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Abstract
Background—Excessive glutamatergic neurotransmission may contribute to the pathophysiology
of major depressive disorder (MDD). Recent evidence suggests that riluzole and other agents that
target glutamate neurotransmission may show antidepressant activity.

Methods—Ten patients with treatment resistant depression had riluzole added to their ongoing
medication regimen for six weeks, followed by an optional six-week continuation phase. Depression
and anxiety severity were assessed using the Hamilton depression rating scale (HDRS) and the
Hamilton anxiety rating scale (HARS). Linear mixed models were used to test for a linear trend in
HDRS and HARS scores across time with treatment.

Results—HDRS and HARS scores declined significantly following the initiation of riluzole
augmentation therapy. The effect of riluzole was significant at the end of the first week of treatment
and persisted for the twelve-week duration of the study.

Conclusion—These data suggest that riluzole augmentation produces antidepressant and
anxiolytic effects in patients with treatment resistant depression.
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Although there are now more than 20 different antidepressant medications available in the US,
treatment-resistant depression remains a common problem, with up to half of depressed
patients failing to respond sufficiently to adequate trials of antidepressant medications (Fava
and Davidson 1996; Trivedi et al 2006). These high rates of treatment-resistance may reflect
the fact that existing antidepressants target the monoaminergic systems almost exclusively.
The limited success of these treatments provides a strong impetus for the development of novel
antidepressant medications with unique targets of action.

Emerging evidence implicates the glutamatergic system in the pathogenesis, pathophysiology
and treatment of mood disorders (Kugaya and Sanacora 2005). Stress-related increases in
extracellular glutamate (Moghaddam 1993), alterations in hippocampal glutamate receptor
subunit gene expression (Bartanusz et al 1995) and excitotoxic-like effects of excessive
glutamate transmission (Sapolsky 2000) serve as potential mediators between stress and mood
disorders. Increasing evidence also suggests that drugs which reduce glutamatergic tone play
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a role in the treatment of depression (Sanacora et al 2003). Riluzole, an agent currently
approved by the US Food and Drug Administration for the treatment of amyotrophic lateral
sclerosis, has been shown to inhibit excitotoxic injury in experimental models (Risterucci et
al 2006) through direct effects on the glutamatergic system, resulting in decreased glutamate
release (Risterucci et al 2006; Stefani et al 1997; Wang et al 2004) and increased glutamate
uptake (Azbill et al 2000; Frizzo et al 2004).

Recently, open-label monotherapy trials of riluzole revealed antidepressant and anxiolytic
effects in individuals with major depression and generalized anxiety disorder (Mathew et al
2005; Zarate et al 2004). Riluzole was also beneficial when added to lithium treatment in
bipolar depression (Zarate et al 2005). The aim of this study was to explore whether riluzole
would be well tolerated and effective when added to ongoing antidepressant treatments in
individuals with treatment-resistant major depression currently receiving traditional
monoaminergic antidepressants.

Methods
Men and women between the ages of 21 and 65 with a SCID (First et al 1995) diagnosis of
major depressive disorder were recruited to the study through referrals to the Yale Depression
Research Program. Both inpatients and outpatients were included in the study after completing
an informed consent process approved by the Yale University IRB. Subjects were required to
have a score of greater than 21 on the 24-item HDRS at the time of evaluation despite at least
six weeks of treatment with a stable dose of an antidepressant medication. Other medications
were permitted if a stable dose had been maintained for at least four weeks at the time of
evaluation and throughout the course of the study.

Patients meeting criteria for substance abuse or dependence (excluding nicotine) in the six
months prior to the study were excluded, as were any patients with a comorbid psychiatric
diagnosis other than an anxiety disorder. Because hepatotoxicity is known to be associated
with riluzole treatment, subjects with a history of liver disease or found to have baseline liver
enzyme elevations more than twice above normal limits were also excluded.

After the initial screening process, baseline assessments were obtained. Each subject then
initiated treatment with 50mg of riluzole twice a day added to their ongoing treatment regimen.
Although lower than the dose used in a recent monotherapy trial of riluzole in depression
(Zarate et al 2004), this dose was selected because it is the dose recommended for use in patients
with ALS, with higher doses believed to cause an increase in adverse events (Riluzole package
insert). Patients were maintained on the starting dose as tolerated, with reductions made at the
discretion of the treating physician if side effects were reported. Patients were treated openly
for six weeks and offered the opportunity to continue for an additional six weeks if they believed
they were experiencing a benefit from the medication.

Subjects were evaluated on a weekly basis with the HDRS and HARS by unmasked raters with
at least two years of experience. Clinical response was defined as a 50% decrease from baseline
on the HDRS, with clinical remission defined as a score of less than or equal to 8. Statistical
analyses were performed only on subjects completing at least two weeks of riluzole treatment.
Linear mixed models were used to test for a linear trend in HDRS and HARS, where time was
modeled as a within-subject explanatory variable and subject was used as the clustering factor.
Post-hoc analyses were performed using Dunnett’s procedure where levels measured at
individual time points were compared to baseline levels.
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Results
Seven men and eight women were consented to participate in the study. Two subjects were
withdrawn from the study prior to receiving any riluzole due to abnormal baseline laboratory
values. Unapproved changes to their standing medications caused the withdrawal of one subject
before the end of study week one, and two others before the end of study week two. This
resulted in six men (2 inpatients) and four women (1 inpatient) who completed the six-week
protocol and were included in the analyses. Their mean age was 47.9± 8.1 years and mean age
of illness onset was 19.2 ±6.0 years. All subjects either had greater than two lifetime episodes
of depression or had experienced the current episode for more than 2 years. The mean duration
of their current depressive episode was 5.0 ± 7.0 years. All but one subject was in stage 3 or
higher of treatment resistance according to the Thase and Rush staging levels, defined as a
failure to respond to at least 2 different classes of antidepressant medications with at least one
tricyclic antidepressant trial(Thase and Rush 1997). Over the six-week trial, subjects received
a mean riluzole dose of 95.0 ± 17.1 mg/day.

Riluzole augmentation of traditional antidepressant medications produced a significant
improvement in HDRS [F(1,54)=8.61, P<0.005] (Figure 1) and HARS [F(1,54)=7.82,
P<0.007] scores over the period of the study. After six weeks of treatment, mean HDRS scores
in the 10 completers decreased by 36% (9.6 points) and mean HARS scores by 31% (5.8 points).
Significant reductions from baseline scores were seen as early as week 1 for both the HDRS
[t=-3.64, df=49, Dunnett-adjusted p<0.01] and the HARS [t=-4.09, df=49, adjusted p<0.001]
and remained significant for every week thereafter (all adjusted P<.05). The intent-to-treat
analysis (n=13) also showed a significant effect of treatment by time for both the HDRS [F
(1,68)=4.71, P = 0.0335] and the HARS [F(1,67)=4.72,P = 0.0333]. At the end of week six,
four subjects (40%) met HDRS criteria for response and of those, three met criteria for
remission. The effect of treatment on HDRS [F(1,43)=3.92, P<.05] and HARS [F(1,43)=4.22,
P<.05] scores remained significant in separate analyses excluding two subjects who were
previously described in a case report (Sanacora et al 2004).

Following the initial course of the study, six subjects elected to continue with riluzole
augmentation for an additional six weeks. These six included the three subjects who achieved
remission during the first six weeks of treatment, and all three remained in remission at the
end of the twelve-week period. The fourth subject meeting response criteria after the initial six
weeks lived out of state and chose not to continue with the trial. One subject not meeting
response criteria after six weeks went on to meet response criteria at weeks 11 and 12. The
remaining two subjects showed limited improvement during the six-week extension.

The most frequent adverse event reported during the study was fatigue, which required that
the dose of riluzole be lowered in two subjects after the fourth week of treatment. LFTs were
monitored throughout the study and no significant elevations were observed during the twelve
week trial. One subject experienced visual hallucinations one week after initiating riluzole
augmentation, which required a change in her standing medication regimen. However, this
subject had a history of similar visual symptoms when taking other psychotropic medications
in the past (Pittenger et al 2006).

Discussion
In this open-label study, riluzole augmentation of traditional monoaminergic antidepressants
resulted in a rapid improvement of symptoms in individuals with treatment-resistant MDD.
Significant decreases in symptom severity ratings were evident within the first week of
treatment. While riluzole appeared to be exceedingly effective in some individuals, generating
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a rapid improvement which was maintained for several months, it had only limited benefit in
others.

Growing evidence of altered glutamatergic transmission in the pathophysiology of MDD
suggests that riluzole’s ability to lower extracellular glutamate levels may be related to its
mechanism of antidepressant action. However, riluzole has also been shown to have other
effects which may contribute to its antidepressant properties, including increasing brain derived
neurotrophic factor (BDNF) expression and promoting hippocampal cell proliferation (Katoh-
Semba et al 2002; Mizuta et al 2001) through pathways that may or may not involve its effects
on the glutamatergic system.

Since this study consisted of an open-label design with a small sample size, its results need to
be interpreted with caution. This study supports the general safety of riluzole when used as an
augmenting agent for the treatment of depression. However, close monitoring of subjects taking
this drug is important. In total, these findings highlight the need for larger, controlled studies
designed to explore the benefits of combining glutamatergic modulators such as riluzole with
traditional monoaminergic antidepressants for use in individuals with treatment-resistant
depression.
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Figure: 1.
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