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Abstract
Rationale Several recent studies have focused on glutamate
modulating agents for symptoms relief in schizophrenia, es-
pecially negative symptoms which are resistant to convention-
al therapies.
Objectives We aimed to assess the efficacy and tolerability of
riluzole, an anti-glutamate agent with neuroprotective proper-
ties, as an adjunct to risperidone in improving negative symp-
toms of schizophrenia.
Methods In this randomized double-blind placebo-controlled
parallel-group study, 50 patients with chronic schizophrenia
and a score of ≥20 on the negative subscale of positive and
negative syndrome scale (PANSS) were enrolled in the active
phase of their illness. Participants were equally randomized to
receive riluzole (100 mg/day) or placebo in addition to

risperidone (up to 6 mg/day) for 8 weeks. Participants were
rated by PANSS every 2 weeks. The primary outcome of this
study was the difference in the decrease of PANSS negative
subscale score from baseline to the study endpoint between the
two groups.
Results By the study endpoint, riluzole-treated patients
showed significantly greater improvement in the negative
symptoms (P <0.001) as well as the PANSS total and general
psychopathology subscale scores (P=0.001 and P <0.001;
respectively) compared to the placebo group. Treatment group
was the only significant predictor of changes in negative
symptom in this trial (β =−0.56, P <0.001). No significant
difference was observed between two groups in the frequency
of side effects.
Conclusion These preliminary findings suggest that riluzole
may be a safe and effective medication for the treatment of
negative symptoms in patients with chronic schizophrenia.
Further research and replication of study findings is warranted.
Clinical trial registry name and registration number Iranian
registry of clinical trials www.irct.ir, IRCT201107281556N26

Keywords Riluzole . Glutamate . Schizophrenia . Negative
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Introduction

Negative symptoms of schizophrenia include deficits in social
and emotional functioning, blunted affect, and lack of spon-
taneity. These symptoms are resistant to current antipsychotic
medications and become more prominent over time, hence
having a greater contribution to poor quality of life and
functional disability than positive symptoms in patients with
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schizophrenia (Fenton and McGlashan 1991). Negative
schizophrenic symptoms can be categorized into primary
negative symptoms that are due to the illness itself and sec-
ondary ones which result from positive, depressive, or extra-
pyramidal symptoms as well as medications effects (Murphy
et al. 2006). Since no completely effective treatment for
negative symptoms has been developed yet, many researchers
are striving to find novel therapeutic agents based on under-
lying mechanistic defects in schizophrenia.

Various pathophysiological mechanisms have been pro-
posed for schizophrenia including dopaminergic and
glutamatergic models (Stone et al. 2007). Although the dopa-
minergic model of schizophrenia explains positive symptoms
of the disease, it cannot provide a reasonable justification for
negative symptoms (Crow 1981). Of note, current antipsy-
chotics are developed based on the dopaminergic hypothesis
and act primarily through blocking dopamine D2 receptors, a
fact which may explain why currently available treatments are
incapable of targeting the negative symptoms. On the other
hand, the glutamatergic hypothesis of schizophrenia provides
accountability for both positive and negative symptoms as
well as neurocognitive deficits (Coyle 2006; Laruelle et al.
2005). Glutamate, the principal excitatory neurotransmitter in
the brain, plays a key role in synaptic plasticity and higher
cortical functions and several lines of evidence suggest
glutamatergic system dysfunctions as an underlying psycho-
pathologic mechanism in schizophrenia (Javitt 2012). Two
main families of glutamate receptors are metabotropic and
ionotropic receptors. The latter category includes N-methyl-
D -aspartate (NMDA), α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA), and kainite receptors. It
has been demonstrated that chronic blockade of NMDA re-
ceptors results in a hyperglutamatergic state via rebound in-
crease in neurotransmitter release (Moghaddam et al. 1997)
and decreases prefrontal cortical function which leads to
symptoms similar to negative and cognitive symptoms seen
in chronic stages of schizophrenia (Jentsch et al. 1997; Jentsch
and Roth 1999). Altogether, these findings suggest that treat-
ment strategies which target glutamatergic pathways and re-
duce its neurotransmission may be of benefit in the treatment
of negative symptoms of schizophrenia.

Riluzole is a glutamatemodulating agentwith neuroprotective
and anticonvulsant properties originally developed for treatment
of amyotrophic lateral sclerosis (Miller et al. 2012). Riluzole
enhances glutamate reuptake (Frizzo et al. 2004) and inhibits
glutamate release from nerve cell terminals (Martin et al. 1993).
It also interferes with postsynaptic effects of glutamate by
noncompetitive blockade of glutamate receptors (Doble 1996;
Du et al. 2007). Several clinical and preclinical studies support
the beneficial effects in improving different neuropsychiatric
disorders, particularly those with a hyperglutamatergic state as
their possible underlying pathology (Zarate and Manji 2008).
Encouraging evidences regarding the use of riluzole have been

reported in treating mood disorders (Sanacora et al. 2007; Zarate
et al. 2004; Zarate et al. 2005), generalized anxiety disorders
(Mathew et al. 2005), obsessive–compulsive disorders (Coric
et al. 2005; Grant et al. 2007), and autism spectrum disorders
(Ghaleiha et al. 2013). Interestingly, it has been suggested that
inhibiting glutamate release at presynaptic nerve terminals may
be helpful for cognitive improvement of patients with schizo-
phrenia (Moghaddam 2004). Lamotrigine, an anti-glutamate
agent, has been reported to improve behavioral and cognitive
deficits in both animal and human studies (Anand et al. 2000;
Moghaddam and Adams 1998). An experimental study showed
that administration of 10 mg/kg of riluzole in mice showed has
the ability of depressing MK-810 and amphetamine-induced
hyperlocomotion as pharmacological models of schizophrenia
(Lourenco Da Silva et al. 2003).

Based on the existing evidence, we hypothesized that
riluzole with its glutamate modulating properties and relative
safe profile could be helpful in improving the negative symp-
toms of schizophrenia. To the best of our knowledge, no well-
designed clinical trial has been published to date on the prob-
able efficacy of riluzole in patients with schizophrenia, partic-
ularly on their negative symptoms. In the present study, we
aimed to evaluate the efficacy and tolerability of riluzole as an
adjunctive treatment to risperidone for reducing negative symp-
toms of patients with chronic schizophrenia.

Methods and materials

Trial design

This was a parallel-group, placebo-controlled, double-blind
clinical trial in which patients were treated and followed for
8 weeks. The trial protocol was registered at the Iranian Clinical
Trials Registry (IRCT201107281556N26; www.irct.ir),
approved by the institutional review board (IRB) of Tehran
University of Medical Sciences and performed in accordance
with the Declaration of Helsinki and its subsequent revisions.
After a complete description of study details, written informed
consent was obtained from the eligible participant and/or the
legal representative. Patients were informed of their right to
withdraw from the project at any time without any negative
effect on their relationship with health care providers.

Participants

In-patients of both genders aged 18–50 years with a DSM IV-
TR diagnosis of schizophrenia were eligible to participate if
they were in the active phase of the illness and had a minimum
score of 60 on the positive and negative syndrome scale
(PANSS) (Kay et al. 1987), a score of ≥20 on the PANSS
negative subscale, and a minimum disease duration of 2 years
(chronic schizophrenia). Patients were included only if they
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could satisfactorily comply with the trial requirements. Diag-
nosis was based on a structured clinical interview for DSM-
IV-TR Axis I Disorders and was confirmed with chart review
and senior physician interview.

Patients with significant depression, defined as a score ≥14
on the 17-item Hamilton Depression Rating Scale (HDRS)
(Hamilton 1960) or a score of ≥4 on depression item of
PANSS, were excluded from the study because high degrees
of depression could make the pure interpretation of negative
symptoms changes unreliable. We also excluded patients with
diagnosis of any other DSM-IV psychiatric disorder based on
a structured diagnostic interview so we could attribute the
outcomes only to the schizophrenic symptoms. Other exclu-
sion criteria were serious somatic disorders, alcohol or sub-
stance (other than nicotine) dependence, mental retardation
(intelligence quotient<70), inability to communicate, history
of hypersensitivity to riluzole or risperidone, pregnancy, lac-
tation, HIV infection, and hepatic or kidney disease. Women
in reproductive age were included only if they were using
reliable contraception. Due to hepatotoxic nature of riluzole,
individuals who were receiving potential hepatotoxic medica-
tions were not allowed to take part in the study. Since we
aimed to evaluate pharmacological effects of riluzole and
risperidone in this study, patients were also excluded if they
had received any oral antipsychotic drug during the last week,
any depot antipsychotic medication during the last month, or
electroconvulsive therapy during the last 2 weeks prior to their
enrollment. We did not change or discontinue patients’ drugs
before their entry. Instead, we selected the participants from
patients who had discontinued their medication due to other
reasons such as lack of supportive care or incompliance with
their treatment. In order to decrease the risk of drug interac-
tions and adverse events, participants were not allowed to use
antidepressants, mood stabilizers, sedating antihistamines, or
other antipsychotics during the course of this trial.

Study settings

This study was a multicenter clinical trial conducted from Au-
gust 2011 to April 2013 at three academic hospitals: Roozbeh
Hospital (Tehran University of Medical Sciences, Tehran, Iran),
Razi Hospital (University of Social Welfare and Rehabilitation
Sciences, Tehran, Iran), and Qods Hospital (Kurdistan Universi-
ty of Medical Sciences, Sanandaj, Iran). In four consecutive
visits, patients were evaluated every 2 weeks after the baseline/
screening session. There were no ethnical or regional restrictions
for participation as the patients were referred from different
regions of Iran to these three large referral hospitals.

Intervention

In addition to risperidone (Risperdal®, Janssen Pharmaceuticals)
which was administered to all patients, one group received

Riluzole (Rliutek®, Sanofi-Aventis) and the other group received
placebo from the beginning of this study. Risperidone was
started with a dose of 2 mg/day and then based on the clinical
response, was increased weekly in increments of 2 mg to a
maximum dose of 6 mg/day (2 mg tid). Riluzole starting dosage
was 50 mg/day for the first week followed by 100 mg/day
(50 mg bid) for the subsequent 7 weeks. Patients were not
allowed to receive any behavior intervention therapy during
the course of the trial.

Outcomes

The efficacy assessment measure used in this study was
PANSS and thus each patient was rated at baseline/screening
session and weeks 2, 4, 6, and 8. PANSS is a 30-item rating
scale consisting of validated subscales to examine positive
(seven items), negative (seven items) and general psychopath-
ological (16 items) symptoms of schizophrenia. These three
subscales are summed up in the PANSS total score (Kay et al.
1987). PANSS has been widely used for measuring the treat-
ment efficacy and severity of symptoms in schizophrenia and
has been applied in several studies in Iran (Akhondzadeh et al.
2011; Khodaie-Ardakani et al. 2013; Modabbernia et al. 2013;
Noroozian et al. 2013; Rezaei et al. 2013). Four trained raters
were responsible for rating the patients with an inter-reliablity
of >90 % on PANSS total scores. The raters were previously
invloved in several trials of schizophrenia and were experi-
enced in implementing the PANSS. In order to evaluate the
depressive symptoms, HDRS was also filled at baseline and
the study endpoint. This scale contains 17 questions (mea-
sured either on five-point or three-point scales) which evaluate
the severity of depression-related symptoms (Hamilton 1960).
The primary outcome of this study was the difference in the
decrease of PANSS negative subscale score from week 0 to
week 8 between the two study groups. The difference between
the two study arms on PANSS total and other subscales scores
were considered as secondary outcome measures.

Safety

Participants and involved nurses were strongly encouraged to
immediately inform the research team about any unexpected
symptom or complaint during the study. A thorough physical
examination was performed and vital signs were recorded at
the screening session and each post-baseline visit. A complete
blood count (CBC) was taken and serum aminotransferases
were measured at baseline and every 4 weeks subsequently. In
addition to each post-baseline visit, side effects were recorded
1 week after start of medication through open-ended
questioning followed by a complete side effects checklist.
The side effects checklist was a 25-item questionnaire cover-
ing a broad range of warning symptoms. Extrapyramidal
symptoms rating scale (ESRS) (part one: parkinsonism,
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dystonia, dyskinesia; sum of 11 items) (Chouinard and
Margolese 2005) was also administered at baseline and
weeks 1, 2, 4, 6, and 8 in order to evaluate extrapyramidal
symptoms. Behavior appraisal and side effects checklist were
completed by independent raters. In case of encountering any
side effect, an expert psychiatrist was responsible for making
decisions regarding whether to continue treatment, decrease
dosage, or discontinue the drugs.

Randomization

Patients were randomly and equally assigned to two groups
(riluzole or placebo) in a 1:1 ratio by means of random
allocation method. An independent person who was not in-
volved elsewhere in the research project generated the ran-
domization codes by Excel software. The assignments were
kept in sequentially numbered, sealed, opaque envelopes and
were opened sequentially only after participant details were
written on the envelope. Aluminum foil inside the envelope
rendered the envelope impermeable to intense light. Separate
persons were responsible for rating and random allocation of
the patients.

Blinding

Study medications were packed in identical containers and
were dispensed by an investigational drug pharmacist. Place-
bo tablets and their ingredients were identical to riluzole
tablets in shape, size, texture, color, taste, and odor. Partici-
pants, nurses, and the physicians who referred the patients as
well as the research investigators and the raters were all blind
to the treatment assignments.

Sample size and statistical methods

Based on previous trials, we assumed a final difference of 5
between the two groups on the PANSS negative subscale with
a standard deviation of 5, a power of 90 %, a two-sided
significance level of 5 %, and an attrition rate of 10 %.
Therefore, a total sample size of 50 was calculated. All anal-
yses were based on the intention-to-treat sample and were
performed using the last observation carried forward proce-
dure. The mean score change from baseline to the study
endpoint on PANSS, HDRS, and ESRS were compared be-
tween two groups using independent sample T test. Cohen’s d
effect sizes were determined by dividing the mean difference
of the two groups at each time point by their pooled standard
deviation. The effect of time×treatment interaction was
assessed by general linear model repeated measures consider-
ing the treatment group (riluzole vs. placebo) as the between-
subject factor and the study measurements as the within-
subject variables (time). If Mauchly’s test of sphericity was
significant, Greenhouse–Geisser correction for degrees of

freedom was used. Multiple linear regression analysis was
used to predict the change in PANSS negative subscale scores
(as our primary outcome) by assigning change in PANSS
positive subscale, HDRS, and ESRS scores as well as the
treatment group. Continuous variables were described as
mean (standard deviation, SD) and categorical variable in
number (in percent). Mean differences were reported as mean
difference (MD) (95 % confidence intervals, 95 % CI). IBM
SPSS Statistic 20 (IBM Corporation) was used for data anal-
ysis and a P value of <0.05 was considered statistically
significant.

Results

Participants

After screening for the eligibility criteria, 50 patients were
recruited and a final number of 48 patients completed the trial
(riluzole=24, placebo=24) (Fig. 1). Baseline characteristics of
the participants as well as the baseline PANSS, HDRS, and
ESRS scores were not significantly different between the two
study groups (Table 1). Mean dose of risperidone adminis-
tered throughout the study was 4.35 (0.69) and 4.41 (0.51)
mg/day in the riluzole and the placebo groups, respectively.

Outcomes

PANSS

PANSS negative subscale By the study endpoint, reduction of
the PANSS negative subscale scores was significantly higher
in the riluzole-treated patients than the placebo group [MD
(95 % CI)=5.72(3.17 to 8.26), t (48)=4.52, P <0.001]
(Cohen’s d =1.28, r =0.53). The behavior of the two treatment
groups was different across time as demonstrated by a signif-
icant effect for time×treatment interaction [F(1.95, 93.90)=
13.74,P <0.001] (Fig. 2).When the PANSS negative subscale
change was predicted by multiple linear regression analysis, it
was found that the treatment group (riluzole vs. placebo) was
the strongest and the only significant predictor of any changes
in negative symptoms over the course of this trial (β =−0.56,
t =−4.48, P <0.001). Changes in the PANSS positive subscale
(β =0.10, t =0.85, P=0.39), HDRS (β =0.02, t =0.16, P=
0.87), and ESRS (β =−0.18, t =−1.48, P=0.14) scores could
not significantly predict the change in the PANSS negative
subscale scores. Considering 50% reduction on negative
symptoms score as response to treatment, number needed to
treat (NNT) was 3.

PANSS positive subscale Of the scores on PANSS, the posi-
tive subscale was not significantly different between the two
groups at the end of the trial [MD (95 % CI)=1.96 (−1.10 to
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5.02), t (48)=1.28, P=0.20] (Cohen’s d =0.36, r =0.17). Re-
peated measure analysis demonstrated no significant effect for
time×treatment interaction [F(2.16, 104.07)=1.50, P=0.22]
showing that the behavior of the two groups was similar
across time on this subscale (Fig. 3).

PANSS general psychopathology subscale The riluzole group
showed significantly greater improvement than the placebo
group on PANSS general psychopathology subscale scores by
week 8 [MD (95 %CI)=7.72 (3.52 to 11.91), t (48)=1.93, P=
0.001] (Cohen’s d =1.04, r =0.46). Behavior of the two
groups was different across time as demonstrated by signifi-
cant effect of time×treatment interaction [F(1.91, 91.85)=
9.83, P <0.001] in repeated measure analysis (Fig. 4).

PANSS total score At the study endpoint, patients in the
Riluzole group experienced significantly greater improvement
in the PANSS total scores than the placebo group [MD (95 %
CI)=15.28 (8.97 to 21.58), t (48)=4.87, P <0.001] (Cohen’s
d =1.37, r =0.56). Repeated measure analysis showed signif-
icant effect for time×treatment interaction [F(1.82, 87.85)=
15.85, P <0.001] as well (Fig. 5).

HDRS

There was no significant difference between the two groups in
the HDRS score change from baseline to the study endpoint

[MD (95 % CI)=−0.20 (−1.37 to 0.97), t(48)=−0.34, P=
0.73] (Cohen’s d =−0.09, r =−0.04). Repeated measure anal-
ysis did not show significant effect for time×treatment inter-
action [F(1.00, 48.00)=0.11, P=0.73].

Adverse events

No serious adverse event or death was reported in this trial.
ESRS score changes were not significantly different between
the two study groups [MD (95 % CI)=1.24(−0.81 to 3.29),
t (48)=1.21, P=0.23] (Cohen’s d =0.34, r =0.16) and the
effect of time×treatment interaction was not statistically sig-
nificant in repeated measure analysis [F(2.78, 133.71)=0.96,
P=0.40]. Summarized in Table 2, no significant difference
was detected between the two groups in the frequency of side
effects based on the checklist. Similarly, CBC elements and
serum aminotransferase levels were not significantly different
between the two groups during the trial and at the study
endpoint (Table 3).

Discussion

To the best of our knowledge, this study represents the first
clinical trial investigating the efficacy and safety of riluzole in
patients with schizophrenia. In line with our hypothesis, we
showed that riluzole, as an adjunctive treatment to risperidone,

Fig. 1 Flow diagram of the study
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Table 1 Baseline characteristics
of the participants

PANSS positive and negative
syndrome scale, HDRS Hamilton
Depression Rating Scale, ESRS
extrapyramidal symptoms rating
scale

Riluzole + risperidone Placebo + risperidone

Gender, n (%)

• Male 21 (84 %) 22 (88 %)

• Female 4 (16 %) 3 (12 %)

Age, years, mean (SD) 32.20 (6.84) 33.64 (8.00)

Marital status, n (%)

• Single 21 (84 %) 17 (68 %)

• Married 3 (12 %) 6 (24 %)

• Divorced 1 (4 %) 2 (8 %)

Level of education, n (%)

• Illiterate 1 (4 %) –

• Primary school 13 (52 %) 18 (72 %)

• High school diploma 9 (36 %) 6 (24 %)

• University degree 2 (8 %) 1 (4 %)

Smoking, n (%) 19 (76 %) 16 (64 %) P=0.53

Duration of illness, months, mean (SD) 100.88 (69.94) 88.32 (45.93) P=0.45

Type of schizophrenia, n (%)

• Paranoid 14 (56 %) 13 (52 %)

• Residual 4 (16 %) 3 (12 %)

• Disorganized 2 (8 %) 5 (20 %)

• Undifferentiated 5 (20 %) 4 (16 %)

Prior antipsychotic medications, n (%)

• Risperidone 17 (68 %) 15 (60 %)

• Halopridol 14 (56 %) 12 (48 %)

• Fluphenazine 5 (20 %) 7 (28 %)

• Olanzapine 6 (24 %) 4 (16 %)

Baseline scores, mean (SD)

• PANSS total score 101.52 (14.55) 99.08 (11.06)

• PANSS negative subscale 23.96 (5.76) 22.60 (4.61)

• PANSS positive subscale 29.28 (6.03) 28.64 (4.19)

• PANSS general psychopathology subscale 48.28 (9.05) 47.84 (8.30)

• HDRS 8.16 (1.65) 7.80 (1.77)

• ESRS 1.64 (3.51) 1.48 (3.54)

Fig. 2 Comparison of PANSS negative subscale scores of [mean (SEM)]
over time between the two study groups, *P <0.05, **P<0.001

Fig. 3 Comparison of PANSS positive subscale scores of [mean (SEM)]
over time between the two study groups, *P <0.05, **P<0.001
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was effective in alleviating a part of schizophrenic symptoms.
Riluzole-treated patients experienced significant reduction in
PANSS negative subscale scores compared with the placebo
group. It should be noted that improvement of negative symp-
toms in clinical studies may result from changes in secondary
negative symptoms. The improvement seen in these studies can
be purely attributed to primary negative symptoms only if the
changes in confounding factors are minimal (Hanson et al.
2010; Murphy et al. 2006). The most important manifestations
which cause secondary negative symptoms include positive,
depressive, and extrapyramidal symptoms, all of which were
not significantly different between two groups in our study.
Moreover, treatment group was the only significant predictor of
negative symptoms in this trial. Altogether, these results

suggest that improvement of negative symptoms in the riluzole
group can be mostly attributed to reduction of primary negative
symptoms. However, high degrees of positive symptoms in
both groups makes such an interpretation relatively indefinite, a
point which should be controlled in the future studies. In
addition to the PANSS negative subscale as the study primary
outcome, significant improvement was seen in the PANSS total
and general psychopathology subscale scores in the riluzole
versus the placebo-treated patients. This is particularly interest-
ing and suggestive of greater advantages for riluzole in addition
to improving negative symptoms in patients with chronic
schizophrenia. However, we cannot compare these results to
other studies since no report has been published yet on clinical
response to riluzole in schizophrenic patients.

Recently, accumulating evidence supports the pathologic
involvement of hyperactive glutamatergic neurons of various
brain regions in schizophrenia-related symptoms (Krystal et al.
2003; Paz et al. 2008). Glutamate excess in the prefrontal
cortex has been shown to impair some cognitive functions
(Moghaddam and Adams 1998) and inhibition of glutamate
release may improve cognitive symptoms of schizophrenia
(Moghaddam 2004). In addition to interacting with post-
synaptic glutamate receptors, riluzole inhibits glutamate release
and increases its reuptake at pre-synaptic nerve terminals
(Doble 1996). Through activation of the NMDA and AMPA
receptors, increased levels of glutamate leads to excessive Ca2+

influx into neurons which subsequently results in excitotoxicity
and cell death (Arundine and Tymianski 2003; Danysz and
Parsons 2002). Riluzole interrupts this deleterious cascade by
controlling Ca2+ channels and thus decreases the glutamate
excitotoxicity (Wang et al. 2004). Interestingly, stimulation of
AMPA glutamate receptors are linked to dopamine release in
the prefrontal cortex (Jedema and Moghaddam 1994; Jedema
andMoghddam 1996) and riluzole increases AMPA trafficking
as well (Du et al. 2007). The promising results from this trial
further support the concept that glutamatergic system interven-
tion, particularly with anti-glutamate agents, can be helpful in
improving negative symptoms of schizophrenia. Other mecha-
nisms of action which can explain favorable effects of riluzole
are related to immune system dysfunctions and neurotrophic
factors dysregulation in schizophrenia (Durany and Thome
2004; Muller and Schwarz 2010). Riluzole has been shown
to decrease inflammation and axonal damage in the nervous
system and to increase the synthesis of neurotrophic factors as
well (Gilgun-Sherki et al. 2003; Mizuta et al. 2001).

Treatment with riluzole was generally well-tolerated in our
study and this is consistent with previous safety reports on the
drug (Lacomblez et al. 2002). Most of the observed adverse
events in this trial did not require any intervention as they
tended to be mild and transient. No significant difference was
observed between the two protocols in the frequency of ex-
trapyramidal symptoms or other side effects. Although mild
elevation in liver enzymes, especially alanine transaminase

Fig. 4 Comparison of PANSS general psychopathology subscale scores
of [mean (SEM)] over time between the two study groups, *P<0.05, **P
<0.001

Fig. 5 Comparison of PANSS total scores of [mean (SEM)] over time
between the two study groups, *P<0.05, **P <0.001
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(ALT), has been previously reported in some riluzole trials
(Grant et al. 2010; Lacomblez et al. 2002; Miller et al. 2012;
Zarate and Manji 2008), no laboratory adverse event was seen
in our study. However, the drug should be prescribed with
caution to patients suffering from hepatic diseases or receiving
concomitant hepatotoxic drugs. Although our study provided
a valid assessment of riluzole effects on primary negative
symptoms, it also had some limitations. Since this was the
first clinical trial of riluzole in schizophrenic patients, we had
no guide to make an absolute decision about the optimal
dosage and previous trials of riluzole in other neuropsychiatric

disorders were used as our guides. Sample size of this study
was relatively small and the observational period was short.
Therefore, the results should be confirmed in larger and more
extended trials. It is better to confirm the results of this study in
stabilized schizophrenic patients with more controlled symp-
toms other than the negative ones. Patients with schizophrenia
can probably benefit from cognitive-enhancing properties of
riluzole, but we did not evaluate cognitive functions in this
study. In conclusion, riluzole adjuvant therapy showed prom-
ising therapeutic outcomes for management of negative symp-
toms in patients with schizophrenia. Nevertheless, long-term

Table 2 Frequency of the side
effects in the two study groups Side effect Riluzole + risperidone Placebo + risperidone P value

Drowsiness, n (%) 8 (32 %) 5 (20 %) 0.52

Constipation, n (%) 4 (16 %) 2 (8 %) 0.66

Dizziness, n (%) 7 (28 %) 5 (20 %) 0.74

Abdominal pain, n (%) 5 (20 %) 3 (12 %) 0.70

Increased appetite, n (%) 2 (8 %) 4 (16 %) 0.74

Decreased appetite, n (%) 2 (8 %) 0 0.48

Nausea, n (%) 6 (24 %) 4 (16 %) 0.72

Headache, n (%) 4 (16 %) 3 (12 %) 1.00

Dry mouth, n (%) 5 (20 %) 2 (8 %) 0.41

Cough, n (%) 4 (16 %) 2 (8 %) 0.66

Diarrhea, n (%) 6 (24 %) 3 (12 %) 0.46

Table 3 Laboratory tests at
baseline and during the study

RBC red blood cell, WBC white
blood cell, HB hemoglobin, Hct
hematocrit, AST aspartate amino-
transferase, ALT alanine
aminotransferase

Lab data Week Riluzole + risperidone Placebo + risperidone

RBC , ×1012/L, mean (SD) Week 0 4.1 (0.9) 4.0 (0.5)

Week 4 4.8 (0.6) 4.5 (0.8)

Week 8 4.4 (0.7) 4.2 (0.4)

WBC, ×109/L, mean (SD) Week 0 8.6 (2.8) 8.0 (1.8)

Week 4 7.5 (2.4) 8.3 (1.9)

Week 8 8.7 (2.3) 8.1 (2.0)

HB, g/dL, mean (SD) Week 0 13.7 (2.1) 12.9 (1.6)

Week 4 14.2 (1.6) 13.5 (1.9)

Week 8 13.9 (1.7) 13.1 (1.8)

Hct, mean (SD) Week 0 39.6 (6.9) 37.3 (6.8)

Week 4 39.9 (7.4) 38.7 (7.0)

Week 8 38.8 (8.2) 38.4 (6.9)

AST, IU/L, mean (SD) Week 0 21.8 (8.9) 21.1 (7.3)

Week 4 22.0 (8.0) 21.2 (7.1)

Week 8 22.3 (6.2) 21.4 (6.2)

ALT, IU/L, mean (SD) Week 0 19.3 (7.6) 20.3 (6.5)

Week 4 18.6 (7.2) 19.4 (6.2)

Week 8 19.9 (7.5) 19.1 (6.2)
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efficacy and safety and optimal dosing of riluzole require further
investigations.
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