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Abstract:- The first step in COVID-19 pathogenesis is
the viral spike protein priming by Trans Membrane
Peptide Receptor Serine S2 (TMPRSS2). TMPRSS2
promotes viral entry, cell to cell transmission, evasion of
host immune response, and Angiotensin-Converting
Enzyme 2 (ACE2) downregulation. Androgen through
Androgen Receptor (AR) increases TMPRSS2 gene
expression. Blocking AR may prevent viral entry and
other TMPRSS2 mediated actions.

Angiotensin II also acts on Angiotensin type 2
Receptor (AT2R) to produce similar actions, called a
"protective pathway." Further, Angiotensin II acts
through its primary Angiotensin type 1 Receptor
(AT1R), causing inflammatory, cytokine storm, and profibrotic response – called "Killer pathway." In COVID,
down-regulated ACE2 leads to unabated Angiotensin
II/AT1R – "Killer pathway" – actions producing a
vicious cycle of "hyper-inflammatory state," resulting in
ALI, ARDS, and death. AT1R activation further
stimulates the secretion of aldosterone, which through
Mineralocorticoid Receptor (MR), augments AT1R
mediated 'killer pathway”.
None of the COVID
guideline drugs modulate this pathogenic mechanism.
We examine the first time in history the scientific
rationale for combined AR/AT1R/MR blockade for
COVID-19 treatment and prevention.

ACE2 acts as an entry point for COVID-19 and as
the counter regulator in Renin-Angiotensin-Aldosterone
System (RAAS). RAAS maintains homeostasis of blood
pressure, salt and water, inflammation, and immune
response – through its two arms called “killer” and
“protective pathways.” The balance between these two
pathways determines life or death in disease states.
ACE2 converts Angiotensin II to Angiotensin (1-7),
which through Mas receptors mediates antiinflammatory, immune-modulatory, and anti-fibrotic
actions.
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Summary box
What is already known about this subject?
 There is a controversy that ARBs and ACEi must be
discontinued during the pandemic as they may
increaseCOVID-19 infection and severity by upregulating the ACE2 viral entry receptor.
 This speculation has been rested with emerging evidence
and various global scientific societies coming forward in
support of ARBs and ACEi and soliciting their continued
clinical use during the pandemic.

application of either vaccine or drugs (or both) – which at
the least is a couple of years away. Numerous drugs have
been repurposed and experimented in clinical set-up and
research trials for COVID patients – namely
hydroxychloroquine
(HCQ),
dexamethasone,
methylprednisolone, anti-virals, antibiotics, and vitamins
amidst others. Recently the world health organization
(WHO) on the 4Th of July 2020 pre-terminated the HCQ,
lopinavir, and ritonavir treatment arms of COVID-19 trial
following lack of benefits.3

What are the new findings?
 Androgen, RAAS, and its two pathways determine viral
entry, cell to cell transmission, inflammation, immune
response, and clinical manifestation such as acute lung
injury (ALI), adult respiratory distress syndrome
(ARDS), and death or recovery.
 The upregulation of ACE2 receptors is beneficial, and its
downregulation is deleterious.
 Collectively blocking androgen, angiotensin II and
aldosterone may stop viral entry into the human cell and
may reverseALI, ARDS, and promote recovery.

The world seems lost for directions in handling this
pandemic and is looking up to its scientific community in
desperation – for education, understanding, awareness, and
ultimately for a solution to treat this viral disease and
prevent it. We explored the pathophysiological mechanisms
underlying COVID-19 and human interactions to identify
potential therapeutic targets, which existing drugs may
exploit. Medicines that may have a plausibility to prevent
viral infection and potentially reverse pathogenesis.

What are the essential recommendations for policy and
practice?
 ARBs and Spironolactone (anti-androgenic and antialdosterone) should be included in the WHO guidelines
for treatment and prevention of the COVID-19
pandemic. Further, there is an imminent need for an RCT
evaluating the prognostic and preventive benefits of the
above drugs in the COVID-19 pandemic.

I.

INTRODUCTION

“Corona virus crisis may get worse and worse and worse” –
warns WHO.
“Let me be blunt, too many countries are headed in the
wrong direction, and the virus remains public enemy
number one” –
WHO
Director-General
Dr. Tedros
Adhanom
Ghebreyesus.
Reuters, July 14, 2020, 06.55 am.1
The Covid-19 pandemic cripples the world. Over 34
million people infected, more than 1 million dead since
November 2019, and still counting2. More than 213
countries affected,with country-specific lockdownsbringing
the globaleconomy to a grinding halt. Businesses worldwide
have shut down, throwing millionsinto unemployment
andthe ensuing hunger and poverty compounding deaths and
disabilities. The world has not seen anything of this scale or
seriousness since World War II.
Further, there are no vaccines, no specific treatments,
and noextended time to develop new drugs to counter the
viral pandemic – Its war – and our best option is to seek
salvation in existing drugs. At the same time, we await
development, human trials, mass production, and clinical
IJISRT20AUG276

For the first time in published literature, we propose a
new multi-prong therapeutic intervention for COVID -19
with repurposed drugs – that are freely available, widely
used, cheap, and safe – based on a fresh understanding of
well-established pathophysiological mechanisms and
published preclinical and clinical studies. We believe that
the novel therapeutic intervention can reverse viral disease
in infected patients and prevent COVID-19 infection in
healthy individuals.
II.UNDERSTANDING THE ANDROGEN-RENINANGIOTENSIN-ALDOSTERONE-COVID AXIS:
RECEPTORS, ENZYMES, AND “KILLER VERSUS
PROTECTIVE” PATHWAYS.
Androgen Receptor: The first step in the virus entering the
human cell is called the priming – which involves cleaving
the viral spike (S) protein. Trans Membrane Peptide
Receptor Serine S2 (TMPRSS2)enzymecleaves the "S"
protein and facilitates viral entry into the human
cell.4Curiously,TMPRSS2 gene expression is promoted
through Androgen Receptor (AR)and increases upon
exposure to androgens.5TMPRSS2 promotes viral entry, cell
to cell transmission, evasion of host immune response, and
Angiotensin-Converting Enzyme 2 (ACE2)downregulation
– and the myriad of itsconsequences.6Androgen receptors
are potential therapeutic targets to block: firstly viral entry,
secondly cell-to-cell transmission, thirdly the evasion of host
immune response, and finally ACE2 down-regulation.
(Figures 1).
Angiotensin-Converting Enzyme 2, AT1, AT2, and Mas
Receptor: The cascade of RAAS regulatory and counterregulatory mechanism is mediated through four primary
receptors, namely (Figure 4):ACE2, Angiotensin type 1
(AT1R), Angiotensin type 2 (AT2R) and the Mas receptor.
ACE2isa type I transmembrane metallo-carboxypeptidase
present on the surface of vascular endothelial and epithelial
cells of the renal tubules, lung, and gastrointestinal
tract.7The membrane-bound ACE2 receptor serves as the
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entry point for COVID-19. Conversely, it supports an antiinflammatory pathway that protects against the misplaced
and misdirected host inflammatory and immune response,
triggered by the virus – that is counterproductiveif left
unchecked.8,9
Covid-19 has a 10 to 20 fold higher affinityfor ACE2
receptor on type 2 alveolar epithelial cells than SARSCoV.10ACE2 is homologous to Angiotensin-converting
enzyme (ACE)11, a crucial component of the ReninAngiotensin-Aldosterone System (RAAS) that converts
Angiotensin I to Angiotensin II (Ang II).12 The effects of
Ang II are mediated through the type 1 Angiotensin receptor
(AT1R)13—the so-called "Killer pathway." (Figure 2)
Activation of this pathway causes vasoconstriction and
increases renal reabsorption of sodium and water—all
serving to increase the blood pressure. ACE-Ang II- AT1R
also induces oxidative stress through immune-mediated
cytokine storm, fibrosis, and inflammation in various
tissues, especially the heart, lungs, and kidneys. 14 In the
lung, the immune-mediated effects of ACE-Ang II lead to
widespread tissue injury, inflammation, and fibrosis,
resulting in increased vascular permeability, acute lung
injury (ALI), adult respiratory distress syndrome (ARDS)15,
heightened platelet aggregationand hypercoagulable
state(Figure 2).16Conversely, Ang II also acts through
AT2R activation to decrease platelet aggregation, promote
insulin action, and decrease blood pressure through
vasodilation.17
This counterbalancing mechanism—the “Protective
pathway”—is driven by ACE2, a vital component of the
counter-regulatory pathway.18 ACE2 breaks down Ang II
into Ang (1-7), which acts through the Mas receptor (found
in the alveolar type 2 epithelial cells, cardiovascular and
renal tissue) promoting renal sodium and water excretion
and vasodilation to decrease blood pressure modestly.19
Importantly, the Ang (1-7) has an anti-inflammatory effect
through nitric oxide production, thereby opposing the proinflammatory cascade triggered by Ang II through AT1R.20
The majority of organ and tissue systems in the human
body co-express the structural components of both "Killer
Pathway" and "Protective Pathway. 21 The balance between
these two pathways in response to external stimulus
determines the extent of tissue injury across organ systems.
When extrapolated for COVID-19, data from SARS-CoV
shows that ALI characteristic of the severe COVID-19
disease is the result of the "Killer Pathway" left unchecked
by the counter-regulatory protective mechanism.22 Central to
this imbalance is the downregulation of the ACE2
receptor.23
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ACE2 expression is down-regulated by several
conditions: aging, excessive Ang II, various disease states,
and SARS-CoV-2 viral entry intohuman cells.24 COVID
down-regulatesACE2 receptor: by converting it into its
soluble form in serum; by internalizing within the cell
(endocytosis), 25and moreover, by elevating circulating Ang
II.Ang II through its action on AT1R triggers a selfperpetuating cycle whereby Ang II downregulatesACE2 upregulates ACEI, whichfurther increase Ang II levels in local
tissues26 – perpetuating in a vicious cycle leading to a
“hyper inflammatory state27(Figure3).
In-vitro human airway epithelial studies show that a
low ACE2 expression is associated with increased COVID
infection severity.28 Animal studies have demonstrated that
loss of ACE2 in knock-out (KO) mice caused increased
inflammation, oedema and impaired oxygenation compared
to wild-type (WT) mice after acid-induced lung injury.29
However, when these KO mice were pre-treated with AT1R
inhibitors before acid-induced ARDS, they had significantly
lower lung injury.30 In other experimental animal models of
ARDS, wild-type (WT) and ACE2 knock-out (KO) mice
treated with catalytically active recombinant ACE2 protein
could escape lung failure.31 Ang (1-7) administration
protected against the lung injury, whereas blocking the Mas
receptor reversed this action.32
Further, the COVID-19 spike protein-ACE2
attachment enhances circulating Ang II levels. It downregulates ACE2 expression, both of which push the
physiological balance in favour of the “Killer
Pathway” 33(Figure 3).On the other hand, AT1R blockade by
Angiotensin Receptor Blockers (ARBs) up-regulates ACE2
and protects against lung injury by increased conversion of
Ang II to Ang (1-7) diverting the RAAS effects from
[ACE/Ang II/AT1R]-mediated “Killer Pathway” to
[ACE2/Ang II/Ang (1-7)/AT2R/Mas receptor]-mediated
“Protective Pathway”34(Figure 4).The ARB Losartan
attenuates the severity of acute lung injury in SARS-CoV
infection in both the pre-treatment and post-infection
(rescue) models.35 Thus, it is readily evident that innovative
pharmaceutical therapies that activate the ACE2/Ang (17)/Mas receptor pathway hold significant promise in treating
COVID-mediated lung injury. Further, activation of the
AT1R by Ang II stimulates the secretion of aldosterone
which through its action on AR augments “killer pathway”
induced hyper-inflammation by its effect through the
Mineralocorticoid Receptor (MR)(Figure 4)
Mineralocorticoid Receptor: Angiotensin II induces
aldosterone's release from the adrenal cortex, promoting
vascular damage via MR activation.36 Aldosterone also
exerts multiple actions on immune cells, which
expressMR.37Dysregulated RAAS signaling with enhanced
aldosterone-mediated MR activation could represent an
important link between COVID-19/ACE2 interaction and
inflammatory lung injury, suggesting an interesting
therapeutic potential for RAAS inhibitors and in particular
MR antagonists38(Figure 4).
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III.
CONTROVERSIES AND
MISUNDERSTANDINGS SURROUNDING
RAAS BLOCKADE IN COVID-19 INFECTION:
UP-REGULATED ACE2 ENHANCES COVID
ENTRY – DOES IT?
At the outset of the pandemic, concerns emerged that
ACE inhibitors and ARBs could theoretically increase the
risk and severityof COVID-19 owing to their role in
enhanced ACE2 receptor expression.39 Consequently,
summoning their discontinuation in clinical use in
hypertensive and cardiovascular patients. This simple
deduction unsupported by experimental data may be
questionable and deleterious. Further, such a hypothesis may
lead to higher rates of cardiovascular deaths in COVID-19
patients.40
The findings of a recent meta-analysis essentially put
an end to this continuing controversy.41 The study evaluated
over 10,000 patients and provided robust evidence on the
absence of risk, from RAAS inhibitors treatment in COVID19 patients during the pandemic – endorsing several
scientific societies' views.42,43, On the contrary, emerging
evidence ensued in postulation for the protective role of
ARBs against disease progression and mortality inthe
COVID-1944– given the recently found protective action of
the ACE2-Angiotensin (Ang) 1-7-Mas axis on the lung.
RAAS blockers augment thisprotective processby reducing
Ang II-AT1R stimulation, increasing Ang II substrate, and
up-regulationof ACE2, and leading to a larger increase in
Ang 1-7. 45Therefore it is clear from ensuing evidence that
the up-regulation of the ACE2 receptor is beneficial
(contrary to recently triggered controversy), and downregulation is deleterious in the general population and
particularly in COVID-19 patients(Figure 2).
Serendipitously, recent research suggests that therapy
with RAAS Inhibitors decreases mortality in COVID-19
patients with hypertension.46Devoid this controversy, RAAS
blockers would have already found clinical use in this
pandemic. In the light of repurposed drugs on guidelines –
playingno role inmodulating androgen-RAAS-COVID axis
–showing minimal benefits,RAAS blockers may have saved
thousands of lives and prevented millions of hospitalization
in the last nine months – an opportunitymissed – but better
late than never.
IV.NOVEL THERAPEUTIC INTERVENTIONS FOR
COVID-19: PLEOTROPISM OF SPIRONOLACTONE
AND ARBS.
Theonly available optionin the middle of a pandemic
to treat COVID-19 is repurposingexisting drugs – that
modulate androgen and RAAS and its two countering
pathways. While waiting for trials, mass production of drugs
or vaccine and their clinical applications could be timeconsuming and detrimental.
An ideal repurposed drug in fighting the pandemic
should possess the following five characteristics:
1. Safe, widely available, extensively used and cheap
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2.
3.
4.
5.

Cardio-pulmonary protective profile
Block killer pathway
Facilitate the protective pathway
Plausibly prevent viral entry and infection.

Drugs that can block the viral entry – Spironolactone:
The modest anti-androgenic effects of Spironolactone on
AR may prevent the initial priming of COVID-19 "S”
protein by TMPRSS2.47 It may further block TMPRSS2
induced: cleaving of ACE2, cell to cell transmission, and
ACE2 down-regulation48 – thatimpairs the counterregulation of the angiotensinII/AT1 mediated killer
pathway(Figure 1). The androgen receptor regulates both
ACE2 and TMPRSS2.49Many androgen blockers are
currently in clinical use, but Spironolactone might well be
best in the pandemic because of its concomitant cardiopulmonary benefits. Spironolactone has an excellent safety
profile and is and widely available as 25mg or 50 mg
preparations.(Figure 4)
Drugs that block the killer pathway and facilitate
recovery pathway:ACEis, ARBs, and Spironolactone: An
autopsy analysis of a group of patients who succumbed with
severe COVID-19 during this pandemic showed hyperinflammation and cytokine storm syndrome leading to
ARDS and death.50Astudy by Liu et al51demonstrated that
patients with COVID-19 pneumonia had significantly higher
serum angiotensin II levels than healthy subjects.Further
angiotensin II levels were linearly associated with viral load
and lung injury. Recent evidence suggests that ACEIs/ARBs
may be beneficial in patients with ALI or ARDS.52A metaanalysis of ACEIs and ARB's trials showed a reduced risk of
pneumonia and pneumonia-related mortality in the treatment
group than the control.53
In a Korean study with 132 patients with ARDS,
patients taking ACEIs/ARBs showed better survival than
controls, although severallimitations could have influenced
the results.54Understanding the pathophysiology of SARSCoV-2 infection and pleiotropic effects of ACEIs/ARBs
suggests that these agents may have a potential role in
managing select patients with severe COVID-19.55 Although
ACEi decreases Ang II levels and the harmful effect through
AT1 receptor – at clinical doses, ACEi only partially affects
this conversion, as 40% of Ang II formation occurs outside
the ACE pathway. 56Evidence suggests that ARBs fair better
than ACEi.57
ARBs increase Ang II levels in all organs, except in
the kidney. 58 The consequence of this increase are two –
one is the up-regulation of ACE2 and two, a redirection of
Ang II activity through anti-inflammatory and vasodilatory
ACE2/
AT
2R/Mas
receptor–
the
protective
pathway. 59Further ACE2, compared to ACE, regulates both
Ang II and Ang (1–7) local levels to a higher
degree.60Emerging evidence highlight that ARBs have a
higher potential to rebalance RAAS pathways compared to
ACEifavourably. 61 Animal models of ALI, including a
model of SARS-CoV infection, suggest that ARBs may
mitigate COVID-19 by attenuating Ang II-mediated ALI by
blocking AT1R.62
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The free circulating forms of ACE2 may inactivate
COVID-19 by stopping its coupling to membrane ACE-2
receptor (competitive receptor site)and consequent entry into
pulmonary endothelial cells.63, 64Opening up a therapeutic
avenue for soluble ACE2 as a potential intervention to stop
viral entry. Spironolactone – a potassium-sparing diuretics
and an antihypertensive drug acting on RAAS, increases the
circulating form of ACE-2 expression in plasma three to
fivefold.65Spironolactone also increases levels of ACE2
messenger RNA in humans 66– it is in widespread use for
cardiovascular and hyper-androgenic conditions.67Use of
Spironolactone along with ARBs and resultant elevated
ACE2 expression may prevent the consequences of organ
damagein patients with Covid-19 infection through
inhibition of angiotensin II and its direct effects mediated by
MR and AT1R. 68, 69 (Figure 4).
As a result of varying severity during the pandemic,
patients with overactive RAAS may differ in their response
to therapy. The timing of initiation of treatment is crucial in
COVID-19 infection.RAAS modulation may have
significantly beneficial effects early on in the disease
process, and this underscores the exigency for immediate
recommendations of these drugs in WHO, International, and
National guidelines.To pave the way for their imminent
clinical use in selected patients with COVID-19 infections
and high-risk healthy individuals such as healthcare workers
and primary and secondary COVID patients' contacts.
V.

CONCLUSION

Current therapeutic interventions in COVID-19beyond
supportive care include repurposed drugs– all showing
minimal promise. Effective treatments are, therefore, vital to
handle the surge of COVID-19 infections, which at present,
is rampaging across the globe.Any intervention
promptlypushed to the warfront may potentially alter the
course of this pandemic and may save the world.
Androgen and RAAS drive and remain the backbone
of the pathogenesis of COVID-19 infection and its clinical
presentations.Unfortunately, no single drug modulating this
pathogenesis has found a place in the WHO, International,
or National guidelines. While few trials evaluate some of
these drugs individually, there are no trials in the present
process, evaluating the combination of Androgen – AT1R –
and Aldosterone blockade. However, imperative waiting for
their design, conduction, and results will waste valuable
time atthis acute crisis of already devastating pandemic.
We have put forth a sound scientific rationale for the
medical-scientific community to consider and recommend
the drugs – that directly act on reversing viral pathogenic
mechanisms – for early treatment and prevention ofCOVID19 and in parallel randomized control trial (RCT).The
rationale for using Androgen and RAAS blockersis built on
a robust understanding of COVID-19pathophysiology, in
which the existing repurposed drugs on the guidelines
lack.We urge the WHO scientific committee to take “Suo
Motto” cognizance of the case in points and include ARBs70
IJISRT20AUG276

(Telmisartan, losartan, etc.) and AR-MR blocker
(Spironolactone) in their guidelines. We conclude with the
following recommendations for the management of COVID19 and an RCT.
RECOMMENDATIONS FOR PREVENTION AND
TREATMENT OF COVID-19 INFECTION AND AN
RCT
1. Use AR-MR blocker spironolactone at 25 mg/day single
dose in healthy subjects with no contradictions, to
prevent full-blown viral infection. We reckon that this
may block the viral entry, cell to cell transmission,
evasion of host immune response, and downregulation of
the ACE2.(Figure 4)
2. In the first instance, it could be tried in high-risk healthy
subjects such as all healthcare workers, primary, and
secondary contacts ofCOVID patients.
3. Use 20mg of Telmisartan
and25 mg of
Spironolactonetwice a day in COVID patients and uptitrate the dose as required to its approved maximum
daily dose,while monitoring clinical response, blood
pressure, renal function, and electrolytes.
4. ARB and AR-MR blocker is best initiated at an early
stage of infection toreverse and stop the AndrogenRAAS-COVID pathogenesis and the resultant hyperinflammatory state that may lead to ALI, ARDS, MSOF,
and death.(Figure 4)
5. As a priority, it may be offered to COVID patients in the
age group between 30 – 55 years who supposedly have
high androgen drive.Further, it may be initiated in
allCOVID patients with comorbidities such as diabetes
mellitus, hypertension, cardiovascular and pulmonary
pathologies.
6. There is an imminent need for an RCT to evaluate the
preventive and prognostic benefits of combined blockade
of androgen and RAAS with Spironolactone and ARB in
COVID-19 patients and healthy subjects.
"Entire pandemic is about the balance between the
RAAS "killer and protective pathway," the solution is in
blocking the former and facilitating the later,
Spironolactone and Telmisartan are best suited for that
task."
Dr VC Kuppuswamy et al.
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Figures 1. The Role of Male Sex Hormone – Androgen – in
Covid-19 Infection

Figure 2: The RAAS and Balance Between Killer and
Protective Pathway In COVID-19 Infection

Figure 1: Role of Androgen in COVID‐19 infection. Red
arrows highlight the steps that are targeted by androgen
blockers. The first step in COVID-19 pathogenesis is
cleaving (priming) of viral spike protein by Trans
Membrane Peptide Receptor Serine S2 (TMPRSS2).
TMPRSS2 promotes viral entry, cell to cell transmission,
evasion of host immune response, and AngiotensinConverting Enzyme 2 (ACE2) downregulation. TMPRSS2
gene expression is encouraged through the Androgen
Receptor (AR) and increases upon exposure to androgens.
Blocking AR may prevent viral entry and other TMPRSS2
mediated
actions.
Androgen
receptor
inhibitor
Spironolactone blocks androgen-mediated TMPRSS2 gene
transcription and its ensuing effects.

IJISRT20AUG276

Figure 2: Central role of the imbalance between “killer”
(ACE→Angiotensin II→AT1) and “protective”pathway
(ACE2→Angiotensin1-7→Mas receptor) axis in the setting
of severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) infection. Green arrows denote the potential targets
of treatments. IL indicates interleukin; PAI, plasminogen
activator inhibitor; and TNF, tumour necrosis factor.
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Figure 3: COVID -19 induced Angiotensin II Vicious
Cycle and Hyper Inflammatory State

Figure 3: Scheme for physiological and pathological Ang II
auto-regulatory feedback loop leading to its biological
effects. Ang II signals through the AT1 receptor to upregulate the ACEI-dependent Ang II generating pathway
and down-regulate the ACE2-mediated Ang II degradation
pathway, ultimately leading to the elevation of Ang II levels
and hypertension. In COVID-19, down-regulated ACE2
leads to unabated Angiotensin II/AT1R action producing a
further downregulation of ACE2 and up-regulation of ACEI,
leading to a vicious cycle of "hyper inflammatory state"
resulting in ALI, ARDS, and death.
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Figure 4: Novel Therapeutic Interventions Blocking ARMR-The Killer Pathway and Facilitating The Protective
Pathway

Figure 4:Use of AR-blocker spironolactone may block the
viral entry, cell to cell transmission, evasion of host immune
response, and downregulation of the ACE2. ARB and MR
blocker Spironolactone initiated at an early stage of
infection may reverse and stop the RAAS - COVID
pathogenesis and the resultant hyper-inflammatory state that
may lead to ALI, ARDS, MSOF and death
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