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Abstract: Although antidepressants may increase the risk of switching to mania in bipolar 

disorder (BD), clinicians have been using antidepressants to treat patients with bipolar depres-

sion. Appropriate treatments for bipolar depression remain controversial. In BD, antidepressants 

comprise a double-edged sword in terms of their efficacy in treating depression and the increased 

risk of switching. This review presents an important table outlining the benefit in terms of 

depression improvement and the risk of switching in the clinical setting. It also proposes strate-

gies based on the characteristics of antidepressants such as their pharmacology, specifically the 

equilibrium dissociation constant (K
D
) of the noradrenaline transporter. This table will be useful 

for clinicians while considering benefit and risk. Antidepressants augmenting noradrenaline may 

be effective in bipolar depression. However, it is easily presumed that such antidepressants may 

also have a risk of switching to mania. Therefore, antidepressants augmenting noradrenaline 

will be the recommended treatment in combination with an antimanic agent, or they may be 

used for short-term treatment and early discontinuation. The corresponding medical treatment 

guidelines probably need to be reevaluated and updated based on biological backgrounds. From 

previous studies, we understand that the stability of noradrenaline levels is important for BD 

amelioration, based on the pathophysiology of the disorder. It is hoped that researchers will 

reevaluate BD by conducting studies involving noradrenaline.

Keywords: 3-methoxy-4-hydroxyphenylglycol, dopamine, homovanillic acid, brain-derived 

neurotrophic factor, biomarker, antidepressants, selective serotonin reuptake inhibitor, serotonin 

and noradrenaline reuptake inhibitor, tricyclic antidepressant, mood disorder

Bipolar disorder
Bipolar disorder (BD) is an episodic illness characterized by recurrent manic, mixed, 

and depressive episodes, with an estimated global lifetime prevalence of 1%–5%.1 BD 

is defined in the diagnostic criteria of the International Classification of Diseases (ICD, 

World Health Organization, 2010)2 and the Diagnostic and Statistical Manual of Mental 

Disorders (DSM, American Psychiatric Association, 2013)3 as being different from major 

depressive disorder, schizophrenia, and other psychiatric disorders. The illness is associ-

ated with high levels of mortality and morbidity,4 functional impairment,5 and high rates 

of suicide.6 Despite the fact that the switching is a core aspect of the clinical presentation 

of BD, the biological background of the pathology is still poorly understood.

In particular, the longitudinal symptomatic course of BD is chronic and dominated 

by depressive symptoms, rather than the characteristic manic symptoms of BD, and – 

surprisingly – the depressive state can be dominant for as much as $50% during the 

course of BD.7–9 These longitudinal depressive symptoms lead to loss of social benefits 
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for BD patients. On the other hand, when it comes to switch-

ing to mania, patients with BD lose many aspects of their 

lives and experience problems such as debts and divorce. 

BD patients in the mixed10 or depressive11 states are more 

prone to suicide.

Treatment for bipolar disorder
Even though many reports and guidelines have suggested that 

antidepressants may increase the risk of switching to mania 

in BD,12,13 clinicians have been using antidepressants to treat 

patients with bipolar depression.14,15 While this may sound 

strange to researchers of pharmacology, it is not unusual in 

the clinical field. Although antidepressants are used to treat 

bipolar depression currently, the specific mechanisms that 

are modified by antidepressants and cause the switching to 

mania remain unclear.

Early improvement of patients with BD during their 

long-term depressive symptom is beneficial to the outcome 

of the treatment for this disorder, but this has been a great 

challenge to – as well as the aim of – clinicians, who, when 

treating the patient, is struggling with a dilemma of having 

to choose between improvement of the depressive symp-

tom and switching to mania. Therefore, clinicians need to 

understand the characteristics of antidepressants for their 

optimal use for improvement and offset the risk of switch-

ing to mania. Furthermore, researchers need to understand 

the pathophysiology of BD to facilitate their work on drugs 

that help in symptom improvement and overcome the risk 

of switching to mania.

Currently, the clinical guidelines6,16 grade the risk of 

switching to mania by classifying antidepressants into groups 

such as selective serotonin reuptake inhibitors (SSRIs), 

serotonin and noradrenaline reuptake inhibitors (SNRIs), and 

tricyclic antidepressants (TCAs). Even though these agents 

have similar pharmacological effects as the monoamine 

reuptake inhibitor, the pharmacological characteristics are 

different for each medication even within the same class.

To begin with, this review summarizes the clinical evi-

dence with particular focus on the biological characteristics 

underpinning the pathophysiology of BD in the section on 

“Biological background”. Next, this review outlines the 

treatment guidelines and formulates a strategy with particular 

focus on bipolar depression.

Overall, the proportion of patients receiving at least one 

mood stabilizer increases significantly every year.17 The 

significant increases in the prescription of mood stabilizers 

probably reflect the increasing awareness and implementation 

of recent evidence-based medicine guidelines into clinical 

practice.16

Regarding treatment with antidepressants, some studies 

and treatment guidelines suggest that antidepressant 

treatments for BD may have the potential to increase manic 

switching, while others recommend short-term antidepressant 

treatment and early discontinuation.12,13 Nevertheless, even 

now, clinicians have been using antidepressants to treat BD 

patients with acute bipolar depression. The possible disad-

vantages of longitudinal depression may be greater for BD 

patients than the disadvantages of switching to mania, as a 

matter of course, clinicians should avoid the treatment of BD 

patients with medicines that increase the risk of switching to 

mania. Regarding treatment with antidepressants for bipolar 

depression, antidepressants were not found to be statistically 

superior to placebo or other current standard treatments 

for bipolar depression.18,19 However, it is also reported that 

antidepressants were more effective than placebo.15 Anti-

depressants were also reported to be effective for the short-

term treatment of bipolar depression.15 More interestingly, a 

previous study suggested that switching is a common early 

complication of treatment with antidepressants.18 Thus, the 

risk of switching to mania differed widely according to the 

types of antidepressants. The rate of switching for TCAs was 

10%, while that for all other antidepressants combined was 

3.2%.15 These findings show that the rates of switching dif-

fer within the same class of antidepressants. Thus, I suggest 

that the rate of switching is decided by the pharmacologic 

strength and dose of a particular drug, rather than by a simple 

common pharmacological action.

Based on these differences in the risk of switching, 

avoiding the use of TCAs has generally been proposed in 

clinical reports.12,13 Clinicians would have had suspicions 

that antidepressants other than TCAs are superior in terms 

of both the risk of switching and the efficacy against depres-

sion compared with TCAs. Furthermore, these studies do not 

provide evidence that all antidepressants in the same class 

can provide equally beneficial results in terms of similar 

pharmacological effects on BD patients. Antidepressants 

may be a double-edged sword. Clinicians should carefully 

consider both the risk of switching and the efficacy against 

depression from the point of view of pharmacology for each 

medication, rather than looking for similar pharmacological 

effects.

Considering these discussions, the pathology of BD needs 

to be verified. Thus, it should be acknowledged that BD can 

be influenced by certain types of substances. Although BD 

patients experience spontaneous switching, this can also be 

induced by antidepressants. Therefore, it is necessary to know 

about the existence of substances affecting the biological 

background during the process of switching to mania. In the 
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next part of the review, the first paragraph describes my 

understanding of the biological background of BD to date.

Biological background
Spontaneous hypothesis
Retrospective data obtained from patients hospitalized 

between 1920 and 1959 revealed a rate of 29% for sponta-

neous switching from depression to hypomania.20 The fact 

that most patients with BD receive mood stabilizers makes 

spontaneous switching even more difficult to estimate accu-

rately.15 In studies on genetic polymorphisms associated 

with responses to antidepressants, spontaneous switching 

was proposed to have a very different mechanism from that 

associated with responses to antidepressants.21 Thus, although 

the possibility of spontaneous switching cannot be denied, 

many reports have suggested that a past history of multiple 

antidepressant trials is associated with switching to mania.22 

It is reasonable to think that some substances that assist 

antidepressants in switching to mania do exist.

Catecholaminergic hypothesis
Higher levels of urinary noradrenaline23–25 and dopamine24,25 

have been associated with mania and switching to mania. 

In a double-blind, randomized, placebo-controlled study on 

bipolar depression, almost all subjects treated with l-3,4-

dihydroxyphenylalanine (l-dopa), the catecholamine precur-

sor, developed hypomanic symptoms after ~1 week.26 More 

interestingly, the incidence of hypomania was increased 

with a greater dose of l-dopa, and a reduction in dose or 

discontinuation of l-dopa was followed by disappearance of 

the hypomanic symptoms within 48 hours in these patients.26 

Thus, in bipolar patients, hypomanic behaviors are induced 

more than spontaneous mania by l-dopa, and catecholamines 

are involved in the pathophysiology of BD. However, patients 

with major depressive disorder were not induced toward 

hypomanic symptoms when treated with l-dopa. These find-

ings may indicate that the pathophysiology based on biologi-

cal substances differs between bipolar depression and major 

depression. Moreover, on l-dopa administration at similar 

dosages to 394 patients with Parkinson’s disease, hypomania 

was described in only three patients (,1%).26 Meanwhile, 

schizophrenia-like symptoms, such as organic hallucinosis, 

develop as the most common drug-induced side effects of 

l-dopa.27 The increase in monoamine levels induced by 

l-dopa involves two substances. One is dopamine, and the 

other is noradrenaline. Although the switching process is 

correlated with monoamines, the roles of the noradrenergic 

and dopaminergic systems in the switching process are not 

clearly defined. It is easy to imagine that schizophrenia 

and dopamine have a strong correlation. Although mania 

has partially similar symptoms as schizophrenia, it is not 

the same disorder as a whole, and it is important to note 

that BD has different symptoms from schizophrenia. It is 

clinically important to understand that manic symptoms are 

different from schizophrenia-like symptoms according to 

the ICD and DSM.

On the other hand, in clinical studies on 3-methoxy-4-

hydroxyphenylglycol (MHPG), noradrenaline metabolites, 

and homovanillic acid (HVA), the dopamine metabolite 

levels were higher in bipolar manic patients than in bipo-

lar remission patients on antipsychotics (chlorpromazine 

equivalence: 380±110 and 300–600 mg/d, respectively).28–30 

Thus, it is known that levels of dopamine, noradrenaline 

metabolites, HVA, and MHPG are reduced by antipsychotic 

drug treatment. Unfortunately, it is not clear whether the 

depletion of HVA or MHPG is caused by the antipsychotics 

or improvement in symptoms. It is important for researchers 

to understand that depression is a different symptom from 

sedation induced by antipsychotics. Likewise, the roles of 

the noradrenergic and dopaminergic systems in the switching 

process from mania to depression are not clearly defined.

Dopaminergic hypothesis
Amphetamine has been shown to trigger euphoria in healthy 

volunteers, mostly through increased dopamine levels in the 

anteroventral striatum.31 In addition, Lu et al32 indicated a 

possible relationship between manic symptoms and ketamine 

abuse in a case report. This relationship may be attributed 

to the increased dopamine level in the brain tissue brought 

about through dopamine release after chronic dosing with 

ketamine.33 Thus, pharmacological evidence supports the 

notion that manipulation of the dopaminergic system can 

mimic the symptoms of BD. However, amphetamine- or 

ketamine-induced psychotic disorder and the manic state 

of BD differ in the diagnostic criteria of the ICD and DSM. 

Thus, some of these similar symptoms cause confusion in 

devising pharmacological strategies. However, the use of 

aripiprazole, a partial agonist of the dopamine D2 receptor,34 

during the maintenance phase was reported to protect against 

manic relapses, but not against depressive relapses.35,36 

Furthermore, this drug was shown to be negative in treating 

bipolar depression.37 From these clinical findings, it may 

be surmised that dopamine may be involved in sedation or 

calmness, but not in the pathophysiology of BD.

Noradrenergic hypothesis
The urinary concentrations of noradrenaline and its metabo-

lite MHPG were significantly lower in depression than in 
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mania.23 Although HVA, a dopamine metabolite, did not 

differ, MHPG, a noradrenaline metabolite, was greater in 

untreated BD patients than in healthy controls.38 Recently, it 

was reported that MHPG is a biomarker for the switch from 

the manic state to the remission state in BD.28 The study 

suggested that the effects of antipsychotics were slight with 

reference to chlorpromazine equivalence (average: 134 mg/d). 

In addition, in multiple regression analyses, the plasma levels 

of MHPG reflected the pathophysiology of BD from the 

manic state to the depressive state more clearly than did 

plasma HVA or brain-derived neurotrophic factor (BDNF).9 

Thus, noradrenaline may be involved in the pathophysiology 

of BD (Figure 1).

BDNFergic hypothesis
Blood BDNF levels in the manic state were reported to be 

high39,40 or low41 in different studies, compared with remission 

or control subjects, and the conclusions were incoherent and 

unclear. In our study, BD patients exhibited no significant 

changes in BDNF level throughout the manic state.28 In the 

human brain, BDNF immunoreactivity was reported to be 

increased in postmortem hippocampal tissues obtained from 

subjects with major depression, BD, or schizophrenia, as well 

as in nonpsychiatric control subjects treated with antidepres-

sant medications.42 In contrast, chronic (21 days) treatment 

with the TCA desipramine, the SSRI fluoxetine, and the 

monoamine oxidase inhibitor (MAOI) phenelzine increased 

BDNF levels in the frontal cortex.43 Interestingly, the increases 

in BDNF showed differences and were in the following order: 

MAOI . SSRI . TCA . vehicle. If BDNF is involved in the 

switching to mania, explanation of this observation becomes 

very difficult. In addition, BDNF was not correlated with the 

manic state of BD in our study.28 Furthermore, BDNF did 

not show correlations among the depressive, remission, and 

manic states of BD in another report.9

Noradrenaline and antidepressants
From these hypotheses, it is supported that noradrenaline is 

involved in the pathophysiology of BD, as well as being asso-

ciated with the switch to mania. In this context, it is suggested 

that both the antidepressant effect of and the switching to 

mania caused by noradrenaline are issues of particular impor-

tance in the context of BD. Augmentation of noradrenaline 

can be the result of the following three actions (Figures 1  

and 2): (A) increasing noradrenaline in the synaptic cleft by 

noradrenaline reuptake inhibitory action; (B) inhibition of 

noradrenaline deactivation by MAOIs; and (C) release of 

noradrenaline by α2-autoreceptor blockage. The following 

three sources underlie this evidence. For (A), antidepressants 

are involved with noradrenaline reuptake transporter (NRT), 

and noradrenaline reuptake inhibitors (NRIs) were more 

effective than placebo for bipolar depression.15 In addition, 

avoiding antidepressant use has generally been proposed 

in clinical guidelines, considering the potential risk for 

switching to mania or rapid cycling during the treatment.16,44 

Thus, NRT may participate in the pathophysiology of BD. 

For (B), the development of an 11C-harmine brain-imaging 

technique led to the interesting observation that brain mono-

amine oxidase (MAO) levels were elevated in a number of 

cortical, striatal, and midbrain areas in subjects suffering 

from major depressive disorder.45 However, even after the 

complete characterization of MAO-A and MAO-B subtypes, 

Figure 1 Schematic illustration showing the improvement or switching pathways induced by various antidepressants affecting the levels of noradrenaline. 
Notes: Augmentation of noradrenaline as various antidepressants can be the result of the three actions: (A) noradrenaline reuptake inhibitory action, (B) inhibitory action 
of noradrenaline deactivation, and (C) α2-autoreceptor inhibitory action.
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many aspects of the physiological actions of these enzymes 

are unclear.46 MAO is localized intracellularly.47 Thus, in 

the cell, pathway (B) works through pathway (A). From the 

pharmacological point of view, pathway (A) takes prece-

dence over pathway (B) in the mechanism of switching to 

mania (Figure 2). For (C), mirtazapine is an antidepressant 

that blocks the α2-autoreceptor. It was shown in a case report 

that mirtazapine induced switching to a manic state.48 In con-

trast, another report showed that this medicine did not induce 

switching to a manic state.49 Large-scale follow-up studies 

are needed to understand the effects of mirtazapine.

For these reasons, the impact of the switch to mania and 

the antidepressive effect of NRT in bipolar depression are 

discussed in the context of pathway (A) in this review.

Antidepressants and bipolar 
depression
Classification of antidepressants as TCAs or SSRIs is confus-

ing for clinicians. For a focus on NRIs, it might be necessary 

to verify both the manic risk and antidepressive effect for 

each medication. In the treatment of bipolar depression, 

a pharmaceutical class effect is the exception rather than 

the rule, and such class effects only involve the switching 

to mania and the drug class of antidepressants. Thus, the 

effect of the individual drug is more important than the 

drug class.

It is interesting to note that two naturalistic studies found 

significantly lower rates of switching to mania when patients 

were treated with SSRIs compared with those on TCAs.50,51

As can be seen from the values of the equilibrium 

dissociation constant (K
D
) for noradrenaline transporter 

(NET), TCAs are substantially more potent with reference 

to noradrenaline reuptake action in comparison with all 

SSRIs. In this review, it was reported that a potent positive 

correlation between the mania rating scale and noradrenaline 

metabolite levels are correlated in two reports. Therefore, 

it is suggested that the strength of noradrenaline reuptake 

action, based on the K
D
 value of NET, indicates a potent 

risk factor for switching to mania when BD patients are 

treated with antidepressants. The relative risk factors of 

Figure 2 Schematic illustration of the pathways leading to increasing noradrenaline levels as caused by the administration of various antidepressants.
Notes: (A) Administration of a NRi increases the levels of noradrenaline at the synapse, resulting in activation of intracellular signal transduction cascades that are coupled 
with noradrenergic receptors. (B) Monoamine oxidase is deactivated by oxidative deamination of noradrenaline. Administration of a MAOi suppresses the levels of 
noradrenaline deactivation, resulting in increased levels of noradrenaline at the synapse. (C) Activated α2-autoreceptor inhibits the release of noradrenaline. Administration 
of an α2-autoreceptor inhibitor can promote noradrenaline release via suppression of this autoreceptor.
Abbreviations: MAOi, monoamine oxidase inhibitor; NRi, noradrenaline reuptake inhibitor.
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various antidepressant drugs using the K
D
 values of NET52 

for switching to mania are shown in Table 1.

These risk factors for switching to mania were deter-

mined based on this simple premise and are indicated as 

no possibility (-), possibility (+), strong possibility (++), or 

very strong possibility (+++). It is suggested that high-K
D
 

NET drugs should be recommended more often relative to 

very low-K
D
 NET drugs such as secondary amine TCAs. 

Additionally, antidepressants should be carefully consid-

ered in terms of the balance between the risk of switching 

and the efficacy against depression before recommending 

low-K
D
 NET drugs for bipolar depression. Further studies 

with larger naturalistic study populations may be necessary 

to confirm the benefits of NET K
D
 information in the treat-

ment of bipolar depression.

Interestingly, the effects of antidepressants are dif-

ferent from the effects of noradrenaline, even if the clas-

sifications are the same. The data do not suggest that 

switching is a common early complication of treatment with 

antidepressants. It is suggested that both the risk of switch-

ing and the efficacy against depression should be evaluated 

for each medication, rather than by similar pharmacological 

effects. A recent double-blind, placebo-controlled study 

evaluating paroxetine monotherapy in the treatment of 

bipolar depression failed to show any advantage compared 

with placebo.53 This finding for paroxetine is consistent with 

those in Table 1.

Augmentation of noradrenaline is effective for treating 

the depressive state in BD but entails the risk of switching to 

mania in BD. Therefore, if the depressive symptom is severe, 

the short-term treatment to augment noradrenaline will be 

recommended for severe bipolar depression. However, if 

the depressive symptom is mild or in remission, augmenta-

tion of noradrenaline will increase the risk of switching to 

mania. Consequently, NRIs will not be recommended for 

maintenance treatment. Thus, antidepressants with strong 

Table 1 Various antidepressants showing the improvement of depression or the risk of switching to mania based on their affinities 
for NeT

Antidepressants KD, nM* Dose Dose/KD Dose risk 

NET Min–Max Min–Max Min–Max

Tertiary amine tricyclics
Amitriptyline 35.0 50–300 1.43–8.57 (++)–(++)
Clomipramine 38.0 25–200 0.66–5.26 (-)–(++)
Dosulepin 46.0 25–125 0.54–2.72 (-)–(+)
imipramine 29.5 75–300 2.54–10.17 (+)–(+++)
Doxepin 37.0 150–300 4.05–8.11 (++)–(++)
Lofepramine 5.4 25–300 4.63–55.56 (++)–(+++)
Trimipramine 2,450.0 50–150 0.02–0.06 (-)–(-)

Secondary amine tricyclics
Amoxapine 16.1 100–400 6.21–24.84 (++)–(+++)
Desipramine 0.8 75–300 93.75–375.00 (+++)–(+++)
Desmethylclomipramine 2.5 10–25 4.00–10.00 (++)–(+++)
Nortriptyline 4.4 50–150 11.36–34.09 (+++)–(+++)
Protriptyline 1.4 15–40 10.71–28.57 (+++)–(+++)

Tetracyclics
Maprotiline 11.1 50–150 4.50–13.51 (+++)–(+++)
Mianserin 71.0 30–90 0.42–1.27 (-)–(+)

SARi
Trazodone 8,500.0 25–400 0.00–0.05 (-)–(-)

SSRis
Citalopram 4,070.0 20–80 0.00–0.02 (-)–(-)
Fluoxetine 240.0 10–60 0.04–0.25 (-)–(-)
Fluvoxamine 1,300.0 100–300 0.08–0.23 (-)–(-)
Paroxetine 40.0 20–50 0.50–1.25 (-)–(+)
Sertraline 420.0 25–200 0.06–0.48 (-)–(-)

SNRis
Nefazodone 360.0 100–600 0.28–1.67 (-)–(+)
venlafaxine 1,060.0 150–225 0.14–0.21 (-)–(-)

Notes: KD is the equilibrium dissociation constant. -, no possibility; +, possibility (.1); ++, strong possibility (.3); +++, very strong possibility (.10). *Reprinted from Eur J 
Pharmacol, Tatsumi M, Groshan K, Blakely RD, Richelson E, Pharmacological profile of antidepressants and related compounds at human monoamine transporters, 249–258,52 
Copyright (1997), with permission from elsevier. http://www.sciencedirect.com/science/journal/00142999.
Abbreviations: max, maximum; min, minimum; NeT, noradrenaline transporter; SARi, serotonin-2 antagonist/reuptake inhibitor; SNRi, serotonin and noradrenaline 
reuptake inhibitor; SSRi, selective serotonin reuptake inhibitor.
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indications should be used in the short-term treatment for 

severe bipolar depression.

Conclusion
In summary, the results for plasma levels of MHPG may 

reflect the pathophysiology of BD from the manic state to the 

depressive state more than the plasma levels of HVA or BDNF. 

These data suggest that peripheral MHPG, which is associ-

ated with noradrenaline levels in the brain, could be used as 

a biomarker for whole mood states in BD. The MHPG levels, 

reflecting the noradrenaline levels in the brain, are likely to 

reflect the clinical characteristics of the switching process in 

BD and to have prognostic significance for the treatment of 

manic and depressive states. Therefore, it is suggested that 

antidepressant treatment for BD should be considered on 

the basis of the K
D
 values for NET. Antidepressants may be 

effective for the short-term treatment of bipolar depression. In 

addition, clinicians should carefully consider treatment strate-

gies based on the biological background. From our study, the 

augmentation of noradrenaline will have beneficial effects in 

bipolar depression, while being associated with an increased 

risk of switching in BD. Thus, augmentation of noradrenaline 

is a double-edged sword. Consequently, antidepressants may 

need to be used in combination with an antimanic agent, such 

as lithium, as suggested in the guidelines. It is hoped that 

agents such as noradrenaline stabilizers are developed for 

BD in the future. Antidepressants augmenting noradrenaline 

may be effective for bipolar depression. However, it is easily 

presumed that such antidepressants will also have a risk of 

switching to mania. Therefore, antidepressants will be the 

recommended treatment in combination with an antimanic 

agent, or for short-term treatment with early discontinuation, 

as suggested in other reports. Guidelines for medicinal treat-

ment should probably be reevaluated and updated based on 

the biological background.
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