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a b s t r a c t
Dextromethorphan shares pharmacological properties in common with antidepressants and, in particular, ketamine, a drug with demonstrated rapid-acting antidepressant activity. Pharmacodynamic similarities include actions on NMDA, l opiate, sigma-1, calcium channel, serotonin transporter, and muscarinic
sites. Additional unique properties potentially contributory to an antidepressant effect include actions at
ß, alpha-2, and serotonin1b/d receptors. It is therefore, hypothesized that dextromethorphan may have
antidepressant efﬁcacy in bipolar, unipolar, major depression, psychotic, and treatment-resistant depressive disorders, and may display rapid-onset of antidepressant response. An antidepressant response may
be associated with a positive family history of alcoholism, prediction of ketamine response, increased
AMPA–to–NMDA receptor activity ratio, antidepressant properties in animal models of depression,
reward system activation, enhanced erythrocyte magnesium concentration, and correlation with frontal
l receptor binding potential. Clinical trials of dextromethorphan in depressive disorders, especially treatment-resistant depression, now seem warranted.
Ó 2011 Elsevier Ltd. All rights reserved.

Introduction
Recently, the N-methyl-D-aspartate (NMDA) glutamate receptor
antagonist ketamine has been demonstrated to mediate rapid antidepressant action in clinical trials. A growing number of studies
evidence the rapid-acting antidepressant effect of ketamine in both
unipolar and bipolar depression [1].
A variety of studies have found positive results with single-dose
intravenous ketamine in depression, including treatment-resistant
bipolar depression in a randomized, placebo-controlled, doubleblind, crossover, add-on study [2], treatment-resistant major
depression [3] and treatment-resistant major depression with suicidal ideation [4] in an open-label case series (0.5 mg/kg) and randomized, placebo-controlled, double-blind studies [5,6], including
one with crossover design [6], of 0.5 mg/kg in subjects with treatment-resistant major depression, and in a variety of case reports.
In a study of 0.5 mg/kg i.v. doses given every 2–3 days for a total
of 6 doses, an open-label investigation found an 85% reduction in
MADRS depression scale scores with only mild side-effects, however, patients usually relapsed several weeks after the ﬁnal dose
[7]. Response to single-dose ketamine may be predicted by a family
history of alcohol dependence [8] and increased anterior cingulate
activity on a fearful face paradigm [9]. The antidepressant effect of
ketamine has also been noted in 70 postoperative patients with
depression randomized to anesthetic induction with or without
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ketamine, assessed by the Hamilton depression rating scale two
days before and one day after surgery [10].
Pharmacodynamic comparisons between the NMDA antagonists dextromethorphan and ketamine suggest the hypothesis that
dextromethorphan clinical trials may show similar antidepressant
efﬁcacy. A dextromethorphan treatment, dextromethorphan combined with quinidine, has recently been approved by the FDA for
pseudobulbar affect, with the quinidine component intended to
raise plasma dextromethorphan levels through inhibition of
CYP2D6 metabolism.
The hypothesis
It is hypothesized that dextromethorphan has antidepressant
activities, is efﬁcacious in the treatment of depressive disorders
(including bipolar, unipolar, and treatment-resistant depressive
disorders), and produces a rapid antidepressant response.
Evaluation of the hypothesis
Thus far, no study has evaluated dextromethorphan for antidepressant activity, however dextromethorphan has striking pharmacological similarities to ketamine, an effective antidepressant
as described above.
Like ketamine [11–13], dextromethorphan is a noncompetitive
NMDA receptor antagonist and an agonist at mu (l) opioid and
sigma-1 receptors [14]. Both drugs are also selective l agonists
[15] and block calcium channels [16], serotonin transporters
[14,17], and muscarinic receptors [14,18]. Intravenous ketamine
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(0.1 mg/kg) predicted response to oral dextromethorphan in two
ﬁbromyalgia studies, with positive predictive values of 64% and
77% and negative predictive values of 73% and 91% [19,20].
There is evidence of a relation between antidepressant activity
and these shared properties of dextromethorphan and ketamine.
NMDA receptor antagonist properties
Glutamate may play a key role in the ﬁnal common pathway of
antidepressant action through an increase in the ratio of AMPA/
NMDA receptor activity [21,22].
Magnesium regulates the NMDA receptor ion channel [23] and
a number of reports correlate depression with hypomagnesemia,
with resolution upon normalization of magnesium status, including in treatment resistant depression [24]. Anxiolytic [25] and antidepressant [26] effects of magnesium in mouse models are linked
to its action on NMDA receptors. In a rat model of anhedonia, magnesium administration increased reward system activity [27].
Depression is a manifestation of hypomagnesemia [28]. In
erythrocytes of patients with major depression, decreased magnesium concentrations correlated with depressive severity, and both
amitriptyline and sertraline have been documented to reverse this
reduction [27]. Moreover, low levels of magnesium in cerebrospinal ﬂuid and in brain have been documented in treatment-resistant depression [24].
A number of anecdotal reports of rapid depressive response to
magnesium can be found in the literature [24,29], including treatment-resistant depression [24]. Intravenous administration of the
NMDA antagonist magnesium sulfate dramatically improved
depression in a patient with hypomagnesemia in Gitelman’s syndrome [30]. In 23 patients with diabetes mellitus type II, major
depression, and hypomagnesemia, a randomized trial of magnesium chloride (2.1 ± 0.08 mg/dl) vs. imipramine (1.5 ± 0.07 mg/dl)
demonstrated equal antidepressant efﬁcacy of the two treatments
[31].
Dextromethorphan has a similar NMDA phencyclidine (PCP)
receptor site binding afﬁnity to memantine [14], another drug with
preclinical and clinical antidepressant properties [32–34], including rapid-onset antidepressant properties in patients with major
depression [34]. PCP itself induces depressive behavior in an animal model [35], and antagonism of this NMDA site may be important in depressive pathophysiology.
Mu receptor agonist properties
Regarding l receptors and depression, opioid peptides are enriched in affective-related brain regions, serotonin–norepinephrine
reuptake inhibiting antidepressants enhance opioid pathway activity, and antidepressant-induced improvements in forced swimming and learned helplessness animal models of depression are
reversed by the l opiate receptor antagonist naloxone [36].
Furthermore, frontal cortical l binding is elevated in suicide
completers [37] and l binding potential has been correlated with
both mood and major depression in women [38]. The l receptor
has also been genetically associated with citalopram response in
major depression [39].
Combined NMDA and l receptor properties
A proper balance of NMDA and l properties may be requisite for
antidepressant activity. Fentanyl 0.2 mg/70 kg i.v. (much higher l
agonist potency but much weaker NMDA antagonism than dextromethorphan), did not improve mood in 15 depressed patients
although it increased plasma norepinephrine and cortisol and reduced growth hormone relative to non-depressed controls [40]. It

is possible that a combination of potent l stimulation with NMDA
antagonism is necessary for the alleviation of depression.
Sigma-1 receptor agonist and calcium channel antagonist properties
The sigma-1 receptor is related to major depression pathophysiology [41,42], and to antidepressant response [41] in animal models of depression [43,44] and in psychotic major depression
[45,46]. The only case series of calcium channel blocker treatment
of major depression revealed a clinically substantial antidepressant
activity of nimodipine, with a 63% decline in Hamilton depression
scores; all 10 subjects improved, with half achieving full remission
[47].
Serotoninergic and cholinergic properties
The relation between serotonin transporter blockade and antidepressant activity is well known, especially in regard to selective
serotonin reuptake inhibitors. The cholinergic hypothesis of
depression has been longstanding, with muscarinic blockade correlating with improvements in Montgomery–Asberg depression
ratings [48].
Other monoaminergic antidepressant properties unique to
dextromethorphan
Additional properties may distinguish dextromethorphan from
ketamine and other NMDA antagonists. Pharmacodynamic comparison of dextromethorphan to the antidepressant drugs amitriptyline and ﬂuoxetine in rat brain showed similar binding proﬁles
for ß, alpha-2, and serotonin1b/d receptors [14], mechanisms that
have each been linked to antidepressant activity.
Clinical evaluation of dextromethorphan
A literature search of dextromethorphan in the treatment of
depressive disorders proved to be unrevealing. Clinical trials of dextromethorphan now seem warranted, especially for rapid-acting
relief of depressive symptoms and treatment-resistant depression.
Consequences of the hypothesis
Experimental conﬁrmation of the hypothesis may demonstrate
dextromethorphan’s fulﬁllment of certain predictions: (1) clinically signiﬁcant antidepressant effects in patients with bipolar
and unipolar depressive disorders; (2) clinically signiﬁcant antidepressant effects in patients with treatment-resistant depression;
(3) a rapid-onset of antidepressant response within days of initial
administration; (4) response associated with family history of alcoholism; (5) response predicts an antidepressant response to ketamine; (6) response associated with an increase in AMPA/NMDA
receptor activity ratio; (7) antidepressant properties in animal
models of depression (e.g., forced swimming, learned helplessness)
and perhaps anxiety; (8) increased reward system activity in
responders in animal models and human patients; (9) increased
erythrocyte magnesium concentrations correlating with human
antidepressant response; (10) changes in frontal l binding
potential correlating with human antidepressant response; (11)
antidepressant and possible antipsychotic therapeutic effect in
psychotic depression. Prediction 1 will be the most easily demonstrated, followed by predictions 2, 3, and 11. The other predictions
are desirable but not critical to testing the hypothesis.
Evaluation of the hypothesis will further our pharmacodynamic
understanding of effective antidepressant treatments. This is particularly true in regard to NMDA, l, and sigma-1 receptors,
NMDA/l balance, and AMPA/NMDA activity ratio. In the clinical
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arena, it has the potential to avail a treatment for resistant depressions or severe depressions that require rapid relief.
Depressive disorders are a major source of morbidity and cost.
The most common of these, major depression, affects up to 20%
of the population and imposes a substantial economic burden
[49]. In addition, treatment-refractory depression occurs in up to
15% of depressed patients [50]. Therapeutic application of an already-approved drug to these disorders, if effective, can therefore
produce signiﬁcant beneﬁt.
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