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A B S T R A C T

In this paper, we raise the hypothesis that Methylene Blue may be a treatment option for Corona Virus Disease of
2019 specially when combined with Non Steroid Anti-Inflammatory Drugs. In previous publications including
ours, the role of kininogen system has been postulated. A correlation between clinical findings of the disease and
this mechanism has been drawn to denote a pivotal role of kininogen-kallikrein system in pathophysiology of the
disease. Therein the possible role of Icatibant, Ecallantide and Aprotinin in the treatment of this disease has been
raised. Here we want to emphasize on an important post-receptor mechanism of bradykinin that is Nitric Oxide.
We came to this aim because we found out how access to these novel treatment nominees may be expensive and
unaffordable. For this reason we are focusing on possible role of an old albeit “mysterious” drug namely
Methylene Blue. This medication may abort effects of Bradykinin by inhibition of Nitric Oxide synthase inhibitor
and promote oxygen saturation while it is inexpensive and ubiquitously accessible. Clinical studies cannot be
over emphasized.

Hypothesis

Since emergence and wide spread dissemination of Corona Virus
Disease of 2019 (COVID19) all efforts in the scientific community have
been focused on understanding the pathophysiology of the disease,
alongside considering all aspects of a global health problem and its
complexities. The scientific community is trying to accelerate the ve-
locity of knowledge broadcast beyond that of the virus transcontinental
spread by various strategies of fast track, green open access and pre-
prints and early disclosure of nascent ideas to corroborate third parties
into clinical trials for more valid outcomes. At the same time, we must
try to avoid any enticement for exoneration in accuracy and metho-
dological soundness of the studies.

The hypothesis presented here explores the role of Methylene Blue
(MB) as a new repurposed or under noticed medication for this disease
based on published manuscript of lead author of this manuscript and
some fortunately, other independent researchers [1–3].

Traditionally there are well known indications for MB in medicine.
MB is a derivative of phenothiazine. It converts ferric iron in methe-
moglobin to ferrous iron of normal hemoglobin and is a well-known
medication for methemoglobinemia at doses of 1–2 mg/kg in re-
peatable single dose infusion shots [4]. Administered intravenously, it
is turned into leucomethylene blue in the body which can reduce the

heme group from methemoglobin to haemoglobin [5].
Also, MB has been used for the treatment of Ifosfamide neu-

ropsychiatric toxicity. Chloracetaldehyde is a noxious metabolite of
Ifosfamide, which MB prevents its formation by inhibiting multiple
amine oxidase activities [6]. MB is administered up to six intravenous
doses per day for treatment purpose and three times daily as prophy-
laxis [7]. Interestingly MB is a Monoamine Oxidase Inhibitor(MAOI)
which raises serious hazard of serotonin syndrome when used with
antidepressants especially Selective Serotonin Reuptake Inhibitor(SSRI)
s, concomitantly [8,9]

MB is used in septic shock and anaphylaxis by a recommended
dosing of 1–2 mg/kg, which results in consistent increase of blood
pressure [10].

Individuals with Glucose-6-Phosphate Dehydrogenase(G6PD) defi-
ciency are at risk for hemolytic anemia, while receiving MB [5,11].

MB doses higher than 4 mg/kg may cause abdominal pain, nausea,
vomiting, reversible staining of skin, discoloration of urine and feces,
precordial pain and dyspnea [5,12].

Discussion

Hitherto three main territories of physio-pathogenesis of the Severe
Acute Respiratory Syndrome-Corona Virus2(SARS-CoV2) causing
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COVID19 have been targeted.

(A) The virus and its mechanism of replication and envelope integrity
which have been aimed as potential targets of antiviral drugs like
Remdesivir, Favipiravir and Kaletra [13–16].

(B) The receptor of the virus in the body, the most notorious of them
known as Angiotensin-Converting Enzyme 2(ACE2) which has been
addressed by actually distracting the virus by a recombinant so-
luble ACE2 product [17]. The intriguing part of the story is that the
indigenous ACE2 is a functional receptor/enzyme in the body so it
cannot be innocuously antagonized in an irreversible manner,
without serious adverse consequences [18,19].

(C) The immunologic cascade known to ensue in a phenomenon known
as “cytokine storm” which has previously been observed in other
viral diseases like Influenza [20,21].

The terminology “cytokine storm” frequently used in COVID19 may
be misleading in conveying this implicit presumption as a “proved fact”
that no cytokine or autacoid can be impeached as the starter or the
main player of the game. This presumption has not been approved yet,
although it may subsequently unveil as true.

Some authors including authors of this article raised theoretical
pivotal role of kininogen system in SARS-CoV-2 scenario [2,3,22]. In
our previous article, we tried to imply that Kininogen-kallikrein system,
may be not “a bean in the bean pot” among all the events of the disease.
There we tried to show how a derangement in ACE2 receptor/enzyme
may disinhibit kininogen- kallikrein system and the increased Brady-
kinin activity may be a key factor in COVID19 clinical picture. ACE2
directly metabolizes Bradykinin into inactive forms [23]. Furthermore,
a tendency of Angiotensin 2 increase happens because ACE2 is no
longer functional. This exerts an increased load of activity on ACE even
when Angiotensin2 does not show an apparent increase. Some forms of
ACE gene polymorphism have resulted in increased rate and severity of
essential hypertension which denotes that enzyme activity is not the
same in different individuals [24]. This is congruent with findings that
pose a higher risk of SARS-COV2 infection in patients with hypertension
[25].

Whatsoever in our previous paper we tried to substantiate re-
lationship and theoretical congruence of the special clinical features of
this disease with frame of this hypothesis aka dry cough, lung vascular
leakage syndrome, ameliorating effect of zinc, deleterious role of ACE
inhibitors and early drop in saturation (Table 1).

Dry cough has been ascribed to increased BRK activity as a well-
known side effect of ACE inhibitors like Captopril. A characteristic
course of SARS-COV2 infection is rapid aggravation of respiratory
function after a week or two. We speculated this may be explained by a
sudden running out of amino-peptidase capacity which is an alternative
pathway of Bradykinin inactivation. Zinc supplies can increase amino-
peptid ase activity and interestingly ameliorating effects of zinc on
SARS-COV2 infection has been observed [26]. More unpublished and/
or non-peer reviewed data are being propagated [27] to hypothesize
mechanism of hemoglobin distraction from efficient oxygen exchange.
In this article we will try to demonstrate prominent role of Nitric Oxide
(NO) in this process and relationship with clinical events.

In above mentioned papers about kininogen-kallikrein implication
in COVID19 scenario, some medications have been proposed: Icatibant
as a B2 Bradykinin receptor antagonist, Ecallantide and Aprotinin.

All these medications have favorable and unfavorable profiles.
Icatibant and Ecallantide which have formally been approved for
treatment of hereditary angio-edema, are classified as orphan drugs and
are quite expensive and unavailable in many settings. On the other
hand, Aprotinin has received a black box warning due to hypersensi-
tivity and its effects on coagulation system are somewhat concerning
for clinicians [28].

It is noteworthy that none of these medications have been reported
to be used in COVID19 and there are no studies performed yet to prove
pre-requisites of these theories comprising assessment of Bradykinin
levels in sampled lung tissue. As far we know that Bradykinin plasma
level may not be trustworthy due to autacoid and transient nature of the
molecule.

A re-contemplation on mechanism of Bradykinin action in the body
and literature search, led us to the notion that several Bradykinin
functions were exerted via NO; a factor previously named as
Endothelial Derived Relaxation Factor [29] Fig. 1. Having read the
theories and widespread authentic observation about hemoglobin drop
out of oxygen exchange process [27], the consideration of NO as an
allosteric ligand of hemoglobin [30,31] seems sound. One does not
expect to detect this volatile substance with very short half-life in blood
as all of the vicious process takes place in lungs as a physiologic trap.
Interestingly, the role of hyperbaric oxygen [32,33] and inhaled NO
have been shown [34]. Hyperbaric oxygen can force hemoglobin to
bind up to the oxygen. Inhaled NO paradoxically may turn soluble NO
into gas and let it to be exhaled.

NO synthase inhibitors and remarkably MB have been shown to

Table 1
Explanation of distinct COVID19 signs and symptoms by the proposed theory of Bradykinin/Nitric Oxide pathway.

COVID19 distinct findings Explanation by proposed hypothesis

Dry cough Increase in BRK activity
Oxygen saturation drop 1. Increase in BRK activity, diffuse endothelial NO synthesis and subsequent methemoglobinemia

2. Increase in BRK activity, bronchospasm and vascular leakage syndrome due to BRK synthesis, Ventilation perfusion
mismatch

Coagulopathy Increased BRK activity occupying Kallikrein activity. This may result in distraction of functional capacity of Kallikrein
from its parallel role in coagulation cascade

Ameliorating effect of Zinc supplement The backdoor pathway of BRK inactivation are amino-peptidase and carboxypeptidase both having a Zinc core limited
by availability of total body Zinc reserve

Prevalence in hypertensive patients ACE gene polymorphisms produce less active and less abundant enzyme which in turn is better exhausted out of
capacity, therefore increasing BRK

Deleterious effect of ACEIs like Captopril, Lisinopril ACEI decreases ACE function that is already weak due to SARS-CoV-2(as explained in the text). As a result active BRK
increases

ARB less detrimental and even protective Causes an compensatory increase in ACE activity (after previous chronic use) which in turn neutralize BRK into inactive
forms

Reported effect of NO aerosol It conjugates the NO in the lung making Dinitrogen dioxide which is exhaled by expiration. Therefore NO is eliminated
from the whole body as an exhaust

A smooth prodrome of a weak or so and a rapid flare
up afterwards

Amino-peptidase enzyme keeps BRK tissue level low till it runs out of Zinc supply and at that time a burst of BRK trigger
all other inflammatory agents-the so called-cytokine storm. White lungs happen due to massive vascular leakage

Disorder of taste and smell Has been ascribed to increased BRK activity as a side effect of ACEI confirming the BRK role in this symptom
Diarrhea Carboxypeptidase is recruited for BRK inactivation. It is also an important intestinal brush border enzyme which may fail

this important function in this setting

ACE: Angiotensin Converting Enzyme, ACEI:Angiotensin Converting Enzyme Inhibitor, ARB: Angiotensin2 Receptor Blocker, BRK: Bradykinin, NO: Nitric Oxide.
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neutralize effects of Bradykinin [35]. MB, a ubiquitously available NO
Synthase inhibitor, may seem to be effective in impediment of disease
process and promote hemoglobin recruitment and oxygen saturation
[35,36].

There are reports and presumptions about deteriorating effects of
Non-Steroid Anti-Inflammatory Drug(NSAID)s on disease process [37].
We presume inhibition of cyclooxygenase2 by NSAIDs may up-regulate
B2 activity and over-produce NO instead, as a shift of duty. Hence a
lack of response to MB, theoretically, may prompt us to addition of
NSAIDs and inhibit both pathways simultaneously.

Comparing to Icatibant, regardless of price or availability, MB is
post receptor, does not induce complex cascade coagulopathies and
while we know Bradykinin is unstable and may harbor in the lung as a
trench, MB may prevail all through the body and seize the affected
hemoglobin. MB have been used as a sustained infusion in some in-
dication which guarantees a real time and ongoing neutralization of NO
production in the body as the disease process continues relentlessly.
This may also be an important advantage. As a bona fide proximal ki-
ninogen cascade adjoining hemostasis axis is least affected. All these
speculations must be clinically assessed (Table 2).

Interestingly there are reports of MBl role in COVID19 story
[38,39]. However these studies are considering MB in context of Pho-
todynamic therapy which has been the nearest pre-existing scenario on
the counter of clinicians already used for the treatment of other diseases
and remarkably not MB per se [39].

Moreover, MB has been deemed effective in sepsis in numerous
reports [40,41] and some vascular leakage syndromes[42] which sup-
ports our notion that MB must not go unnoticed as a potential treatment
of advanced stages of COVID19.

Furthermore, some direct antiviral effects have been reported for
MB [43] some focusing on photodynamic treatment. We have not me-
ticulously explored these properties in our consideration yet to see
whether it has any direct effect on this kind of Ribonucleic Acid(RNA)

virus without photodynamic therapy.

Conclusion

We think that MB as an inexpensive ubiquitously available medi-
cation, may have a considerable potential role in the treatment of
COVID19. We could not prompt to set-up a clinical study swiftly and it
was prudent to share the idea with scientific community as soon as
possible. This medication can be considered in this critical health
emergency, either as compassionate/informed voluntary treatment for
individuals or preferably through clinical trials.

Paradoxical and unexpected effects have been observed in MB ad-
ministration in other diseases if not meticulously done with proper
dosage. Adverse reaction may happen in patients with a history of
serotonergic medications as anti-depressants which may specially be
prevalent these days [44] Also a condition of G6PD deficiency must be
ruled out before MB administration. Concomitant NSAID administra-
tion may block alternative pathways of BRK activity. In the condition of
NO synthesis block, these pathways may be over activated and continue
the disease process. Hence NSAIDs may add a benefit to MB. any clin-
ical step must be taken cautiously. On the other hand, we must know
that we are in a scrambling global health emergency and too much
obsessive and procrastinating methodology may leave us with many
dead patients to treat at the end of the day.
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Fig. 1. Schematic illustration of Bradykinin/NO pathway involved in SARS-CoV-2 infection (COX2: Cyclooxygenase2; EDHF: Endothelium-Derived Hyper-polarizing
Factor; NO: Nitric Oxide; NOS: Nitric Oxide Synthase; NSAID: Non-Steroid Anti-Inflammatory Drug; PGI2: Prostaglandin I2).

Table 2
Comparison of kininogen-kallikrein system targeting drugs and methylene blue.

Kininogen- Kallikrein system targeting drugs Methylene Blue

Far more expensive(Icatibant, Ecallantide) Affordable and inexpensive
Orphan drugs(Icatibant, Ecallantide) Ubiquitous
Receptor targeted(Icatibant), Enzyme targeted(Ecallantide, Aprotinin) Post receptor
Coagulation pathways interference(Aprotinin) Least effect on coagulation pathways
Effect dependent on receptor regional distribution Effects through out the vascular system in the whole body
No direct effect on hemoglobin oxygen transport Direct effect on hemoglobin oxygen transport
Subcutaneous shots(Icatibant) Continuous infusion or repeated shots and real time neutralization of ongoing NO production is feasible
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influence the work reported in this paper.
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