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Abstract
Methylene blue is a long-established drug with complex pharmacology and multiple clinical indications. Its diverse mecha-
nisms of action are most likely responsible for the large variety of its clinical effects. Of interest to psychiatrists, methylene 
blue has antidepressant, anxiolytic, and neuroprotective properties documented by both animal and human studies. Its stabiliz-
ing effect on mitochondrial function and dose-dependent effect on the generation of reactive oxygen species are of significant 
heuristic value. For these reasons, methylene blue holds promise as a proof-of-concept treatment of organic/neurodegenerative 
disorders and as a neuroprotective agent in general. In psychiatry, methylene blue has been used for over a century. It was 
tried successfully in the treatment of psychotic and mood disorders and as a memory enhancer in fear-extinction training. 
Particularly promising results have been obtained in both short- and long-term treatment of bipolar disorder. In these stud-
ies, methylene blue produced an antidepressant and anxiolytic effect without risk of a switch into mania. Long-term use of 
methylene blue in bipolar disorder led to a better stabilization and a reduction in residual symptoms of the illness. It is usually 
well tolerated, but caution is needed in the light of its inhibitory effect on monoamine oxidase A.

Key Points 

Methylene blue has a remarkable range of clinical 
effects, many relevant to psychiatry.

Its effect on mitochondrial function makes it a poten-
tially promising neuroprotective agent.

In mood disorders, it has an antidepressant effect in 
depressive episodes and mood-stabilizing properties in 
long-term treatment of bipolar disorder.

1 Introduction

Methylene blue (methylthioninium chloride) has been of 
interest to neuropsychiatry for over a century. It has both 
multiple clinical effects and multiple pharmacodynamic 
mechanisms.

Methylene blue was synthesized as a dye in 1876 by Hein-
rich Caro working in Germany [1]. Soon after it was studied 
by Paul Ehrlich who used it to stain Mycobacterium tuberculo-
sis. Methylene blue also stains Plasmodium malariae and has 
been tried as an antimalarial agent with an adequate clinical 
effect. In the late nineteenth century, it was used in cases of 
psychotic agitation, but was later replaced by newly discovered 
barbiturates. Since the 1970s, it has been used with promising 
results in the treatment of mood disorders [2]. More recently, 
discoveries of additional pharmacodynamic effects of meth-
ylene blue led to a renewed interest in the drug and suggested 
new potential clinical applications. Outside of neuropsychiatry, 
methylene blue is used for acute treatment of carbon monoxide 
or cyanide poisoning, methemoglobinemia, as a urinary anti-
septic, in septic shock, for the treatment of malaria, and as an 
in vivo dye during surgical procedures. Currently, methylene 
blue is considered an essential medication owing to its multiple 
clinical applications and low cost [3].

2  Pharmacology of Methylene Blue

2.1  Mechanism of Action

Structurally, methylene blue is similar to phenothiazines 
and to imminodibenzyl, a chemical close to tricyclic 
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antidepressants and carbamazepine [1, 2]. However, the 
biological mechanisms of methylene blue are diverse and 
include effects that neither phenothiazines nor tricyclic 
antidepressants possess. It is highly likely that various 
clinical effects of the drug are mediated by different phar-
macological actions. Additional complexity arises from 
the fact that at least some of the mechanisms of methylene 
blue are dose dependent and, in some instances, higher 
doses have effects opposite from those of low doses (see 
below for more details). Among the specific mechanisms, 
the best documented are: modulation of redox processes 
and mitochondrial functions; inhibition of nitric oxide 
(NO) synthase, guanylate cyclase, and other signal trans-
duction systems; blockade of the  GABAA receptor; inhibi-
tion of monoamine oxidase A (MAO-A); inhibition of tau 
protein aggregation; and antiviral, antibacterial, as well 
as anti-inflammatory effects. Of these, the inhibition of 
MAO-A, changes in signal transduction and effects on 
mitochondrial function and redox mechanisms, appear to 
be the most relevant to the field of neuropsychiatry [4].

2.1.1  Inhibition of Monoamine Oxidase

Methylene blue and its demethylated metabolite, azure B, 
inhibit MAO-A in a reversible fashion and have a rela-
tively weak effect on monoamine oxidase B. This effect 
may be responsible for the reported instances of seroto-
nin syndrome in patients treated with serotonin reuptake 
inhibitors who were administered higher dose (usually 
intravenous) of methylene blue [5]. To test to what extent 
MAO-A inhibition explains the antidepressant properties 
of methylene blue, Delport et al. studied five structural 
analogs with low MAO-A activity showing that they all 
retained the antidepressant effect comparable to that of 
methylene blue or imipramine in the forced swim test 
[6]. These results are consistent with an older report 
by Rysanek et al. [7], who found that indeed methylene 
blue had an antidepressant effect but was a weak inhib-
itor of MAO-A in vivo in standard doses of 20 mg/kg. 
The authors concluded that “The antidepressive effect of 
methylene blue cannot be explained with an inhibition of 
monoamineoxidase and it would appear that its effect is 
due to other biochemical intervention, most probably to its 
oxido-reducing activity” [7].

2.1.2  Effects on Signal Transduction

Among well-established actions of methylene blue are 
effects on glutamate neurotransmission and its down-
stream targets. It inhibits NO synthase and soluble 
guanylate cyclase, thus inhibiting the glutamatergic 

N-methyl-d-aspartate receptor-mediated pathway. Inhibi-
tion of NO/cyclic guanosine monophosphate pathway also 
regulates  Na+/K+ ATPase, although here methylene blue 
may produce both stimulatory and inhibitory effects in a 
tissue-dependent manner [8, 9]. Effects on NO and gua-
nylate cyclase could contribute to the antidepressant action 
of methylene blue in both humans and in animal models 
of depression [10].

In a recent study, Bhurtel et  al. used pre-treatment 
with methylene blue to block 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine-induced toxic damage of dopaminer-
gic neurons, commonly used as a model of Parkinson’s 
disease. Methylene blue reduced the effects of 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine by increasing the 
expression of brain-derived neurotrophic factor both in 
SH-SY54 neuroblastoma cell culture and in vivo in mice. 
Its effect has been reversed by inhibitors of brain-derived 
neurotrophic factor signaling, thus suggesting that methyl-
ene blue acts on brain-derived neurotrophic factor signal-
ing among other mechanisms [11]. Finally, at least some 
of the neuroprotective effects of methylene blue are likely 
mediated by the phosphoinositide 3-kinase/Akt/GSK3β 
pathway [12].

2.1.3  Energetic Metabolism, Mitochondrial Function, 
and Redox Mechanisms

Methylene blue is known to modulate mitochondrial func-
tion on several levels. Owing to its chemical structure, it 
can act both as an electron acceptor and donor [13]. Acting 
as an alternative electron carrier, it can bypass blocked ele-
ments (complex I and III) of the electron transport chain 
and reduce electron leakage in mitochondria with a result-
ing decrease in reactive oxygen species [14]. Accepting 
electrons from NADPH, the reduced form of nicotinamide 
adenine dinucleotide phosphate (NADP), methylene blue 
is reduced to leukomethylene blue, which, in turn, can act 
as an electron donor [15]. This mechanism is responsible 
for its therapeutic effect in methemoglobinemia (yet, in 
higher doses, methylene blue acts as a pro-oxidant and 
can cause methemoglobinemia). The improved mitochon-
drial function and decreased production of the reactive 
oxygen species may be responsible for neuroprotective 
effects. Among others, such an effect has been repeatedly 
described in studies based on animal models of Parkin-
son’s disease and ischemic brain damage [14].

2.1.4  Inflammation

Methylene blue also modulates inflammatory processes and 
inhibits inflammasome activation in microglia in animal 
models of neuronal injury [16, 17]. Specifically, methylene 
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blue has been found to decrease activation of inflammasomes 
NLRP3 and NLRC4 that regulate a wide range of immune 
responses. Their inhibition results in a lower production of 
proinflammatory cytokines such as interleukin-1β, interleu-
kin-6, and tumor necrosis factor-α and inhibition of apop-
tosis [17, 18]. The mechanisms of these effects probably 
include the Akt/GSK-3β pathway among others [17]. Inter-
estingly, activation of the NLRP3 inflammasome has been 
linked to the production of reactive oxygen species and it 
has been suggested that the NLRP3 inflammasome plays a 
role in conditions that are frequently comorbid with severe 
psychiatric disorders such as metabolic syndrome (reviewed 
in [19]).

2.2  Pharmacokinetics

In psychiatry, methylene blue has been administered orally 
in doses from 15 to 300 mg daily. Maximum blood con-
centrations are reached within 1 to 2 h after ingestion. Bio-
availability of methylene blue is significantly higher follow-
ing intravenous administration, thus the US Food and Drug 
Administration warning with regard to concurrent use of 
serotonin reuptake inhibitors and intravenous use of meth-
ylene blue (see below). It has been suggested that for the 
action of methylene blue in the brain, intravenous admin-
istration might be preferable, but in fact, it is unclear what 
the effective dose and blood concentrations for psychiatric 
indications should be. Furthermore, it appears that the bioa-
vailability is not proportional to the dose when administered 
orally and thus higher doses lead to gradually smaller blood 
concentration increases [20]. Methylene blue is eliminated 
via the kidneys, with about three quarters in the form of its 
reduced form, leukomethylene blue, as well as demethylated 
metabolites, azure A and azure B. Azure B, in particular, 
has been reported to have antidepressant-like properties in 
animal models [21]. The terminal half-life of elimination has 
been estimated at 5–6.5 h [22].

2.3  Dosage and Side Effects

Effects of methylene blue appear to be dose dependent; in 
higher doses, the effects may become the opposite of those 
at lower concentrations (thus higher doses can increase 
oxidative stress). This dose-dependent effect has been 
described in animal studies where lower doses (7.5–30 mg/
kg) were antidepressant and anxiolytic while higher doses 
(60 mg/kg) were ineffective [23]. These observations are 
also consistent with results of the low-dose (15-mg daily) 
study in major depression [24], although in two long-term 
trials in bipolar disorder, doses of 2–5 mg/kg were more 
effective than the low dose (approximately 0.2 mg/kg) [25, 
26].

In humans, methylene blue is usually well tolerated. Its 
main side effects are irritation of the gastrointestinal tract 
and burning in the urinary tract, and some patients find the 
urine discoloration troublesome.

2.4  Contraindications

Inhibition of MAO-A is considered responsible for the 
increased risk of serotonin syndrome in people treated 
with serotonin reuptake inhibitors. In 2011, the Food and 
Drug Administration issued a safety alert and warned 
against the use of methylene blue in patients treated with 
serotonergic agents [27]. The alert was updated several 
months later suggesting that the risk was possibly higher 
only for some antidepressants and in conjunction with 
intravenous methylene blue administration [5]. A recent 
review of 50 published cases of serotonin toxicity noted 
that practically all of them involved individuals treated 
with intravenous methylene blue [28]. Likewise, Delport 
et al. could not find any instances of serotonin syndrome 
in people treated with oral administration of methylene 
blue [4]. At the same time, methylene blue is unlikely to 
cause dangerous interactions with non-serotonergic anti-
depressants given its specificity for MAO-A. In our study 
of 37 patients, we saw no instances suggestive of serotonin 
toxicity [26].

The antioxidant effect of methylene blue depends on the 
proper functioning of the NADP/NADPH cycle requiring 
sufficient activity of glucose-6-phosphate dehydrogenase. 
Consequently, in people with glucose-6-phosphate dehy-
drogenase deficiency, an administration of methylene blue 
can trigger a hemolytic reaction and thus glucose-6-phos-
phate dehydrogenase deficiency is a relatively common 
contraindication to methylene blue treatment, especially 
in Mediterranean, African, and Asian countries [15].

3  Neuropsychiatric Uses of Methylene Blue

In psychiatry, apart from the brief period of use at the turn 
of the twentieth century, methylene blue was used mostly 
in mood disorders. The first modern studies date to the 
1970s when it became considered as a possible replace-
ment for lithium in the treatment of bipolar disorder. More 
recently, methylene blue has been gaining attention as a 
possible treatment for neurodegenerative conditions.

3.1  Methylene Blue in Mood Disorders

In animal models of depression, both methylene blue and 
some of its metabolites show robust antidepressant and anxi-
olytic properties [4, 6, 23]. In clinical psychiatry, methylene 
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blue has been used successfully in several studies in mood 
disorders since the 1970s. The impulse for these stud-
ies early on was the hypothesis that methylene blue could 
reduce plasma vanadate to vanadyl, considered less active 
with respect to inhibition of  Na+/K+ ATPase. First, as a 
proof of concept, Naylor et al. used methylene blue in two 
patients with continuous and regular mood cycling showing 
that the treatment resulted in longer euthymic periods [29].

Subsequently, Narsapur and Naylor reported a case series 
of 24 chronically and/or severely ill patients treated with 
add-on methylene blue 200 mg or 300 mg daily. There were 
19 patients with bipolar disorder in the sample and of these 
14 showed “definite improvement” [30] while in five indi-
viduals the treatment was not effective (in three of these five 
patient, the diagnosis of bipolar disorder was “uncertain” 
according to the authors).

These promising results stimulated a 2-year randomized 
cross-over study in bipolar disorder [25]. Patients received 
an active dose of 300 mg of methylene blue for 1 year and a 
placebo dose of 15 mg for another year in a random order. Of 
31 patients who entered the study, 17 completed the 2-year 
treatment showing a noticeable improvement of their symp-
toms on the active dose. In this study, the authors used a 
higher dose as active (typically 300 mg) while using a lower 
dose of 15 mg as a placebo. This was primarily to ensure 
the double-blind character of the trial as methylene blue dis-
colors urine and thus usual placebos could not be used. It is 
noteworthy that the hospital admission rates were lower even 
when the patients were treated with 15 mg/day compared 
with the pre-trial figures.

This observation together with the fact that it was not 
possible to use a standard placebo led the same research 
group to examine the effects of a low dose (15 mg) of meth-
ylene blue in a 3-week comparison with neutral placebo in 
35 patients with severe depressive disorder. While there was 
no change in depression severity rating of the placebo group, 
the low-dose methylene blue was clinically effective and sta-
tistically superior [24].

It is notable that all these studies showed primarily an 
improvement in the symptoms of depression, not mania. This 
was further supported by a mania trial in which 18 patients 
showed no improvement [31]. Given its inhibitory effect on 
monoamine oxidase, methylene blue might be expected to 
trigger a manic episode in susceptible individuals. However, 
there are no such reported cases in the literature.

More recently, we studied methylene blue as an adjunct 
treatment for residual symptoms of bipolar disorder and for 
cognitive symptoms [26]. The study included 37 patients, 
all treated with lamotrigine as their main mood stabilizer. 
The choice of lamotrigine was based on the assumption that 
methylene blue might effectively potentiate the downstream 
effects of lamotrigine on glutamate signaling. The patients 

received 195 mg or 15 mg of methylene blue in a cross-over 
design with each arm of treatment lasting 13 weeks. We 
found a significant improvement on measures of depression 
both on the Hamilton Rating Scale for Depression and the 
Montgomery–Åsberg Depression Rating Scale and with 
anxiety measured by the Hamilton Rating Scale for Anxi-
ety. There were no changes in the symptoms of mania. As 
for cognitive impairment, we did not find any substantial 
changes in performance on measures of verbal memory, 
executive function as well as on visual backward masking, 
inhibition of return, negative priming, and the process dis-
sociation task. All the tests were administered at baseline, at 
the cross-over point, and at study termination. The cognitive 
results are not easy to interpret as the baseline performance 
in most subjects was already very good with limited room 
for improvement.

3.2  Methylene Blue in Other Psychiatric Conditions

There are only limited modern data on the use of methyl-
ene blue in schizophrenia. NO signaling has been of inter-
est in the pathophysiology of psychosis, but the data so far 
remain ambiguous. In a small case series of eight patients 
with incomplete treatment response, methylene blue showed 
a mild effect when added to standard antipsychotic treatment 
[32]. In a preclinical study on mice, methylene blue blocked 
the effect of phencyclidine on pre-pulse inhibition as well 
as phencyclidine-induced hyperlocomotion, presumably by 
blocking NO synthase, albeit in much higher doses (50 mg/
kg) than typically used in humans [33]. Similar, in another 
study in mice, methylene blue at 32 mg/kg and 100 mg/kg, 
respectively, attenuated the effect of the N-methyl-d-aspar-
tate antagonist MK-801. These findings reaffirm a potential 
role of NO inhibition in alleviating symptoms of psychosis. 
Furthermore, a study of sodium nitroprusside, a NO donor, 
showed a robust antipsychotic effect in acutely ill patients 
with schizophrenia [34].

The potential cognitive-enhancing effect of methylene 
blue was tested in a study of fear extinction. People with 
claustrophobia underwent fear extinction training, after 
which they received 260 mg of methylene blue in three indi-
vidual doses 6–10 h apart. Those who had lower fear scores 
at the end of exposure trials showed significantly lower fear 
levels 1 month post-training. Conversely, those with higher 
fear scores had higher levels of end fear [35]. These results 
were further extended in a study of post-traumatic stress 
disorder. Twenty-six patients were treated daily for 5 days 
with sessions of imaginal exposure combined with 260 mg 
of methylene blue or placebo and were compared with a 
wait-list group of 16 individuals. The methylene blue group 
had moderately better outcomes 3 months after the therapy 
sessions [36].
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3.3  Organic Brain Disorders and Neurodegenerative 
Conditions

A number of studies examined methylene blue and its effect 
in the brain, many focused specifically on the neuroprotec-
tive effect of the drug. Most of them have been preclinical 
and suggested effects in traumatic brain injury [37], stroke, 
and brain ischemia (reperfusion injury) [38] as well as in 
animal models of Alzheimer’s disease and Parkinson’s dis-
ease, see Tucker et al. for a recent review [39].

Clinical studies are more limited. Vakiti et al. described 
two patients with encephalopathy secondary to ifosfamide 
who responded favorably to intravenous treatment with 
methylene blue given as 50 mg every 4 h; one of the patients 
received a total of 12 doses and the other patients received 
18 doses of the drug [40].

Neuroprotection in a broad sense, improved integ-
rity of the blood–brain barrier, anti-inflammatory effect, 
increased neurogenesis, improved mitochondrial function, 
and decreased beta-amyloid levels among others have been 
proposed as the “higher order” mechanisms for these effects 
[15, 18, 39, 41–43]. However, there have been few transla-
tions of these findings into clinical applications and these 
have only been partially successful.

Selective blocking of tau protein aggregation and a reduc-
tion in beta-amyloid levels suggested the possibility of meth-
ylene blue use in Alzheimer’s disease. Wischik et al. con-
ducted a clinical trial of methylene blue in 321 patients with 
a mild or moderately severe form of the disease. Clinical 
outcomes assessed by the cognitive subscale of the Alzhei-
mer’s Disease Scale showed a moderate benefit of 138 mg 
daily after 24 weeks, but no effect of higher (228-mg) or 
lower (69-mg) doses [44]. The positive effects of the 138-
mg dose persisted in the 50-week extension of the trial. One 
unexpected finding of the trial was the failure of the 228-mg 
dose. The authors conducted further pharmacokinetic inves-
tigations to account for the negative findings, and concluded 
that the absorption of methylene blue could be irregular and 
depends on stomach acidity and the presence of food, which 
may have accounted for the lower bioavailability of the drug 
[45].

4  Conclusion

Methylene blue has a multitude of biochemical effects and 
it is not easy to associate any of these with specific clinical 
actions. In this respect, it is not dissimilar to two other psy-
chiatric mediations, clozapine and lithium, which also have 
complex pharmacological effects not restricted to a single 
biochemical pathway. Yet, both are among the most effective 
medications currently available in psychiatry. Perhaps their 
properties result from a fortuitous combination of multiple 

effects that is required to control a complex dysregulation 
associated with major psychiatric disorders.

At least two effects of methylene blue deserve special 
attention: (1) the modulation of the NO/guanylate cyclase 
pathway and (2) the redox mechanism and pro-mitochon-
drial effect. Both are uncommon in most other psychiatric 
drugs yet can act on processes that are viewed as important 
for the regulation of mood and cognition.

The NO/cyclic guanosine monophosphate pathway is an 
important part of glutamatergic signaling increasingly recog-
nized as relevant for rapid antidepressant effects. However, 
the existing data on methylene blue do not indicate whether 
it works faster than other antidepressant treatments. Another 
property of antidepressants targeting the glutamatergic sys-
tem is their potential benefit in treatment-resistant depres-
sion. This view is supported by the studies reviewed here, 
in which many patients had not responded to multiple other 
treatments.

Perhaps the most interesting aspect of methylene blue is 
its effect on mitochondrial function. With a growing interest 
in the role of mitochondria in major psychiatric disorders, 
the drug has considerable heuristic value.

Mitochondrial dysfunction has been implicated in several 
psychiatric conditions including bipolar disorder, schizo-
phrenia, autism, and anxiety among others [46]. Mitochon-
dria are essential for the generation of adenosine triphos-
phate and thus maintaining the energetic balance of cells. 
In this process, mitochondria also contribute to the produc-
tion of reactive oxygen species; these, in turn, can lead to 
oxidative damage of various cellular components. Earlier 
family studies of bipolar disorder suggested the possibility 
of mitochondrial dysfunction in the etiology of bipolar dis-
order, for instance in McMahon et al. [47]. Kasahara et al. 
investigated a mouse strain with POLG1, a mitochondrial 
DNA polymerase gene dysfunction, showing that these mice 
exhibited phenotypic characteristics similar to human bipo-
lar disorder and which could be, to some extent, attenuated 
by lithium [48]. Another line of support for mitochondrial 
involvement in bipolar disorder comes from several post-
mortem gene expression studies showing reduced messenger 
RNA expression of various components of the mitochondrial 
electron transport chain [49] and complex I activity [50]. 
Mitochondrial dysfunction can increase the production of 
reactive oxygen species, which can overwhelm the antioxi-
dant capacity of the cell and lead to protein/DNA damage, 
and lipid peroxidation [51].

However, reactive oxygen species are also recognized as 
having cellular signaling functions in physiological concen-
trations [52]. In this light, methylene blue with its dose-
dependent effect might be an effective modulator of cellular 
redox balance. Unfortunately, the existing literature does not 
provide enough information for selecting an optimal dose. 
While most human studies used doses between 100 and 
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300 mg, it seems that even doses as low as 15 mg could be 
clinically effective as in the study by Naylor et al. [24]. How-
ever, optimal dosing of methylene blue may not be a trivial 
issue as illustrated by the trial in Alzheimer’s disease [45].

The complex pharmacology of methylene blue leads to 
a question whether it can become a mainstream treatment 
or rather become a prototype for the development of a new 
class of drugs. It seems that the latter possibility is more 
likely. Similar to lithium, methylene blue is not patent pro-
tected and both medications face significant competition 
from drugs that “offer a scientific rationale for their clinical 
effects” [2]. However, unlike lithium that has been tested and 
clinically used much more extensively, the use of methylene 
blue is supported by only a few, albeit convincing studies 
in psychiatry. At present, in most countries, it is not easily 
available in preparations for oral use and it may not be of 
major commercial interest. Thus, its role may remain as a 
case in point for new directions of treatment of severe mental 
illness.
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