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A B S T R A C T   

The severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) is the most recent coronaviruses, which has 
infected humans, and caused the disease COVID-19. The World Health Organization has declared COVID-19 as a 
pandemic in March 2020. The SARS-CoV-2 enters human hosts majorly via the respiratory tract, affecting the 
lungs first. In few critical cases, the infection progresses to failure of the respiratory system known as acute 
respiratory distress syndrome acute respiratory distress syndrome may be further associated with multi-organ 
failure and vasoplegic shock. Currently, the treatment of COVID-19 involves use of antiviral and anti-cytokine 
drugs. However, both the drugs have low efficacy because they cannot inhibit the production of free radicals 
and cytokines at the same time. Recently, some researchers have reported the use of methylene blue (MB) in 
COVID-19 management. MB has been used since a long time as a therapeutic agent, and has been approved by 
the US FDA for the treatment of other diseases. The additional advantage of MB is its low cost. MB is a safe drug 
when used in the dose of < 2 mg/kg. In this review, the applicability of MB in COVID-19 and its mechanistic 
aspects have been explored and compiled. The clinical studies have been explained in great detail. Thus, the 
potential of MB in the management of COVID-19 has been examined.   

1. Introduction 

The most recent coronaviruses (CoVs) which have infected humans is 
the severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) that 
has caused the COVID-19 pandemic. The infections are prevalent and 
the numbers are ever-increasing, with 169,118,995 confirmed cases and 
3,519,175 deaths globally as of 29 May 2021 [1–3]. The SARS-CoV-2 is a 
novel beta coronavirus and enters human hosts majorly via the respi
ratory tract [4,5]. The virus optimally binds to the human angiotensin 
converting enzyme 2 (ACE2) receptors, that are overexpressed in the 
lungs [6]. Additionally, because the lungs are the first organs to be 
encountered by the virus, they are affected early. The autopsies of many 
COVID-19 patients reveal inflammation of the endothelium. This is 
because ACE2 receptors are present on the vascular endothelium lining 
all the organs [7,8]. In few critical cases, the infection progresses to 
respiratory failure known as acute respiratory distress syndrome 
(ARDS). ARDS may be further associated with multi-organ failure and 

vasoplegic shock [9–11]. After the SARS-CoV-2 enters the cell, an in
flammatory cascade is initiated by activation of the signal transduction 
pathways, including NF-κB, that stimulates cytokine production to 
prevent the replication and spread of the virus [12]. 

In COVID-19, the local lung infection progresses into systemic pa
thology that leads to increased fatality. The systemic immune response is 
also activated following severe tissue injuries. In this case, the systemic 
immune response is similar to sepsis and is termed as “systemic in
flammatory response syndrome” (SIRS). The bone marrow and liver 
accumulate pro-thrombotic factors producing thrombosis or blood clots 
[13]. Critically ill COVID-19 patients meet the SIRS criteria (tachypnea, 
fever, and lymphopenia), and elevated levels of inflammatory markers 
(eg, ferritin, C-reactive protein), and proinflammatory cytokines. How
ever, distributive shock is rare compared to patients with elevated 
cytokine levels (non-COVID sepsis, ARDS, CAR T-cell therapy). Further, 
lactate levels have been rarely reported for large observational studies, 
which may be attributed to their generally normal values [14]. 
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Currently, COVID-19 has been managed by the administration of anti
viral and anti-cytokine drugs. However, they possess low efficacy. The 
antiviral drugs can be efficacious in ARDS and multi-organ failure only if 
they are administered before initiation of the inflammatory cascade 
[15–17]. Anti-cytokine drugs were also found to be less effective 
because they inhibit only one or a few of the many cytokines involved, 
and they do not take free radicals and kinins into account that play a 
major role in the inflammatory cascade [18,19]. Thus, the use of only 
antiviral or anti-cytokine drugs in ARDS is doomed to fail, because of the 
uncontrollable production of free radicals (ROS, RNS) and cytokines 
[20–22]. There is a need for a therapeutic agent which can inhibit the 
production of both the free radicals and cytokines. 

Methylene blue (MB) or methylthionine chloride, chemically (3,7-bis 
(dimethyl amino) phenothiazine-5-ium chloride), is a tricyclic pheno
thiazine dye that is deep blue in color [23]. The US FDA has approved 
MB for other indications and is a low-cost molecule. MB undergoes 
reduction by nicotinamide adenine dinucleotide phosphate (NADPH) to 
produce leucomethylene blue (leucoMB), which is a colorless com
pound. This is a reversible reaction (Fig. 1). MB undergoes renal 
excretion via the kidneys as a mixture of MB, leucoMB, and demethy
lated MB metabolites like azure A and azure B [24]. After oral admin
istration, the maximum concentration of MB is reached at 2 h. Its plasma 
half-life is 20 h [25]. 

MB has a long history of more than 140 years, but it has managed to 
revive itself because of its wide range of applications. It is one of the 
most famous drugs to be repurposed for different clinical applications 
several times. MB was prepared as a dye for textiles by Caro in 1876 [26, 
27]. Further, Paul Ehrlich developed the staining activity of MB and 
formed the groundwork of modern chemotherapy in 1891 [28]. Then, in 
the late 19th century it was used in the treatment of malaria, however, 
its use was discontinued because of the inevitable adverse effects; blue 
sclera and green urine [29,30]. In the 1920s, MB was used as an antidote 
for cyanide poisoning because the reduction potential of MB is equal to 
the reduction potential of oxygen, and MB is readily reduced by the 
elements of the electron transport chain [31,32]. Further, MB was found 
to reverse toxic methemoglobinemia [33]. MB has been found to reverse 
hypotension in sepsis and is useful in cases of vasoplegia [34]. Due to its 
unique physicochemical characteristics including its ionic charges, 
redox chemistry, light spectrum properties, and planar structure, MB 
exerts a wide range of clinical applications on the nervous system [35, 
36]. MB has been used in photodynamic therapy for excisional wounds, 

hepatitis C, HIV, and psoriasis [37–39]. MB has also been established as 
a diagnostic marker for oral cancer [40,41] and breast cancer [42]. 

Thus, MB is a versatile molecule. Recently, there have been various 
reports on the use of MB for COVID-19 management. This is because MB 
inhibits superoxide anion (ROS precursor) formation by blocking the 
xanthine oxidase pathway, nitric oxide (RNS precursor) formation by 
directly inhibiting nitric oxide synthase, and cytokine production by 
attenuating NF-κB pathway [43–46], and ultimately inhibits the pro
duction of both free radicals and cytokines. This is evident from the 
various ongoing clinical studies reported in this regard. In this review, 
the applicability of methylene blue in COVID-19 and its mechanistic 
aspects have been explored and compiled. The clinical studies have been 
explained in great detail. Thus, the potential of methylene blue in the 
management of COVID-19 has been examined. 

2. Possible mechanisms of methylene blue in reducing COVID- 
19 pathogenesis 

The possible features that could support the antiviral effect against 
SARS-COV-2 are discussed (Fig. 2). In the early 1930s, the first obser
vations of MB ability to inactivate bacteriophages and viruses were re
ported [47]. Antiviral effectiveness and action are influenced by the 
target’s vicinity to the singlet oxygen generator. The possible feature 
that could support the antiviral effect against SARS-COV-2 is the positive 
charge of MB. This charge improves its propensity for binding to nega
tively charged RNA of viruses and causes viral RNA protein cross-linkage 
[48]. In addition, methylene blue is Zn+2 ionophore. As the Zn+2 metal 
inhibits the elongation of RNA-dependent RNA polymerase, a compo
nent of the RNA viruses that are not found in the human body. So, this 
suggests that this might potentially inhibit the SARS-COV-2 [49]. 

Lungs, the first organ to be infected with SARS-CoV2 with noticeable 
findings such as dry cough and oxygen saturation drop (hypoxia). It is 
well reported that nitric oxide is majorly involved in viral-induced 
pneumonia [50]. Nitric oxide synthesis is activated by the cytokines 
IFN-α, IL-1, IL-2, IL-6, and TNF- α, which are released during 
COVID-19-associated hyper-inflammation [51]. In COVID-19 patients 
due to the elevated blood nitrites and nitrates levels are proof of Nitric 
oxide imbalance [52]. Nitric oxide suppresses mitochondrial respiration 
through cytochrome oxidase and NADH ubiquinone oxidoreductase 
targeting, and potentially amplifying the hypoxic state caused by 
SARS-CoV-2 infection. The nitric oxide synthase inhibitors (eg: MB) may 

Fig. 1. Schematic representation of the Methylene blue accompanied by supplemental oxygen. The methylene blue undergoes reduction by nicotinamide adenine 
dinucleotide phosphate (NADPH) to produce leucomethylene blue (leucoMB). Note: Fe+2: Ferrous; Fe+3: Ferric; RBC: Red blood cells; NADPH: Nicotinamide adenine 
dinucleotide phosphate; NADP+: Nicotinamide adenine dinucleotide. 
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appear to be operative in slowing the disease progression and increasing 
hemoglobin recruitment and oxygen saturation. Hemoglobin is the 
molecule that allows erythrocytes to carry oxygen. Hemoglobin binds 
with 4 molecules of oxygen as it is made up of four globins, each of 
which is connected to a heme molecule. Methaemoglobin (Fe+3) is an 
oxidized form of hemoglobin (Fe+2). Methaemoglobin is unable to 

transport oxygen, and excessive amounts (more than 20%) can result in 
cell ischemia and shock. MB could show protection against hypo
xic/ischemic tissues damage. In the non-enzymatic reduction of 
methemoglobin, methylene blue works as an electron donor. The MB is 
reduced to leuco-MB by reacting within red blood cells (RBC) or by a 
NADPH methemoglobin reductase. The leuco-MB acts as a reducing 

Fig. 2. Methylene blue as potential repurposed drug candidate for COVID-19. The diagram depicts the potential interactions of MB with SARS-CoV-2. By proton
ation, MB accumulates in the lysosome, raising its pH and blocking low pH dependent hydrolases that are required for the virus’s uncoating and membrane fusion. 
MB inhibits the binding of the viral spike (S) protein (glycoprotein) with angiotensin converting enzyme 2 (ACE2) receptors initiates SARS-CoV infection of host cells 
then being proteolytically activated by human proteases. MB has the ability to transport Zn2+ across the viral envelope by endo-lysosomes. As the Zn+2 metal inhibits 
the elongation of RNA dependent RNA polymerase. The methylene interferes with the NLRP3 on macrophages and prevents the cytokine storm in lungs. 
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agent of oxidized hemoglobin, ferric ion (Fe+3) back to its 
oxygen-carrying ferrous state (Fe+2) within the RBC [53]. Nitric oxide 
and cyclic guanosine-3′,5′-monophosphate (cGMP) together form broad 
signal transduction system which involves the multiple roles of cGMP in 
physiological regulation, such as smooth muscle relaxation, visual 
transduction, intestinal ion transport, and platelet function [54]. 

NO is produced by nerve terminals and endothelial cells, which 
promotes the activity of soluble guanylate cyclase, resulting in an in
crease in cGMP, calcium shortage in the cytosolic region, and cavernous 
smooth muscle relaxation [54]. Soluble GC is highly present in the lungs 
and brain and is a heme-containing protein present in the cytosol of 
almost all mammalian cells [54]. However, the use of NO inhibitors is 
limited because of their lack of specificity in blocking the various NOS 
isoforms (L - NMMA, L - NAME). Thus nitric oxide synthase inhibitors 
are not currently in clinical usage, posing a risk of broad tissue necrosis 
and a greater death rate [55]. Whereas, MB acts as an effective guanylyl 
cyclase inhibitor, and prevents vascular smooth muscle relaxation by 
blocking the release of cGMP without impacting NO production directly 
[55]. 

The binding of the viral spike (S) protein (glycoprotein) with ACE2 
receptors initiates SARS-CoV infection of host cells then being proteo
lytically activated by human proteases. This is a necessary step for SARS- 
CoV-2 replication [56]. The blocking of receptor-binding domain ACE2 
protein-protein interaction prevents infection efficiency. Erythrosine B 
is proved to be the selective inhibitor of protein-protein interactions. 
Bojadzic research group evaluated MB inhibitory activity against the 
interaction between SARS-CoV- 2 spike protein and its associated re
ceptor ACE2. MB had a similar IC50 (3.5 µM) when it came to inhibiting 
the entry of a SARS-CoV-2 spike carrying pseudovirus into 
ACE2-expressing cells [57]. Additionally, the endosome and lysosomes 
are involved in getting the SARS-CoV-2 into the cells. Methylene blue 
increases endosomes and lysosomes’ intracellular pH may further aid 
viral detoxification. Also, the reduced product of MB, leuco-MB, might 
easily permeate and protonate lysosomal membranes, favoring pH in
crease [58]. As a result, it might be possible that endosome differenti
ation is inhibited at intermediate stages of endocytosis. Therefore, it 
prevents the endocytosis of virions into the cells. The critical points in 
SARS-CoV-2 infection could be the exhaustion of antiviral defenses 
associated with the innate immune responses, as well as an increased 
generation of pro-inflammatory cytokines. As per the recent reports of 
the COVID-19 patients, cytokine storm was observed. The patients 
showed abnormal levels of the cytokines and chemokines that is, IL-1, 
IL-2, IL-4, IL-6, IL-7, IL-10, IL-12, IL13, IL-17, M-CSF, G-CSF, GM-CSF, 
IP-10, IFN-γ, MCP-1, MIP 1-α, hepatocyte growth factor (HGF), TNF-α, 
and vascular endothelial growth factor (VEGF) [59,60]. This condition 
results in tissue and organ damage. The anti-inflammatory properties of 
MB may protect against COVID-19-induced hyper inflammation. NLRP3 
(NOD-like receptor protein 3 inflammasome formation and activation is 
required for viral infection. In SARS-COV-2 patients, viroporin 3a acti
vates the NLRP3 inflammasome and causes macrophages to secrete IL-1 
[61]. As a result of uncontrolled SARS-CoV-2 replication, a persistent 
and abnormal NLRP3 inflammasome signaling could cause 
hyper-inflammatory response (cytokine storm) in severe cases of 
COVID-19. So, instead of blocking individual cytokines, blocking this 
NLRP3 complex might prevent the cytokine storm. The MB inhibits the 
formation of NLRP3 complex [62]. 

Recently, dysregulated signaling of the peptide bradykinin, known as 
the ‘bradykinin storm’, has emerged as an explanation for the compli
cations associated with COVID-19. Along with bradykinin, two other 
vasoactive peptides – substance P and neurotensin – are likely to cause 
microvascular permeability and inflammation, and are responsible for 
the pathology involved in COVID-19. Thus, ‘bradykinin storm’ is better 
referred to as ‘vasoactive peptide storm’. If these three peptides are 
inhibited, it can terminate the ‘vasoactive peptide storm’ and can better 
modulate the effects of COVID-19 [63]. MB may terminate the effects of 
bradykinin by inhibiting nitric oxide synthase inhibitor and promoting 

saturation of oxygen [64,65]. 

3. Dosage of methylene blue in humans 

MB has been used in the treatment of various diseases since time 
immemorial and has been administered mainly through oral and intra
venous routes. MB is a safe drug when used in doses of < 2 mg/kg [53]. 
However, it may produce toxic manifestations at high doses. At 
2–4 mg/kg dose, it can cause skin desquamation in the infants, and at 
7 mg/kg it may cause nausea, vomiting, fever, abdominal pain, hemo
lysis, and chest pain. As the dose increases to 7.5 mg/kg, it may cause 
confusion and hyperpyrexia. At a dose of 20 mg/kg, it may lead to hy
potension. At a very high dose of 80 mg/kg, it may cause a bluish skin 
discoloration like cyanosis [23,66,67]. 

MB is administered at a dose of 1–2 mg/kg as an intravenous bolus 
for vasodilation with hypotension [68,69], and is followed by intrave
nous continuous infusion for a duration of 48–72 h in the case of vaso
plegic syndrome [70]. A continuous infusion of MB at 0.25–1 mg/kg.h is 
indicated for sepsis treatment [34]. For anaphylactic shock, MB is given 
as intravenous bolus injection at a dose of 1.5–2 mg/kg [71]. In the case 
of hereditary methemoglobinemia, a dose of up to 300 mg is adminis
tered orally for a lifetime [72]. In acute methemoglobinemia, a dose of 
1.3 mg/kg is administered by intravenous injection for 20 min once or 
twice per day [73]. For the prevention of urinary tract infection in the 
elderly, MB is administered orally at a dose of 65 mg/day. In pediatric 
malaria, 12 mg/kg of MB is administered orally twice a day for 3 days 
[24,30,74]. Thus, the selection of proper dosage and the route of 
administration is quintessential for the safe use of MB as a therapeutic 
agent and prevent adverse effects associated with its use. It has been 
suggested that MB should be administered orally at a dose of 2–3 mg/kg 
body weight/day divided into three daily doses for 7–10 days in patients 
newly infected with SARS-CoV-2 [43]. 

4. Clinical studies of MB in COVID-19 management 

In a medical center, 80 patients with severe COVID-19 were assigned 
in a random manner to receive oral MB with standard care (MB; n = 40) 
or standard care only (SC; n = 40). The primary outcome measures were 
improvement of oxygen saturation and respiratory rate on day 3 and day 
5. The secondary outcome measures were the length of hospital stay and 
mortality within 28 days. It was observed that the MB group demon
strated a significant (p < 0.0001) improvement in both oxygen satura
tion and respiratory rate on day 3 and day 5. In the SC group, no 
significant improvement was observed on day 3. However, on day 5, 
there was a significant improvement in oxygen saturation (p = 0.002) 
and respiratory rate (p = 0.01). The increase in oxygen saturation rate in 
MB group was 13.5 folds and 2.1 folds greater on day 3 and day 5, 
respectively, compared to SC group. Similarly, the increase in the res
piratory rate in MB group was 10.1 folds and 3.7 folds greater on day 3 
and day 5, respectively, compared to SC group. In the MB group, the 
hospital stay was shortened significantly (p = 0.004), and the mortality 
rate was 12.5% compared to 22.5% in the SC group. Thus, the addition 
of MB in the protocol of COVID-19 treatment enhanced the oxygen 
saturation levels and improved respiratory distress in severe cases of 
COVID-19, shortened hospital stay, and reduced mortality [75]. 

A randomized, parallel, single masking interventional clinical trial 
(ClinicalTrials.gov Identifier: NCT04370288) was started on 19th April 
2020 for the application of MB in the COVID-19 treatment. The study 
completion date was estimated to be 21st September 2020. Currently, 
the study is in Phase I recruiting stage. The intervention consisted of an 
injectable mixture MB, vitamin C, N-acetyl cysteine (MCN). The control 
group was not given any intervention and was treated with standard 
medical therapy. The experimental group was administered the mixture 
of MCN. In a study conducted at Mashhad University of Medical Sci
ences, Mashhad, Iran in 2020, it was estimated that the metabolites of 
nitric oxide (nitrite and nitrate), methemoglobin, and prooxidant- 
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antioxidant balance (PAB) are involved in the intensification of hypoxia 
in hospitalized COVID-19 patients. The study participants were 25 
healthy individuals and 25 patients with COVID-19 pneumonia 
admitted to ICU with Pa02/Fi02 < 200. For all the patients, blood gas, 
CBC, CRP, LDH measurements were done, and high-resolution 
computed tomography (HRCT) was done. Five COVID-19 patients in 
the final stage were administered MCN as a compassionate therapy after 
standard care (1 mg/kg MB, 1500 mg/kg vitamin C, and 1500 mg/kg N- 
acetyl cysteine by the oral or intravenous route), and included in the 
clinical trial that was already running (ClinicalTrials.gov Identifier: 
NCT04370288). It was observed that nitrite, nitrate, methemoglobin, 
and oxidative stress were significantly increased in COVID-19 patients 
compared to healthy individuals. 4 out of 5 patients responded well to 
the MCN treatment, and increased the survival rate of the patients. The 
therapeutic effect of MCN can be attributed to the macrophage activa
tion cycle leading to oxidative stress and “cytokine storm”. The addi
tional benefit of this protocol is the use of economical drugs approved by 
the FDA for other diseases [76]. 

An open-label, randomized, parallel clinical study was started on 
29th April 2020 by Grifol Therapeutics LLC (Instituto Grifols, S.A.) to 
evaluate the safety and efficacy of convalescent MB treated plasma from 
donors recovered from COVID-19 disease. The intervention included 
intravenous infusion of convalescent anti-SARS-CoV-2 MB treated 
plasma (CAP) and SC. The experimental group received CAP and SC 
from day 1 to day 29. The active comparator group received only SC 
from day 1 to day 29. They wanted to determine if CAP and SC can 
reduce all-cause mortality up to day 29 in COVID-19 hospitalized pa
tients compared to the patients administered with SC alone. Currently, 
the study has completed phase II recruitment, but no results have been 
posted yet (ClinicalTrials.gov Identifier: NCT04547127). 

A randomized clinical study was conducted to introduce a way to 
treat patients with severe COVID-19 with respiratory complications. 
Patients were assigned in a parallel manner to one of the three groups; 
group 1 received exchange transfusion (500 cc), group 2 received 
intravenous MB (1 mg/kg) with convalescent plasma (200 cc), and 
group 3 received exchange transfusion (500 cc) and intravenous MB 
(1 mg/kg) with convalescent plasma (200 cc). The primary outcome 
measures were improvement of condition from day 3 to day 5, and 
general condition of the patient (ventilator parameters, oxygen satura
tion, serum level of ferritin and D dimer, and CBC). The secondary 
outcome measures include the change in organ function up to 1 month. 
The study was initiated on 20th May 2020 and is currently recruiting for 
phase II (ClinicalTrials.gov Identifier: NCT04376788). 

A randomized, open-label clinical study was initiated on 12th 
October 2020. The COVID-19 outpatients were treated with MB and 
photodynamic therapy. This is based on the reported studies of the use of 
MB as a photosensitizer in cancer treatment and protection of serum 
from viruses. Patients included in the experimental and control groups 
must have one of the symptoms of nausea, vomiting, headache, dyspnea, 
and myalgia. The experimental group was administered sublingual MB 
with low-level light therapy NocUlite, and the control group was 
administered the conventional therapy which may include anti- 
inflammatory, steroid, antiplatelet, and anticoagulant. The primary 
outcome measures are changes in oxygen saturation levels measured by 
an oximeter (up to 7 days) and days to patient discharge (up to 7 days). 
Currently, the clinical study is in phase I recruiting stage (ClinicalTrials. 
gov Identifier: NCT04619290). 

A phase II randomized, placebo-controlled, single-blind clinical trial 
was started on 5th November 2020, to study the efficacy of MB in pa
tients diagnosed with COVID-19 infection recently. The experimental 
group was administered 100 mg MB capsules, and the control group was 
administered 100 mg placebo capsules, every 12 h for 5 days. The pri
mary outcome measure compared the viral load kinetics in the COVID- 
19 patients with at least a 25% reduction in the AUC from day 0 to day 
21. The secondary outcome measures included the percentage of pa
tients that cleared COVID-19 by days 3, 3, 6, 9, 12, 15, and 21 after 

diagnosis, had reduced viral load of > 2 log by day 3, and that were 
alive. Currently, the clinical study is in phase II recruiting stage (Clin
icalTrials.gov Identifier: NCT04635605). The summary of undergoing 
clinical studies of MB in COVID-19 management is presented in Table 1. 

5. Conclusion and future perspectives 

The havoc caused by the SARS-CoV-2 virus as the COVID-19 
pandemic is evident worldwide from the ever-increasing statistics. In 
the case of critically ill patients, the current conventional therapies are 
doomed to fail because they are able to target either the cytokines or free 
radicals; but not both of them at a time. In this situation, MB has the 
potential to be utilized in COVID-19 treatment. MB has been approved 
by the US FDA for the treatment of several other diseases and is an 
inexpensive ubiquitously available therapeutic agent. Its role in COVID- 
19 can be understood from the various scientific reports that have been 
compiled in this review. Further efforts are being made in this direction 
in the form of clinical trials to study the effect on MB in the clinical 
setting. The results are satisfactory and provide a ray of hope in this 
direction. Thus, MB can be termed as a “rescue magic bullet” for COVID- 
19 treatment. However, for MB administration, meticulous consider
ation of the dosage is necessary to prevent any untoward effects. MB can 
be administered thrice orally at a dose of 2–3 mg/kg per day for 7–10 
days in newly infected COVID-19 patients. However, this needs to be 
further studied, and finding the optimal dosage should be the objective 
of clinical study [43]. The use of MB in novel dosage forms like an 
anti-COVID mouthwash may also be beneficial [77]. 

It was reported that there is an increased risk of acute myocarditis in 
the Covid-19 patients [78]. To treat this condition, plasma consisting of 
pro-coagulant factors is routinely given to patients with coagulopathies 
[79]. In this instance, it has been demonstrated that they develop a 
pro-thrombotic condition with a high risk of pulmonary embolism. 
However, several procedures were reported to inactivate the pathogens 
in the plasma [80]. Among these them, the first reported method is the 
treatment of plasma with MB and light [80]. Treatment with MB and 
light influences a number of coagulation factors, the most notable of 
which are fibrinogen and thrombin (factor II). In addition, approxi
mately 30% of anti-hemophilic factor has been lost [80]. The inactiva
tion of active thrombin and stuart factor is catalyzed by the 
unfractionated heparin. In this MB has also been reported in Heparin 
monitoring as a contrast agent in photoacoustic 30 (PA) imaging. A 
study by wang et al. reported that the addition of heparin to MB solution 
resulted in 3.7-fold higher MB dimerization, indicating that heparin aids 
MB aggregation [81]. 

Nowadays, the use of anti-depressants is prevalent among patients. 
MB is a monoamine oxidase (MAO) inhibitor and can interact with the 
antidepressants (selective serotonin reuptake inhibitors and MAO in
hibitors) to cause severe toxicity of serotonin [82,83]. It has also been 
found to interact with dapsone to form hydroxylamine, which oxidizes 
hemoglobin and may cause hemolysis [84]. Also, MB is contraindicated 
in patients with severe renal insufficiency. The use of MB in patients 
with G6PD deficiency can be detrimental, as it may cause severe he
molysis [53]. In such cases, the use of vitamin B12 and ascorbic acid has 
proven to be beneficial [85–87]. Additionally, concomitant use of 
NSAIDs may block the bradykinin activity pathways. Thus, NSAIDs may 
add benefit to MB therapy in COVID-19 [64,88]. 

Lastly, we must understand that we are at the brink of a global 
medical emergency. Too obsessive methodology and procrastination 
will not lead us anywhere. Urgent generalized measures must be taken in 
this regard to save humankind from this pandemic. 
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