IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT)
e-1SSN: 2319-2402,p- ISSN: 2319-2399.Volume 16, Issue 3 Ser. | (March 2022), PP 38-44
www.iosrjournals.org

Clinical Effects and Outcome of Methylene Blue in
Treatment of Covid 19 Patients

Dileep Chandra Naik™'BakkeshBudihalPrasad®Narendra S.S ! Sonia Devidas

Pawaskar!® Rahul Devidas Pawaskar'!
[1Department of Emergency Medicine,Shyamanur Shivashankarappa Institute of Medical Sciences and
Research Centre
[2JEmergency Medicine, Shyamanur Shivashankarappa Institute of Medical Sciences and Research Centre
BIEmergency Medicine, Shyamanur Shivashankarappa Institute of Medical Sciences and Research Centre
1 Emergency Medicine, Shyamanur Shivashankag]appa Institute of Medical Sciences and Research Centre
MBBS

Abstract:

BACKGROUND

COVID-19 is caused by SARS-CoV-2IY a novel beta coronavirus that is the most current of the seven
coronaviruses (CoVs) known to infect humans. SARS-CoV-2 is the most recent of the seven coronaviruses
(CoVs) known to infect humans. B!Almost a year after the COVID-19 epidemic began in Wuhan, China, no
specific therapy has been discovered, despite millions of deaths globally. Because of the several processes
implicated in COVID-19 pathogenic manifestations, including as severe hypoxia, excessive inflammatory
response, and defective immune response, a new treatment paradigm is focusing on finding medicines that can
perform multiple functions. The antiquated drug methylene blue (MB) appears to fit the above criteria.
Methylene blue (MB) also has a potent antifibrotic effect and is very rapid acting. The clinical outcomes of
patients with hypoxic coronavirus disease 2019 (covid-19) treated with intravenous methylene blue (MB)'™?ina
tertiary care hospital are described in this study.

MATERIALS AND METHODS

A total of 30 patients with severe acute respiratory distress were taken up for the study who were turned out to
be RTPCR positive . Data related to objectives of study was collected. Methylene blue was given in intravenous
and nebulised form in our hospital from June 08th to September 10th 2020.

RESULTS

1. Methylene blue was found to assist improve patient saturation in our study

2. Reducing the need for higher modes of ventilation

3. Chest X-ray findings were resolved

4. There was also a decrease in in hospital mortality.

5. Future covid related complications such as fibrosis were avoided.

CONCLUSION

We concluded that administering Methylene blue to Covid 19 patients improved oxygen saturation, reduced in
hospital mortality, reduced the requirement for higher modes of ventilation, and reduced post-covid sequelae
such as fibrosis.
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. Introduction

Coronavirusdisease2019(COVID-19)causedbythesevereacuterespiratorysyndrome-coronavirus(SARS-
CoV-2)hasseverelyimpactedhealthcaresystemsallovertheworld. “?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 “®"™\while four CoVs (HCoV 229E, OC43, NL63, and HKUL) are responsible for about one
third of the common cold cases in humans, three have caused recent epidemics associated with considerable
mortality: SARSCoV-1 (2002-2003, causing ~10% mortality), MERS-CoV (Middle East respiratory syndrome
coronavirus; 2012, causing ~35% mortality), and now SARS-CoV-2 (2019-2020), which seems to be less lethal
but more transmissibleThoughtheexactpathogenesisofSARS-CoV-
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2isunknown,varioushypotheseshaveproposedcytokinestormorhyperinflammatorysyndromeasprobablecausesfort
herapidworseningofthedisease. CoVs use their glycosylated spike (S) protein to bind to their cognate cell
surface receptors and initiate membrane fusion and virus entry. For both SARS-CoV and SARS-CoV2, the S
protein mediates entry into cells by binding to angiotensin converting enzyme 2 (ACE2) via its receptorbinding
domain (RBD) followed by proteolytic activation by human proteases
Variousdrugshavebeenrepurposedfortreatmentintheabsenceofdefinitivetherapywithemphasisontheprovisionofsup
portivecareincludingoxygenation,ventilatorsupport,andothercriticalcarelifesupports.
Methyleneblue(MB)®orBis(dimethylamino)phenazathioniumchloridetrihydrate,anorganicdye, hasbeenusedexte
nsivelyinanarrayofclinicalconditionsforthepasttwocenturies.FewclinicalconditionswheretheroleofMBhasheendo
cumentedincludetreatmentofmalaria,refractorysepticshock,catecholaminerefractoryvasoplegia,methemoglobine
mia,andtherapeuticbenefitinhypoxiacausedduetopulmonaryvasodilationinpatientsofhepatopulmonarysyndromed
uetoinhibitionofguanylatecyclaseandnitricoxidesynthetase. ™!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

Further, Paul Ehrlich developed the staining activity of MB and formed the groundwork of modern
chemotherapy in 1891 .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 . 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 .Further, MB was
found to reverse toxic methemoglobinemia . MB has been found to reverse hypotension in sepsis and is useful
in cases of vasoplegia .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 .MB has been used in photodynamic therapy for excisional wounds, hepatitis C, HIV, and
psoriasis .MB has also been established as a diagnostic marker for oral cancer and breast cancer .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-kB pathway .and ultimately inhibits the production 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
VarioustheorieshavebeenpostulatedhighlightingthebenefitsofadministeringMBasasalvagetherapyamongCOVID-
19patientsforitsantiviral,anti-
inflammatory,andantioxidantpropertiesandhavebeenproposedasarescuetherapyforimprovingtherefractoryhypoxi
ainCOVID-19patients.
Tilldate,noclinicaltrialshavebeenconductedevaluatingtheclinicaleffectsofMBamong COVID-19patients
UMBinhibitstheviralattachmentandentryofSARS-CoV-2byblockingtheprotein—
proteininteraction(PPI)ofitsspikeproteinwith ACE2onthehostcellwhichisthefirstcriticalstepinitiatingtheviralentry.
Theysuggestedthatthisantiviralactivitycouldbeusefulinthepreventionandtreatmentof COVID-
19eitherasanoralorinhaledmedication. inhibit the interaction between SARS-CoV-2 spike protein and its cognate
receptor ACE2, which is the first critical step initiating the viral attachment and entry of this CoV. As part of
this, we found that methylene blue, a tricyclic phenothiazine compound approved for the treatment inhibits this
interaction, and we have confirmed that it does so in a concentration-dependent manner. This can contribute to
the antiviral activity of this inexpensive and widely available dyebased drug against SARS-CoV-2 making it
potentially useful in the prevention and treatment of COVID-19, especially in nonindustrialized nations
Methyleneblue(mb)®photochemicaltechnologyhasbeenproventoinactivatelipid-
envelopedviruseswithhighefficiencyandsafety.thepresentstudyaimedtoinvestigatethesars-cov-
2inactivationeffectsofmethyleneblueinplasma Possibly relevant to this, MeBlu was found to improve hypoxemia
and hyperdynamic circulation in patients with liver cirrhosis and severe hepatopulmonary syndromeMeBlu is
being used for the treatment of pneumonia and other respiratory ailments in less developed countries with some
success
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Il.  Materials and Methods

A total of 30 patients with severe acute respiratory distress who were turned out to be RTPCR positive
for covid 19 were taken up for the study, data was collected between June 08 to September 10, 2020, and the
clinical outcomes were monitored every two weeks till October 30, 2020. related to objectives of study was
collected. Methylene blue was given in intravenous and nebulised form in our hospital from june 08 to
september 10 2020. Intravenous MB was administered as rescue therapy in dosage of 1 mg/kg body weight,
with a maximum of five doses, to patients with high oxygen requirements (spo,/fio, <200) apart from the
standard of care after obtaining G6PD levels. Data were abstracted from multiple electronic data sources or
patient charts to provide information on patient characteristics, clinical and laboratory variables and outcomes.
Standard of care, such as antivirals, steroids, and anticoagulants, was administered apart from oxygen
supplementation by nasal cannula, nonrebreather mask (nrbm), high flow nasal cannula (hfnc), or noninvasive
ventilation (niv) as per the hospital protocol and discretion of the treating physician. Invasive mechanical
ventilation was initiated based on the clinical assessment and spo2/ fio2 of the patients. ?Demographics,
clinical, and laboratory data on admission and the subsequent trends, mode of respiratory support (invasive
mechanical ventilation, noninvasive mechanical ventilation, and oxygen mask), fraction of inspired oxygen
(Fi02), SpO2/FiO2 ratio and treatment administered were collected from the electronic medical records. The
collected data were analyzed and interpreted by two independent intensivists. The clinical team provided
clarification on missing or redundant data.

Dose was calculated as 0.08 microgram per ml which was multiplied to ecf volume of around 50 liters
which in a 70 kgs individual which comes around 5 ml .This 5 ml was given in intravenous form diluted in 100
ml of normal saline over 15 minutes for a total of 5 days and in nebulised form we gave to the patients by
adding it to the ro water .

The study was conducted by the Department of emergency Medicine in a tertiary care hospital located
in SSIMS Davangere India.3.1.

Criteria

Inclusioncriteriaare:

1) signedinformedconsent

2) age>18years

3) microbiologicallyconfirmedSARS-CoV-2infection
4) negativepregnancytestinwomenofchild-bearingage

3.2. ExclusionCriteria

1) documented refusal to participate in the study
2) knownG-6-Phophatasedeficiency

3) treatmentwithaserotoninergicdrug

4) Pregnancyandbreastfeeding

5) HistoryofG6PDdeficiency

6) Severerenalinsufficiency

7) derangedliverfunctiontestorChronicliverdisease
8) Ischemic heart disease patients

9) Chronic pulmonary disease patients

I11.  Results
Interpretation
Ourstudyshowedthatmethylenebluehelpedinreducingpatientneedforhighermodesofventilationandalsopreventedin
hospitalmortalityandcomplicationsrelatedtoCOV IDinfuturelikefibrosis.

Table 1.Comparision between different age groups

Groups

Age(inyears) Total pvalue
MethyleneBlue WithoutMethyleneBlue
2 3 5
30-50
13.3% 20.0% 16.7%
7 8 15
50-70 0.717
46.7% 53.3% 50.0%
6 4 10
Above70
40.0% 26.7% 33.3%
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Figure 1. Bar graph showing Comparision between different age groups
Table 2. Morbidity.
Parameters MethyleneBlue WithoutMethyleneBlue tvalue value
Mean SD Mean SD P
Dayofillness 6.33 2.23 8.27 3.49 -1.81 0.083
HRCTScore 11.60 6.50 9.93 6.32 0.71 0.482
NoofVentilatorDays 1.13 1.55 5.93 6.77 -2.68 0.017
TotalNoofHospitalDays 4.73 1.44 14.33 9.79 -3.76 0.002
95 -
90 |
85
= 80 -
3
= 75
70 -
65 |
60
Spo2 RA Spo2 at 24 hours Spo2 at 48 hours Spo2 at 72 hours
Time
=#=—Methylene Blue == Without Methylene Blue

Figure 2.Graph showing improving trend of SPO2 levels after administration of Methylene blue
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Fig Methylene blue as potential repurposed drug candidate for COVID-19. The diagram depicts the
potential interactions of MB with SARS-CoV-2. By protonation, 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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Fig 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.

IV.  Discussion

To our knowledge, this case series is the first in India to publish data on hypoxic COVID-19 patients treated™
with intravenous mb. The rapid increase in the number of COVID-infected patients, as well as the high caseload
in hospitals, has prompted medical researchers to seek out novel medications that could aid in the treatment of
COVID-infected patients.

Various medications with well-established safety profiles, widespread availability, and efficacy in treating
problems have been investigated. Ush, an organic dye that has been used in a variety of medicinal diseases for
over two centuries, has been proposed as a rescue therapy for COVID-19 patients with refractory
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hypoxia.methylene blue or methylthioninium chloride is a salt used as dye medication .its a belongs to thiazine
group

Antiviral, anti-inflammatory, and antioxidant effects have all been proposed as reasons for using mb as a
salvage therapy in COVID-19 patients. mb has broad-spectrum virucidal activity in the presence of light[1] and
has been used to inactivate viruses in blood products prior to transfusions.

Mb, according to bojadzic et al., inhibits sars-cov-2 viral attachment and entrance by preventing the ppi of its
spike protein with ace2 on the host cell, which is the first essential step in viral entry. By protonation, 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.

They hypothesised that this antiviral activity could be used to prevent and treat COVID-19 as an oral or inhaled
medicine. Nonphoto-activated mb showed strong in[4] vitro antiviral effective activity against sarscov-2, with
inhibitory concentrations (ic) ic50 (0.3 m) and ic90 (0.75 m) that were compatible with oral absorption and iv
injection, according to gendrot et al.21. This in vitro activity was higher than previously thought.

Barber et al. and Vardhana et al. found that suppressing the downstream cosignaling ppis of cytotoxic t cells
restores their cytotoxicity, activation, proliferation, and cytokine secreting activities, which increases viral
clearance.

SHP2 PPI, which is downstream of the PD-1-PD-L1 co-signaling PPI, has low micromolar efficacy but is
effective enough to reverse PD-1's suppressive effect on cytotoxic T cells and restore their cytotoxicity,
activation, proliferation, and cytokine-secreting activities (Fan et al., 2020). This mechanism of action targeting
this co-signaling pathway (PD-1) could contribute to restoring T cell[5] homeostasis and function from an
exhausted state (Barber et al., 2006; Vardhana and Wolchok, 2020), which is of interest to improve viral
clearance and rein-in the inflammatory immune response and the associated cytokine storm during anti-viral
responses like those that cause the high mortality of COVID-19 patients.

Methylene blue was also tried in tuberculosis and various other disease and found beneficial .

V.  Conclusions
Ourstudyprovedthatuseofmethyleneblueinpatientshelpedinreducingtheiroxygenrequirement,lengthofhospitalstay
wasreduced,improvementinchestxraywasseenmbduetoitspolypharmacologicalactionagainstsars-cov-
2,aninexpensiveandwidelyavailabledrugwithminimalsideeffects,hasasignificantpotentialinthetreatmentof COVID
-19.[11]

Furthermetaanalysisneededtoknowfurtheruseofmethylenebluein COVIDandrefractoryhypoxicpatients
FutheronfollowupofpatientsthecomplicationsrelatedtoCOVIDalsowereverylessornotseen.

References
[1]. TheWorldHealthOrganization.Theglobaltuberculosisreport:2016.http://www.who.int/tb/publications/global_report/en.(Accessed201
9,Feh9).
[2]. OzalE,KuralayE,YildirimV,etal.Preoperativemethyleneblueadministrationinpatientsathighrisk forvasoplegicsyndromeduringcardiacs

urgery.AnnThoracSurg.2005;79:1615-9.
[3]. CliftonJIl,LeikinJ,Methyleneblue. AmericanJournalofTherapeutics.2003;10:289-91.

[4]. BeretvasRI,PonskyJ.Endoscopicmarking:anadjuncttolaparoscopicgastrointestinalsurgery.Surgicalendoscopy.2001;15:1202-3.
[5]. SchenkP,MadIC,Rezaie-ajdS,LehrS,MullerC.Methyleneblueimprovesthehepatopulmonarysyndrome.AnninternMed.2000;133:701—
6

[6]. MethyleneBlue:Revisitedhttps://www.ncbi.nlm.nih.gov/pmc/articless/PMC3087269/(Accessed25Apr2020)

[7]. Hamidi-Alamdari D, Hafizi-Lotfabadi S, Bagheri-Moghaddam A, Safari H, Mozdourian M, Javidarabshahi Z, Peivandi-Yazdi A,
Ali-Zeraati A, Sedaghat A, Poursadegh F, Barazandeh-Ahmadabadi F, Agheli-Rad M, Tavousi SM, Vojouhi S, Amini S, Amini M,
Majid-Hosseini S, Tavanaee-Sani A, Ghiabi A, Nabavi-Mahalli S, Morovatdar N, Rajabi O, Koliakos G. METHYLENE BLUE
FOR TREATMENT OF HOSPITALIZED COVID-19 PATIENTS: A RANDOMIZED, CONTROLLED, OPEN-LABEL
CLINICAL TRIAL, PHASE 2. Rev Invest Clin. 2021;73(3):190-198. doi: 10.24875/RIC.21000028.

[8]. Alamdari DH, Moghaddam AB, Amini S, Keramati MR, Zarmehri AM, Alamdari AH, Damsaz M, Banpour H, Yarahmadi A,
Koliakos G. Application of methylene blue -vitamin C -N-acetyl cysteine for treatment of critically ill COVID-19 patients, report of
a phase-I clinical trial. Eur J Pharmacol. 2020 Oct 15;885:173494. doi: 10.1016/j.ejphar.2020.173494. Epub 2020 Aug 20.

[9]. Bojadzic D, Alcazar O and Buchwald P (2021) Methylene Blue Inhibits the SARS-CoV-2 Spike—-ACE2 Protein-Protein
Interaction-a Mechanism that can Contribute to its Antiviral Activity Against COVID-19. Front. Pharmacol. 11:600372. doi:
10.3389/fphar.2020.600372

[10]. Neha Dabholkar, Srividya Gorantla, Sunil Kumar Dubey, Amit Alexander, Rajeev Taliyan, Gautam Singhvi,Repurposing methylene
blue in the management of COVID-19: Mechanistic aspects and clinical investigations,Biomedicine & Pharmacotherapy,Volume
142,2021,112023,I1SSN 0753-3322,https://doi.org/10.1016/j.biopha.2021.112023.
(https://www.sciencedirect.com/science/article/pii/S0753332221008064)

[11]. Bojadzic Damir, Alcazar Oscar, Buchwald Pete Methylene Blue Inhibits the SARS-CoV-2 Spikea€“ACE2 Protein-Protein
Interactiona€“a Mechanism that can Contribute to its Antiviral Activity Against COVID-19

[12].  Z. Varga, AJ. Flammer, P. Steiger, M. Haberecker, R. Andermatt, A.S. Zinkernagel, M.R. Mehra, R.A. Schuepbach, F. Ruschitzka,
H. Moch, Endothelial cell infection and endotheliitis in COVID-19, Lancet 395 (2020) 1417-1418, https://doi.org/ 10.1016/S0140-
6736(20)30937-5.

[13]. Q. Wang, P. Fang, R. He, M. Li, H. Yu, L. Zhou, Y. Yi, F. Wang, Y. Rong, Y. Zhang, A. Chen, N. Peng, Y. Lin, M. Lu, Y. Zhu, G.
Peng, L. Rao, S. Liu, O-GIcNAc transferase promotes influenza A virus-induced cytokine storm by targeting interferon regulatory
factor-5, Sci. Adv. 6 (2020) 7086, https://doi.org/10.1126/ sciadv.aaz7086.

DOI: 10.9790/2402-1603013844 www.iosrjournals.org 43 | Page


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

Clinical Effects and Outcome of Methylene Blue in Treatment of Covid 19 Patients

[14].

[15].

[16].

[17].
[18].

[19].

[20].
[21].
[22].

[23].

[24].

Walter-Sack, J. Rengelshausen, H. Oberwittler, J. Burhenne, O. Mueller, P. Meissner, G. Mikus, High absolute bioavailability of
methylene blue given as an aqueous oral formulation, Eur. J. Clin. Pharmacol. 65 (2009) 179-189, https://doi. org/10.1007/s00228-
008-0563-x.

H. Mehlhorn, Caro, Heinrich (1834-1910), Encycl. Parasitol. (2016), https://doi. org/10.1007/978-3-662-43978-4_5031

P. Valent, B. Groner, U. Schumacher, G. Superti-Furga, M. Busslinger, R. Kralovics, C. Zielinski, J.M. Penninger, D. Kerjaschki, G.
Stingl, J.S. Smolen, R. Valenta, H. Lassmann, H. Kovar, U. Jager, " G. Kornek, M. Miiller, F. Sorgel, " Paul Ehrlich (1854-1915)
and his contributions to the foundation and birth of translational medicine, J. Innate Immun. 8 (2016) 111-120,
https://doi.org/10.1159/ 000443526.

G. Lu, M. Nagbanshi, N. Goldau, M. Mendes Jorge, P. Meissner, A. Jahn, F. P. Mockenhaupt, O. Midiller, Efficacy and safety of
methylene blue in the treatment of malaria: a systematic review, BMC Med. 16 (2018) 59, https://doi.org/10.1186/ s12916-018-
1045-3.

R.H. Schirmer, B. Coulibaly, A. Stich, M. Scheiwein, H. Merkle, J. Eubel, K. Becker, H. Becher, O. Miiller, T. Zich, W. Schiek, B.
Kouyat'e, Methylene blue as an antimalarial agent, Redox Rep. 8 (2003), https://doi.org/10.1179/ 135100003225002899, 272-5.

PJ. Hanzlik, Methylene blue as antidote for cyanide poisoning, J. Am. Med. Assoc. 100 (1933) 357,
https://doi.org/10.1001/jama.1933.02740050053028.

J.Y. Cheung, J. Wang, X.Q. Zhang, J. Song, D. Tomar, M. Madesh, A. JudenhercHaouzi, P. Haouzi, Methylene blue counteracts
cyanide cardiotoxicity: cellular mechanisms, J. Appl. Physiol. (1985) 124 (2018) 1164-1176, https://doi.org/
10.1152/japplphysiol.00967.2017.

S.R. David, N.S. Sawal, M.N.S. Bin Bin Hamzah, R. Rajabalaya, The blood blues: a review on methemoglobinemia, J. Pharmacol.
Pharmacother. 9 (2018), https:// doi.org/10.4103/jpp.JPP_79_17.

E.S.H. Kwok, D.W. Howes, Use of methylene blue in sepsis: a systematic review, J. Intensive Care Med. 21 (2006),
https://doi.org/10.1177/0885066606290671, 359-63.

M. Oz, D.E. Lorke, M. Hasan, G.A. Petroianu, Cellular and molecular actions of Methylene Blue in the nervous system, Med. Res.
Rev. 31 (2011) 93-117, https:// doi.org/10.1002/med.20177.

P.R. Ginimuge, S.D. Jyothi, S. Resident, Methylene blue: revisited, J. Anaesthesiol. Clin. Pharmacol. 26 (2010) 517-520. [37] P.S.
Zolfaghari, S. Packer, M. Singer, S.P. Nair, J. Bennett, C. Street, M. Wilson, In vivo killing of Staphylococcus aureus using a light-
activated antimicrobial agent, BMC Microbiol. 9 (2009) 27, https://doi.org/10.1186/1471-2180-9-27.

K. Muller-Breitkreutz, H. Mohr, Hepatitis C and human immunodeficiency virus RNA degradation by methylene blue/light
treatment of human plasma, J. Med. Virol. 56 (1998), https://doi.org/10.1002/(SICI)1096-9071(199811)56:33.0.CO;2-9, 239-45.

Dileep Chandra Naik, et. al. Clinical Effects and Outcome of Methylene Blue in Treatment of Covid

JESTFT), 16(03), (2022): pp 38-44.

| 1

|
i 19 Patients." 10SR Journal of Environmental Science, Toxicology and Food Technology (IOSR- |
| |
" |

DOI: 10.9790/2402-1603013844 www.iosrjournals.org 44 | Page


about:blank

