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ABSTRACT
Objective: Obsessive-compulsive disorder (OCD) affects 
approximately 2.5% of the population and is associated 
with significant morbidity. Many patients receive little 
benefit from the best available treatments, and even those 
who do respond often suffer from significant residual 
symptoms. Convergent evidence suggests that abnormalities 
in glutamate homeostasis and neurotransmission may 
contribute to OCD and that glutamate-modulating 
medications may be of benefit in patients whose symptoms 
are refractory to standard interventions. Small open-label 
trials of augmentation of serotonin reuptake inhibitor (SRI) 
pharmacotherapy with the glutamate modulator riluzole have 
suggested benefit in adults with refractory symptoms. We 
report a pilot randomized placebo-controlled trial of riluzole 
augmentation of ongoing SRI treatment in SRI-refractory 
patients.

Method: Outpatients (n = 27) and inpatients (n = 11) 
with DSM-IV OCD on stable SRI pharmacotherapy were 
randomized between November 2006 and December 2012 to 
receive riluzole 50 mg or placebo twice a day and followed for 
12 weeks after a 2-week placebo lead-in phase.

Results: Riluzole was well tolerated; 1 patient experienced 
moderate nausea, but none discontinued treatment due 
to side effects. While there was nominally greater Y-BOCS 
improvement in the riluzole group (our primary outcome) 
compared to placebo, it did not reach statistical significance. 
In the outpatient subsample, a trend suggesting benefit 
from riluzole augmentation for obsessions (P = .056, 2-tailed, 
uncorrected) was found in a secondary analysis. Among 
outpatients, more achieved at least a partial response (> 25% 
improvement) with riluzole than with placebo (P = .02 in a 
secondary analysis).

Conclusions: Riluzole may be of benefit to a subset of 
patients. Larger samples would be required to detect effects 
of the order suggested by the nominal improvement in our 
outpatient subsample.
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Obsessive-compulsive disorder (OCD) is characterized by 
intrusive, distressing obsessions and ritualized compulsive 

behaviors that interfere with normal function.1 It affects 
approximately 1.3% of the population in any given year and 
up to 2.7% over the course of their lifetime—an estimated 8.5 
million individuals in the United States and many tens of millions 
worldwide.2 Obsessive-compulsive disorder causes substantial 
morbidity: 60% of individuals with moderate OCD and 80% of 
those with severe OCD report severe role impairment in home 
management, work, relationships, and/or social functioning.3

Evidence-based treatments can benefit a majority of 
patients. Pharmacotherapy with serotonin reuptake inhibitors 
(SRIs) (the selective serotonin reuptake inhibitors [SSRIs] and 
clomipramine) is of proven efficacy and produces significant 
symptom improvement in 50%–60% of patients.4 Specialized 
cognitive-behavioral therapy can be equally or more efficacious, 
especially when delivered by specialist providers.5,6 When these 
first-line treatments fail, a variety of augmentation strategies may 
be of benefit.6 Antipsychotic augmentation has demonstrated 
significant benefit compared to placebo in double-blind, placebo-
controlled trials.7 However, antipsychotic augmentation produces 
significant treatment gains in only a minority of treatment-
refractory OCD patients and is associated with a substantial 
side-effect burden.7 Approximately 30% of patients receive no 
meaningful benefit from the best available treatments, and many 
of those who are judged to be treatment responders continue to 
have significant residual symptoms. In extreme cases, profoundly 
affected patients turn to invasive treatments such as deep brain 
stimulation.8 Remission in severe cases is rare. New treatments 
are urgently needed.

While first-line pharmacotherapy targets serotonergic 
modulatory neurotransmission, convergent evidence suggests that 
dysregulation of the neurotransmitter glutamate may contribute 
to the pathophysiology of OCD.9 Common polymorphisms near 
the gene for the primary neuronal glutamate transporter, SLC1A1, 
have been associated with OCD risk in a number of studies.10 
Elevated glutamate has been reported in the cerebrospinal fluid of 
unmedicated adults with OCD11,12; some studies using magnetic 
resonance spectroscopy to examine brain neurotransmitters have 
similarly shown dysregulation of brain glutamate.13

These observations have motivated interest in glutamate-
targeting medications as novel augmentation agents, especially 
in refractory disease.9,14 Several open-label trials15–17 of the 
N-methyl-d-aspartate (NMDA) blocker memantine and 2 recent 
small placebo-controlled trials18,19 of memantine augmentation 
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 ■ Glutamate modulators are increasingly seen as a 
therapeutic option for obsessive-compulsive disorder 
(OCD) refractory to standard-of-care pharmacotherapy.

 ■ Riluzole, a US Food and Drug Administration–approved 
glutamate modulator, has shown promise in open-label 
studies.

 ■ Riluzole was not superior to placebo in a small double-
blind study.

 ■ There was some nominal improvement to obsessions 
when riluzole was added to stable serotonin reuptake 
inhibitor treatment, but it was not statistically significant.

 ■ Further studies are needed to evaluate the utility of 
riluzole augmentation in refractory OCD.

Clinical Points

have suggested benefit in refractory disease, although 
further investigation is needed to establish the benefit of 
this agent. The antioxidant N-acetylcysteine, which also 
has glutamate-modulating properties, has shown promise in 
case reports and a recent pilot placebo-controlled trial.20,21 
An acute challenge with the NMDA blocker ketamine, 
which has proven beneficial for refractory depression, may 
also be of benefit in OCD without comorbidity,22 although 
the effect was not seen in a more clinically heterogeneous 
population,23 and response may depend on comorbidities, 
concomitant medications, and other patient characteristics. 
Here, too, more work is needed. Open-label and controlled 
studies of indirect modulators of glutamatergic function, 
such as glycine,24 sarcosine,25 and topiramate,26 have 
suggested some benefit. While none of these interventions 
are yet part of the standard care for OCD, these findings 
encourage optimism that glutamate-targeting interventions 
may be of benefit in refractory disease.

Open-label data also suggest benefit from the glutamate 
modulator riluzole in individuals with otherwise refractory 
OCD.27–30 Riluzole is approved by the US Food and Drug 
Administration (FDA) for the treatment of amyotrophic 
lateral sclerosis. It has several modes of action; prominent 
among them, at plausible drug concentrations, are a reduction 
in glutamate outflow due to modulation of voltage-gated ion 
channels and potentiation of glial reuptake of extracellular 
glutamate.29 As noted above, there is evidence for elevated 
brain glutamate in OCD11,12; this motivates the use of 
riluzole as an antiglutamatergic agent. In addition, limited 
data suggest that riluzole may be of benefit for depression 
and anxiety, which are commonly comorbid with OCD.29 
A recent placebo-controlled study31 showed no benefit 
of riluzole in pediatric OCD, with or without comorbid 
autism. However, no controlled studies in adults have yet 
been reported.

We report the first double-blind, placebo-controlled trial 
of riluzole augmentation in adults with refractory OCD. We 
conducted a single-site pilot study of fixed-dose riluzole 
augmentation of stable SRI pharmacotherapy in adults 
to explore feasibility, estimate effect size, and potentially 
provide initial data as to efficacy.

METHOD

All study procedures were approved by the Yale University 
Human Investigations Committee. This trial was registered 
on ClinicalTrials.gov (identifier: NCT00523718).

Subjects
Subjects with SRI-refractory OCD were recruited through 

the Yale OCD Research Clinic (ocd.yale.edu) between 
November 2006 and December 2012 using print and Internet 
advertisements, community outreach, and physician 
referrals. Screening consisted of clinical interview; baseline 
clinical ratings (as detailed below); physical examination; 
blood chemistries, including liver function tests, complete 
blood count, and differential; and electrocardiography. 

Inclusion criteria were a primary DSM-IV diagnosis of OCD, 
determined by a board-certified psychiatrist and confirmed 
using the Structured Clinical Interview for DSM-IV Axis 
I Disorders, Clinician Version (SCID-I-CV)32; treatment 
with an SSRI or clomipramine at a stable effective dose for 
≥ 8 weeks (by patient report); failure of at least 1 previous 
adequate-dose SSRI trial (by patient report and/or past 
clinical records); no changes in other medications for at 
least 4 weeks; use of a reliable form of birth control (for 
women); and documented, informed consent. Adequate dose 
of SSRIs was defined as per the current American Psychiatric 
Association treatment recommendations6 or the highest 
tolerated dose in cases where side effects were limiting. For 
comparison purposes, all medication doses were converted 
into equivalent doses of clomipramine, using an established 
methodology.33 Low-dose stable neuroleptic augmentation 
and benzodiazepine use were permitted to better reflect 
the pharmacologic profile of refractory patients in clinical 
practice. Ongoing psychotherapy of ≥ 12 weeks duration 
was permitted (analogously to the continuation of stable 
medication), but the initiation of new psychotherapy in 
outpatients was not. A single outpatient, a nonresponder 
in the riluzole group, was undergoing ongoing unchanged 
cognitive-behavioral therapy of > 2 years duration during the 
trial.

Exclusion criteria were prior exposure to riluzole; a clinical 
or SCID-I-CV diagnosis of a psychotic disorder, autism, or 
substance abuse or dependence within the past 6 months; 
a positive urine toxicology for drugs of abuse; a history of 
a seizure disorder or other major neurologic disease or of 
psychosurgery; suicidality or psychiatric instability that 
made participation potentially unsafe, in the evaluating 
psychiatrist’s judgment; pregnancy or breastfeeding; any 
unstable medical condition; baseline transaminases > 2 × the 
upper limit of normal; and intellectual or language limitation 
that made informed consent problematic. Comorbid major 
depressive disorder, bipolar II disorder, anxiety disorders, 
hoarding, and tic disorders were permitted.

Trial Design
Subjects were treated as inpatients or outpatients; 

randomization was stratified across these subgroups because 

https://clinicaltrials.gov/ct2/show/NCT00523718?term=NCT00523718&rank=1
http://ocd.yale.edu


1077     J Clin Psychiatry 76:8, August 2015

Pittenger et al

inpatients received more frequent therapeutic contact that 
might influence response. Outpatients were evaluated on 
a weekly basis by an experienced nurse (S.W.) and other 
Clinic personnel. Inpatients were treated in the Clinical 
Neuroscience Research Unit of the Connecticut Mental 
Health Center, as in past controlled studies from our 
clinic34,35; they received limited psychotherapy from unit 
staff and from psychiatric residents in training. Changes in 
pharmacotherapy and the initiation of new psychotherapy 
were not permitted after initiation of the study.

Following evaluation and informed consent, all subjects 
began with a 2-week, single-blind, placebo lead-in phase, 
followed by randomization and 12 weeks of double-blind 
riluzole or placebo. In posttrial debriefing, no subjects 
expressed awareness of this initial placebo lead-in phase. Any 
subjects experiencing a greater than 25% improvement in 
the Yale-Brown Obsessive Compulsive Scale (Y-BOCS)36,37 
over this 2-week placebo lead-in phase were excluded from 
randomization. The Y-BOCS and other symptom ratings 
at the end of the placebo lead-in phase were used as the 
baseline for analysis. Subjects were then randomized 1:1 to 
receive riluzole 50 mg twice a day or placebo, stratifying 
by inpatient versus outpatient status, using a block design. 
Randomization was performed by a research pharmacist 
using a table of random numbers; all other study personnel 
remained blind to treatment assignment as well as to the 
nature of the block randomization, which prevented 
guessing of group assignment during the trial. Riluzole 
was acquired from a commercial supplier through the 
Connecticut Mental Health Center research pharmacist; 
riluzole and placebo were prepared in identical capsules. 
Medication was dispensed to outpatients in 1- to 2-week 
supplies and to inpatients by nursing staff.

Riluzole is typically used at a dose of 50 mg twice a day. 
Doses of up to 100 mg twice a day have been used in some 
clinical studies but carry a greater side effect burden.29 
Higher doses have not been shown to be more efficacious 
in amyotrophic lateral sclerosis, for which riluzole is 
FDA approved. Our open-label pilot data suggested that 
the standard dose of 50 mg twice a day is efficacious and 
well tolerated in this population.27 In the absence of data 
suggesting greater efficacy at higher doses, and given that 
they carry a higher side effect burden, we therefore opted 
for a fixed-dose regimen of 50 mg twice a day for this pilot 
study.

Weekly assessments consisted of the Y-BOCS, Hamilton 
Depression Rating Scale (HDRS; 24-item version was 
used for analysis),38 and Hamilton Anxiety Rating 
Scale (HARS),39 as well as clinical checks for safety and 
evaluation of side effects using clinical interview and the 
Physical Symptom Checklist.40 Because riluzole has been 
associated with elevation of transaminases and, in rare 
cases in neurologic patients, with toxic hepatitis,29 liver 
function tests were performed at baseline and at 3-week 
intervals after randomization. Elevation of transaminases 
to > 2 × baseline triggered weekly monitoring; elevation to 
> 5 × baseline triggered immediate termination of blinded 

riluzole treatment. (This threshold was not reached for 
any subject.) Liver function tests were monitored by a 
supervising psychiatrist and were not communicated to 
raters.

Following 12 weeks of blinded treatment, subjects and 
the clinical team were unblinded as each subject completed 
the trial. Subjects who had received riluzole were given the 
option of continuing open-label treatment. Subjects who 
had received placebo were given the option of an open-label 
trial. Clinical data were collected at intervals during this 
follow-up open-label treatment but were not systematically 
analyzed.

Statistical Analysis
The trial was planned to include 40 total subjects (20 in 

each treatment group); there were no a priori assumptions 
about the inpatient-outpatient breakdown of the sample. 
This gave us statistical power, in this pilot feasibility study, 
to detect large effects (d = 0.9 for a 2-tailed test at α = .05; 
d = 0.7 for a 1-tailed test at α = .1).

Data were organized using Microsoft Excel (Microsoft 
Corp; Redmond, Washington) and analyzed in SAS version 
9.2 (SAS Institute; Cary, North Carolina) using a mixed-
effects model (2-tailed, α = .05). Treatment context (inpatient 
vs outpatient) was entered as an independent factor in 
the analysis. The primary outcome was improvement in 
Y-BOCS score from the prerandomization baseline to the 
end of blinded treatment.

Planned secondary analyses were performed on 
outpatient and inpatient data separately to investigate 
possible heterogeneity due to treatment environment and 
to inform future studies. Secondary outcomes were change 
in obsessions, change in compulsions, change in HDRS, 
change in HARS, and clinical response rate. Response rate 
was defined as a 25% improvement in Y-BOCS score for 
partial response and 35% improvement for full response 
and was analyzed using Fisher exact test.

RESULTS

Subjects
The recruitment and flow of subjects is summarized in 

the CONSORT diagram in Figure 1. The most common 
reasons for nonparticipation were insufficient refractoriness 
(especially underdosing of SSRIs), unstable medication, and 
unwillingness to participate in a blinded study.

Forty subjects with treatment-refractory OCD were 
consented; 1 dropped out after the baseline assessment due 
to difficulties with transportation and interference by his 
symptoms with attendance at regular appointments, and a 
second proved not to be taking a stable SSRI. Thirty-eight 
subjects thus completed the single-blind placebo lead-in 
phase and were randomized. Symptom change over the 
placebo lead-in phase ranged from a 19% worsening to a 
21% improvement; no subjects reached the a priori threshold 
of 25% improvement, which would have triggered exclusion 
from randomization. Randomization was stratified by 
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treatment location using a block design: outpatient (14 
riluzole, 13 placebo) versus inpatient (6 riluzole, 5 placebo). 
Concomitant medications, comorbidities, and other 
characteristics are summarized in Table 1.

One randomized patient was excluded from analysis 
due to a protocol violation (he was taking variable amounts 
of pain medication throughout the study period without 
informing study personnel). The decision to exclude this 
individual from analysis was made before unblinding; he 
had been assigned to the riluzole group. His Y-BOCS score 
was unchanged from baseline at the time of exclusion. With 
this exclusion, a total of 37 subjects (19 riluzole, 18 placebo) 
were analyzed. Two other early dropouts occurred in the 
riluzole group and were included in analysis. One occurred 
1 week after randomization (due to difficulty in transporting 
himself to weekly clinic appointments) and the second 8 
weeks after randomization (due to a protocol violation; he 
stopped taking his study medications for a period of several 
days). There were no dropouts in the placebo group.

Y-BOCS Improvement and Response
All clinical outcome measures and statistical analyses 

are presented in Table 2. Y-BOCS change from baseline 
(mean ± SD) was –11% ± 14% in the placebo group versus 
–15% ± 26% in the riluzole group at week 12. This nominal 
difference did not approach statistical significance in a 
mixed model analysis of all data, with treatment location 
(inpatient vs outpatient) included as an independent factor 
(Table 2; Figure 2A).

At week 12, there were 5 of 19 partial responders in the 
riluzole group by the a priori definition of a 25% improvement 
from baseline Y-BOCS (4 outpatients, 1 inpatient, using last 
observation carried forward for dropouts) and 2 of 18 partial 
responders in the placebo group (0 outpatient, 2 inpatients). 
This difference did not reach statistical significance in the 
overall sample (χ2

1 = 1.39, P = .24) but did in the outpatient 
subsample (χ2

1 = 4.36, P = .023). By a more stringent criterion 
for full response of 35% improvement from baseline and 
a final Y-BOCS score of ≤ 16, there were 3 responders in 
the riluzole group (2 outpatients, 1 inpatient) and 1 in 
the placebo group (an inpatient). Examination of the 4 
outpatient responders (by the 25% improvement criterion) 
did not reveal obvious clinical correlates of responder status. 
All 4 were women, but they varied in age (30–62 years), 
comorbidity (3 depressed, 3 with social anxiety disorder, 2 
with past ethanol abuse), concurrent medication, and type 
of primary OCD symptom (1 primary checking, 1 primary 
contamination, 1 primary symmetry, 1 mixed).

Planned stratified analysis by treatment location 
showed a nominal benefit from riluzole treatment in the 
outpatients, though it was not statistically significant. 
In outpatients (12 riluzole, 13 placebo), there was a 
–8% ± 11% change in Y-BOCS (mean ± SD) in the placebo 
group and a –16% ± 26% change in the riluzole group. The 
time × treatment interaction in this subsample approached 
significance (t307 = −1.57, P = .12, 2-tailed, uncorrected). This 
suggests an effect size of d = 0.45; if corroborated by a larger 
study, this would correspond to a medium effect.

Figure 1. Patient Recruitment, Randomization, and Flow in Pilot Study

Abbreviation: SSRI = selective serotonin reuptake inhibitor.
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Secondary Measures
We performed planned secondary analyses of 

obsessions (Y-BOCS-obsessions) and compulsions 
(Y-BOCS-compulsions). The change from baseline 
in obsessions (Y-BOCS-obsessions) was −7% ± 13% 
in the placebo group (mean ± SD) and –13% ± 29% in 
the riluzole group, suggesting an effect size of d = 0.30 
(Table 2). In the outpatient subsample, the change in 
Y-BOCS-obsessions was –3% ± 9% in the placebo group 
and –18.5% ± 27% in the riluzole group, with a suggested 
an effect size of 0.80; in a mixed model analysis, the 
time × group interaction approached significance 
(t307 = −1.92; P = .056, 2-tailed, uncorrected).

The change from baseline in compulsions (Y-BOCS-
compulsions) was –14% ± 18% in the placebo group 
and −15% ± 28% in the riluzole group. There was a 
main effect of time in the overall sample and in both 
outpatient and inpatient subsamples, but no effects of 
treatment or interactions (Table 2).

Depression and anxiety scores were low to moderate 
at baseline and showed no substantial change across 
the 12 weeks of treatment. The HDRS and HARS both 
nominally increased in both placebo- and riluzole-
treated groups, with no significant differences between 
groups. Interestingly, there was a significant effect of 
treatment environment (inpatient vs outpatient) on 
HARS scores, irrespective of treatment assignment 
(outpatient: 13.4 ± 6.1 at randomization, 12.4 ± 5.6 
at end point; inpatient: 16.8 ± 5.0 at randomization, 
18.5 ± 6.2 at end point; main effect of treatment venue, 
t433 = −2.17, P = .03). The effect of treatment venue, 
which was included as an independent factor in all 
analyses, did not approach significance for any other 
outcome variable.

Side Effects and Adverse Events
One subject who was randomized to receive placebo 

experienced a period of feeling “unsafe” and passively 
suicidal; this had occurred previously. It dissipated 
after several hours of support from clinic personnel; 
he continued the study through completion, and 
there was no recurrence. A second subject with a 
history of depression, PTSD, alcohol dependence 
(in remission), and back pain from a work-related 
accident was assigned to the riluzole group. He was 
later found to have been taking variable, high amounts 
of prescription opiates, prescribed for pain control by 
an outside clinician, throughout the study. At 10 weeks 
after randomization he developed a confusional state 
while at home and took an overdose of these prescribed 
narcotics in an effort to control his anxiety; medical 
hospitalization and treatment in an intensive care unit 
were required. He was withdrawn from the study; once 
it became clear that he had been taking variable, high 
doses of narcotic pain relievers without revealing this to 
study personnel, his data were retrospectively excluded, 
prior to analysis, as noted above. At the time of the 

Table 1. Clinical and Demographic Characteristics of Study 
Subjectsa

Characteristic
Riluzole 
(n = 19)

Placebo 
(n = 18) Comparison

Sex, n
Male 11 9
Female 8 9

Age, y 41.5 ± 3.2 36.4 ± 3.1 NS
Education, y 14.6 ± 0.5 14.3 ± 0.6 NS
Race

White 19 16
African American 2

Onset of OCD
Minor symptoms 10.8 ± 1.7 11.6 ± 1.4 NS
Major symptoms 21.2 ± 2.8 20.2 ± 2.8 NS
Diagnosis 27.8 ± 3.6 19.5 ± 2.3 P = .07

MDD, n (%)
Lifetime 15 (79) 12 (66)
Current 10 (53) 9 (50)

Tics, n (%) 6 (32) 4 (22)
Anxiety disorders, n (%)

Panic disorder 3 (16) 4 (28)
Social anxiety disorder 8 (42) 4 (22)
Generalized anxiety disorder 2 (11) 2 (11)
PTSD 1 (5) 0
Specific phobia 2 (11) 2 (11)

Y-BOCS baseline score 29.6 ± 1.2 29.1 ± 1.3 NS
Obsessions 15.4 ± 0.5 14.8 ± 0.8 NS
Compulsions 14.7 ± 0.7 15.0 ± 0.6 NS
Percent change during lead-in −2.2% ± 2.7% −4.9 %± 2.4% NS

HDRS baseline score 12.7 ± 1.6 13.1 ± 1.4 NS
HARS baseline score 16.2 ± 1.7 15.9 ± 1.5 NS
SRI (clomipramine equivalents), mg 270 ± 18 258 ± 22 NS

Fluoxetine 5 6
Citalopram 2 3
Escitalopram 4
Sertraline 2 2
Fluvoxamine 4 3
Paroxetine
Clomipramine 2 2
Venlafaxine 2

Other medication
Neuroleptic 5 5
Benzodiazepine 4 6
Other sleep aid 1 4
Topiramate 2
Lithium 1
Gabapentin 1
Lamotrigine 1
N-acetylcysteine 1
Buspirone 2 1
Memantine 1
Stimulant 1 1

Baseline liver function test
AST/SGOT 22.0 ± 2.0 20.7 ± 1.8 NS
ALT/SGPT 30.8 ± 4.7 22.9 ± 4.0 NS

Week 9 liver function test
AST/SGOT 27.9 ± 3.7 24.5 ± 4.0 NS
ALT/SGPT 48.1 ± 8.5 30.1 ± 5.7 P = .12

aUnless noted otherwise, all values are mean ± standard error of the mean.
Abbreviations: ALT = alanine transaminase, AST = aspartate aminotransferase, 

HARS = Hamilton Anxiety Rating Scale, HDRS = Hamilton Depression Rating 
Scale, MDD = major depressive disorder, NS = not significant, OCD = obsessive-
compulsive disorder, PTSD = posttraumatic stress disorder, SGOT = serum 
glutamic-oxaloacetic transaminase, SGPT = serum glutamic pyruvic 
transaminase, SRI = serotonin reuptake inhibitor, Y-BOCS = Yale-Brown Obsessive 
Compulsive Scale.
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overdose, he had not exhibited any change in Y-BOCS score 
(34 at both randomization and dropout); HDRS and HARS 
scores had improved (HDRS: 30 to 18; HARS: 32 to 28). 
This adverse event was categorized as severe but more likely 
related to his variable use of narcotic pain medications than 
to his participation in the study.

Physical Side Effects
Overall, riluzole was well tolerated. No subjects dropped 

out due to physical side effects. Physical side effects were 
assessed at baseline and at weekly assessments by clinical 
interview and the Physical Symptom Checklist. Data from 
the Physical Symptom Checklist were not available for the 
first 4 patients randomized; the n for this analysis is therefore 
16 for riluzole and 17 for placebo. Two measured symptoms 
were more frequent in riluzole-treated patients: nausea (3 
riluzole vs 1 placebo) and poor coordination (3 riluzole 
vs 1 placebo). One subject, an inpatient randomized to 
receive riluzole, had significant nausea with a few episodes 
of emesis; moderate nausea persisted throughout the study 
period, though the subject chose not to drop out before study 
completion. In contrast, many measured physical symptoms 
were reported more frequently in placebo-treated than in 
riluzole-treated patients (eg, constipation: 1 riluzole vs 6 
placebo; poor memory: 1 riluzole vs 6 placebo; pounding 
heartbeat: 0 riluzole vs 3 placebo), and many others did not 
differ between groups. There were no respiratory side effects 
and no pancreatitis, by clinical criteria.

Liver Function Tests
Liver function test abnormalities have been associated 

with riluzole use.29 We measured aspartate aminotransferase 
(AST) (serum glutamic-oxaloacetic transaminase) and 
alanine transaminase (ALT) (serum glutamic pyruvic 

aThere was a significant main effect of time (P = .0007), but no significant 
effect of treatment group or treatment × time interaction (see Table 2).

bThere was again a main effect of time (P = .03), but the effect of treatment 
and treatment × time interaction did not reach significance (see Table 2).

Abbreviation: Y-BOCS = Yale-Brown Obsessive Compulsive Scale. 

Figure 2. Y-BOCS Across 12 Weeks of Double-Blind 
Augmentation With Riluzole (50 mg/d), Following a 2-Week, 
Single-Blind, Placebo Lead-In Phase

B. Y-BOCS Improvement in the Outpatient Subsetb
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Table 2. Mixed-Model Statistical Analyses of Clinical Outcome Measuresa

Measure
Placebo 
Baseline

Riluzole 
Baseline

Placebo 
Change

Riluzole 
Change

Effect Size 
(treatment) df

Time Treatment
Time ×  

Treatment
t P t P t P

Y-BOCS
Overall 29.6 ± 5.4 29.1 ± 5.9 −11% ± 14% −15% ± 26% 0.17 433 −3.4 .0007 0.01 > .5 −0.71 .48
Outpatient 28.5 ± 5.1 30.6 ± 4.3 −8% ± 11% −16% ± 26% 0.45 307 −2.20 .03 1.12 .27 −1.57 .12
Inpatient 32.4 ± 5.7 26.0 ± 7.7 −17% ± 20% −12% ± 27% … 124 −2.77 .006 −1.25 .21 0.91 .36

Y-BOCS-obsessions
Overall 15.4 ± 2.6 15.3 ± 2.1 −7% ± 13% −13% ± 29% 0.30 433 −2.42 .016 0.47 > .5 –0.99 .32
Outpatient 14.8 ± 2.2 15.7 ± 1.8 −3% ± 9% −18.5% ± 27% 0.80 307 −1.37 .17 1.08 .3 −1.92 .056
Inpatient 16.8 ± 3.3 14.5 ± 2.5 −19% ± 17% −2% ± 33% … 135 −2.39 .02 −0.62 > .5 1.1 .27

Y-BOCS-compulsions
Overall 15.1 ± 2.4 14.6 ± 3.0 −14% ± 18% −15% ± 28% … 433 −3.63 .0003 −0.31 > .5 −0.38 > .5
Outpatient 14.8 ± 2.3 14.9 ± 2.6 −13% ± 16% −13% ± 30% … 307 −2.52 .01 0.95 .34 −0.95 .34
Inpatient 15.6 ± 2.8 13.8 ± 4.1 −15% ± 24% −18% ± 23% … 124 −2.73 .007 −1.34 .18 0.62 > .5

HDRS-24
Overall 12.9 ± 6.3 11.7 ± 5.6 10% ± 64% 2% ± 46% … 444 −0.68 .5 −0.15 > .5 −0.38 > .5
Outpatient 11.8 ± 6.5 11.5 ± 6.6 16% ± 70% −6% ± 36% … 307 −0.62 > .5 0.34 > .5 −0.73 .47
Inpatient 15.8 ± 5.5 12.2 ± 3.3 −3.5% ± 46% 21% ± 65% … 124 −0.28 > .5 −1.01 .31 0.41 > .5

HARS
Overall 14.3 ± 5.7 13.7 ± 5.1 6% ± 43% 3% ± 31% … 433 −1.48 .14 −0.40 > .5 0.80 .42
Outpatient 12.5 ± 4.9 13.0 ± 5.3 7% ± 50% −1% ± 37% … 307 −1.62 .11 0.14 .9 0.39 > .5
Inpatient 19.2 ± 5.3 15.0 ± 4.8 2% ± 24% 13% ± 5% … 124 −0.23 > .5 −1.04 .3 0.8 .43

aAll values are mean ± SD. The primary outcome measures were Y-BOCS improvement in the overall sample and the outpatient subsample; other analyses are 
exploratory.

Abbreviations: HARS = Hamilton Anxiety Rating Scale, HDRS-24 = 24-item Hamilton Depression Rating Scale, Y-BOCS = Yale-Brown Obsessive Compulsive Scale. 
Symbol: … = effect size of d < 0.1. 
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transaminase) at baseline and every 3 weeks during double-
blind treatment with riluzole. No statistically significant 
change in AST was seen over the course of riluzole treatment. 
Alanine transaminase increased in the riluzole group, reaching 
a maximum at week 9, at which point the difference between 
groups approached significance (2-tailed t test: P = .07; see 
Table 1). Four subjects in the riluzole-treated group and 1 
in the placebo group showed elevation of 1 transaminase to 
> 2 × baseline at some point during the trial. Our protocol 
set a priori criteria for discontinuation of treatment due to 
asymptomatic transaminitis (1 measure > 5 × upper limit of 
normal); no subjects met these criteria at any point during 
the study. 

DISCUSSION

There has been substantial recent interest in the possible 
role for glutamate dysregulation in the pathophysiology of 
OCD and the potential benefit of glutamate-modulating 
medications in the treatment of refractory disease.9,41,42 In 
particular, a number of small, open-label studies and a few 
pilot controlled trials have suggested benefit from riluzole, 
memantine, N-acetylcysteine, topiramate, glycine, and 
sarcosine.15–18,24–28,30 A pair of open-label trials27,30 from 
our group have suggested that riluzole augmentation of SSRI 
(or clomipramine) treatment may be of benefit in patients 
whose symptoms have been profoundly refractory to standard 
treatment modalities. More recently, a controlled trial31 in 
children with OCD, with or without comorbid autism, failed 
to show any benefit. However, controlled data in adults have 
been lacking.

We present the first placebo-controlled, double-blind 
trial of riluzole augmentation of SSRI treatment in adults 
with refractory OCD. There was a nominal improvement 
in Y-BOCS score in the riluzole-treated group, but it did 
not reach statistical significance in a mixed model analysis. 
Planned secondary analyses showed greater evidence for 
benefit, though still only at trend level, in the outpatient 
subgroup and when only obsessions were considered.

The size and methodology of our study limited our ability 
to detect small or medium effects of riluzole with statistical 
significance. Power may have been further reduced by 
the inclusion of both inpatients and outpatients; a trend 
suggesting benefit from riluzole was seen only in the outpatient 
subsample. To identify a true positive finding with the effect 
size of d = 0.45 suggested by the outpatient subsample with 
80% power, using a 2-tailed test, would require 100 subjects 
in each treatment arm. While such effects may be clinically 
significant, our single-site pilot study was not powered to 
detect them.

Additional variability may have been contributed to 
our sample by the relatively broad inclusion criteria. While 
comorbid autism, psychosis, and substance abuse were 
excluded, comorbid major depressive disorder and anxiety 
disorders, as well as Tourette syndrome, hoarding disorder, and 
other OCD-related conditions, were permitted. Additionally, 
a relatively broad range of medications frequently seen 

in clinical practice was permitted, as was ongoing long-
established psychotherapy; these included augmentation 
treatment with neuroleptics, benzodiazepines, and other 
glutamate-modulating agents. These choices were made so 
as to reflect in our study the treatment-refractory population 
as it is seen in clinical practice, but increased heterogeneity 
in the sample may have muddied modest treatment effects.

Initial SSRI treatment in OCD has a large effect size.4 
However, smaller effects are to be expected in the treatment-
refractory population. Direct comparisons to previous 
studies are of limited utility because of the very different 
patient populations being examined: most studies of SSRI 
pharmacotherapy have examined treatment-naive patients, 
whereas we were selecting for a treatment-refractory 
population that had already failed 2 attempts at standard-
of-care pharmacotherapy.

This pilot study was of fixed dose and limited duration. 
These design choices were derived from our earlier open-
label pilot data.27 Higher doses of riluzole produce more 
side effects without clinical benefit in amyotrophic lateral 
sclerosis.29 However, it may be that higher doses would 
enhance clinical benefit in OCD.30 Similarly, 12 weeks of 
treatment is typically sufficient to see a clinical response in 
treatment studies of OCD, and our pilot data suggested that 
any benefit of riluzole augmentation should be apparent 
over this time,27 but greater benefit may emerge with longer 
follow-up. Future studies of riluzole augmentation should 
systematically explore higher doses and longer periods of 
treatment.

A recently reported study of riluzole augmentation in 
pediatric OCD, with or without comorbid autism, found no 
evidence for benefit, even at trend level.31 The age at onset of 
major symptoms in our sample was over 20 years (see Table 
1), although such retrospective numbers are prone to recall 
bias. It is increasingly appreciated that childhood-onset 
and adult-onset OCD may be genetically and etiologically 
distinct.43,44 It may be that certain treatments will prove to 
be more efficacious in one or the other of these populations. 
Due to the small size of our sample and the imprecision of 
retrospective report of symptom onset, a stratified analysis 
based on onset was not possible in our sample; this should 
be addressed in future studies.

Outpatient Versus Inpatient Treatment
There was nominal benefit from riluzole in the outpatient 

subsample (though at P = .12 it did not reach statistical 
significance), whereas there was none in the inpatient 
subsample. This may be because of the presence of unique 
confounds in the inpatient subsample, including both 
therapeutic structure and symptom triggers in the inpatient 
milieu. Anxiety, as measured by the HARS, was higher in the 
inpatient subsample; other clinical measures did not differ 
between inpatients and outpatients.

Obsessions Versus Compulsions
Exploratory analysis suggests greater benefit from 

riluzole augmentation in obsessions, at trend level, 
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than in compulsions. Compulsions (as measured by the 
Y-BOCS-compulsions) improved over the course of the 
trial, but there was no difference in them between riluzole 
and placebo groups either in the overall sample or in the 
outpatient subsample. In contrast, there was a nominally 
greater improvement in obsessions (Y-BOCS-obsessions) 
in riluzole-treated patients, both in the overall sample 
and in the 2 subsamples. In the outpatient subsample, this 
approached significance (P = .056, 2-tailed, uncorrected), 
although this must be interpreted with caution given the 
exploratory nature of this secondary analysis.

Depression and Anxiety
Riluzole monotherapy and augmentation have been 

suggested as a potential treatment for both depression45–47 
and generalized anxiety disorder.48 These effects have yet 
to be validated in controlled studies, although controlled 
trials of riluzole augmentation in refractory unipolar 
(ClinicalTrials.gov identifiers: NCT01703039 and 
NCT01204918) and bipolar depression (ClinicalTrials.gov 
identifier: NCT00054704) are underway.

However, baseline HDRS and HARS scores were 
substantially lower in this cohort than in open-label studies 
that have specifically focused on those diagnoses. This limits 
our ability to see any benefit from riluzole treatment on 
anxiety and depression. With that caveat, we found no trend 
toward an improvement in depression or anxiety symptoms. 
It may be that any benefit of riluzole in clinical depression 
and anxiety does not generalize to subclinical levels of 
symptomatology, or the effect size for such relatively mild 
symptoms may simply be insufficient for any trend to be 
detectable in a sample of this size.

Mechanism of Action
Riluzole can modulate glutamate in the central nervous 

system through several mechanisms.29,49 In neurons,49 it 
reduces glutamate release through its effects on voltage-
gated sodium channels50—a mechanism that overlaps that 
of lamotrigine—and potentiates calcium-activated sodium 
channels. Riluzole also enhances glutamate reuptake by glia by 
up-regulating the principle glial glutamate transporter, GLT-1 
(also called excitatory amino acid transporter 1 [EAAT1]), 
thus potentially modulating glutamate homeostasis.29,51–53 
In vivo, magnetic resonance spectroscopy data suggest that 
riluzole can acutely increase the rate of glutamate turnover,54 
consistent with a potentiation of reuptake. Interestingly, 
various antidepressants have been shown to induce GLT-1 
and other markers of glutamatergic neurotransmission, at 
least in animals,55–57 suggesting a possible convergence of 
mechanisms.

It remains unclear how such effects might interact with 
the pathophysiologic abnormalities underlying OCD. 
Mutations in the gene encoding the primary neuronal 
glutamate transporter, excitatory amino-acid transporter 3 
(EAAT3), have been associated with OCD in several studies, 
suggesting a possible causal role of dysregulated glutamate 
homeostasis.10 The hypomorphic nature of some of these 

mutations58,59 and the observation of increased glutamate 
in the cerebrospinal fluid of unmedicated patients,11,12 
along with the results of a subset of magnetic resonance 
spectroscopy measures of glutamate in individuals with 
OCD,13 suggest a state of localized or general glutamate 
excess. Normalization of this state through increased glial 
reuptake of glutamate represents a potential therapeutic 
mechanism of riluzole.29

Limitations
The primary limitation of our study, which was intended 

to probe feasibility and tolerability rather than to provide 
definitive evidence of efficacy, was the small sample size. 
With 20 subjects per group, we had only 23% power to 
detect medium effects of d = 0.4. Heterogeneity introduced 
by the inclusion of both inpatients and outpatients and by 
the fairly broad inclusion criteria (in terms of concomitant 
medications, ongoing established psychotherapy, and 
comorbid diagnoses) may have reduced power by increasing 
variability. Additionally, the inclusion of subjects with 
current or past treatment with glutamate-modulating agents 
may have enhanced the refractoriness of these subjects to 
riluzole (although other glutamate modulators such as 
lamotrigine and topiramate are thought to have distinct 
mechanisms of action).

CONCLUSION

To the best of our knowledge, we describe the first 
placebo-controlled, double-blind feasibility study of riluzole 
augmentation in adults with a major psychiatric disorder. 
This pilot study did not demonstrate efficacy in OCD but 
was not powered to detect small to medium effects. There 
were trends suggestive of benefit, especially in the outpatient 
subsample and especially in measures of obsessions (with 
little evidence of benefit to compulsions). We are unable to 
determine whether the failure to demonstrate statistically 
significant effects represents a true lack of efficacy or a type 
II error due to insufficient statistical power. Riluzole was 
well tolerated in this population. Transient elevations in ALT 
were noted but were self-limited and clinically insignificant 
in all cases.

Convergent evidence has suggested a role for glutamate 
dysregulation in OCD,9 but the details of any such role remain 
obscure. Better-powered controlled studies of glutamate-
modulating medications are essential to determine the role 
for such agents, if any, in the pharmacotherapy of refractory 
disease.

Submitted: March 10, 2014; accepted August 5, 2014.
Online ahead of print: July 7, 2015.
Drug names: citalopram (Celexa and others), clomipramine (Anafranil and 
others), escitalopram (Lexapro and others), fluoxetine (Prozac and others), 
fluvoxamine (Luvox and others), gabapentin (Neurontin, Gralise, and others), 
ketamine (Ketalar and others), lamotrigine (Lamictal and others), lithium 
(Lithobid and others), memantine (Namenda and others), paroxetine (Paxil, 
Pexeva, and others), riluzole (Rilutek and others), sertraline (Zoloft and others), 
topiramate (Topamax and others), venlafaxine (Effexor and others).
Potential conflicts of interest: Dr Pittenger has received research support 
from Hoffman La Roche. Dr Sanacora is a paid consultant to AstraZeneca, 

https://clinicaltrials.gov/ct2/show/NCT01703039?term=NCT01703039&rank=1
https://clinicaltrials.gov/ct2/show/NCT01204918?term=NCT01204918&rank=1
https://clinicaltrials.gov/ct2/show/NCT00054704?term=NCT00054704&rank=1


1083     J Clin Psychiatry 76:8, August 2015

Pittenger et al

Avanier, Bristol-Myers Squibb, Eli Lilly, Hoffman-
La Roche, Merck, Naurex, Noven, and Takeda, and 
has received research support from AstraZeneca, 
Bristol-Myers Squibb, Eli Lilly, Johnson & Johnson, 
Hoffman-La Roche, Merck, Naurex, and Servier. 
Dr Coric is now a full-time employee of Bristol-
Myers Squibb, is a paid consultant to New 
Haven Forensics Consultants and the Center for 
Research and Development, and is a shareholder 
for Bristol-Myers Squibb. Drs Coric and Sanacora 
are originators on the patent Glutamate Agents 
in the Treatment of Mental Disorders (USPTO 
no. 11/399188; April 5, 2006) and have a financial 
interest in Biohaven Pharmaceutical Holding 
Company, a privately held company that has 
licensed this intellectual property. Drs Bloch and 
Kelmendi, Mss Wasylink and Billingslea, and 
Messrs Simpson and Jakubovski have no real or 
apparent conflict of interest to declare.
Funding/support: This work was supported 
by National Institute of Mental Health grants 
R34MH083115 (Dr Pittenger), K08MH081190 (Dr 
Pittenger), and R01MH095790, the Doris Duke 
Charitable Foundation (Dr Pittenger), and the 
State of Connecticut through its support of the 
Ribicoff Research Facilities at the Connecticut 
Mental Health Center (Drs Pittenger, Bloch, 
Sanacora, and Coric and Ms Wasylink). There was 
no for-profit support for this work.
Role of the sponsors: The sponsors approved 
the study design via funding of the underlying 
grants but played no role in the conduct, 
analysis, or reporting of the study.
Acknowledgments: Staff of the Clinical 
Neuroscience Research Unit at the Connecticut 
Mental Health Center, New Haven. 

REFERENCES
 1. American Psychiatric Association. Diagnostic 

and Statistical Manual of Mental Disorders, Fifth 
Edition. Washington, DC: American Psychiatric 
Association; 2013.

 2. Kessler RC, Petukhova M, Sampson NA, et al. 
Twelve-month and lifetime prevalence and 
lifetime morbid risk of anxiety and mood 
disorders in the United States. Int J Methods 
Psychiatr Res. 2012;21(3):169–184. doi:10.1002/mpr.1359 PubMed

 3. Ruscio AM, Stein DJ, Chiu WT, et al. The 
epidemiology of obsessive-compulsive 
disorder in the National Comorbidity Survey 
Replication. Mol Psychiatry. 2010;15(1):53–63. doi:10.1038/mp.2008.94 PubMed

 4. Soomro GM, Altman D, Rajagopal S, et al. 
Selective serotonin re-uptake inhibitors (SSRIs) 
versus placebo for obsessive compulsive 
disorder (OCD). Cochrane Database Syst Rev. 
2008;(1):CD001765. PubMed

 5. Foa EB, Liebowitz MR, Kozak MJ, et al. 
Randomized, placebo-controlled trial of 
exposure and ritual prevention, clomipramine, 
and their combination in the treatment of 
obsessive-compulsive disorder. Am J Psychiatry. 
2005;162(1):151–161. PubMed

 6. Koran LM, Hanna GL, Hollander E, et al; 
American Psychiatric Association. Practice 
guideline for the treatment of patients with 
obsessive-compulsive disorder. Am J Psychiatry. 
2007;164(suppl):5–53. PubMed

 7. Bloch MH, Landeros-Weisenberger A, Kelmendi 
B, et al. A systematic review: antipsychotic 
augmentation with treatment refractory 
obsessive-compulsive disorder. Mol Psychiatry. 
2006;11(7):622–632. doi:10.1038/sj.mp.4001823 PubMed

 8. Greenberg BD, Rauch SL, Haber SN. Invasive 
circuitry-based neurotherapeutics: stereotactic 
ablation and deep brain stimulation for OCD. 
Neuropsychopharmacology. 2010;35(1):317–336. doi:10.1038/npp.2009.128 PubMed

 9. Pittenger C, Bloch MH, Williams K. Glutamate 
abnormalities in obsessive compulsive disorder: 
neurobiology, pathophysiology, and treatment. 

Pharmacol Ther. 2011;132(3):314–332. doi:10.1016/j.pharmthera.2011.09.006 PubMed
10. Stewart SE, Mayerfeld C, Arnold PD, et al. Meta-

analysis of association between 
obsessive-compulsive disorder and the 3′ 
region of neuronal glutamate transporter gene 
SLC1A1. Am J Med Genet B Neuropsychiatr Genet. 
2013;162B(4):367–379. doi:10.1002/ajmg.b.32137 PubMed

11. Bhattacharyya S, Khanna S, Chakrabarty K, et 
al. Anti-brain autoantibodies and altered 
excitatory neurotransmitters in obsessive-
compulsive disorder. 
Neuropsychopharmacology. 
2009;34(12):2489–2496. doi:10.1038/npp.2009.77 PubMed

12. Chakrabarty K, Bhattacharyya S, Christopher R, 
et al. Glutamatergic dysfunction in OCD. 
Neuropsychopharmacology. 
2005;30(9):1735–1740. doi:10.1038/sj.npp.1300733 PubMed

13. Brennan BP, Rauch SL, Jensen JE, et al. A critical 
review of magnetic resonance spectroscopy 
studies of obsessive-compulsive disorder. Biol 
Psychiatry. 2013;73(1):24–31. doi:10.1016/j.biopsych.2012.06.023 PubMed

14. Pittenger C, Krystal JH, Coric V. Glutamate-
modulating drugs as novel 
pharmacotherapeutic agents in the treatment 
of obsessive-compulsive disorder. NeuroRx. 
2006;3(1):69–81. doi:10.1016/j.nurx.2005.12.006 PubMed

15. Pasquini M, Biondi M. Memantine 
augmentation for refractory obsessive-
compulsive disorder. Prog 
Neuropsychopharmacol Biol Psychiatry. 
2006;30(6):1173–1175. PubMed

16. Poyurovsky M, Weizman R, Weizman A, et al. 
Memantine for treatment-resistant OCD. Am J 
Psychiatry. 2005;162(11):2191–2192. doi:10.1176/appi.ajp.162.11.2191-a PubMed

17. Stewart SE, Jenike EA, Hezel DM, et al. A single-
blinded case-control study of memantine in 
severe obsessive-compulsive disorder. J Clin 
Psychopharmacol. 2010;30(1):34–39. doi:10.1097/JCP.0b013e3181c856de PubMed

18. Haghighi M, Jahangard L, Mohammad-Beigi H, 
et al. In a double-blind, randomized and 
placebo-controlled trial, adjuvant memantine 
improved symptoms in inpatients suffering 
from refractory obsessive-compulsive 
disorders (OCD). Psychopharmacology (Berl). 
2013;228(4):633–640. doi:10.1007/s00213-013-3067-z PubMed

19. Ghaleiha A, Entezari N, Modabbernia A, et al. 
Memantine add-on in moderate to severe 
obsessive-compulsive disorder: randomized 
double-blind placebo-controlled study. 
J Psychiatr Res. 2013;47(2):175–180. doi:10.1016/j.jpsychires.2012.09.015 PubMed

20. Afshar H, Roohafza H, Mohammad-Beigi H, et 
al. N-acetylcysteine add-on treatment in 
refractory obsessive-compulsive disorder: a 
randomized, double-blind, placebo-controlled 
trial. J Clin Psychopharmacol. 
2012;32(6):797–803. doi:10.1097/JCP.0b013e318272677d PubMed

21. Lafleur DL, Pittenger C, Kelmendi B, et al. 
N-acetylcysteine augmentation in serotonin 
reuptake inhibitor refractory obsessive-
compulsive disorder. Psychopharmacology 
(Berl). 2006;184(2):254–256. doi:10.1007/s00213-005-0246-6 PubMed

22. Rodriguez CI, Kegeles LS, Levinson A, et al. 
Randomized controlled crossover trial of 
ketamine in obsessive-compulsive disorder: 
proof-of-concept. Neuropsychopharmacology. 
2013;38(12):2475–2483. doi:10.1038/npp.2013.150 PubMed

23. Bloch MH, Wasylink S, Landeros-Weisenberger 
A, et al. Effects of ketamine in treatment-
refractory obsessive-compulsive disorder. Biol 
Psychiatry. 2012;72(11):964–970. doi:10.1016/j.biopsych.2012.05.028 PubMed

24. Greenberg WM, Benedict MM, Doerfer J, et al. 
Adjunctive glycine in the treatment of 
obsessive-compulsive disorder in adults. 
J Psychiatr Res. 2009;43(6):664–670. doi:10.1016/j.jpsychires.2008.10.007 PubMed

25. Wu PL, Tang HS, Lane HY, et al. Sarcosine 
therapy for obsessive compulsive disorder: a 
prospective, open-label study. J Clin 
Psychopharmacol. 2011;31(3):369–374. doi:10.1097/JCP.0b013e3182189878 PubMed

26. Berlin HA, Koran LM, Jenike MA, et al. Double-
blind, placebo-controlled trial of topiramate 

augmentation in treatment-resistant 
obsessive-compulsive disorder. J Clin 
Psychiatry. 2011;72(5):716–721. doi:10.4088/JCP.09m05266gre PubMed

27. Coric V, Taskiran S, Pittenger C, et al. Riluzole 
augmentation in treatment-resistant 
obsessive-compulsive disorder: an open-label 
trial. Biol Psychiatry. 2005;58(5):424–428. PubMed

28. Grant P, Lougee L, Hirschtritt M, et al. An open-
label trial of riluzole, a glutamate antagonist, in 
children with treatment-resistant obsessive-
compulsive disorder. J Child Adolesc 
Psychopharmacol. 2007;17(6):761–767. PubMed

29. Pittenger C, Coric V, Banasr M, et al. Riluzole in 
the treatment of mood and anxiety disorders. 
CNS Drugs. 2008;22(9):761–786. doi:10.2165/00023210-200822090-00004 PubMed

30. Pittenger C, Kelmendi B, Wasylink S, et al. 
Riluzole augmentation in treatment-refractory 
obsessive-compulsive disorder: a series of 13 
cases, with long-term follow-up. J Clin 
Psychopharmacol. 2008;28(3):363–367. doi:10.1097/JCP.0b013e3181727548 PubMed

31. Grant PJ, Joseph LA, Farmer CA, et al. 12-week, 
placebo-controlled trial of add-on riluzole in 
the treatment of childhood-onset obsessive-
compulsive disorder. 
Neuropsychopharmacology. 
2014;39(6):1453–1459. PubMed

32. First MB, et al. Structured Clinical Interview for 
DSM-IV Axis I Disorders, Clinician Version. 
Washington, DC: American Psychiatric Press, 
Inc; 1996.

33. Bollini P, Pampallona S, Tibaldi G, et al. 
Effectiveness of antidepressants: meta-analysis 
of dose-effect relationships in randomised 
clinical trials. Br J Psychiatry. 
1999;174(4):297–303. doi:10.1192/bjp.174.4.297 PubMed

34. Goodman WK, Price LH, Rasmussen SA, et al. 
Efficacy of fluvoxamine in obsessive-
compulsive disorder: a double-blind 
comparison with placebo. Arch Gen Psychiatry. 
1989;46(1):36–44. doi:10.1001/archpsyc.1989.01810010038006 PubMed

35. McDougle CJ, Epperson CN, Pelton GH, et al. A 
double-blind, placebo-controlled study of 
risperidone addition in serotonin reuptake 
inhibitor-refractory obsessive-compulsive 
disorder. Arch Gen Psychiatry. 
2000;57(8):794–801. PubMed

36. Goodman WK, Price LH, Rasmussen SA, et al. 
The Yale-Brown Obsessive Compulsive Scale, 2: 
validity. Arch Gen Psychiatry. 
1989;46(11):1012–1016. doi:10.1001/archpsyc.1989.01810110054008 PubMed

37. Goodman WK, Price LH, Rasmussen SA, et al. 
The Yale-Brown Obsessive Compulsive Scale, 1: 
development, use, and reliability. Arch Gen 
Psychiatry. 1989;46(11):1006–1011. PubMed

38. Hamilton M. Development of a rating scale for 
primary depressive illness. Br J Soc Clin Psychol. 
1967;6(4):278–296. doi:10.1111/j.2044-8260.1967.tb00530.x PubMed

39. Hamilton M. Diagnosis and rating of anxiety. In: 
Lader M, ed. Studies of Anxiety. Ashford, UK: 
Headley Brothers; 1969:76–79.

40. Clyde DJ. SAFTEE: data system for side effect 
assessment scale. Psychopharmacol Bull. 
1986;22(1):287. PubMed

41. Ting JT, Feng G. Neurobiology of obsessive-
compulsive disorder: insights into neural 
circuitry dysfunction through mouse genetics. 
Curr Opin Neurobiol. 2011;21(6):842–848. doi:10.1016/j.conb.2011.04.010 PubMed

42. Wu K, Hanna GL, Rosenberg DR, et al. The role 
of glutamate signaling in the pathogenesis 
and treatment of obsessive-compulsive 
disorder. Pharmacol Biochem Behav. 
2012;100(4):726–735. doi:10.1016/j.pbb.2011.10.007 PubMed

43. Nestadt G, Samuels J, Riddle M, et al. A family 
study of obsessive-compulsive disorder. Arch 
Gen Psychiatry. 2000;57(4):358–363. PubMed

44. van Grootheest DS, Cath DC, Beekman AT, et al. 
Twin studies on obsessive-compulsive 
disorder: a review. Twin Res Hum Genet. 
2005;8(5):450–458. PubMed

45. Sanacora G, Kendell SF, Levin Y, et al. 

http://dx.doi.org/10.1002/mpr.1359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22865617&dopt=Abstract
http://dx.doi.org/10.1038/mp.2008.94
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18725912&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18253995&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15625214&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17849776&dopt=Abstract
http://dx.doi.org/10.1038/sj.mp.4001823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16585942&dopt=Abstract
http://dx.doi.org/10.1038/npp.2009.128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19759530&dopt=Abstract
http://dx.doi.org/10.1016/j.pharmthera.2011.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21963369&dopt=Abstract
http://dx.doi.org/10.1002/ajmg.b.32137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23606572&dopt=Abstract
http://dx.doi.org/10.1038/npp.2009.77
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19675532&dopt=Abstract
http://dx.doi.org/10.1038/sj.npp.1300733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15841109&dopt=Abstract
http://dx.doi.org/10.1016/j.biopsych.2012.06.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22831979&dopt=Abstract
http://dx.doi.org/10.1016/j.nurx.2005.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16490414&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16730870&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.162.11.2191-a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16263867&dopt=Abstract
http://dx.doi.org/10.1097/JCP.0b013e3181c856de
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20075645&dopt=Abstract
http://dx.doi.org/10.1007/s00213-013-3067-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23525525&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2012.09.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23063327&dopt=Abstract
http://dx.doi.org/10.1097/JCP.0b013e318272677d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23131885&dopt=Abstract
http://dx.doi.org/10.1007/s00213-005-0246-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16374600&dopt=Abstract
http://dx.doi.org/10.1038/npp.2013.150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23783065&dopt=Abstract
http://dx.doi.org/10.1016/j.biopsych.2012.05.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22784486&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2008.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19046587&dopt=Abstract
http://dx.doi.org/10.1097/JCP.0b013e3182189878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21508860&dopt=Abstract
http://dx.doi.org/10.4088/JCP.09m05266gre
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20816027&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15993857&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18315448&dopt=Abstract
http://dx.doi.org/10.2165/00023210-200822090-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18698875&dopt=Abstract
http://dx.doi.org/10.1097/JCP.0b013e3181727548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18480706&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24356715&dopt=Abstract
http://dx.doi.org/10.1192/bjp.174.4.297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10533547&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.1989.01810010038006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2491940&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10920469&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.1989.01810110054008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2510699&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2684084&dopt=Abstract
http://dx.doi.org/10.1111/j.2044-8260.1967.tb00530.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6080235&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3726074&dopt=Abstract
http://dx.doi.org/10.1016/j.conb.2011.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21605970&dopt=Abstract
http://dx.doi.org/10.1016/j.pbb.2011.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22024159&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10768697&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16212834&dopt=Abstract


     1084J Clin Psychiatry 76:8, August 2015

Preliminary evidence of riluzole efficacy in 
antidepressant-treated patients with residual 
depressive symptoms. Biol Psychiatry. 
2007;61(6):822–825. doi:10.1016/j.biopsych.2006.08.037 PubMed

46. Zarate CA Jr, Payne JL, Quiroz J, et al. An open-
label trial of riluzole in patients with 
treatment-resistant major depression. Am J 
Psychiatry. 2004;161(1):171–174. doi:10.1176/appi.ajp.161.1.171 PubMed

47. Zarate CA Jr, Quiroz JA, Singh JB, et al. An 
open-label trial of the glutamate-modulating 
agent riluzole in combination with lithium for 
the treatment of bipolar depression. Biol 
Psychiatry. 2005;57(4):430–432. doi:10.1016/j.biopsych.2004.11.023 PubMed

48. Mathew SJ, Amiel JM, Coplan JD, et al. Open-
label trial of riluzole in generalized anxiety 
disorder. Am J Psychiatry. 
2005;162(12):2379–2381. PubMed

49. Bellingham MC. A review of the neural 
mechanisms of action and clinical efficiency of 
riluzole in treating amyotrophic lateral 
sclerosis: what have we learned in the last 
decade? CNS Neurosci Ther. 2011;17(1):4–31. doi:10.1111/j.1755-5949.2009.00116.x PubMed

50. Prakriya M, Mennerick S. Selective depression 
of low-release probability excitatory synapses 
by sodium channel blockers. Neuron. 
2000;26(3):671–682. doi:10.1016/S0896-6273(00)81203-9 PubMed

51. Carbone M, Duty S, Rattray M. Riluzole elevates 
GLT-1 activity and levels in striatal astrocytes. 
Neurochem Int. 2012;60(1):31–38. doi:10.1016/j.neuint.2011.10.017 PubMed

52. Frizzo ME, Dall’Onder LP, Dalcin KB, et al. 
Riluzole enhances glutamate uptake in rat 
astrocyte cultures. Cell Mol Neurobiol. 
2004;24(1):123–128. PubMed

53. Gourley SL, Espitia JW, Sanacora G, et al. 
Antidepressant-like properties of oral riluzole 
and utility of incentive disengagement models 
of depression in mice. Psychopharmacology 
(Berl). 2012;219(3):805–814. doi:10.1007/s00213-011-2403-4 PubMed

54. Brennan BP, Hudson JI, Jensen JE, et al. Rapid 
enhancement of glutamatergic 
neurotransmission in bipolar depression 
following treatment with riluzole. 
Neuropsychopharmacology. 
2010;35(3):834–846. doi:10.1038/npp.2009.191 PubMed

55. Mao QX, Yang TD. Amitriptyline upregulates 
EAAT1 and EAAT2 in neuropathic pain rats. 
Brain Res Bull. 2010;81(4–5):424–427. doi:10.1016/j.brainresbull.2009.09.006 PubMed

56. Moutsimilli L, Farley S, Dumas S, et al. Selective 
cortical VGLUT1 increase as a marker for 
antidepressant activity. Neuropharmacology. 
2005;49(6):890–900. doi:10.1016/j.neuropharm.2005.06.017 PubMed

57. Tordera RM, Pei Q, Sharp T. Evidence for 
increased expression of the vesicular 
glutamate transporter, VGLUT1, by a course of 
antidepressant treatment. J Neurochem. 
2005;94(4):875–883. PubMed

58. Porton B, Greenberg BD, Askland K, et al. 
Isoforms of the neuronal glutamate 
transporter gene, SLC1A1/EAAC1, negatively 
modulate glutamate uptake: relevance to 
obsessive-compulsive disorder. Transl 
Psychiatry. 2013;3(5):e259. doi:10.1038/tp.2013.35 PubMed

59. Wendland JR, Moya PR, Timpano KR, et al. A 
haplotype containing quantitative trait loci for 
SLC1A1 gene expression and its association 
with obsessive-compulsive disorder. Arch Gen 
Psychiatry. 2009;66(4):408–416. doi:10.1001/archgenpsychiatry.2009.6 PubMed

http://dx.doi.org/10.1016/j.biopsych.2006.08.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17141740&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.161.1.171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14702270&dopt=Abstract
http://dx.doi.org/10.1016/j.biopsych.2004.11.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15705360&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16330605&dopt=Abstract
http://dx.doi.org/10.1111/j.1755-5949.2009.00116.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20236142&dopt=Abstract
http://dx.doi.org/10.1016/S0896-6273(00)81203-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10896162&dopt=Abstract
http://dx.doi.org/10.1016/j.neuint.2011.10.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22080156&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15049516&dopt=Abstract
http://dx.doi.org/10.1007/s00213-011-2403-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21779782&dopt=Abstract
http://dx.doi.org/10.1038/npp.2009.191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19956089&dopt=Abstract
http://dx.doi.org/10.1016/j.brainresbull.2009.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19772901&dopt=Abstract
http://dx.doi.org/10.1016/j.neuropharm.2005.06.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16111724&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15992385&dopt=Abstract
http://dx.doi.org/10.1038/tp.2013.35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23695234&dopt=Abstract
http://dx.doi.org/10.1001/archgenpsychiatry.2009.6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19349310&dopt=Abstract

