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Methylene blue (MB) is an effective antidote for methemoglobinemia. MB is a basic dye,
yielding a blue solution. In the human body, hemoglobin is the oxygen-carrying protein
including a ferrous atom. Hemoglobin is oxidized to methemoglobin (MetHb) with the ferric atom,
which cannot bind to or carry oxygen. Equilibrium between hemoglobin and MetHb is approxi-
mately 99:1. Thus a healthy man can have about 1% of methemoglobinemia. The cytochrome
b5 MetHb reductase pathway plays a major role in reducing MetHb to hemoglobin. The nicotin
amide adenine dinucleotide phosphate (NADPH) MetHb reductase pathway is a minor reducing
system of MetHb, and it needs NADPH as a cofactor. However, to the exceeding exogenous ox-
idative stress, the cytochrome bs MetHb reductase pathway is soon exhausted, and the NADPH
MetHb reductase pathway can be activated 4 to 5 times by the exogenous cofactor, MB. The
decision to initiate MB therapy for methemoglobinemia depends on the MetHb level and the
symptoms. The indication for MB therapy in a symptomatic patient is a MetHb level >20% and in
an asymptomatic patient, a MetHb level >30%. Patients with comorbidities such as anemia,
heart disease, pneumonia, chronic obstructive pulmonary disease, or liver cirrhosis can be can-
didates for MB therapy with an even lower MetHb level. The recommended initial dose of MB is
1 to 2 mg/kg. It can be repeated every 30 minutes to 1 hour. However, the dose should not ex-
ceed 7 mg/kg. A high dose of MB may induce methemoglobinemia paradoxically and also cause
hemolytic anemia. Like other antidotes, MB has its own adverse effects.
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Table 1. Drugs and chemicals that can cause methemoglobinemia

Drugs and chemicals

Acetaminophen Metoclopramide

Acetanilide Naphthalene
Alloxan Nitrates
Alprazolam Nitric oxide
Aminosalicylic acid Nitrites

Amyl nitrate Nitrobenzene
Aniline Nitroethane
Arsine Nitrofurans
Artificial nail product Nitroglycerin
Benzene derivatives Nitrophenol

Benzocaine Nitroprusside

Bismuth subnitrate Nitrous gases
Bivalent copper Paraquate
Bromates Phenacetin

Bupivacaine hydrochloride Phenazopyridine

Chlorates Phenelzine
Chlorobenzene Phenol
Chloroquine Phenytoin
Chromates Prilocaine
Clofazimine Primaquine
Copper sulfate Propanil
Dapsone Quinolone
Dimethy sulfoxide Resorcin
Dinitrophenol Rifampin
Exhaust fume Silver nitrite

Fava beans Sodium nitrite

Ferricyanide Sodium valproate

Flutamide Sulfamethoxazole
Ginkgo biloba Sulfasalazine
Hydroxylamine Sulfonamide
Indoxacarb Tetracaine
Lidocaine hydrochloride Trimethoprim

Lignocaine Trinitrotoluene
Mafenide Vitamin K
Methylene blue Zopiclone
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Figure 1. NADPH methemoglobin reductase pathway (From You JY. J Korean Soc ClinToxicol
2010;8:1-6, with permission from Korean Society of Clinical Toxicology) [20]. G6PD, glucose-
6-phosphate dehydrogenase; NADP nicotinamide adenine dinucleotide phosphate; NADPH,

NADP reduced form.
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