aldosteronism (Bordin et al., 2013). Based on these reports, the antiviral effect of GI seems independent of an effect on ACE2 in lung endothelial cells. GI could be evaluated for a possible enhancement of immune defences against virus infection and for protection of the plasma membrane from virus penetration. The main problem for the clinical use of licorice, however, is its mineralocorticoid-like effect, due to the block type 2 11‐hydroxysteroid dehydrogenase and to binding of GI to mineralocorticoid receptors (Sabbadin et al., 2019). Licorice can be associated with SP and this association has already been reported in the treatment of women with polycystic ovary syndrome, where pure licorice extract (at the dose of 3.5 g a day) enhances the antiandrogen and anti-inflammatory and thrombolytic effect of SP, hereby blocking the risk of hyperkalemia and hypotension (Sabbadin et al., 2019).
The mechanisms of action of SP and licorice are summarized in the Table 1. While this manuscript was reviewed, other papers were published (Cadegiani, 2020; Chen et al., 2020; Liaudet and Szabo, 2020; Luo et al., 2020; Murck, 2020; Zhao et al., 2020). There are some ongoing trials with SP in patients with COVID-19 disease, as reported in clinicaltrials.gov website. One is focused on changes from baseline in clinical assessment score and laboratory parameters during treatment with SP and bromexine (NCT044241349). The other is related to SP induced improvement in acute respiratory distress syndrome and in sequential organ failure assessment (NCT043465887).
TABLE 1 | SP and licorice: comparative effects.
[image: Table 1]Regarding to licorice there is one on-going pilot, non randomized study with licorice extract as a complementary medicine in patients with COVID-19 disease (NCT04487964, but nobody has proposed the association licorice and SP.
In conclusion, licorice does not need prescription and is available in many countries as a pure extract. We propose that the possible association of GI and SP may be considered for Covid-19 infections, taking account of the different mechanism of action of the two substances and their synergism. The additive activity of SP and licorice combination should be presented as a potential mechanism, not currently supported by evidence derived from clinical trials. Moreover, it should be mentioned that, as an extract, licorice would require a careful quantitative assessment of its active principle GI to define dose-response relationship.
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Mechanisms of the action of SP
« Increased circulating ACE2, limiting the access of the virus to cell membranes
« Powerful anti-androgen and anti-mineralocorticoid effect with decreased
expression of TMPRSS2 and decreased production of inflammatory cytokines
« Block of the membrane damage caused by MR activation in inflammatory
situations
« Block of the hypertensive and hypokalemic effects of licorice
Effects of licorice actions
« Preservation of membrane integrity
« Stimulation of interferon gamma secretion
« Antiinflammatory effect
« Partial block of TMPRSS2 due to the reduction of androgen secretion by testis,
ovary and adrenals
« Control of the hypotensive and hyperkalemic effect of SP
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