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Abstract: Objective: Obsessive-compulsive disorder (OCD) is a mental disease commonly  
associated with severe distress and impairment of social functioning. Serotonin reuptake inhibitors 
and/or cognitive behavioural therapy are the therapy of choice, however up to 40% of patients do 
not respond to treatment. Glutamatergic signalling has also been implicated in OCD. The aim of the 
current study was to review the clinical evidence for therapeutic utility of glutamate-modulating 
drugs as an augmentation or monotherapy in OCD patients.  

Methods: We conducted a search of the MEDLINE database for clinical studies evaluating the  
effect of glutamate-modulating drugs in OCD.  

Results: Memantine is the compound most consistently showing a positive effect as an augmenta-
tion therapy in OCD. Anti-convulsant drugs (lamotrigine, topiramate) and riluzole may also provide 
therapeutic benefit to some OCD patients. Finally, ketamine may be of interest due to its potential 
for a rapid onset of action.  

Conclusion: Further randomized placebo-controlled trials in larger study populations are necessary 
in order to draw definitive conclusions on the utility of glutamate-modulating drugs in OCD.  
Furthermore, genetic and epigenetic factors, clinical symptoms and subtypes predicting treatment 
response to glutamate-modulating drugs need to be investigated systematically.  

Keywords: Obsessive-compulsive disorder, glutamate, glutamate-modulating drugs, treatment response, memantine, clinical 
subtypes. 

1. INTRODUCTION 
 Obsessive-compulsive disorder (OCD) is a neuropsy-
chiatric disease characterized by anxiety-provoking, un-
wanted and repetitive thoughts (obsessions) and repeated 
ritualistic behaviours aimed to decrease the anxiety (compul-
sions). Symptoms can cause severe distress and functional 
impairment [1]. OCD affects 2-3% of the population and is 
ranked within the ten leading neuropsychiatric causes of dis-
ability [2; WHO, 2008]. OCD comorbidity with depression, 
bipolar disorder, and substance use and impulse control dis-
orders has been reported, and is associated with increased 
overall distress and suicidality rates as well as additional 
treatment challenges [3, 4]. 
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1.1. Brain Circuits Implicated in Obsessive-Compulsive  
Disorder 
 Dysfunction of the cortico-striatal-thalamo-cortical  
circuitry has been implicated in OCD, including structural 
abnormalities, altered brain activation and connectivity [5, 
6]. Meta-analyses of volumetric studies have implicated re-
duced orbitofrontal cortex (OFC), anterior cingulate cortex 
(ACC) and dorsal mediofrontal/anterior cingulate volume, as 
well as increased thalamic and lenticular nucleus extending 
to the caudate nucleus volume in OCD patients [7, 8]. On the 
other hand, meta-analyses of positron emission tomography 
(PET), single-photon emission computed tomography 
(SPECT) and functional magnetic resonance imaging (fMRI) 
studies implicated the head of the caudate, the orbital gyrus 
and the dorsal frontoparietal network in OCD [9, 10]. 

 Glutamate is the primary neurotransmitter within the  
implicated in OCD cortico-striatal-thalamic circuits [11]. 
Anatomical nodes of relevance within this circuitry include  
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areas of the frontal and cingulate cortex, caudate, putamen 
and thalamus, comprising the direct cortico-striatal pathway, 
as well as the globus pallidus and subthalamic nucleus com-
prising the indirect loop [2]. Dysregulation of glutamatergic 
signaling within the cortico-striatal circuitry has been pro-
posed in OCD, with reduced glutamatergic concentrations in 
the anterior cingulate cortex, combined with overactivity of 
glutamatergic signaling in the striatum and orbitofrontal cor-
tex [12-15]. However, additional circuits, including the 
amygdalo-cortical circuitry may also be important for the 
pathophysiology of OCD [16]. Overall, the neuroimaging 
data implicate disruptions of glutamatergic signalling in 
OCD, which suggests glutamate-modulating drugs may be 
potentially useful for the disorder. 

1.2. Dysregulation of Neurotransmitter Signalling in OCD 

 Serotonin reuptake inhibitors (SRIs) are considered to 
exert their effects by influencing the cortico-striato-thalamo-
cortical circuit, even though the exact mechanism of action 
remains elusive. For example, escitalopram treatment has 
been associated with restoring imbalances in brain connec-
tivity in OCD patients [17]. A meta-analysis of genetic po-
lymorphisms previously implicated in OCD suggested a role 
of serotonergic genes (the serotonin transporter SLC6A4 and 
the serotonin 2A receptor HTR2A) in OCD vulnerability 
[18]. On the other hand, recent genome-wide association 
studies (GWAS) have not identified involvement of seroton-
ergic genes at genome-wide significant levels [19, 20]. How-
ever, in a GWAS investigating genetic polymorphisms influ-
encing treatment response to SRIs in OCD, enrichment 
analysis suggested a role for serotonergic and glutamatergic 
genes polymorphisms [21]. 

 Pathophysiological processes involving other neuro-
transmitter systems and signalling molecules, besides sero-
tonin, may also be important in OCD. Notably, dopamine 
dysfunction has been found in some OCD cases [22, 23]. An 
autoimmune hypothesis for the development of an OCD sub-
type has also been suggested, implicating Group A Strepto-
coccal infections. Accordingly, in a subgroup of OCD pa-
tients changes in anti-streptococcal, anti-neuronal or anti-
basal ganglia antibody titers, immune cells and circulating 
cytokines have been detected [24, 25]. Additional systems 
implicated in OCD include neuropeptide neurotransmitters 
[26] and sex steroids [27, 28]. Second messenger pathways 
alterations in OCD have also been detected and are of inter-
est due to the potential for their specific therapeutic targeting 
[29-31]. Finally, a rapidly increasing number of studies  
indicate that changes in glutamatergic neurotransmission 
may be involved in OCD pathophysiology, with glutamate-
modulating agents presenting a potential therapeutic alterna-
tive [32] (see next section). 

1.3. Glutamatergic Signalling 

 Glutamate is the major excitatory neurotransmitter in the 
brain, present in about 50% of synapses. Glutamatergic neu-
rotransmission has a fundamental role for neuronal plasticity, 
learning, and memory [33]. However, in pathological condi-
tions glutamate can act as a neuronal excitotoxin, leading to 
rapid or delayed neurotoxicity [34]. Dysregulation of gluta-

matergic signalling has been implicated in a number of neu-
ropsychiatric illnesses, including OCD, depression, bipolar 
disorder and schizophrenia [35, 36]. Glutamate mediates its 
effects through ionotropic (NMDA, AMPA, kainate) and 
metabotropic (mGluRs) receptors [37]. The NMDA receptor 
requires in addition to glutamate also binding of glycine or 
D-serine to its glycine cofactor site, in order to ensure its 
activation. Overall, ionotropic glutamate receptors are a 
critical constituent of the core mechanisms of rapid neuro-
transmission, while metabotropic glutamate receptors par-
ticipate in the slower modulation of neuronal function. Both 
ionotropic and metabotropic glutamate receptors are local-
ized in the candidate brain circuitry of OCD. Glutamate re-
ceptors are involved in the processes of long term potentia-
tion (LTP) and long term depression (LTD) of neuronal fir-
ing, which are forms of long term synaptic plasticity criti-
cally important for learning [38]. Glutamate receptors have 
been implicated in virtually every form of learning in the 
brain, including habit learning [38-40]. The relationship be-
tween activity levels at different glutamate receptor subtypes 
is currently not well understood in OCD. Interestingly, inter-
actions with serotonergic signalling for both ionotropic and 
metabotropic glutamate receptors have been demonstrated 
[41, 42]. 
 In addition, Na+-dependent glutamate transporters 
(EAATs 1-5) and vesicular glutamate transporters (VGLUTs 
1-3) mediate the reuptake of glutamate into glial and neu-
ronal cells and thus terminate its action in the synaptic cleft 
[43]. EAAT1 and EAAT2 are the primary astrocyte gluta-
mate transporters, while EAAT3 is the primary neuronal 
glutamate transporter. Astrocytes convert glutamate into 
glutamine and release it. Neurons in turn take up glutamine 
and convert it into glutamate [44]. The cystine/glutamate 
antiporter on astrocytes mediates the cellular uptake of cys-
tine in exchange for simultaneous release of extrasynaptic 
glutamate. Overactivity of the cystine/glutamate transporter 
has been associated with glutamatergic excitotoxicity in sev-
eral pathological conditions [45]. 

1.4. Glutamatergic Dysfunction in OCD 

 Glutamate is the primary neurotransmitter within the im-
plicated in OCD cortico-striatal-thalamo-cortical circuits 
[11]. Increased glutamate levels have been measured in cere-
brospinal fluid of OCD patients compared to healthy controls 
[46, 47]. Excessive glutamate levels could lead to glutamate 
receptor hyperactivity or even excitotoxicity in neurons. 

 Genetic studies have also implicated an association of 
glutamatergic genes with OCD. SLC1A1 coding for the neu-
ronal glutamate transporter EAAT3 and GRIN2B coding for 
the NR2B subunit of NMDARs have repeatedly shown asso-
ciation with OCD [48-50]. The 9p chromosome, in which 
SLC1A1 is located, has also been implicated in OCD by 
linkage analysis [51]. 

 Several animal studies have further corroborated the pos-
sible benefit of anti-glutamatergic drugs for reducing OCD 
resembling behaviours in animals. Thus, the uncompetitive 
NMDAR antagonists memantine and amantadine inhibited 
marble-burying without affecting locomotor activity in mice 
[52]. Furthermore, fluoxetine and memantine had a synergis-
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tic effect in reducing compulsive scratching in mice, with the 
combination of both drugs exerting an effect at lower con-
centrations than each of them alone [53]. It has to be noted 
that there are significant limitations in the interpretation of 
animal data in relation to clinical OCD. 
 Thus, converging evidence from preclinical and clinical 
research suggests that glutamatergic signalling dysregula-
tion, possibly involving the corpus striatum, is associated 
with OCD and is potentially reversible with treatment. This 
suggests possible therapeutic utility for glutamate-modulating 
drugs in OCD. 

1.5. Current Treatment Strategies for Obsessive-
Compulsive Disorder 

 The current first-line treatment for OCD includes cogni-
tive behavioural therapy (CBT) applied in the form of expo-

sure and response prevention (ERP) and serotonin reuptake 
inhibitors (SRIs) [54]. SRIs include clomipramine and the 
selective serotonin reuptake inhibitors (SSRIs). In mild to 
moderate OCD cases monotherapy with CBT or SRIs is the 
treatment of choice, while severe OCD commonly requires a 
combination of CBT and SRIs [55, 56]. However, only about 
60% of patients respond to current treatment and even 
among responders symptoms often persist to some degree 
[57]. SSRIs (fluoxetine, sertraline, etc.) are generally well 
tolerated (also better in comparison to clomipramine), but 
side effects can occur, most commonly gastrointestinal com-
plaints, sexual dysfunction, sedation, and behavioural activa-
tion. In addition, in children and adolescents rare cases of 
suicidal ideation arising after SSRIs administration have 
been described [58]. 

 In treatment-resistant OCD several augmentation strate-
gies are available. The most extensively studied augmenta-

 
Fig. (1). Mechanisms of action of glutamate-modulating drugs at the glutamatergic synapse. 
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tion agents are antipsychotic drugs, which provide therapeu-
tic benefit to a subgroup of OCD patients, but are associated 
with significant side effects [56, 59, 60]. Therefore, a need 
for the development of novel therapeutic agents for OCD 
exists. Glutamatergic drugs constitute one of the candidates 
for augmentation or monotherapy in OCD (including treat-
ment-resistant OCD) in light of a possible role for glutama-
tergic signalling dysregulation in the disorder. 

1.6. The Therapeutic Potential of Glutamate-Modulating 
Drugs in Other Psychiatric Disorders 
 Under the broad term of “glutamate-modulating” drugs 
compounds with different mechanisms of action are included 
(Fig. 1). They differ significantly in their toxicity and safety 
profiles, as well as in the speed of onset and duration of the 
therapeutic effects. 

 Glutamate-modulating drugs have shown promise as po-
tential therapeutic agents in other psychiatric disorders, in-
cluding depression, bipolar disorder, suicidality, and self-
injurious behaviour [61-63]. There is a high comorbidity 
between OCD and affective disorders [64], and comorbid 
OCD has been associated with increased overall distress and 
suicidality rates [65]. Thus, there are strong arguments to 
investigate the effect of glutamate-modulating drugs in co-
morbid as well as in treatment-resistant OCD. 

2. METHOD 
 We systematically searched the database PubMed 
(http://www.ncbi.nlm.nih.gov/pubmed) for articles investi-
gating the effect of glutamate-modulating drugs in OCD us-
ing the search terms “obsessive-compulsive disorder” or 
“OCD” AND “glutamate” or “riluzole” or “memantine” or 
“ketamine” or “glycine” or “sarcosine” or “topiramate” or 
“lamotrigine” or “N-acetylcysteine” or “minocycline” or “D-
cycloserine”. Papers published until February 15th, 2017 
were retrieved and clinical trials or case reports were in-
cluded in the analysis. 

3. RESULTS 
A growing number of clinical investigations have assessed 
the utility of glutamate-modulating drugs as an augmentation 
or monotherapy in OCD, including difficult to treat OCD. 
However, there are significant variations in between studies 
in terms of treatment-resistance, comorbidity, age and gender 
of the patients. Many were open-label trials with small sam-
ple sizes and no placebo controls or case reports. Recently, 
several small double-blind, placebo-controlled trials on glu-
tamate-modulating drugs as monotherapy or augmentation of 
an existing psychotropic regimen (summarized in Table 1) or 
as augmentation of psychotherapy (summarized in Table 2) 
have also been conducted and due to their theoretically supe-
rior study design have provided more reliable data on the 
drugs’ efficacy. 

3.1. Riluzole 
 Riluzole, a drug approved for the treatment of amyotro-
phic lateral sclerosis, inhibits synaptic glutamate release and 
stimulates glutamate uptake by astrocytes [66, 67]. Side ef-
fects reported with riluzole are usually mild: diarrhea and 

reversible after discontinuation transaminases elevation. 
More serious rare potential side effects include hepatotoxic-
ity and pancreatitis in children and adolescents [68, 69]. 
 Results on riluzole efficacy in OCD so far have been 
mixed. The first encouraging data on its potential utility 
came from a case report of an adult OCD patient [70]. Small 
open-label studies suggested therapeutic efficacy of riluzole 
as an adjunctive therapy in treatment-resistant OCD, includ-
ing one investigation in children and adolescents [71] and 
two in adults [72, 73]. Interestingly, 2 of the 5 responders in 
the Coric et al. study [72] showed predominantly hoarding 
phenotypes. However, the open-label design and small study 
numbers require caution in the data interpretation. 
 A double-blind, placebo-controlled trial with riluzole was 
conducted in 60 treatment-resistant children and adolescents 
with OCD [69]. The sample group in this study was charac-
terized by treatment resistance, high degree of comorbidity 
with other psychiatric disorders (including 17 patients with 
autism spectrum disorder) and additional pharmacological 
treatment in 92% of the cases. In this 12 weeks trial riluzole 
did not show superior effect as an add-on medication to the 
existing therapeutic regimen on any of the primary (CY-
BOCS, CGAS, CGI-I and CGI-S) or secondary outcome 
measures [69]. Most patients tolerated riluzole well; however 
there was one case of pancreatitis. 

 A second randomized placebo-controlled trial of riluzole 
augmentation was conducted in treatment-refractory adult 
OCD patients, including both outpatients and inpatients [74]. 
Riluzole or placebo was added to the existing SRI treatment 
regimen for 12 weeks after a 2 weeks placebo lead-on phase. 
No significance was achieved in the study sample as a whole 
on the primary outcome measure (Y-BOCS score), even 
though Y-BOCS scores change after riluzole augmentation 
was nominally greater. Riluzole showed some benefit in  
outpatients, where significantly more patients achieved at 
least partial treatment response in comparison to the placebo 
[74]. 
 Finally, in a double-blind, placebo-controlled trial of 50 
adult OCD patients adjunctive therapy with riluzole in addi-
tion to fluvoxamine treatment for 10 weeks resulted in 
greater reduction of total and compulsions subscale Y-BOCS 
scores compared to the fluvoxamine group [75]. 
 The results to date suggest that riluzole may have the 
potential for efficacy in a less severe or treatment-resistant 
OCD population, however tolerability and acceptability is-
sues may impact on its further development as a treatment 
for OCD. 

3.2. Memantine 
 The uncompetitive NMDAR antagonist memantine is 
approved for the treatment of moderately severe Alzheimer’s 
disease. Memantine is generally well tolerated even in the 
elderly population and has a relatively low propensity for 
drug-drug interactions [76]. Side effects most commonly 
include fatigue, headache, increase in blood pressure and 
dizziness. Memantine has been tested in treatment-resistant 
OCD. Positive results from a few case-reports [77-80]  
suggested memantine may be associated with clinical 
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Table 1. Placebo-controlled, randomized, double-blind clinical trials of glutamate-modulating drugs as monotherapy or augmenta-
tion of the existing psychotropic regimen in OCD. 

Study & Drug Duration & 
Dose 

Adjunctive/ 
Monotherapy 

Subjects Treatment 
Resistance 
at Baseline 

Endpoint Results on  
Efficacy 

Side Effects Effect on Primary 
Outcome: (Yes/no) 

Riluzole 

Grant et al., 
2014 

12 weeks 
Final dose: 
100 mg/day 

Adjunctive 
Initial treatment: 

SRI 

60 pediatric 
OCD patients 
(17 with co-

morbid ASD) 

Yes No significant differences in 
change of CY-BOCS, 

CGAS, CGI-I and CGI-S 
scores between the placebo 
and riluzole groups at the 

end of the trial 

Mainly well 
tolerated 

1 pancreatitis case 
5 transaminases 
elevation cases 

CY-BOCS score 
change: no 

CGI-I score change: no 
CGI-S score change: no 
CGAS score change: no  

Pittenger et al., 
2015 

12 weeks + 2 
weeks lead-on 

placebo 
Final dose: 
100 mg/day 

Adjunctive 
Initial treatment: 

SRI 

38 adult OCD 
patients 

(27 outpatients 
and 11 inpa-

tients) 

Yes No significant difference in 
Y-BOCS scores change 
between the placebo and 

riluzole groups at the end of 
the trial 

Among OCD outpatients 
only significantly more 
achieved at least partial 
treatment response with 

adjunctive riluzole.  

Well tolerated Y-BOCS score change: 
no 

Emamzadehfar
d et al., 2016 

10 weeks 
Final dose: 
100 mg/day 

Adjunctive 
Initial treatment: 

fluvoxamine 

50 adult OCD 
patients 

  Significant greater reduction 
of Y-BOCS total and com-
pulsions scores between the 
placebo and riluzole groups 

at the end of the trial 

Well tolerated Y-BOCS score change: 
yes 

Memantine 

Ghaleiha et al., 
2013 

8 weeks 
Final dose: 20 

mg/day 

Adjunctive 
Initial treatment: 

fluvoxamine 

42 adult OCD 
patients 

No Greater reduction of Y-
BOCS scores in the meman-
tine group at the end of the 

trial (p = 0.006) 

Well tolerated 
  

Y-BOCS score change: 
yes 

  

Haghighi et al., 
2013 

12 weeks 
Dose: 5-10 

mg/day 

Adjunctive 
Initial treatment: 

SRI 

40 adult OCD 
patients 

  

No Greater reduction of  
Y-BOCS scores in the 

memantine group at the end 
of the trial (p = 0.005) 

Well tolerated 
  

Not predefined 
Y-BOCS score change: 

yes 

Ketamine 

Rodriguez  
et al., 2013 

Ketamine & 
saline i.v. 
infused at 

least 1 week 
apart in ran-
dom order 

Dose: 
0.5  mg/kg 

Monotherapy 15 adult OCD 
patients 

(2 with mild or 
moderate co-

morbid depres-
sion) 

Part of the 
sample 

Greater reduction in  
Y-BOCS scores for subjects 
receiving ketamine as first 

infusion at 7 days post 
infusion (p < 0.01) 

Obsession symptoms  
severity (OCD-VAS score) 
with ketamine significantly 
lower at mid-infusion, 230 

min and 7 days post infusion 
compared to the saline 

group 

Mild increase in 
blood pressure 

and pulse 
Dissociation, 
psychotic and 

manic symptoms, 
time perception 

distortion,  
dizziness, nausea, 

vomiting,  
headache 

Not predefined 
Y-BOCS score change: 
yes for ketamine as first 

infusion 
OCD-VAS score 

change: yes 
  

Glycine 

Greenberg  
et al., 2009 

12 weeks 
Final dose: 60 

g/day 

Adjunctive 
Initial treatment: 
stable psycho- 

pharmacological 
or psychothera-
peutic treatment 

24 adult OCD 
patients 

  

Not specified Reduction of Y-BOCS 
scores in the glycine com-
pared to the placebo group 
at the endpoint showed a 

trend towards significance 
(p = 0.053) 

High drop-out 
rate related  
to glycine’s 

unpleasant taste 
and nausea 

Y-BOCS score change: 
no (strong trend towards 

significance) 

(Table 1) contd…. 
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Study & Drug Duration & 
Dose 

Adjunctive/ 
Monotherapy 

Subjects Treatment 
Resistance 
at Baseline 

Endpoint Results on  
Efficacy 

Side Effects Effect on Primary 
Outcome: (Yes/no) 

Topiramate 

Mowla et al., 
2010 

12 weeks 
Dose: 100-200 

mg/day 

Adjunctive 
Initial treatment: 
existing treatment 

regimen 

49 adult OCD 
patients 

Yes Y-BOCS score mean de-
crease 32.0% in the topi-

ramate group vs. 2.4% in the 
placebo group (p < 0.05) 

  Y-BOCS score change: 
yes 

Berlin et al., 
2011 

12 weeks 
Dose: 50-400 

mg/day 

Adjunctive 
Initial treatment: 

SSRI 

36 adult OCD 
patients 

Yes No significant treatment 
effect of topiramate on total 
Y-BOCS scores (p = 0.11) 

or obsessions subscores  
(p = 0.99) 

Significant treatment effect 
of topiramate on Y-BOCS 

compulsions subscores  
(p = 0.014). 

Due to adverse 
effects 28% 

discontinuation 
and 39% dose 

reduction in the 
topiramate group 

Weight loss, 
influenza-like 

symptoms, taste 
perversion, pares-
thesia, memory 

difficulty 

Y-BOCS total score 
change: no 

Y-BOCS obsessions 
subscore change: no 

Y-BOCS compulsions 
subscore change: yes 

Afshar et al., 
2014 

12 weeks 
Dose range: 

100-200 
mg/day 

Adjunctive 
Initial treatment: 

SRI 

38 adult OCD 
patients 

Yes No significant difference in 
Y-BOCS scores between the 

topiramate and placebo 
group at the end of the study 

(p = 0.058) 
Y-BOCS scores were  

significantly lower in the 
topiramate vs. the placebo 

group at weeks 4 (p = 0.01) 
and 8 (p = 0.01) of the trial. 

2 patients dropped 
out due to adverse 

effects. 
Paresthesia, 

cognitive prob-
lems, weight loss, 
micturation fre-
quency, renal 

stone, decreased 
appetite 

Y-BOCS score change 
at the end of the trial: no 

(strong trend towards 
significance) 

Treatment response: no 
(strong trend) 

  

Lamotrigine 

Bruno et al., 
2012 

16 weeks 
Final dose: 
100 mg/day 

Adjunctive 
Initial treatment: 

SRI 
  

40 (final sample 
33) adult OCD 

patients 
  

Yes Lamotrigine was associated 
with greater reduction of  

Y-BOCS (p < 0.0001) and 
HDRS scores (p < 0.0001) 

at endpoint. 
Lamotrigine was associated 

with lower CGI-S scores  
at the end of the trial  

(p < 0.0001). 

Well tolerated 
Sedation, fatigue, 

headache, skin 
rash 

Y-BOCS score change: 
yes 

CGI-S score difference: 
yes 

HDRS score change: 
yes  

Khalkhali et al., 
2016 

12 weeks 
Final dose: 
100 mg/day 

  

Adjunctive 
Initial treatment: 

SRI 

53 adult OCD 
patients 

Yes Lamotrigine was associated 
with greater reduction of the 

total Y-BOCS score  
(p = 0.007), as well as the 

obsessions (p = 0.01)  
and compulsions subscales 

(p = 0.005).  

Well tolerated 
Headache, skin 

rash 

Y-BOCS score change: 
yes 

  

N-acetylcysteine 

Afshar et al., 
2012 

12 weeks 
Dose: up to 
2.4 g/day 

Adjunctive 
Initial treatment: 

SRI 

48 adult OCD 
patients 

Yes Greater reduction of  
Y-BOCS scores in the NAC 

compared to the placebo 
group at the end of the trial 

(p = 0.003) 
Significantly more patients 
in the NAC compared to  
the placebo group were 
responders (p = 0.013). 

Well tolerated 
Nausea, vomiting, 

diarrhea 

Y-BOCS change: yes 
Treatment response 

rate: yes 

(Table 1) contd…. 
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Study & Drug Duration & 
Dose 

Adjunctive/ 
Monotherapy 

Subjects Treatment 
Resistance 
at Baseline 

Endpoint Results on Efficacy Side Effects Effect on Primary 
Outcome: (Yes/no) 

N-acetylcysteine 

Sarris et al., 
2015 

16 weeks 
Dose: 3 g/day 

Monotherapy or 
adjunctive 

Initial treatment: 
existing stable 

treatment regimen 
or monotherapy 

44 adult 
OCD pa-

tients 
  

Not speci-
fied 

No significant difference in  
Y-BOCS scores changes between 
the NAC and placebo group at the 

end of the study 

Well tolerated 
Heartburn 

Y-BOCS change: no 

Paydary et al., 
2016 

10 weeks 
Dose: 2 g/d 

Adjunctive 
Initial treatment: 

fluvoxamine 

44 adult 
OCD pa-

tients 

  Greater reduction of Y- 
BOCS total scores (p = 0.012)  

and obsessions subscale  
(p = 0.011) in the NAC  
compared to the placebo  

group at the end of the trial  

Well tolerated Y-BOCS change: yes 

Costa et al., 
2017 

16 weeks 
Dose: 3 g/d 

Adjunctive 
Initial treatment: 

SRI 

40 adult 
OCD pa-

tients 

Yes No significant difference in  
Y-BOCS scores changes between 
the NAC and placebo group at the 

end of the study 
Some benefit in reducing anxiety 

symptoms in the NAC group 

Well tolerated 
Abdominal pain 

Y-BOCS change: no 

Minocycline 

Esalatmanesh 
et al., 2016 

10 weeks 
Dose: 200 

mg/d 

Adjunctive 
Initial treatment: 

fluvoxamine 

102 adult 
OCD pa-

tients 

No Greater reduction of Y-BOCS 
total scores (p = 0.003), the  

obsession subscale (p = 0.001) 
and greater response rate in the 

minocycline group at the  
end of the trial 

Well tolerated Y-BOCS change: yes 

Abbreviations: ADIS = Anxiety Disorders Interview Schedule, ASD = autism spectrum disorder, CBT = cognitive behavioural therapy, CSR = clinical severity rating, CY-BOCS = 
Children's Yale-Brown Obsessive Compulsive Scale, CGAS = Children's Global Assessment Scale, CGI-I = Clinical Global Impression – Improvement, CGI-S = Clinical Global 
Impression - Severity, GOCS = Global Obsessive-Compulsive Scale, HDRS = Hamilton Rating Scale for Depression, NAC = N-acetylcysteine, OCD-VAS = OCD visual analog 
scale, SSRI = selective serotonin reuptake inhibitor, SUDS = Subjective Units of Distress Scale, Y-BOCS = Yale-Brown Obsessive Compulsive Scale. 

 

improvement, which in one case was sustained up to 9 
months. Three small, open label trials of memantine, admin-
istered either as monotherapy or adjunctive to SRI [81-83], 
were also performed. They showed promise of efficacy with 
approximately 45% to 60% of entrants showing some sign of 
clinical response using the Y-BOCS and good tolerability. In 
the study by Feusner et al. [82], memantine had a preferen-
tial efficacy in OCD compared to a group of generalized 
anxiety disorder patients. 
 Recently, two double-blind, placebo-controlled trials 
have also demonstrated promising results. In the study by 
Ghaleiha et al. [84] 42 OCD patients without psychiatric 
comorbidity and without psychotropic medication use in the 
6 weeks preceding the screening, were randomized to 
memantine or placebo as an add-on treatment to 
fluvoxamine. After 8 weeks patients from the memantine-
assigned group showed higher rate of remission (p < 0.001) 
and greater improvement in both the obsession and 
compulsion subscales of the Y-BOCS. A limitation of the 
study was the relatively short duration of the trial (8 weeks). 
Thus, it could not be definitely concluded whether the 
advantage over fluvoxamine treatment would have been 
sustained in a longer trial. 

 In the trial by Haghighi et al. [85], 40 adult OCD patients 
were randomized to memantine or placebo as an add-on 
treatment to their SRIs regimen. All OCD patients in this 
study had no psychiatric comorbidities, were not defined as 
treatment-resistant, and for the week before and during the 
trial were on SRI regimen. After 12 weeks significant bene-
ficial effect of memantine on OCD symptoms severity was 
observed measured by greater decrease in Y-BOCS scores  
(p = 0.005). In addition, 9 patients from the SRI + memantine 
group were full responders in comparison to 0 patients from 
the SRI group. A limitation of this study was that symptoms 
of depression and anxiety were not measured throughout the 
study, not accounting for a possible effect of memantine on 
them [85]. 

 In a further single-blind case-control study of 44 adult 
patients with severe, treatment-resistant OCD 22 received 
memantine augmentation to their treatment regimen [86], 
while 22 served as controls. Mean decreases in Y-BOCS 
scores at discharge compared to admission were significant 
in the memantine augmented group (27%) but not in the con-
trol group (16.5%), implying beneficial therapeutic effect of 
memantine augmentation. In addition, 50% decrease in  
Y-BOCS score was more likely in the memantine than in the 
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Table 2. Placebo-controlled, randomized, double-blind clinical trials of d-cycloserie as augmentation of psychotherapy in OCD 
patients 

Study & 
Drug 

Duration, dose and 
Temporal Relationship 

to CBT Sessions 

Subjects Mode of Therapy Endpoint Results on Efficacy Side Effects Effect on Primary 
Outcome: (yes/no) 

Studies in adults 

Storch et 
al., 2007 

12 CBT sessions with 
DCS 4 h prior to each 

session 
Dose: 250 mg/CBT ses-

sion 

24 adult OCD 
patients 

In person 
1 session hierarchy 

and education, 1 ses-
sion practice exposure 
and 9 sessions expo-

sure and response 
prevention exercises 

No significant difference be-
tween the DCS and placebo 

groups in terms of OCD sever-
ity post-treatment. 

Well tolerated Y-BOCS change: 
no 

Kushner 
et al., 
2007 

10 CBT sessions with 
DCS 2 h prior to each 

session 
Dose: 125 mg/CBT ses-

sion 

25 adult OCD 
patients  

In person 
Hierarchy at baseline, 
10 sessions of expo-

sure/ritual prevention 
techniques 

No differences in Y-BOCS 
scores or between the DCS and 

placebo groups at the end of 
the trial. 

The DCS group achieved > 
50% SUDS scores reduction 

significantly faster and showed 
improved compliance. 

Well tolerated 
Mild gastrointes-

tinal distress, 
fatigue, anxiety 
and dizziness 

Y-BOCS change: 
no 

Wilhelm 
et al., 
2008 

10 CBT sessions with 
DCS 1 h before each 

session 
Dose: 100 mg/CBT ses-

sion 

23 adult OCD 
patients 

(Including 
patients with 
continuing 
stable psy-
chotropic 
treatment 
regimen) 

In person 
1 psychoeducational 
/treatment planning 
session, 10 behavior 

therapy sessions 
  

No significant differences in Y-
BOCS scores between the DCS 

and placebo groups at post-
treatment (p = 0.14) or 1 month 

follow up (p = 0.12) 
Significantly lower Y-BOCS 
scores in the DCS group at 
mid-treatment (p = 0.009) 

Significantly fewer depressive 
symptoms at 

post-treatment (p=0.04) 

Well tolerated Y-BOCS change: 
no at post-treatment 
or 1 mo follow up; 

yes at mid-treatment 

Andersson 
et al., 
2015 

DCS 1 h before 5 CBT 
tasks during a 12 weeks 

internet-based CBT 
Dose: 50 mg/CBT task 

  

128 adult 
OCD outpa-

tients 
(In some 

stable antide-
pressant 
regimen) 

Therapist-supported 
internet 

12 weeks of therapist-
supported internet-

based CBT 

No difference between the 
DCS and placebo group in Y-
BOCS scores at the trial end 

and 3 months follow up 
In the DCS group significantly 
more antidepressant-free pa-

tients achieved remission at the 
trial’s end compared to antide-

pressant-medicated patients 
(p  =  0.008). 

Well tolerated Y-BOCS change: 
no 

de Leeuw 
et al., 
2017 

6 guided exposure ses-
sions with DCS 1 h be-

fore each session 
Dose: 125 mg/session 

39 adult OCD 
patients 

In person 
6 weekly guided expo-

sure sessions 

No significant difference in the 
Y-BOCS score change between 

the groups at the end of the 
trial, although decrease in DCS 
group was numerically greater 

(p = 0.076). 
A significant effect of DCS in 
the “cleaning/contamination” 

subgroup (p = 0.033). 

Well tolerated Y-BOCS change: 
no 

Studies in children and adolescents 

Storch et 
al., 2010 

10 CBT sessions with 
DCS 1 h before each 

session for 7 of the ses-
sions 

Dose: weight-adjusted 

30 children 
and adoles-
cents with 

OCD 

In person 
10 CBT sessions 

including psychoedu-
cation, cognitive 

therapy, hierarchy 
development,  

and ERP 

No significant differences in 
CY-BOCS and ADIS-CSR 

scores changes at the end of the 
trial. 

Well tolerated CY-BOCS: no 
CGI-S: significant 

time and group, but 
no significant time 

by group interaction 
ADIS-CSR: no 

(Table 2) contd…. 
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Study & 
Drug 

Duration, dose and 
Temporal Relationship 

to CBT Sessions 

Subjects Mode of Therapy Endpoint Results on Efficacy Side Effects Effect on Primary 
Outcome: (yes/no) 

Studies in children and adolescents 

Farrell et 
al., 2013 

9 CBT sessions with DCS 
1 h before each of 5 

sessions 
Dose: weight-adjusted 

  

17 children 
and adoles-
cents with 

OCD 

In person 
9 CBT sessions, in-
cluding 4 sessions 
with instruction on 

cognitive-behavioural 
techniques and 5 ERP 

sessions 

No significant difference in 
CY-BOCS between the DCS 
and placebo groups at the end 

of the trial 
Greater improvement from end 
of the trial until 1 month follow 
up in the DCS compared to the 
placebo group was detected for 
CY-BOCS obsessions subscale 

(p < 0.05), GOCS scale  
(p < 0.05) and CGI-S  

(p = 0.05). 

Well toler-
ated 

CY-BOCS scores: no at 
post treatment or 2 mo 
follow up; yes at 1 mo 
follow up for some of 

the measures 
CSR: no 

GOCS: yes at 1 mo 
follow up; no at post 

treatment or 3 mo  
follow up 

CGI-S: yes at 1 mo 
follow up; no at post 

treatment or 3 mo  
follow up 

Mataix-
Cols et 
al., 2014 

14 CBT sessions, 10 of 
them with DCS immedi-
ately after each session 

Dose: 50 mg 

27 children 
and adoles-
cents with 

OCD 
(In some 

patients stable 
psychotropic 

regimen) 

In person 
14-session manualised 
treatment, including 2 
sessions psychoeduca-
tion, 10 sessions ERP 
and 2 sessions relapse 

prevention. 

No significant differences in 
CY-BOCS scores between the 
DCS and placebo group at any 

time point 

Well toler-
ated 

CY-BOCS change: no 

Storch et 
al., 2016 

10 CBT sessions with 
DCS administered 1 h 

prior to 7 of the sessions 
Dose: weight-adjusted 

142 children 
and adoles-
cents with 

OCD 

In person 
10 CBT sessions 

No significant difference in the 
rate of CY-BOCS scores de-

cline between the groups. 
No moderation effect for anti-

depressant medication ob-
served. 

Well toler-
ated 

CY-BOCS change: no 

Abbreviations: ADIS = Anxiety Disorders Interview Schedule, ASD = autism spectrum disorder, CBT = cognitive behavioural therapy, CSR = clinical severity rating, CY-BOCS = 
Children's Yale-Brown Obsessive Compulsive Scale, CGAS = Children's Global Assessment Scale, CGI-I = Clinical Global Impression – Improvement, CGI-S = Clinical Global 
Impression - Severity, GOCS = Global Obsessive-Compulsive Scale, HDRS = Hamilton Rating Scale for Depression, NAC = N-acetylcysteine, OCD-VAS = OCD visual analog 
scale, SSRI = selective serotonin reuptake inhibitor, SUDS = Subjective Units of Distress Scale, Y-BOCS = Yale-Brown Obsessive Compulsive Scale. 

 

placebo group (p = 0.04). A limitation of this study was the 
fact that randomization to the treatment groups was not per-
formed and the decision to match cases and controls was 
taken only after the patients’ discharge [86]. 

 In summary, a beneficial therapeutic effect of memantine 
in OCD patients with or without treatment resistance has 
been consistently observed in these reports. However, there 
are currently no clear indications predicting which OCD pa-
tients would respond beneficially to memantine treatment 
augmentation. 

3.3. Ketamine 
 Ketamine is a non-competitive NMDAR antagonist, 
which has been used as an anaesthetic and is currently being 
investigated for its rapid antidepressant effect [61, 63]. In a 
case report Rodriguez et al. [87] found that in a treatment-
resistant patient with severe OCD a blinded ketamine intra-
venous infusion caused a complete cessation of obsessions 
with return to baseline after one week [87]. 
 A placebo-controlled, double-blind, cross-over trial with 
ketamine as monotherapy was subsequently conducted by 

Rodriguez et al. [88] in 15 adult OCD patients with near 
constant obsession symptoms. Patients received two intrave-
nous infusions (one with saline and one with ketamine) 
spaced at least one week apart in randomized order. After the 
first infusion those receiving ketamine (n=8) showed signifi-
cantly lower obsession symptoms severity at mid-infusion (p 
< 0.005), 230 min post infusion (p < 0.05) and 7 days post 
infusion (p < 0.05) compared to the saline group (n=7). In 
addition 50% of the OCD subjects receiving ketamine met 
the treatment response criteria at one week compared to 0% 
from the saline group. Due to the substantial carry-over ef-
fect of ketamine at one week, the cross over arm of the study 
was not analyzed. Side effects with ketamine administration 
were significant and included dissociation, time perception 
distortions, positive psychotic and manic symptoms, dizzi-
ness, nausea or vomiting and headache. Overall the results of 
the study suggested a rapid effect of ketamine infusion as a 
monotherapy in OCD, which was sustained at one week post 
treatment. A limitation was the difficulty to blinding the pa-
tients to the infusion due to the psychoactive effects of keta-
mine, which in turn may influence self-rating scales as OCD-
VAS [88]. 
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 These results stand in contrast to an open-label trial car-
ried out by Bloch et al. [89] in 10 adult patients with severe 
treatment-resistant OCD, high comorbidity rate of depres-
sion and high rate of concurrent psychotropic medication. 
All participants received single intravenous infusion with 
ketamine, which was associated only transiently (after 1-3 h 
post infusion) with substantial OCD symptoms improve-
ment. Ketamine effect on Y-BOCS scores at days 1-3 post 
infusion did not reach the treatment response criteria, and Y-
BOCS scores returned to baseline by day 7 after infusion. In 
contrast, depression symptoms were affected significantly in 
4 of the 7 ketamine treated patients with comorbid depres-
sion, achieving treatment response in the first 1-3 days. Ad-
verse effects of ketamine included dissociative symptoms, 
memory gaps, sensory distortions, and a transient systolic 
blood pressure increase in one subject. In two of the three 
OCD subjects without comorbid depression, both of which 
had trauma history, dysphoria, passive suicidal ideation and 
anxiety were observed, starting within the first two days after 
treatment [89, 90]. Thus, trauma history may be an indica-
tion for caution in ongoing investigations of ketamine in 
OCD patients. 
 The results from the initial small-sized trials on ketamine 
efficacy in OCD are contradictory – in both studies ketamine 
caused a rapid decrease in OCD symptoms, but the sustain-
ability of its effect over a clinically meaningful period of 
time differed greatly. Two recent small, open label trials in 
adult OCD patients investigated the possibility to sustain the 
therapeutic effect after a single ketamine injection using ei-
ther memantine treatment [91] or ERP therapy [92] and ERP 
showed overall more promising results. Ketamine was also 
associated with serious adverse effects, including dissocia-
tive symptoms, dysphoria, suicide ideation, psychotic or 
manic symptoms and anxiety, limiting its acceptability for 
clinical usage. However, its fast onset of action distinguishes 
it from most other glutamate-modulating compounds and 
makes it an interesting candidate for further investigations. 

 It has been proposed that the rapid antidepressant effi-
cacy of ketamine involves inhibition of presynaptic NMDA 
receptors, causing increased release of glutamate from nerve 
endings and activation of postsynaptic AMPA receptors. 
These events are followed by activation of voltage-sensitive 
calcium channel, influx of calcium and secretion of brain-
derived neurotrophic factor (BDNF). The BDNF-TrkB sig-
naling triggers activation of the mTOR and its down-stream 
signaling pathways, causing enhanced synthesis of synaptic 
proteins and synaptogenesis [93]. Whether such a mecha-
nisms is involved in the putative efficacy of ketamine in 
treating OCD is unknown and requires investigation. Inter-
estingly, the mood stabilizer lithium at subtherapeutic or low 
therapeutic levels potentiates and prolongs the antidepressant 
effects of ketamine in a stress-induced mouse model of de-
pression, likely by augmenting the BDNF-TrkB and mTOR 
signaling pathways [94]. Lithium inhibits excessive gluta-
mate-induced, NMDA receptor-mediated calcium influx in 
neurons, presumably via reducing NR2B subunit tyrosine 
phosphorylation through the Src/Fyn kinase [reviewed in 
95]. Together, it seems warranted to assess as to whether 
lithium can potentiate the putative efficacy of ketamine (and 
memantine) in OCD patients. 

3.4. Glycine 
 Glycine is an NMDAR (co)-agonist. The occupancy of 
the glycine modulatory site by glycine, D-serine or D-
alanine is a prerequisite for the activation of the cation chan-
nel by glutamate. In a double-blind, placebo-controlled trial 
24 adult outpatient OCD subjects with stabilized treatment 
regimen were randomized to adjunctive glycine treatment or 
placebo for 12 weeks [96]. This study was characterized by 
high non-adherence rate, mainly due to nausea and the un-
pleasant taste of glycine. From the OCD patients who com-
pleted the study, 2 out of 5 subjects with adjunctive glycine 
were responders, while 0 out of 9 subjects with add-on pla-
cebo were responders. The decrease in Y-BOCS scores in 
the glycine compared to the placebo group showed a trend 
not reaching significance (p=0.053). Limitations of the study 
included the small sample size due to the high dropout rate 
and the heterogeneity of the initial treatment regimen [96]. In 
a case report of a patient comorbid for OCD and body dys-
morphic disorder, who had failed multiple treatment trials, 
glycine treatment led to robust decrease in OCD/BDD symp-
toms and long term improved functioning [97]. 

3.5. Sarcosine 
 Sarcosine is an endogenous inhibitor of the glycine 
transporter-1. By blocking the glycine transporter it increases 
the synaptic availability of glycine. Sarcosine and glycine 
have shown promise also in clinical trials of schizophrenia 
[98]. Sarcosine was tested in a single open-label trial in 26 
OCD patients as either monotherapy or as adjunctive therapy 
for 10 weeks. 8 OCD subjects met the criteria for responders 
in this study and sarcosine was overall well tolerated [99]. 
Limitations of the study included its open label design, and 
small sized and heterogeneous sample. Bitopertin, another 
inhibitor of the glycine transporter-1, has been investigated 
for its efficacy as augmentation of stable SSRI regimen in 
OCD patients, but no results have been reported so far 
(NCT01674361). 

3.6. Topiramate 
 Topiramate is an anticonvulsant and anti-migraine drug. 
It is also an AMPA-receptor antagonist and interacts with 
voltage-gated sodium and calcium channels. Recognised 
adverse effects of topiramate (including paresthesia, cogni-
tive problems, micturation frequency, renal stones, weight 
loss or psychiatric adverse events) limit its tolerability and 
acceptability. Evidence for potential benefit from topiramate 
in treatment-resistant OCD was suggested by a few open-
label trials [100, 101] and case reports [102, 103]. However, 
in two other case reports, topiramate treatment was associ-
ated with the provocation of OCD symptoms in cases with-
out prior OCD [104, 105]. In one case, OCD improved after 
topiramate discontinuation [105]. 
 Three double-blind, placebo-controlled trials have since 
been conducted with topiramate in OCD, with mixed results. 
In the study of Mowla et al. [106], 49 treatment-resistant 
OCD patients were randomized to topiramate or placebo as 
an add-on to their current treatment regimen. At the end of 
the 12 weeks trial 12 from the 24 patients in the topiramate 
group (20 completers) were rated as responders versus no 
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patients from the placebo group. Significantly more im-
provement in the Y-BOCS scores was detected in the topi-
ramate compared to the placebo group (p < 0.001) [106]. In 
the second placebo-controlled trial, 36 treatment-resistant 
adult OCD patients were randomly assigned for 12 weeks to 
topiramate or placebo as an adjunctive agent to their SSRI 
treatment regimen [107]. Topiramate significantly decreased 
compulsions subscale (p = 0.014), but not obsessions sub-
scale (p = 0.99) or total Y-BOCS score (p = 0.11). Topi-
ramate was not well tolerated (influenza-like symptoms, 
paresthesia, memory difficulties, taste perversions), which 
led to 28% drop-out and 39% dose reduction in the topi-
ramate group [107]. In the third trial by Afshar et al. [108], 
38 adult treatment refractory OCD patients were randomly 
assigned to topiramate or placebo as an adjunctive medica-
tion to their SRI treatment regimen for 12 weeks. Topiramate 
treatment led to statistically significant improvement of Y-
BOCS scores in comparison to the control group at weeks 4 
(p = 0.02) and 8 (p = 0.01), but not at the end point (week 
12) (p = 0.058) and was associated with a number of side 
effects [108]. 

3.7. Lamotrigine 
 Lamotrigine is an anticonvulsant drug and has also anti-
depressant/mood-stabilizing properties utilized in the treat-
ment of bipolar disorder. It blocks voltage-gated sodium 
channels, thus inhibiting glutamate release, inhibits AMPA 
receptors, is an indirect inhibitor of histone deacetylases 
(HDACs) and robustly induces the prominent neuroprotec-
tive protein Bcl-2 [109]. Positive results from case reports 
[110-112], and a retrospective open-label case series of 22 
adult treatment-resistant OCD patients [113] suggested a 
possible therapeutic role for lamotrigine in OCD. On the 
other hand, in another case series of 8 treatment-resistant 
OCD patients, adjunctive lamotrigine resulted in significant 
improvement in only one patient [114]. 
 Bruno et al. [115] conducted a 16 weeks double blind, 
placebo controlled study of adjunctive lamotrigine in 40 
SRI-resistant OCD patients. At the end of the study the de-
crease in Y-BOCS scores was significantly more pronounced 
in the lamotgrine augmented group (p = 0.003). Furthermore, 
35% of the patients assigned to the lamotrigine group 
showed a full and 50% - partial treatment response, while 
none of the patients in the placebo group reached the treat-
ment response criteria. Lamotrigine was overall well toler-
ated with side effects including sedation, fatigue, headache, 
and in one patient skin rash [115]. Recently another 12 
weeks double blind, placebo controlled trial with adjunctive 
lamotrigine in addition to stable SRI treatment regimen was 
conducted in 53 treatment-resistant adult OCD patients. At 
the end of the trial significantly greater reduction in total Y-
BOCS scores (p = 0.007) was observed in the lamotrigine 
group [116]. Lamotrigine was overall well tolerated with 
skin rash and headache emerging as side effects. 
 An open-label trial by Poyurovsky et al. [117] provided 
information about the possible utility of lamotrigine in 
schizoaffective patients with obsessive-compulsive symp-
toms. Lamotrigine was added to the ongoing psychotropic 
treatment regimen of patients with schizophrenia (n = 5) and 
schizoaffective disorder (n = 6) and with clinically relevant 

obsessive-compulsive symptoms (OCS). Lamotrigine aug-
mentation for 8 weeks was correlated with treatment re-
sponse concerning the OCS in 5 of the patients, all of whom 
had schizoaffective disorder. Depressive symptoms were 
also improved with lamotrigine treatment, while schizophre-
nia symptoms were not affected [117]. 

 However, accounts of OCD symptoms provocation after 
lamotrigine treatment have also emerged. Thus, Kemp et al. 
[118] described the development of obsessive symptoms in 5 
patients suffering from bipolar II disorder after starting 
lamotrigine intake. In addition, Kuloglu et al. [119] de-
scribed a case of a female bipolar disorder II patient in whom 
lamotrigine added to the treatment regimen was associated 
with the appearance of disruptive obsessive symptoms. 

3.8. N-acetylcysteine 
 N-acetylcysteine (NAC) is an antioxidant, used as an 
antidote in acetaminophen overdose and the associated hepa-
totoxicity. NAC is a precursor of cysteine and modulates the 
cystine-glutamate antiporter [120]. An early report found 
benefits from NAC augmentation of fluvoxamine in an OCD 
case [121]. A subsequent randomized, double-blind, pla-
cebo-controlled trial was conducted in 48 adult treatment-
resistant OCD patients, who were assigned to NAC or  
placebo adjunctive to SRI treatment for 12 weeks. At the  
end of the study significantly greater improvement of  
Y-BOCS scores in the NAC augmented group was detected 
(p = 0.003) and the response rate in the NAC group was 
higher. NAC was overall well tolerated with adverse effects 
including nausea, vomiting and diarrhoea [122]. A recent 
randomized, double-blind, placebo-controlled trial was car-
ried out in 44 adult OCD patients who were randomized to 
NAC or placebo for 16 weeks [123]. Continuation of previ-
ously stable psychotropic regimen was allowed during the 
course of the trial. No difference in Y-BOCS scores was 
detected between the NAC and placebo groups at the end of 
the trial. At week 12 significant NAC was found to be sig-
nificantly more effective in reducing the compulsions Y-
BOCS subscale, however this difference dissipated by the 
end of the trial [123]. In addition, in a double-blind, random-
ized, placebo-controlled trial augmentation of fluvoxamine 
with NAC for 10 weeks led to greater reduction of total (p = 
0.012) and obsessions (p = 0.011) subscale Y-BOCS scores 
compared to the fluvoxamine and placebo group [124]. Fi-
nally, Costa et al. conducted a double-blind, randomized, 
placebo-controlled trial in 40 treatment-resistant adult OCD 
patients, in whom augmentation of the existing SRI treat-
ment regimen with NAC for 16 weeks did not lead to differ-
ence in the Y-BOCS score change in comparison to placebo, 
although some benefit in reducing anxiety symptoms was 
observed [125]. 

3.9. Minocycline 
 Minocycline is an antibiotic (a tetracycline derivative), 
which has been shown to inhibit Na+- and Ca2+-ionic cur-
rents and block glutamate release in vitro [126]. A prospec-
tive, open-label trial examined the efficacy of minocycline as 
an augmenting agent to the existing treatment regimen in-
cluding SRI in 9 adult treatment-resistant OCD subjects for 
12 weeks. While no treatment response was observed for the 
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group as a whole, two patients (both with early-onset OCD) 
were responders [127]. In a double blind, placebo controlled 
trial in 102 adult OCD patients minocycline or placebo were 
added to fluvoxamine treatment for 10 weeks. Greater reduc-
tion of Y-BOCS total scores (p = 0.003), the obsession sub-
scale (p = 0.001) and greater response rate were observed in 
the minocycline group at the end of the trial [128]. Mino-
cycline’s relatively low cost and approved use in both chil-
dren and adults suggests its further investigation in OCD 
could be warranted. 

3.10. D-Cycloserine 
 D-cycloserine (DCS) is a partial NMDAR co-agonist that 
has been hypothesized to facilitate fear extinction [129]. 
DCS at varying doses has been tested for its effect in aug-
menting the treatment response to CBT (ERP) in several 
double-blind studies in adult OCD patients and younger peo-
ple, with unimpressive results. 

 The first double-blind, placebo-controlled trial was con-
ducted by Storch et al. [130] in 24 adult OCD patients, to 
whom DCS or placebo were administered 4 hours prior to 
each of 12 CBT sessions. No significant differences were 
found in this study between the two groups in terms of OCD 
severity or responder rate at post-treatment. In a second dou-
ble-blind, placebo-controlled trial of 25 adult OCD patients, 
DCS or placebo was administered 2 hours prior to each of 10 
CBT sessions [131]. There were no between-group differ-
ences in Y-BOCS scores or subjective units of distress scale 
(SUDS) scores at the last CBT session or at 3 months fol-
low-up. However, the DCS group achieved > 50% reduction 
in SUDS scores significantly earlier than the placebo group. 
A third double blind, placebo-controlled trial by Wilhelm et 
al. [132] investigated 23 adult OCD patients. Participants 
received DCS or placebo one hour prior to each of 10 CBT 
sessions. No significant differences were detected in Y-
BOCS scores at post-treatment or one month follow up. 
However, Y-BOCS scores in the DCS group were signifi-
cantly lower at mid-treatment. On the other hand comorbid 
depression symptoms were significantly lower at post-
treatment, but not at mid-treatment or 1 month follow up. 
The data from the Wilhelm et al. [132] study were re-
analyzed to elucidate the time-course of DCS effect and it 
was found to precipitate faster treatment-response to CBT 
[133]. Thus, DCS may accelerate the therapeutic effect of 
CBT in OCD patients and appears well tolerated, though its 
benefits are not sustained in terms of improved outcomes. A 
larger randomized, double blind, placebo controlled trial was 
recently conducted in 128 adult OCD outpatients [134] to 
whom placebo or DCS was administered 1 h before 5 CBT 
tasks during a 12 weeks course of internet-based CBT train-
ing. There was no difference on the Y-BOCS scores between 
the DCS and placebo groups at the end of the trial. Patients 
were allowed to continue their stable regimen of concurrent 
psychotropic medication and within the DCS group a signifi-
cantly greater proportion of antidepressant-free patients 
achieved remission at the end of the study in comparison to 
antidepressant-treated patients, suggesting any possible 
benefit from DCS may be limited to otherwise unmedicated 
cases. There is a potential for pharmacological interaction 
between SSRIs and glutamatergic drugs, which is still not 

definitively clarified and may be involved in the observed 
findings [135]. Finally, in a double-blind, placebo-controlled 
trial of 39 adult OCD patients DCS or placebo were adminis-
tered 1 h before each of 6 weekly guided exposure sessions. 
There was no significant difference in the Y-BOCS score 
decrease at the end of the trial (p = 0.076), although the de-
crease in the DCS augmented group was numerically greater 
[136]. 

 Storch et al. [137] conducted a double-blind, randomized 
trial of DCS administered 1 hour prior to 7 out of 10 CBT 
sessions in 30 children and adolescents with OCD. There 
was no significant effect of DCS on OCD severity at post-
treatment, even though DCS patients experienced numeri-
cally greater reduction in CY-BOCS scores. In a further 
double-blind, placebo-controlled, randomized trial, 17 paedi-
atric patients with ‘difficult to treat’ OCD received 9 ses-
sions CBT, 5 of which were augmented with DCS or placebo 
1 hour before the session. A greater improvement in CY-
BOCS scores in the DCS group compared to the placebo was 
detected at 1 month follow up post-treatment [138]. On the 
other hand, no therapeutic benefit was present when DCS (n 
= 12) in comparison to placebo (n = 12) was administered 
immediately after 10 CBT sessions in a double-blind, pla-
cebo-controlled trial of early-onset OCD patients [139]. A 
recent double-blind, placebo-controlled study in 30 early-
onset OCD patients suggested that DCS augmentation of 
CBT was not associated with increased homework compli-
ance, even though homework compliance by itself was asso-
ciated with better outcome [140]. Finally, in a double-blind, 
placebo-controlled trial of 142 children and adolescents with 
OCD DCS was administered 1 h prior to 7 out of 10 CBT 
sessions. No difference on the CY-BOCS score change was 
observed between the groups [141]. 

4. DISUSSION 

4.1. Summary 
 A number of glutamate-modulating drugs are being in-
vestigated for their potential therapeutic effect in OCD, 
however definitive conclusions are precluded by small  
sample sizes in the trials conducted so far (Tables 1 and 2). 
To date, memantine is the compound most consistently 
showing a positive effect as an augmentation therapy to SRIs 
in OCD. Even though further randomized control trials are 
needed to better characterize memantine’s effect, its use in 
OCD patients in whom other therapeutic agents have proven 
ineffective may be justified. Anti-convulsant drugs (lamo-
trigine, topiramate) have been associated with therapeutic 
effect in a subset of OCD patients. Riluzole may also pro-
vide some therapeutic benefit in less severe or treatment-
resistant OCD patients. Ketamine remains an experimental 
treatment in OCD, in view of its adverse effect profile.  
Initial data on its effects in OCD are contradictory with  
one out of two studies showing clinical benefit for OCD 
symptoms. However, ketamine is of interest due to its  
potential for a rapid onset of action in specific clinical  
situations (see next section). N-acetylcysteine has shown 
contradictory results in four double-blind placebo-controlled 
trials up to date [142]. However, it has a particularly benign 
side effects profile, which provides motivation for its clinical 
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use in individual cases, despite the weakness of the data  
supporting it. 
 Data on glycine are limited with a trend towards a posi-
tive effect in a pilot randomized control trial, however prob-
lems with compliance due to its adverse effects profile make 
it a less likely candidate for further investigation. No ran-
domized controlled trials are available for sarcosine and only 
a single double-blind, placebo-controlled trial is available for 
minocycline, but further studies are warranted due to their 
approved use for other indications and relatively low cost. 
Finally, DCS may accelerate the effect of CBT in some OCD 
patients, but the results supporting a clinically relevant effect 
for this compound are not convincing. 
 An important caveat to the current literature remains the 
commonly inconsistent results from different study sites. A 
clear explanation for this inconsistency is currently not 
available and may include differences in study design, 
method of assessment or study population. Independent rep-
lication of the data from more sites or a clear explanation for 
this heterogeneity would be needed to draw more conclusive 
conclusions. 

4.2. OCD Comorbidity and the Potential Therapeutic 
Role of Glutamate-Modulating Drugs 
 The effect of glutamate-modulating drugs in comorbid 
OCD is of interest due to the high prevalence of comorbidity 
in the disorder. Available data up to date are very limited and 
not allowing to draw clear conclusions. Lamotrigine has 
been shown to improve both obsessive-compulsive symp-
toms and depressive symptoms in OCD patients [115] and 
thus warrants further investigation in patients with comorbid 
OCD and depression. So far no studies have been carried out 
in comorbid OCD and bipolar disorder. However, lamo-
trigine may be an interesting candidate to investigate in such 
cases, since it is approved for the prophylaxis and treatment 
of bipolar depression [143]. The first trials on the effect of 
ketamine in OCD patients, some of which with comorbid 
depression, showed contradictory results [88; 89]. However, 
due to its the rapid onset of action, ketamine may be interest-
ing to investigate in specific clinical situations (for example 
in OCD patients with strong suicidal ideation). 

4.3. Factors Predicting Treatment Response to Gluta-
mate-Modulating Drugs in OCD Patients 
 OCD is a clinically heterogenous disorder and some sub-
sets of patients might respond more favourably to certain 
drugs. Identification of factors predicting treatment response 
to glutamate-modulating drugs in OCD patients would facili-
tate the decision on their use as a therapeutic alternative. So 
far no studies have systematically assessed the correlation of 
response to glutamate-modulating drugs with symptom di-
mensions or clinical subtypes of OCD. However, we may get 
some clues from the existing limited study data [144]. For 
example, in an open-label trial with riluzole (a drug so far 
not overall found to be effective in OCD) OCD patients with 
prominent hoarding symptoms were noted to be particularly 
good responders [72]. In the study of Rodriguez et al. [127], 
OCD patients with early-onset of the disease or with hoard-
ing symptoms were more likely to respond to minocycline 
augmentation. These findings are only preliminary and de-

rived from very small sample investigations. Future studies 
with larger cohorts need to systematically address this issue. 
A recent review article and meta-analysis of eight random-
ized, double-blind, placebo-controlled trials suggested bene-
fit of add-on glutamate-modulating drugs in OCD, including 
treatment-resistant OCD [145]. Investigations with different 
glutamate-modulating compounds in clinically more ho-
mogenous study populations may advance the understanding 
of their potential therapeutic utility. 

4.4. The Potential Role of Genetic and Epigenetic Factors 
for the Treatment Response to Glutamate-Modulating Drugs 
 Predisposition to OCD is determined by a combination of 
polygenic factors and environmental risk factors [14]. Epi-
genetic modifications, including DNA methylation, histone 
modifications and microRNAs, have not been specifically 
studied in OCD. However, they present a potential mecha-
nism, through which environmental factors can lead to al-
terations in biological functions. Polymorphisms in glutama-
tergic genes or differences in their DNA methylation levels 
may affect the response of OCD patients to glutamate-
modulating drugs. A recent study by Real et al. [146] sug-
gested that a single nucleotide polymorphism in the SLC1A1 
gene and life stress at the time of OCD disease onset can 
interact to influence treatment resistance to SRIs in OCD 
patients. The potential effect of genetic polymorphisms and 
epigenetic modifications in glutamatergic genes on treatment 
response to glutamate-modulating drugs in OCD patients 
needs to be systematically evaluated. 

CONCLUSION 
 Glutamatergic signalling has been implicated in the 
pathophysiology of OCD by genetic, imaging, biochemical 
and animal studies. Clinical investigations on the therapeutic 
utility of glutamate-modulating drugs in OCD (including 
treatment-resistant) patients are still limited in number and 
precluding definitive conclusions. Research progress has 
been delayed by the relatively few studies with double-blind 
design and by the small sample sizes. So far most data on 
potential utility in subsets of OCD patients have been col-
lected for memantine, lamotrigine and riluzole. The effect of 
clinical symptoms and OCD subtypes (for example early-
onset or comorbid for affective disorders OCD patients), as 
well as of genetic and epigenetic factors (modifications in 
glutamatergic genes) on treatment response to glutamate-
modulating drugs needs to be further characterized. Analyz-
ing larger and/or more clinically or neurobiologically ho-
mogenous study populations and using double-blind design 
would be informative. A combination of these approaches 
may help to identify a subgroup of OCD patients who would 
more effectively respond to glutamate-modulating drugs 
augmentation or monotherapy. 

CONSENT FOR PUBLICATION 

 Not applicable. 

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or 
otherwise. 



990    Current Neuropharmacology, 2017, Vol. 15, No. 7 Marinova et al. 

ACKNOWLEDGEMENTS 

 Declared none. 

REFERENCES 
[1] Fineberg, N.A.; Hengartner, M.P.; Bergbaum, C.E.; Gale, T.M.; 

Gamma, A.; Ajdacic-Gross, V.; Rössler, W.; Angst, J. A prospec-
tive population-based cohort study of the prevalence, incidence and 
impact of obsessive-compulsive symptomatology. Int. J. Psychiatry 
Clin. Pract., 2013, 17(3), 170-178. [http://dx.doi.org/10.3109/ 
13651501.2012.755206] [PMID: 23205952] 

[2] Kalra, S.K.; Swedo, S.E. Children with obsessive-compulsive 
disorder: are they just “little adults”? J. Clin. Invest., 2009, 119(4), 
737-746. [http://dx.doi.org/10.1172/JCI37563] [PMID: 19339765] 

[3] Ruscio, A.M.; Stein, D.J.; Chiu, W.T.; Kessler, R.C. The epidemi-
ology of obsessive-compulsive disorder in the National Comorbid-
ity Survey Replication. Mol. Psychiatry, 2010, 15(1), 53-63. 
[http://dx.doi.org/10.1038/mp.2008.94] [PMID: 18725912] 

[4] Timpano, K.R.; Rubenstein, L.M.; Murphy, D.L. Phenomenologi-
cal features and clinical impact of affective disorders in OCD: a fo-
cus on the bipolar disorder and OCD connection. Depress. Anxiety, 
2012, 29(3), 226-233. [http://dx.doi.org/10.1002/da.20908] [PMID: 
22109969] 

[5] Saxena, S.; Rauch, S.L. Functional neuroimaging and the neuro-
anatomy of obsessive-compulsive disorder. Psychiatr. Clin. North 
Am., 2000, 23(3), 563-586. [http://dx.doi.org/10.1016/S0193-
953X(05)70181-7] [PMID: 10986728] 

[6] Burguière, E.; Monteiro, P.; Mallet, L.; Feng, G.; Graybiel, A.M. 
Striatal circuits, habits, and implications for obsessive-compulsive 
disorder. Curr. Opin. Neurobiol., 2015, 30, 59-65. [http://dx.doi. 
org/10.1016/j.conb.2014.08.008] [PMID: 25241072] 

[7] Rotge, J.Y.; Guehl, D.; Dilharreguy, B.; Tignol, J.; Bioulac, B.; 
Allard, M.; Burbaud, P.; Aouizerate, B. Meta-analysis of brain vol-
ume changes in obsessive-compulsive disorder. Biol. Psychiatry, 
2009, 65(1), 75-83. [http://dx.doi.org/10.1016/j.biopsych.2008.06. 
019] [PMID: 18718575] 

[8] Radua, J.; Mataix-Cols, D. Voxel-wise meta-analysis of grey mat-
ter changes in obsessive-compulsive disorder. Br. J. Psychiatry, 
2009, 195(5), 393-402. [http://dx.doi.org/10.1192/bjp.bp.108. 
055046] [PMID: 19880927] 

[9] Whiteside, S.P.; Port, J.D.; Abramowitz, J.S. A meta-analysis of 
functional neuroimaging in obsessive-compulsive disorder. Psy-
chiatry Res., 2004, 132(1), 69-79. [http://dx.doi.org/10.1016/ 
j.pscychresns.2004.07.001] [PMID: 15546704] 

[10] Rotge, J.Y.; Guehl, D.; Dilharreguy, B.; Cuny, E.; Tignol, J.; Biou-
lac, B.; Allard, M.; Burbaud, P.; Aouizerate, B. Provocation of ob-
sessive-compulsive symptoms: a quantitative voxel-based meta-
analysis of functional neuroimaging studies. J. Psychiatry Neuro-
sci., 2008, 33(5), 405-412. [PMID: 18787662] 

[11] Ting, J.T.; Feng, G. Neurobiology of obsessive-compulsive disor-
der: insights into neural circuitry dysfunction through mouse genet-
ics. Curr. Opin. Neurobiol., 2011, 21(6), 842-848. [http://dx.doi. 
org/10.1016/j.conb.2011.04.010] [PMID: 21605970] 

[12] Ting, J.T.; Feng, G. Glutamatergic synaptic dysfunction and  
obsessive-compulsive disorder. Curr. Chem. Genomics, 2008, 2, 
62-75. [http://dx.doi.org/10.2174/1875397300802010062] [PMID: 
19768139] 

[13] Pittenger, C.; Bloch, M.H.; Williams, K. Glutamate abnormalities 
in obsessive compulsive disorder: neurobiology, pathophysiology, 
and treatment. Pharmacol. Ther., 2011, 132(3), 314-332. [http://dx. 
doi.org/10.1016/j.pharmthera.2011.09.006] [PMID: 21963369] 

[14] Pauls, D.L.; Abramovitch, A.; Rauch, S.L.; Geller, D.A. Obsessive-
compulsive disorder: an integrative genetic and neurobiological 
perspective. Nat. Rev. Neurosci., 2014, 15(6), 410-424. [http://dx. 
doi.org/10.1038/nrn3746] [PMID: 24840803] 

[15] Rosenberg, D.R.; Mirza, Y.; Russell, A.; Tang, J.; Smith, J.M.; 
Banerjee, S.P.; Bhandari, R.; Rose, M.; Ivey, J.; Boyd, C.; Moore, 
G.J. Reduced anterior cingulate glutamatergic concentrations in 
childhood OCD and major depression versus healthy controls. J. 
Am. Acad. Child Adolesc. Psychiatry, 2004, 43(9), 1146-1153. 
[http://dx.doi.org/10.1097/01.chi.0000132812.44664.2d] [PMID: 
15322418] 

[16] Milad, M.R.; Rauch, S.L. Obsessive-compulsive disorder: beyond 
segregated cortico-striatal pathways. Trends Cogn. Sci. (Regul. 

Ed.), 2012, 16(1), 43-51. [http://dx.doi.org/10.1016/j.tics.2011. 
11.003] [PMID: 22138231] 

[17] Shin, D.J.; Jung, W.H.; He, Y.; Wang, J.; Shim, G.; Byun, M.S.; 
Jang, J.H.; Kim, S.N.; Lee, T.Y.; Park, H.Y.; Kwon, J.S. The ef-
fects of pharmacological treatment on functional brain connectome 
in obsessive-compulsive disorder. Biol. Psychiatry, 2014, 75(8), 
606-614. [http://dx.doi.org/10.1016/j.biopsych.2013.09.002] [PMID: 
24099506] 

[18] Taylor, S. Molecular genetics of obsessive-compulsive disorder: a 
comprehensive meta-analysis of genetic association studies. Mol. 
Psychiatry, 2013, 18(7), 799-805. [http://dx.doi.org/10.1038/mp. 
2012.76] [PMID: 22665263] 

[19] Mattheisen, M.; Samuels, J.F.; Wang, Y.; Greenberg, B.D.; Fyer, 
A.J.; McCracken, J.T.; Geller, D.A.; Murphy, D.L.; Knowles, J.A.; 
Grados, M.A.; Riddle, M.A.; Rasmussen, S.A.; McLaughlin, N.C.; 
Nurmi, E.L.; Askland, K.D.; Qin, H.D.; Cullen, B.A.; Piacentini, J.; 
Pauls, D.L.; Bienvenu, O.J.; Stewart, S.E.; Liang, K.Y.; Goes, F.S.; 
Maher, B.; Pulver, A.E.; Shugart, Y.Y.; Valle, D.; Lange, C.; 
Nestadt, G. Genome-wide association study in obsessive-compulsive 
disorder: results from the OCGAS. Mol. Psychiatry, 2015, 20(3), 
337-344. [http://dx.doi.org/10.1038/mp.2014.43] [PMID: 24821223] 

[20] Stewart, S.E.; Yu, D.; Scharf, J.M.; Neale, B.M.; Fagerness, J.A.; 
Mathews, C.A.; Arnold, P.D.; Evans, P.D.; Gamazon, E.R.; Davis, 
L.K.; Osiecki, L.; McGrath, L.; Haddad, S.; Crane, J.; Hezel, D.; 
Illman, C.; Mayerfeld, C.; Konkashbaev, A.; Liu, C.; Pluzhnikov, 
A.; Tikhomirov, A.; Edlund, C.K.; Rauch, S.L.; Moessner, R.; Fal-
kai, P.; Maier, W.; Ruhrmann, S.; Grabe, H.J.; Lennertz, L.; Wag-
ner, M.; Bellodi, L.; Cavallini, M.C.; Richter, M.A.; Cook, E.H., Jr; 
Kennedy, J.L.; Rosenberg, D.; Stein, D.J.; Hemmings, S.M.; 
Lochner, C.; Azzam, A.; Chavira, D.A.; Fournier, E.; Garrido, H.; 
Sheppard, B.; Umaña, P.; Murphy, D.L.; Wendland, J.R.; Veenstra-
Vander, W.J.; Denys, D.; Blom, R.; Deforce, D.; Van Nieuwer-
burgh, F.; Westenberg, H.G.; Walitza, S.; Egberts, K.; Renner, T.; 
Miguel, E.C.; Cappi, C.; Hounie, A.G.; Conceição do Rosário, M.; 
Sampaio, A.S.; Vallada, H.; Nicolini, H.; Lanzagorta, N.; 
Camarena, B.; Delorme, R.; Leboyer, M.; Pato, C.N.; Pato, M.T.; 
Voyiaziakis, E.; Heutink, P.; Cath, D.C.; Posthuma, D.; Smit, J.H.; 
Samuels, J.; Bienvenu, O.J.; Cullen, B.; Fyer, A.J.; Grados, M.A.; 
Greenberg, B.D.; McCracken, J.T.; Riddle, M.A.; Wang, Y.; Coric, 
V.; Leckman, J.F.; Bloch, M.; Pittenger, C.; Eapen, V.; Black, 
D.W.; Ophoff, R.A.; Strengman, E.; Cusi, D.; Turiel, M.; Frau, F.; 
Macciardi, F.; Gibbs, J.R.; Cookson, M.R.; Singleton, A.; Hardy, 
J.; Crenshaw, A.T.; Parkin, M.A.; Mirel, D.B.; Conti, D.V.; Pur-
cell, S.; Nestadt, G.; Hanna, G.L.; Jenike, M.A.; Knowles, J.A.; 
Cox, N.; Pauls, D.L. Genome-wide association study of obsessive-
compulsive disorder. Mol. Psychiatry, 2013, 18(7), 788-798.  
[Erratum in: Mol Psychiatry 18:843. Davis, LK]. [added]. [http:// 
dx.doi.org/10.1038/mp.2012.85] [PMID: 22889921] 

[21] Qin, H.; Samuels, J.F.; Wang, Y.; Zhu, Y.; Grados, M.A.; Riddle, 
M.A.; Greenberg, B.D.; Knowles, J.A.; Fyer, A.J.; McCracken, 
J.T.; Murphy, D.L.; Rasmussen, S.A.; Cullen, B.A.; Piacentini, J.; 
Geller, D.; Stewart, S.E.; Pauls, D.; Bienvenu, O.J.; Goes, F.S.; 
Maher, B.; Pulver, A.E.; Valle, D.; Lange, C.; Mattheisen, M.; 
McLaughlin, N.C.; Liang, K.Y.; Nurmi, E.L.; Askland, K.D.; 
Nestadt, G.; Shugart, Y.Y. Whole-genome association analysis of 
treatment response in obsessive-compulsive disorder. Mol. Psy-
chiatry, 2016, 21(2), 270-276. [http://dx.doi.org/10.1038/mp.2015. 
32] [PMID: 25824302] 

[22] Goodman, W.K.; McDougle, C.J.; Price, L.H.; Riddle, M.A.; Pauls, 
D.L.; Leckman, J.F. Beyond the serotonin hypothesis: a role for 
dopamine in some forms of obsessive compulsive disorder? J. Clin. 
Psychiatry, 1990, 51(Suppl.), 36-43. [PMID: 2199433] 

[23] Denys, D.; Zohar, J.; Westenberg, H.G. The role of dopamine in 
obsessive-compulsive disorder: preclinical and clinical evidence. J. 
Clin. Psychiatry, 2004, 65(Suppl. 14), 11-17. [PMID: 15554783] 

[24] Teixeira, A.L.; Rodrigues, D.H.; Marques, A.H.; Miguel, E.C.; 
Fontenelle, L.F. Searching for the immune basis of obsessive-
compulsive disorder. Neuroimmunomodulation, 2014, 21(2-3), 152-
158. [http://dx.doi.org/10.1159/000356554] [PMID: 24557049] 

[25] Pearlman, D.M.; Vora, H.S.; Marquis, B.G.; Najjar, S.; Dudley, 
L.A. Anti-basal ganglia antibodies in primary obsessive-
compulsive disorder: systematic review and meta-analysis. Br. J. 
Psychiatry, 2014, 205(1), 8-16. [http://dx.doi.org/10.1192/bjp.bp. 
113.137018] [PMID: 24986387] 



Glutamate-Modulating Drugs for OCD Treatment Current Neuropharmacology, 2017, Vol. 15, No. 7    991 

[26] McDougle, C.J.; Barr, L.C.; Goodman, W.K.; Price, L.H. Possible 
role of neuropeptides in obsessive compulsive disorder. Psycho-
neuroendocrinology, 1999, 24(1), 1-24. [http://dx.doi.org/ 
10.1016/S0306-4530(98)00046-8] [PMID: 10098217] 

[27] Williams, K.E.; Koran, L.M. Obsessive-compulsive disorder in 
pregnancy, the puerperium, and the premenstruum. J. Clin. Psy-
chiatry, 1997, 58(7), 330-334. [http://dx.doi.org/10.4088/JCP. 
v58n0709] [PMID: 9269260] 

[28] Alonso, P.; Gratacòs, M.; Segalàs, C.; Escaramís, G.; Real, E.; 
Bayés, M.; Labad, J.; Pertusa, A.; Vallejo, J.; Estivill, X.; 
Menchón, J.M. Variants in estrogen receptor alpha gene are associ-
ated with phenotypical expression of obsessive-compulsive disor-
der. Psychoneuroendocrinology, 2011, 36(4), 473-483. [http://dx. 
doi.org/10.1016/j.psyneuen.2010.07.022] [PMID: 20850223] 

[29] Marazziti, D.; Masala, I.; Rossi, A.; Hollander, E.; Presta, S.; Gian-
naccini, G.; Mazzoni, M.R.; Dell’Osso, L.; Lucacchini, A.; Cas-
sano, G.B. Increased inhibitory activity of protein kinase C on the 
serotonin transporter in OCD. Neuropsychobiology, 2000, 41(4), 
171-177. [http://dx.doi.org/10.1159/000026656] [PMID: 10828725] 

[30] Perez, J.; Tardito, D.; Ravizza, L.; Racagni, G.; Mori, S.; Maina, G. 
Altered cAMP-dependent protein kinase A in platelets of patients 
with obsessive-compulsive disorder. Am. J. Psychiatry, 2000, 157 
(2), 284-286. [http://dx.doi.org/10.1176/appi.ajp.157.2.284] [PMID: 
10671404] 

[31] Harvey, B.H.; Scheepers, A.; Brand, L.; Stein, D.J. Chronic inositol 
increases striatal D(2) receptors but does not modify dexampheta-
mine-induced motor behavior. Relevance to obsessive-compulsive 
disorder. Pharmacol. Biochem. Behav., 2001, 68(2), 245-253. 
[http://dx.doi.org/10.1016/S0091-3057(00)00459-7] [PMID: 11267629] 

[32] Wu, K.; Hanna, G.L.; Rosenberg, D.R.; Arnold, P.D. The role of 
glutamate signaling in the pathogenesis and treatment of obsessive-
compulsive disorder. Pharmacol. Biochem. Behav., 2012, 100(4), 
726-735. [http://dx.doi.org/10.1016/j.pbb.2011.10.007] [PMID: 
22024159] 

[33] Javitt, D.C.; Schoepp, D.; Kalivas, P.W.; Volkow, N.D.; Zarate, C.; 
Merchant, K.; Bear, M.F.; Umbricht, D.; Hajos, M.; Potter, W.Z.; 
Lee, C.M. Translating glutamate: from pathophysiology to treat-
ment. Sci. Transl. Med., 2011, 3, 102mr2. [http://dx.doi.org/10. 
1126/scitranslmed.3002804] 

[34] Sanacora, G.; Zarate, C.A.; Krystal, J.H.; Manji, H.K. Targeting the 
glutamatergic system to develop novel, improved therapeutics for 
mood disorders. Nat. Rev. Drug Discov., 2008, 7(5), 426-437. 
[http://dx.doi.org/10.1038/nrd2462] [PMID: 18425072] 

[35] Siegel, S.; Sanacora, G. The roles of glutamate receptors across 
major neurological and psychiatric disorders. Pharmacol. Biochem. 
Behav., 2012, 100(4), 653-655. [http://dx.doi.org/10.1016/j.pbb. 
2011.11.002] [PMID: 22108650] 

[36] Javitt, D.C. Glutamate as a therapeutic target in psychiatric disor-
ders. Mol. Psychiatry, 2004, 9(11), 984-997, 979. [http://dx.doi.org/ 
10.1038/sj.mp.4001551] [PMID: 15278097] 

[37] Blackshaw, L.A.; Page, A.J.; Young, R.L. Metabotropic glutamate 
receptors as novel therapeutic targets on visceral sensory pathways. 
Front. Neurosci., 2011, 5, 40. [http://dx.doi.org/10.3389/fnins. 
2011.00040] [PMID: 21472028] 

[38] Lovinger, D.M. Neurotransmitter roles in synaptic modulation, 
plasticity and learning in the dorsal striatum. Neuropharmacology, 
2010, 58(7), 951-961. [http://dx.doi.org/10.1016/j.neuropharm. 
2010.01.008] [PMID: 20096294] 

[39] Wang, L.P.; Li, F.; Wang, D.; Xie, K.; Wang, D.; Shen, X.; Tsien, 
J.Z. NMDA receptors in dopaminergic neurons are crucial for habit 
learning. Neuron, 2011, 72(6), 1055-1066. [http://dx.doi.org/10. 
1016/j.neuron.2011.10.019] [PMID: 22196339] 

[40] Gillan, C.M.; Papmeyer, M.; Morein-Zamir, S.; Sahakian, B.J.; 
Fineberg, N.A.; Robbins, T.W.; de Wit, S. Disruption in the bal-
ance between goal-directed behavior and habit learning in obses-
sive-compulsive disorder. Am. J. Psychiatry, 2011, 168(7), 718-
726. [http://dx.doi.org/10.1176/appi.ajp.2011.10071062] [PMID: 
21572165] 

[41] Yuen, E.Y.; Jiang, Q.; Chen, P.; Feng, J.; Yan, Z. Activation of 5-
HT2A/C receptors counteracts 5-HT1A regulation of n-methyl-D-
aspartate receptor channels in pyramidal neurons of prefrontal cor-
tex. J. Biol. Chem., 2008, 283(25), 17194-17204. [http://dx.doi.org/ 
10.1074/jbc.M801713200] [PMID: 18442977] 

[42] Delille, H.K.; Mezler, M.; Marek, G.J. The two faces of the phar-
macological interaction of mGlu2 and 5-HT₂A - relevance of re-

ceptor heterocomplexes and interaction through functional brain 
pathways. Neuropharmacology, 2013, 70, 296-305. [http://dx.doi. 
org/10.1016/j.neuropharm.2013.02.005] [PMID: 23466331] 

[43] Shigeri, Y.; Seal, R.P.; Shimamoto, K. Molecular pharmacology of 
glutamate transporters, EAATs and VGLUTs. Brain Res. Brain 
Res. Rev., 2004, 45(3), 250-265. [http://dx.doi.org/10.1016/ 
j.brainresrev.2004.04.004] [PMID: 15210307] 

[44] Daikhin, Y.; Yudkoff, M. Compartmentation of brain glutamate 
metabolism in neurons and glia. J. Nutr., 2000, 130(4S Suppl.), 
1026S-1031S. 

[45] Soria, F.N.; Pérez-Samartín, A.; Martin, A.; Gona, K.B.; Llop, J.; 
Szczupak, B.; Chara, J.C.; Matute, C.; Domercq, M. Extrasynaptic 
glutamate release through cystine/glutamate antiporter contributes 
to ischemic damage. J. Clin. Invest., 2014, 124(8), 3645-3655. 
[http://dx.doi.org/10.1172/JCI71886] [PMID: 25036707] 

[46] Chakrabarty, K.; Bhattacharyya, S.; Christopher, R.; Khanna, S. 
Glutamatergic dysfunction in OCD. Neuropsychopharmacology, 
2005, 30(9), 1735-1740. [http://dx.doi.org/10.1038/sj.npp.1300733] 
[PMID: 15841109] 

[47] Bhattacharyya, S.; Khanna, S.; Chakrabarty, K.; Mahadevan,  
A.; Christopher, R.; Shankar, S.K. Anti-brain autoantibodies  
and altered excitatory neurotransmitters in obsessive-compulsive 
disorder. Neuropsychopharmacology, 2009, 34(12), 2489-2496. 
[http://dx.doi.org/10.1038/npp.2009.77] [PMID: 19675532] 

[48] Arnold, P.D.; Rosenberg, D.R.; Mundo, E.; Tharmalingam, S.; 
Kennedy, J.L.; Richter, M.A. Association of a glutamate (NMDA) 
subunit receptor gene (GRIN2B) with obsessive-compulsive disor-
der: a preliminary study. Psychopharmacology (Berl.), 2004, 
174(4), 530-538. [http://dx.doi.org/10.1007/s00213-004-1847-1] 
[PMID: 15083261] 

[49] Arnold, P.D.; Sicard, T.; Burroughs, E.; Richter, M.A.; Kennedy, 
J.L. Glutamate transporter gene SLC1A1 associated with  
obsessive-compulsive disorder. Arch. Gen. Psychiatry, 2006, 63(7), 
769-776. [http://dx.doi.org/10.1001/archpsyc.63.7.769] [PMID: 
16818866] 

[50] Dickel, D.E.; Veenstra-VanderWeele, J.; Cox, N.J.; Wu, X.; 
Fischer, D.J.; Van Etten-Lee, M.; Himle, J.A.; Leventhal, B.L.; 
Cook, E.H., Jr; Hanna, G.L. Association testing of the positional 
and functional candidate gene SLC1A1/EAAC1 in early-onset ob-
sessive-compulsive disorder. Arch. Gen. Psychiatry, 2006, 63(7), 
778-785. [http://dx.doi.org/10.1001/archpsyc.63.7.778] [PMID: 
16818867] 

[51] Hanna, G.L.; Veenstra-VanderWeele, J.; Cox, N.J.; Boehnke, M.; 
Himle, J.A.; Curtis, G.C.; Leventhal, B.L.; Cook, E.H., Jr. Genome-
wide linkage analysis of families with obsessive-compulsive disor-
der ascertained through pediatric probands. Am. J. Med. Genet., 
2002, 114(5), 541-552. [http://dx.doi.org/10.1002/ajmg.10519] [PMID: 
12116192] 

[52] Egashira, N.; Okuno, R.; Harada, S.; Matsushita, M.; Mishima, K.; 
Iwasaki, K.; Nishimura, R.; Oishi, R.; Fujiwara, M. Effects of glu-
tamate-related drugs on marble-burying behavior in mice: implica-
tions for obsessive-compulsive disorder. Eur. J. Pharmacol., 2008, 
586(1-3), 164-170. [http://dx.doi.org/10.1016/j.ejphar.2008.01.035] 
[PMID: 18423440] 

[53] Wald, R.; Dodman, N.; Shuster, L. The combined effects of me-
mantine and fluoxetine on an animal model of obsessive compul-
sive disorder. Exp. Clin. Psychopharmacol., 2009, 17(3), 191-197. 
[http://dx.doi.org/10.1037/a0016402] [PMID: 19586234] 

[54] Olatunji, B.O.; Davis, M.L.; Powers, M.B.; Smits, J.A. Cognitive-
behavioral therapy for obsessive-compulsive disorder: a meta-
analysis of treatment outcome and moderators. J. Psychiatr. Res., 
2013, 47(1), 33-41. [http://dx.doi.org/10.1016/j.jpsychires.2012. 
08.020] [PMID: 22999486] 

[55] Foa, E.B.; Liebowitz, M.R.; Kozak, M.J.; Davies, S.; Campeas, R.; 
Franklin, M.E.; Huppert, J.D.; Kjernisted, K.; Rowan, V.; Schmidt, 
A.B.; Simpson, H.B.; Tu, X. Randomized, placebo-controlled trial 
of exposure and ritual prevention, clomipramine, and their combi-
nation in the treatment of obsessive-compulsive disorder. Am. J. 
Psychiatry, 2005, 162(1), 151-161. [http://dx.doi.org/10.1176/ 
appi.ajp.162.1.151] [PMID: 15625214] 

[56] Fineberg, N.A.; Reghunandanan, S.; Brown, A.; Pampaloni, I. 
Pharmacotherapy of obsessive-compulsive disorder: evidence-
based treatment and beyond. Aust. N. Z. J. Psychiatry, 2013, 47(2), 
121-141. [http://dx.doi.org/10.1177/0004867412461958] [PMID: 
23125399] 



992    Current Neuropharmacology, 2017, Vol. 15, No. 7 Marinova et al. 

[57] Franklin, M.E.; Foa, E.B. Treatment of obsessive compulsive dis-
order. Annu. Rev. Clin. Psychol., 2011, 7, 229-243. [http://dx.doi. 
org/10.1146/annurev-clinpsy-032210-104533] [PMID: 21443448] 

[58] Bridge, J.A.; Iyengar, S.; Salary, C.B.; Barbe, R.P.; Birmaher, B.; 
Pincus, H.A.; Ren, L.; Brent, D.A. Clinical response and risk for 
reported suicidal ideation and suicide attempts in pediatric antide-
pressant treatment: a meta-analysis of randomized controlled trials. 
JAMA, 2007, 297(15), 1683-1696. [http://dx.doi.org/10.1001/jama. 
297.15.1683] [PMID: 17440145] 

[59] McDougle, C.J.; Goodman, W.K.; Leckman, J.F.; Lee, N.C.; Hen-
inger, G.R.; Price, L.H. Haloperidol addition in fluvoxamine-
refractory obsessive-compulsive disorder. A double-blind, placebo-
controlled study in patients with and without tics. Arch. Gen. Psy-
chiatry, 1994, 51(4), 302-308. [http://dx.doi.org/10.1001/archpsyc. 
1994.03950040046006] [PMID: 8161290] 

[60] Fineberg, N.A.; Gale, T.M.; Sivakumaran, T. A review of antipsy-
chotics in the treatment of obsessive compulsive disorder. Focus, 
2007, 5, 354-360. [http://dx.doi.org/10.1176/foc.5.3.foc354] 

[61] Niciu, M.J.; Henter, I.D.; Luckenbaugh, D.A.; Zarate, C.A., Jr; 
Charney, D.S. Glutamate receptor antagonists as fast-acting thera-
peutic alternatives for the treatment of depression: ketamine and 
other compounds. Annu. Rev. Pharmacol. Toxicol., 2014, 54, 119-
139. [http://dx.doi.org/10.1146/annurev-pharmtox-011613-135950] 
[PMID: 24392693] 

[62] Pittenger, C.; Krystal, J.H.; Coric, V. Initial evidence of the benefi-
cial effects of glutamate-modulating agents in the treatment of self-
injurious behavior associated with borderline personality disorder. 
J. Clin. Psychiatry, 2005, 66(11), 1492-1493. [http://dx.doi.org/10. 
4088/JCP.v66n1121d] [PMID: 16420092] 

[63] Price, R.B.; Nock, M.K.; Charney, D.S.; Mathew, S.J. Effects of 
intravenous ketamine on explicit and implicit measures of suicidal-
ity in treatment-resistant depression. Biol. Psychiatry, 2009, 66(5), 
522-526. [http://dx.doi.org/10.1016/j.biopsych.2009.04.029] [PMID: 
19545857] 

[64] Murphy, D.L.; Moya, P.R.; Fox, M.A.; Rubenstein, L.M.; Wend-
land, J.R.; Timpano, K.R. Anxiety and affective disorder comorbid-
ity related to serotonin and other neurotransmitter systems: obses-
sive-compulsive disorder as an example of overlapping clinical and 
genetic heterogeneity. Philos. Trans. R. Soc. Lond. B Biol. Sci., 
2013, 368(1615), 20120435. [http://dx.doi.org/10.1098/rstb.2012. 
0435] [PMID: 23440468] 

[65] Angst, J.; Gamma, A.; Endrass, J.; Hantouche, E.; Goodwin, R.; 
Ajdacic, V.; Eich, D.; Rössler, W. Obsessive-compulsive  
syndromes and disorders: significance of comorbidity with bipolar 
and anxiety syndromes. Eur. Arch. Psychiatry Clin. Neurosci., 
2005, 255(1), 65-71. [http://dx.doi.org/10.1007/s00406-005-0576-
8] [PMID: 15711895] 

[66] Wang, S.J.; Wang, K.Y.; Wang, W.C. Mechanisms underlying the 
riluzole inhibition of glutamate release from rat cerebral cortex 
nerve terminals (synaptosomes). Neuroscience, 2004, 125(1), 191-
201. [http://dx.doi.org/10.1016/j.neuroscience.2004.01.019] [PMID: 
15051158] 

[67] Frizzo, M.E.; Dall’Onder, L.P.; Dalcin, K.B.; Souza, D.O. Riluzole 
enhances glutamate uptake in rat astrocyte cultures. Cell. Mol.  
Neurobiol., 2004, 24(1), 123-128. [http://dx.doi.org/10.1023/ 
B:CEMN.0000012717.37839.07] [PMID: 15049516] 

[68] Grant, P.; Song, J.Y.; Swedo, S.E. Review of the use of the gluta-
mate antagonist riluzole in psychiatric disorders and a description 
of recent use in childhood obsessive-compulsive disorder. J. Child 
Adolesc. Psychopharmacol., 2010, 20(4), 309-315. [http://dx. 
doi.org/10.1089/cap.2010.0009] [PMID: 20807069] 

[69] Grant, P.J.; Joseph, L.A.; Farmer, C.A.; Luckenbaugh, D.A.; 
Lougee, L.C.; Zarate, C.A., Jr; Swedo, S.E. 12-week, placebo-
controlled trial of add-on riluzole in the treatment of childhood-
onset obsessive-compulsive disorder. Neuropsychopharmacology, 
2014, 39(6), 1453-1459. [http://dx.doi.org/10.1038/npp.2013.343] 
[PMID: 24356715] 

[70] Coric, V.; Milanovic, S.; Wasylink, S.; Patel, P.; Malison, R.; Krys-
tal, J.H. Beneficial effects of the antiglutamatergic agent riluzole in 
a patient diagnosed with obsessive-compulsive disorder and major 
depressive disorder. Psychopharmacology (Berl.), 2003, 167(2), 
219-220. [http://dx.doi.org/10.1007/s00213-003-1396-z] [PMID: 
12658528] 

[71] Grant, P.; Lougee, L.; Hirschtritt, M.; Swedo, S.E. An open-label 
trial of riluzole, a glutamate antagonist, in children with treatment-

resistant obsessive-compulsive disorder. J. Child Adolesc. Psycho-
pharmacol., 2007, 17(6), 761-767. [http://dx.doi.org/10.1089/ 
cap.2007.0021] [PMID: 18315448] 

[72] Coric, V.; Taskiran, S.; Pittenger, C.; Wasylink, S.; Mathalon, 
D.H.; Valentine, G.; Saksa, J.; Wu, Y.T.; Gueorguieva, R.; Sana-
cora, G.; Malison, R.T.; Krystal, J.H. Riluzole augmentation in 
treatment-resistant obsessive-compulsive disorder: an open-label 
trial. Biol. Psychiatry, 2005, 58(5), 424-428. [http://dx.doi.org/ 
10.1016/j.biopsych.2005.04.043] [PMID: 15993857] 

[73] Pittenger, C.; Kelmendi, B.; Wasylink, S.; Bloch, M.H.; Coric, V. 
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. [http://dx. 
doi.org/10.1097/JCP.0b013e3181727548] [PMID: 18480706] 

[74] Pittenger, C.; Bloch, M.H.; Wasylink, S.; Billingslea, E.; Simpson, 
R.; Jakubovski, E.; Kelmendi, B.; Sanacora, G.; Coric, V. Riluzole 
augmentation in treatment-refractory obsessive-compulsive disor-
der: a pilot randomized placebo-controlled trial. J. Clin. Psychiatry, 
2015, 76(8), 1075-1084. [http://dx.doi.org/10.4088/JCP.14m09123] 
[PMID: 26214725] 

[75] Emamzadehfard, S.; Kamaloo, A.; Paydary, K.; Ahmadipour, A.; 
Zeinoddini, A.; Ghaleiha, A.; Mohammadinejad, P.; Zeinoddini, 
A.; Akhondzadeh, S. Riluzole in augmentation of fluvoxamine for 
moderate to severe obsessive-compulsive disorder: Randomized, 
double-blind, placebo-controlled study. Psychiatry Clin. Neurosci., 
2016, 70(8), 332-341. [http://dx.doi.org/10.1111/pcn.12394] [PMID: 
27106362] 

[76] Kavirajan, H. Memantine: a comprehensive review of safety and 
efficacy. Expert Opin. Drug Saf., 2009, 8(1), 89-109. [http://dx.doi. 
org/10.1517/14740330802528420] [PMID: 19236221] 

[77] Poyurovsky, M.; Weizman, R.; Weizman, A.; Koran, L. Meman-
tine for treatment-resistant OCD. Am. J. Psychiatry, 2005, 162(11), 
2191-2192. [http://dx.doi.org/10.1176/appi.ajp.162.11.2191-a] [PMID: 
16263867] 

[78] Pasquini, M.; Biondi, M. Memantine augmentation for refractory 
obsessive-compulsive disorder. Prog. Neuropsychopharmacol. 
Biol. Psychiatry, 2006, 30(6), 1173-1175. [http://dx.doi.org/10. 
1016/j.pnpbp.2006.04.013] [PMID: 16730870] 

[79] Hezel, D.M.; Beattie, K.; Stewart, S.E. Memantine as an augment-
ing agent for severe pediatric OCD. Am. J. Psychiatry, 2009, 
166(2), 237. [http://dx.doi.org/10.1176/appi.ajp.2008.08091427] 
[PMID: 19188297] 

[80] Pekrul, S.R.; Fitzgerald, K.D. Memantine augmentation in a 
down’s syndrome adolescent with treatment-resistant obsessive-
compulsive disorder. J. Child Adolesc. Psychopharmacol., 2015, 
25(7), 593-595. [http://dx.doi.org/10.1089/cap.2015.0073] [PMID: 
26258664] 

[81] Aboujaoude, E.; Barry, J.J.; Gamel, N. Memantine augmentation in 
treatment-resistant obsessive-compulsive disorder: an open-label 
trial. J. Clin. Psychopharmacol., 2009, 29(1), 51-55. [http://dx.doi. 
org/10.1097/JCP.0b013e318192e9a4] [PMID: 19142108] 

[82] Feusner, J.D.; Kerwin, L.; Saxena, S.; Bystritsky, A. Differential 
efficacy of memantine for obsessive-compulsive disorder vs. gen-
eralized anxiety disorder: an open-label trial. Psychopharmacol. 
Bull., 2009, 42(1), 81-93. [PMID: 19204653] 

[83] Bakhla, A.K.; Verma, V.; Soren, S.; Sarkhel, S.; Chaudhury, S. An 
open-label trial of memantine in treatment-resistant obsessive-
compulsive disorder. Ind. Psychiatry J., 2013, 22(2), 149-152. 
[http://dx.doi.org/10.4103/0972-6748.132930] [PMID: 25013317] 

[84] Ghaleiha, A.; Entezari, N.; Modabbernia, A.; Najand, B.; Askari, 
N.; Tabrizi, M.; Ashrafi, M.; Hajiaghaee, R.; Akhondzadeh, S. 
Memantine add-on in moderate to severe obsessive-compulsive 
disorder: randomized double-blind placebo-controlled study. J. 
Psychiatr. Res., 2013, 47(2), 175-180. [http://dx.doi.org/10.1016/ 
j.jpsychires.2012.09.015] [PMID: 23063327] 

[85] Haghighi, M.; Jahangard, L.; Mohammad-Beigi, H.; Bajoghli, H.; 
Hafezian, H.; Rahimi, A.; Afshar, H.; Holsboer-Trachsler, E.; 
Brand, S. In a double-blind, randomized and placebo-controlled 
trial, adjuvant memantine improved symptoms in inpatients suffer-
ing from refractory obsessive-compulsive disorders (OCD).  
Psychopharmacology (Berl.), 2013, 228(4), 633-640. [http://dx. 
doi.org/10.1007/s00213-013-3067-z] [PMID: 23525525] 

[86] Stewart, S.E.; Jenike, E.A.; Hezel, D.M.; Stack, D.E.; Dodman, 
N.H.; Shuster, L.; Jenike, M.A. A single-blinded case-control study 
of memantine in severe obsessive-compulsive disorder. J. Clin. 



Glutamate-Modulating Drugs for OCD Treatment Current Neuropharmacology, 2017, Vol. 15, No. 7    993 

Psychopharmacol., 2010, 30(1), 34-39. [http://dx.doi.org/10.1097/ 
JCP.0b013e3181c856de] [PMID: 20075645] 

[87] Rodriguez, C.I.; Kegeles, L.S.; Flood, P.; Simpson, H.B. Rapid 
resolution of obsessions after an infusion of intravenous ketamine 
in a patient with treatment-resistant obsessive-compulsive disorder. 
J. Clin. Psychiatry, 2011, 72(4), 567-569. [http://dx.doi.org/ 
10.4088/JCP.10l06653] [PMID: 21527129] 

[88] Rodriguez, C.I.; Kegeles, L.S.; Levinson, A.; Feng, T.; Marcus, 
S.M.; Vermes, D.; Flood, P.; Simpson, H.B. Randomized con-
trolled crossover trial of ketamine in obsessive-compulsive disor-
der: proof-of-concept. Neuropsychopharmacology, 2013, 38(12), 
2475-2483. [http://dx.doi.org/10.1038/npp.2013.150] [PMID: 
23783065] 

[89] Bloch, M.H.; Wasylink, S.; Landeros-Weisenberger, A.; Panza, 
K.E.; Billingslea, E.; Leckman, J.F.; Krystal, J.H.; Bhagwagar, Z.; 
Sanacora, G.; Pittenger, C. Effects of ketamine in treatment-
refractory obsessive-compulsive disorder. Biol. Psychiatry, 2012, 
72(11), 964-970. [http://dx.doi.org/10.1016/j.biopsych.2012.05.028] 
[PMID: 22784486] 

[90] Niciu, M.J.; Grunschel, B.D.; Corlett, P.R.; Pittenger, C.; Bloch, 
M.H. Two cases of delayed-onset suicidal ideation, dysphoria and 
anxiety after ketamine infusion in patients with obsessive-
compulsive disorder and a history of major depressive disorder. J. 
Psychopharmacol. (Oxford), 2013, 27(7), 651-654. [http://dx.doi. 
org/10.1177/0269881113486718] [PMID: 23676198] 

[91] Rodriguez, C.I.; Levinson, A.; Zwerling, J.; Vermes, D.; Simpson, 
H.B. Open-Label trial on the effects of memantine in adults with 
obsessive-compulsive disorder after a single ketamine infusion. J. 
Clin. Psychiatry, 2016, 77(5), 688-689. [http://dx.doi.org/10.4088/ 
JCP.15l10318] [PMID: 27249077] 

[92] Rodriguez, C.I.; Wheaton, M.; Zwerling, J.; Steinman, S.A.; Son-
nenfeld, D.; Galfalvy, H.; Simpson, H.B. Can exposure-based CBT 
extend the effects of intravenous ketamine in obsessive-compulsive 
disorder? an open-label trial. J. Clin. Psychiatry, 2016, 77(3), 408-
409. [http://dx.doi.org/10.4088/JCP.15l10138] [PMID: 27046314] 

[93] Scheuing, L.; Chiu, C.T.; Liao, H.M.; Chuang, D.M. Antidepres-
sant mechanism of ketamine: perspective from preclinical studies. 
Front. Neurosci., 2015, 9, 249. [http://dx.doi.org/10.3389/fnins. 
2015.00249] [PMID: 26257598] 

[94] Chiu, C.T.; Scheuing, L.; Liu, G.; Liao, H.M.; Linares, G.R.; Lin, 
D.; Chuang, D.M. The mood stabilizer lithium potentiates the anti-
depressant-like effects and ameliorates oxidative stress induced by 
acute ketamine in a mouse model of stress. Int. J. Neuropsycho-
pharmacol., 2014, 18(6), pyu102. [PMID: 25548109] 

[95] Chiu, C.T.; Chuang, D.M. Molecular actions and therapeutic poten-
tial of lithium in preclinical and clinical studies of CNS disorders. 
Pharmacol. Ther., 2010, 128(2), 281-304. [http://dx.doi.org/10. 
1016/j.pharmthera.2010.07.006] [PMID: 20705090] 

[96] Greenberg, W.M.; Benedict, M.M.; Doerfer, J.; Perrin, M.; Panek, 
L.; Cleveland, W.L.; Javitt, D.C. Adjunctive glycine in the treat-
ment of obsessive-compulsive disorder in adults. J. Psychiatr. Res., 
2009, 43(6), 664-670. [http://dx.doi.org/10.1016/j.jpsychires. 
2008.10.007] [PMID: 19046587] 

[97] Cleveland, W.L.; DeLaPaz, R.L.; Fawwaz, R.A.; Challop, R.S. 
High-dose glycine treatment of refractory obsessive-compulsive 
disorder and body dysmorphic disorder in a 5-year period. Neural 
Plast., 2009, 2009, 768398. [http://dx.doi.org/10.1155/2009/ 
768398] [PMID: 20182547] 

[98] Tsai, G.E.; Lin, P.Y. Strategies to enhance N-methyl-D-aspartate 
receptor-mediated neurotransmission in schizophrenia, a critical 
review and meta-analysis. Curr. Pharm. Des., 2010, 16(5), 522-
537. [http://dx.doi.org/10.2174/138161210790361452] [PMID: 
19909229] 

[99] Wu, P.L.; Tang, H.S.; Lane, H.Y.; Tsai, C.A.; Tsai, G.E. Sarcosine 
therapy for obsessive compulsive disorder: a prospective, open-
label study. J. Clin. Psychopharmacol., 2011, 31(3), 369-374. [http:// 
dx.doi.org/10.1097/JCP.0b013e3182189878] [PMID: 21508860] 

[100] Rubio, G.; Jiménez-Arriero, M.A.; Martínez-Gras, I.; Manzanares, 
J.; Palomo, T. The effects of topiramate adjunctive treatment added 
to antidepressants in patients with resistant obsessive-compulsive 
disorder. J. Clin. Psychopharmacol., 2006, 26(3), 341-344. [http:// 
dx.doi.org/10.1097/01.jcp.0000220524.44905.9f] [PMID: 16702907] 

[101] Van Ameringen, M.; Mancini, C.; Patterson, B.; Bennett, M. Topi-
ramate augmentation in treatment-resistant obsessive-compulsive 
disorder: a retrospective, open-label case series. Depress. Anxiety, 

2006, 23(1), 1-5. [http://dx.doi.org/10.1002/da.20118] [PMID: 
16178009] 

[102] Hollander, E.; Dell’Osso, B. Topiramate plus paroxetine in treat-
ment-resistant obsessive-compulsive disorder. Int. Clin. Psycho-
pharmacol., 2006, 21(3), 189-191. [http://dx.doi.org/10.1097/ 
01.yic.0000199453.54799.cc] [PMID: 16528143] 

[103] Vinkers, D.J.; van der Wee, N.J. [Topiramate augmentation in 
treatment-resistant obsessive-compulsive disorder]. Tijdschr. Psy-
chiatr., 2008, 50(11), 747-750. [PMID: 18991236] 

[104] Ozkara, C.; Ozmen, M.; Erdogan, A.; Yalug, I. Topiramate related 
obsessive-compulsive disorder. Eur. Psychiatry, 2005, 20(1), 78-79. 
[http://dx.doi.org/10.1016/j.eurpsy.2004.09.015] [PMID: 15642451] 

[105] Thuile, J.; Even, C.; Guelfi, J.D. Topiramate may induce obsessive-
compulsive disorder. Psychiatry Clin. Neurosci., 2006, 60(3),  
394. [http://dx.doi.org/10.1111/j.1440-1819.2006.01520.x] [PMID: 
16732760] 

[106] Mowla, A.; Khajeian, A.M.; Sahraian, A.; Chohedri, A.H.; 
Kashkoli, F. Topiramate augmentation in resistant OCD: A double-
blind placebo-controlled clinical trial. CNS Spectr., 2010, 15(11), 
613-617. [http://dx.doi.org/10.1017/S1092852912000065] [PMID: 
24726048] 

[107] Berlin, H.A.; Koran, L.M.; Jenike, M.A.; Shapira, N.A.; Chaplin, 
W.; Pallanti, S.; Hollander, E. Double-blind, placebo-controlled 
trial of topiramate augmentation in treatment-resistant obsessive-
compulsive disorder. J. Clin. Psychiatry, 2011, 72(5), 716-721. 
[http://dx.doi.org/10.4088/JCP.09m05266gre] [PMID: 20816027] 

[108] Afshar, H.; Akuchekian, S.; Mahaky, B.; Zarean, E. Topiramate 
augmentation in refractory obsessive-compulsive disorder: A ran-
domized, double-blind, placebo-controlled trial. J. Res. Med. Sci., 
2014, 19(10), 976-981. [PMID: 25538783] 

[109] Leng, Y.; Fessler, E.B.; Chuang, D.M. Neuroprotective effects of 
the mood stabilizer lamotrigine against glutamate excitotoxicity: 
roles of chromatin remodelling and Bcl-2 induction. Int. J. Neuro-
psychopharmacol., 2013, 16(3), 607-620. [http://dx.doi.org/10. 
1017/S1461145712000429] [PMID: 22564541] 

[110] Arrojo-Romero, M.; Tajes Alonso, M.; de Leon, J. Lamotrigine 
augmentation of serotonin reuptake inhibitors in severe and long-
term treatment-resistant obsessive-compulsive disor-der. Case Rep. 
Psychiatry, 2013, 2013, 612459. [http://dx.doi.org/10.1155/2013/ 
612459] 

[111] Uzun, O. Lamotrigine as an augmentation agent in treatment-
resistant obsessive-compulsive disorder: a case report. J. Psycho-
pharmacol. (Oxford), 2010, 24(3), 425-427. [http://dx.doi.org/10. 
1177/0269881108098809] [PMID: 19010977] 

[112] Naguy, A.; Alamiri, B.; Al-Khadhari, S.; Francis, K. Lamotrigine 
augmentation in treatment-resistant pediatric obsessive-compulsive 
disorder with a 16 month follow-up. J. Child Adolesc. Psycho-
pharmacol., 2016, 26(8), 769-772. [http://dx.doi.org/10.1089/ 
cap.2015.0083] [PMID: 26465832] 

[113] Hussain, A.; Dar, M.A.; Wani, R.A.; Shah, M.S.; Jan, M.M.; 
Malik, Y.A.; Chandel, R.K.; Margoob, M.A. Role of lamotrigine 
augmentation in treatment-resistant obsessive compulsive disorder: 
a retrospective case review from South Asia. Indian J. Psychol. 
Med., 2015, 37(2), 154-158. [http://dx.doi.org/10.4103/0253-7176. 
155613] [PMID: 25969599] 

[114] Kumar, T.C.; Khanna, S. Lamotrigine augmentation of serotonin 
re-uptake inhibitors in obsessive-compulsive disorder. Aust. N. Z. J. 
Psychiatry, 2000, 34(3), 527-528. [http://dx.doi.org/10.1080/ 
j.1440-1614.2000.0751c.x] [PMID: 10881981] 

[115] Bruno, A.; Micò, U.; Pandolfo, G.; Mallamace, D.; Abenavoli, E.; 
Di Nardo, F.; D’Arrigo, C.; Spina, E.; Zoccali, R.A.; Muscatello, 
M.R. Lamotrigine augmentation of serotonin reuptake inhibitors in 
treatment-resistant obsessive-compulsive disorder: a double-blind, 
placebo-controlled study. J. Psychopharmacol. (Oxford), 2012, 
26(11), 1456-1462. [http://dx.doi.org/10.1177/0269881111431751] 
[PMID: 22351381] 

[116] Khalkhali, M.; Aram, S.; Zarrabi, H.; Kafie, M.; Heidarzadeh, A. 
Lamotrigine augmentation versus placebo in serotonin reuptake in-
hibitors-resistant obsessive-compulsive disorder: a randomized 
controlled trial. Iran. J. Psychiatry, 2016, 11(2), 104-114. [PMID: 
27437007] 

[117] Poyurovsky, M.; Glick, I.; Koran, L.M. Lamotrigine augmentation 
in schizophrenia and schizoaffective patients with obsessive-
compulsive symptoms. J. Psychopharmacol. (Oxford), 2010, 24(6), 



994    Current Neuropharmacology, 2017, Vol. 15, No. 7 Marinova et al. 

861-866. [http://dx.doi.org/10.1177/0269881108099215] [PMID: 
19074541] 

[118] Kemp, D.E.; Gilmer, W.S.; Fleck, J.; Dago, P.L. An association of 
intrusive, repetitive phrases with lamotrigine treatment in bipolar II 
disorder. CNS Spectr., 2007, 12(2), 106-111. [http://dx.doi.org/ 
10.1017/S1092852900020617] [PMID: 17277710] 

[119] Kuloglu, M.; Caykoylu, A.; Ekinci, O.; Yilmaz, E. Lamotrigine-
induced obsessional symptoms in a patient with bipolar II  
disorder: a case report. J. Psychopharmacol. (Oxford), 2009, 23(8), 
1001-1003. [http://dx.doi.org/10.1177/0269881108095082] [PMID: 
18719043] 

[120] Sansone, R.A.; Sansone, L.A. Getting a Knack for NAC: N-Acetyl-
Cysteine. Innov. Clin. Neurosci., 2011, 8(1), 10-14. [PMID: 
21311702] 

[121] Lafleur, D.L.; Pittenger, C.; Kelmendi, B.; Gardner, T.; Wasylink, 
S.; Malison, R.T.; Sanacora, G.; Krystal, J.H.; Coric, V. N-
acetylcysteine augmentation in serotonin reuptake inhibitor refrac-
tory obsessive-compulsive disorder. Psychopharmacology (Berl.), 
2006, 184(2), 254-256. [http://dx.doi.org/10.1007/s00213-005-
0246-6] [PMID: 16374600] 

[122] Afshar, H.; Roohafza, H.; Mohammad-Beigi, H.; Haghighi, M.; 
Jahangard, L.; Shokouh, P.; Sadeghi, M.; Hafezian, H. 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. [http://dx.doi.org/ 
10.1097/JCP.0b013e318272677d] [PMID: 23131885] 

[123] Sarris, J.; Oliver, G.; Camfield, D.A.; Dean, O.M.; Dowling, N.; 
Smith, D.J.; Murphy, J.; Menon, R.; Berk, M.; Blair-West, S.; Ng, 
C.H. N-Acetyl Cysteine (NAC) in the treatment of obsessive-
compulsive disorder: A 16-week, double-blind, randomised, placebo-
controlled study. CNS Drugs, 2015, 29(9), 801-809. [http://dx.doi. 
org/10.1007/s40263-015-0272-9] [PMID: 26374743] 

[124] Paydary, K.; Akamaloo, A.; Ahmadipour, A.; Pishgar, F.; 
Emamzadehfard, S.; Akhondzadeh, S. N-acetylcysteine augmenta-
tion therapy for moderate-to-severe obsessive-compulsive disorder: 
randomized, double-blind, placebo-controlled trial. J. Clin. Pharm. 
Ther., 2016, 41(2), 214-219. [http://dx.doi.org/10.1111/jcpt.12370] 
[PMID: 26931055] 

[125] Costa, D.L.; Diniz, J.B.; Requena, G.; Joaquim, M.A.; Pittenger, 
C.; Bloch, M.H.; Miguel, E.C.; Shavitt, R.G. Randomized, double-
blind, placebo-controlled trial of N-acetylcysteine augmentation for 
treatment-resistant obsessive-compulsive disorder. J. Clin. Psychia-
try, 2017, 16m11101. [PMID: 28617566] 

[126] González, J.C.; Egea, J.; Del Carmen Godino, M.; Fernandez-
Gomez, F.J.; Sánchez-Prieto, J.; Gandía, L.; García, A.G.;  
Jordán, J.; Hernández-Guijo, J.M. Neuroprotectant minocycline 
depresses glutamatergic neurotransmission and Ca(2+) signalling in 
hippocampal neurons. Eur. J. Neurosci., 2007, 26(9), 2481-2495. 
[http://dx.doi.org/10.1111/j.1460-9568.2007.05873.x] [PMID: 
17986028] 

[127] Rodriguez, C.I.; Bender, J., Jr; Marcus, S.M.; Snape, M.; Rynn, M.; 
Simpson, H.B. Minocycline augmentation of pharmacotherapy  
in obsessive-compulsive disorder: an open-label trial. J. Clin.  
Psychiatry, 2010, 71(9), 1247-1249. [http://dx.doi.org/10.4088/ 
JCP.09l05805blu] [PMID: 20923629] 

[128] Esalatmanesh, S.; Abrishami, Z.; Zeinoddini, A.; Rahiminejad, F.; 
Sadeghi, M.; Najarzadegan, M.R.; Shalbafan, M.R.; Akhondzadeh, 
S. Minocycline combination therapy with fluvoxamine in moder-
ate-to-severe obsessive-compulsive disorder: A placebo-controlled, 
double-blind, randomized trial. Psychiatry Clin. Neurosci., 2016, 
70(11), 517-526. [http://dx.doi.org/10.1111/pcn.12430] [PMID: 
27488081] 

[129] Walker, D.L.; Ressler, K.J.; Lu, K.T.; Davis, M. Facilitation of 
conditioned fear extinction by systemic administration or intra-
amygdala infusions of D-cycloserine as assessed with fear-
potentiated startle in rats. J. Neurosci., 2002, 22(6), 2343-2351. 
[PMID: 11896173] 

[130] Storch, E.A.; Merlo, L.J.; Bengtson, M.; Murphy, T.K.; Lewis, 
M.H.; Yang, M.C.; Jacob, M.L.; Larson, M.; Hirsh, A.; Fernandez, 
M.; Geffken, G.R.; Goodman, W.K. D-cycloserine does not en-
hance exposure-response prevention therapy in obsessive-
compulsive disorder. Int. Clin. Psychopharmacol., 2007, 22, 230-
237. [http://dx.doi.org/10.1097/YIC.0b013e32819f8480] 

[131] Kushner, M.G.; Kim, S.W.; Donahue, C.; Thuras, P.; Adson, D.; 
Kotlyar, M.; McCabe, J.; Peterson, J.; Foa, E.B. D-cycloserine 

augmented exposure therapy for obsessive-compulsive disorder. 
Biol. Psychiatry, 2007, 62(8), 835-838. [http://dx.doi.org/ 
10.1016/j.biopsych.2006.12.020] [PMID: 17588545] 

[132] Wilhelm, S.; Buhlmann, U.; Tolin, D.F.; Meunier, S.A.; Pearlson, 
G.D.; Reese, H.E.; Cannistraro, P.; Jenike, M.A.; Rauch, S.L. 
Augmentation of behavior therapy with D-cycloserine for obses-
sive-compulsive disorder. Am. J. Psychiatry, 2008, 165(3), 335-
341. [http://dx.doi.org/10.1176/appi.ajp.2007.07050776] [PMID: 
18245177] 

[133] Chasson, G.S.; Buhlmann, U.; Tolin, D.F.; Rao, S.R.; Reese, H.E.; 
Rowley, T.; Welsh, K.S.; Wilhelm, S. Need for speed: evaluating 
slopes of OCD recovery in behavior therapy enhanced with d-
cycloserine. Behav. Res. Ther., 2010, 48(7), 675-679. [http://dx.doi. 
org/10.1016/j.brat.2010.03.007] [PMID: 20362975] 

[134] Andersson, E.; Hedman, E.; Enander, J.; Radu Djurfeldt, D.; Ljóts-
son, B.; Cervenka, S.; Isung, J.; Svanborg, C.; Mataix-Cols, D.; 
Kaldo, V.; Andersson, G.; Lindefors, N.; Rück, C. d-Cycloserine vs 
placebo as adjunct to cognitive behavioural therapy for obsessive-
compulsive disorder and interaction with antidepressants: a  
randomized clinical trial. JAMA Psychiatry, 2015, 72(7), 659- 
667. [http://dx.doi.org/10.1001/jamapsychiatry.2015.0546] [PMID: 
25970252] 

[135] Bonanno, G.; Giambelli, R.; Raiteri, L.; Tiraboschi, E.; Zappettini, 
S.; Musazzi, L.; Raiteri, M.; Racagni, G.; Popoli, M. Chronic anti-
depressants reduce depolarization-evoked glutamate release and 
protein interactions favoring formation of SNARE complex in hip-
pocampus. J. Neurosci., 2005, 25(13), 3270-3279. [http://dx.doi. 
org/10.1523/JNEUROSCI.5033-04.2005] [PMID: 15800181] 

[136] de Leeuw, A.S.; van Megen, H.J.; Kahn, R.S.; Westenberg, H.G. d-
cycloserine addition to exposure sessions in the treatment of pa-
tients with obsessive-compulsive disorder. Eur. Psychiatry, 2017, 
40, 38-44. [http://dx.doi.org/10.1016/j.eurpsy.2016.06.011] [PMID: 
27837671] 

[137] Storch, E.A.; Murphy, T.K.; Goodman, W.K.; Geffken, G.R.; 
Lewin, A.B.; Henin, A.; Micco, J.A.; Sprich, S.; Wilhelm, S.; 
Bengtson, M.; Geller, D.A. A preliminary study of D-cycloserine 
augmentation of cognitive-behavioral therapy in pediatric obses-
sive-compulsive disorder. Biol. Psychiatry, 2010, 68(11), 1073-
1076. [http://dx.doi.org/10.1016/j.biopsych.2010.07.015] [PMID: 
20817153] 

[138] Farrell, L.J.; Waters, A.M.; Boschen, M.J.; Hattingh, L.; McCon-
nell, H.; Milliner, E.L.; Collings, N.; Zimmer-Gembeck, M.; Shel-
ton, D.; Ollendick, T.H.; Testa, C.; Storch, E.A. Difficult-to-treat 
pediatric obsessive-compulsive disorder: feasibility and prelimi-
nary results of a randomized pilot trial of D-cycloserine-augmented 
behavior therapy. Depress. Anxiety, 2013, 30(8), 723-731. 
[http://dx.doi.org/10.1002/da.22132] [PMID: 23722990] 

[139] Mataix-Cols, D.; Turner, C.; Monzani, B.; Isomura, K.; Murphy, 
C.; Krebs, G.; Heyman, I. Cognitive-behavioural therapy with post-
session D-cycloserine augmentation for paediatric obsessive-
compulsive disorder: pilot randomised controlled trial. Br. J. Psy-
chiatry, 2014, 204(1), 77-78. [http://dx.doi.org/10.1192/bjp.bp.113. 
126284] [PMID: 24262813] 

[140] Park, J.M.; Small, B.J.; Geller, D.A.; Murphy, T.K.; Lewin, A.B.; 
Storch, E.A. Does d-cycloserine augmentation of CBT improve 
therapeutic homework compliance for pediatric obsessive-
compulsive disorder? J. Child Fam. Stud., 2014, 23(5), 863-871. 
[http://dx.doi.org/10.1007/s10826-013-9742-1] [PMID: 24999301] 

[141] Storch, E.A.; Wilhelm, S.; Sprich, S.; Henin, A.; Micco, J.; Small, 
B.J.; McGuire, J.; Mutch, P.J.; Lewin, A.B.; Murphy, T.K.; Geller, 
D.A. Efficacy of augmentation of cognitive behavior therapy with 
weight-adjusted d-cycloserine vs placebo in pediatric obsessive-
compulsive disorder: a randomized clinical trial. JAMA Psychiatry, 
2016, 73(8), 779-788. [http://dx.doi.org/10.1001/jamapsychiatry. 
2016.1128] [PMID: 27367832] 

[142] Oliver, G.; Dean, O.; Camfield, D.; Blair-West, S.; Ng, C.; Berk, 
M.; Sarris, J. N-acetyl cysteine in the treatment of obsessive com-
pulsive and related disorders: a systematic review. Clin. Psycho-
pharmacol. Neurosci., 2015, 13(1), 12-24. [http://dx.doi.org/ 
10.9758/cpn.2015.13.1.12] [PMID: 25912534] 

[143] Prabhavalkar, K.S.; Poovanpallil, N.B.; Bhatt, L.K. Management of 
bipolar depression with lamotrigine: an antiepileptic mood stabi-
lizer. Front. Pharmacol., 2015, 6, 242. [http://dx.doi.org/10.3389/ 
fphar.2015.00242] [PMID: 26557090] 



Glutamate-Modulating Drugs for OCD Treatment Current Neuropharmacology, 2017, Vol. 15, No. 7    995 

[144] Pittenger, C. Glutamatergic agents for OCD and related disorders. 
Curr. Treat. Options Psychiatry, 2015, 2(3), 271-283. 
[http://dx.doi.org/10.1007/s40501-015-0051-8] [PMID: 26301176] 

[145] Laoutidis, Z.G.; Lekka, G.E.; Kioulos, K.T. Glutamatergic agents 
as add-on medication for the treatment of obsessive-compulsive 
disorder: a systematic review and meta-analysis. J. Clin. Psychia-
try, 2016, 77(12), e1576-e1583. [http://dx.doi.org/10.4088/JCP. 
15r10164] [PMID: 27780337] 

[146] Real, E.; Gratacòs, M.; Labad, J.; Alonso, P.; Escaramís, G.; Se-
galàs, C.; Subirà, M.; López-Solà, C.; Estivill, X.; Menchón, J.M. 
Interaction of SLC1A1 gene variants and life stress on pharmacol-
ogical resistance in obsessive-compulsive disorder. Pharmacoge-
nomics J., 2013, 13(5), 470-475. [http://dx.doi.org/10.1038/ 
tpj.2012.30] [PMID: 22776887] 

 

 


