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Abstract

Dysfunction of N-methyl--aspartate (NMDA) receptor-mediated glutamatergic neurotransmission may be

relevant to the pathogenesis of negative symptoms in schizophrenia. The tuberculostatic compound -

cycloserine (DCS) acts as a partial agonist at the strychnine-insensitive glycine regulatory site on the NMDA

receptor complex. Dose-finding trials suggest that DCS doses of 50–100 mg}d may be beneficial in the

treatment of negative symptoms in schizophrenia. Nine treatment-resistant chronic schizophrenic patients

participated in a double-blind, placebo-controlled, adjuvant treatment trial with 50 mg}d DCS. Between

treatment-groups differences in symptom changes were not significant. However, a significant (p! 0.05)

reduction in negative symptoms was registered during treatment with DCS but not placebo. Greater

reductions were registered in patients with lower baseline serum glycine levels (p! 0.008). No side effects

were registered. These preliminary findings indicate a potential role of DCS in the treatment of negative

symptoms in schizophrenia. However, the degree of symptom reduction may be modest, at least among

treatment-resistant inpatients.
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Introduction

Dysfunction of N-methyl--aspartate (NMDA) receptor-

mediated glutamatergic neurotransmission may represent

an additional pathophysiological mechanism in schizo-

phrenia (Javitt and Zukin, 1991). The strychnine-insen-

sitive glycine (Gly) recognition site on the NMDA

receptor offers a potentially safe and feasible approach for

modulating NMDA receptor activity. Full and partial

agonists at the Gly site, such as Gly and -cycloserine

(DCS) were proposed as facilitators of NMDA receptor

function in schizophrenia. Recently (Javitt et al., 1994 ;

Heresco-Levy et al., 1996, In Press), we have found that

adjuvant high oral Gly doses induce significant, dose-

dependent reductions in the negative symptoms of

treatment-resistant schizophrenic inpatients. A limitation

of Gly, however, is that it penetrates the blood–brain
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barrier poorly. Thus, it must be administered at high

(30–60 g}d) doses in order to induce significant

elevations in CNS Gly levels.

The anti-tuberculosis drug DCS (-4-amino-3-

isoxazolidone, seromycin), unlike Gly, freely penetrates

the blood–brain barrier and acts as a relatively selective

partial agonist at the Gly site over a narrow range of

concentrations (Watson et al., 1990 ; Thompson et al.,

1992). Preliminary DCS trials in schizophrenia have

attempted to define the dose range over which therapeutic

effects may be induced. DCS regimens of % 30 mg}d

were ineffective (Rosse et al., 1996), while dosages of

& 250 mg}d led to psychotic exacerbations and neuro-

logical side-effects such as ataxia, parkinsonism and

seizures. (Simeon et al., 1970 ; Cascella et al., 1994). In two

single-blind, dose-escalation trials, only DCS doses of

50–100 mg}d have led to significant improvements in

negative symptoms when administered to drug-free (van

Berckel et al., 1996) and neuroleptic-maintained (Goff et

al., 1995) schizophrenic patients. The effectiveness of

such regimens, however, has yet to be assessed in

controlled studies. The present study represents the first
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double-blind, placebo-controlled trial of which we are

aware to examine the effects of a potentially therapeutic

DCS regimen in treatment-resistant schizophrenia.

Method

Subjects were inpatients meeting DSM-IV criteria for

schizophrenia, who were free of other psychiatric

diagnoses or concurrent medical illness and met

treatment-resistance criteria previously used in Gly trials

(Heresco-Levy et al., 1996) : (a) at least three periods of

treatment, during the course of their illness, without

satisfactory response, with antipsychotic drugs from at

least two different classes, in doses equivalent to at least

1000 mg}d chlorpromazine for at least 6 wk ; (b) no

period of good functioning within the preceding 2 yr ;

and (c) Positive and Negative Syndrome Scale (PANSS)

scores in the 70th percentile or higher, based on normative

data for chronic schizophrenic inpatients (Kay et al.,

1987). To be eligible, patients had to have been treated

with a stable, clinically determined, optimal oral dose of

conventional or atypical antipsychotic for at least 3

months. Complete medical and neurological examin-

ations, including laboratory tests, were performed before

trial inclusion. The research protocol was approved by the

Ezrath Nashim-Herzog Memorial Hospital Institutional

Review Board and all subjects gave written informed

consent. A total of nine patients entered the study (Table

1). All subjects receiving conventional neuroleptics had

undergone, during the course of their illness, treatment

trials with atypical antipsychotics (that is, clozapine

and}or risperidone), which had been interrupted due to

side-effects and}or cost-effectiveness considerations.

Table 1. Characteristics of nine schizophrenic patients receiving double-blind adjuvant treatment with 25 mg b.i.d. -cycloserine

and placebo

Patient

medication Age Gender"
Civil

status#
Years of

schooling

Illness

duration

(years)

No. of

psychiatric

hospitalizations

Present

hospitalization

duration

(years)

Antipsychotic

daily dose

1 57 F NM 4 39 4 23±5 Thioridazine, 100 mg

2 44 F Divorced 7 21 7 7±5 Clozapine, 200 mg

3 24 F NM 6 10 5 4±3 Thioridazine, 100 mg

4 49 F NM 13 12 2 8±5 Clozapine, 400 mg

5 25 F NM 3 18 7 5±1 Risperidone, 6 mg

6 63 M NM 9 43 10 17±5 Haloperidol, 40 mg

7 30 M NM 8 16 3 3±8 Clozapine, 400 mg

8 36 M NM 8 19 4 6±1 Haloperidol, 20 mg

9 25 F Divorced 14 4 4 0±25 Zuclopenthixol, 50 mg

Abbreviations : " F¯ Female ; M¯male. #NM¯ never married.

The study had a total length of 16 wk, using a double-

blind, placebo-controlled, crossover design. An initial

assessment period was followed by 6 wk of adjuvant

treatment with either DCS 25 mg b.i.d. or placebo.

Patients then underwent a 2 wk adjuvant treatment wash-

out, followed by 6 wk of crossover treatment. Anti-

psychotic dose was held constant throughout the study.

Bi-weekly assessments included : (a) symptoms and side-

effects ratings by a single rater, using the PANSS, the 21-

item Hamilton Depression Rating Scale (HAM-D;

Hamilton, 1960), the Simpson–Angus Scale for Extra-

pyramidal Symptoms (SAS : Simpson and Angus, 1970)

and the Abnormal Involuntary Movement Scale (AIMS;

Guy, 1976) ; (b) determination of trough Gly and serine

serum levels using a liquid chromatographic procedure for

plasma amino acids ; and (c) monitoring of clinical

laboratory parameters. The rater, the treatment teams, the

patients and their families were unaware of, and could not

determine, the study drug assignment.

Statistical analyses were performed using the SPSS for

Windows (SPSS Inc., Chicago, IL) computer program. All

cited p values are two-tailed, with a significance level of

0.05.

Results

Five patients were randomized to receive DCS during the

first treatment phase ; 4 received placebo. Two patients

(subject nos 1 and 8, see Table 1) were withdrawn at study

weeks 6 and 14, respectively, during the final week of

DCS treatment, due to increased excitement and un-

cooperativeness. For statistical analysis, the ratings of the

last pre-withdrawal observation were carried forward

(LOCF) to the end of the trial for both patients. Because

one patient was withdrawn during the initial treatment
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Table 2. Three-factor PANSS, HAM-D, SAS and AIMS scores during double-blind adjuvant treatment with -cycloserine and

placebo

Treatment

Week within treatment phase ANOVA

Treatment¬time

assignment 0 2 4 6 (d.f.¯ 3,5)

PANSS

Positive symptoms -cycloserine 29.6 (5.1) 28.2 (5.5) 28.1 (6.2) 27.9 (6.3) F¯ 0.63

Placebo 27.9 (3.8) 27.7 (4.4) 27.1 (3.5) 27.6 (3.1) p¯ 0.63

PANSS

Negative symptoms -cycloserine 39.7 (6.7) 39.0 (6.8) 37.4 (7.4) 36.6 (7.3) F¯ 0.51

Placebo 40.0 (6.6) 39.7 (6.5) 38.2 (7.5) 38.5 (6.5) p¯ 0.70

PANSS

General -cycloserine 64.9 (10.2) 62.4 (10.2) 60.6 (9.4) 59.2 (11.6) F¯ 0.59

psychopathology Placebo 62.9 (6.4) 61.5 (5.6) 59.1 (8.0) 60.0 (9.7) p¯ 0.65

PANSS

Total score -cycloserine 134.2 (18.8) 129.7 (18.9) 126.0 (19.5) 123.8 (21.3) F¯ 0.86

Placebo 130.7 (12.8) 129.0 (11.6) 124.5 (15.2) 126.2 (15.0) p¯ 0.52

HAM-D -cycloserine 11.5 (3.4) 11.5 (2.1) 10.2 (1.5) 9.7 (1.5) F¯ 0.37

Placebo 11.3 (1.2) 10.7 (1.6) 9.8 (1.5) 10.3 (2.3) p¯ 0.78

SAS -cycloserine 3.1 (2.6) 3.0 (2.7) 3.1 (2.7) 2.9 (1.9) F¯ 0.33

Placebo 3.5 (2.0) 3.3 (2.5) 3.3 (1.5) 3.1 (2.0) p¯ 0.80

AIMS -cycloserine 4.4 (3.7) 4.5 (4.3) 3.6 (3.4) 3.4 (3.4) F¯ 2.30

Placebo 3.9 (3.0) 4.4 (3.2) 4.1 (3.2) 4.0 (3.3) p¯ 0.19

Abbreviations : PANSS¯ Positive and Negative Syndrome Scale ; HAM-D¯Hamilton Depression Rating Scale (21 item) ; SAS

¯ Simpson–Angus Scale for Extrapyramidal Symptoms ; AIMS¯Abnormal Involuntary Movement Scale. Values are mean (..).

phase, she did not subsequently receive placebo. Thus,

DCS-response data were available for nine subjects,

placebo-response data for eight. Repeated-measures

ANOVAs performed with within-subject factors of

treatment phase (DCS}placebo) and study week within-

treatment phase (0, 2, 4, 6 wk) did not reveal any

treatment or treatment by time-effects on PANSS symp-

tom clusters (Table 2). Nevertheless, a significant (t¯
2.58, d.f.¯ 8, p! 0.05) 8.7% reduction in negative

symptoms was registered during DCS treatment, com-

pared with a non-significant 3.3% reduction during the

placebo-treatment phase. In absolute terms (that is,

PANSS negative symptom points), the range of negative

symptoms reduction during DCS treatment was between

®2 and 11 points (mean³..¯ 4.3³10.2 points) ;

three of nine patients showed improvement of " 15%

vs. none in the control group and one patient showed

an improvement of " 25%. The magnitude of nega-

tive symptom-reduction during DCS treatment, among

patients receiving clozapine (n¯ 3), 12.3³13.2%, was

not significantly different from that observed in patients

treated with other antipsychotics (n¯ 6), 7.0³9.2%. No

significant effect was found for treatment order and there

was no significant treatment order by time interaction.

No adverse effects on SAS and AIMS scores were

registered during DCS treatment (Table 2). The mean

baseline HAM-D score, 11.7³2.7, was low and did

not change significantly throughout the study. DCS

treatment was well tolerated and no adverse effects

on blood chemistry, haematology, liver and kidney func-

tion parameters were registered. The mean Gly

(249³85 nmol}ml) and serine (105³36 nmol}ml) serum

levels reached following DCS treatment were higher than

baseline levels but remained within the normal reference

ranges : 100–450 nmol}ml and 75–200 nmol}ml respect-

ively. No correlations were found between serine levels

or post-treatment Gly concentrations and treatment

response. However, baseline Gly levels and clinical

response were highly correlated (r¯®0.81, p! 0.008),

wherein the patients who showed the lowest pretreatment

Gly levels also underwent the greatest reductions in

negative symptoms during DCS treatment.

Discussion

Due to the small sample examined, the findings of the

present trial should be considered preliminary. This first

double-blind, controlled examination of a potentially

efficient DCS regimen in treatment-resistant schizo-

phrenia suggests a modest but statistically significant

across-subject reduction in negative symptoms, following

adjuvant 25 mg b.i.d. (50 mg}d) DCS pharmacotherapy.
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The absence of DCS effects upon depression and

parkinsonian symptoms may suggest a primary DCS

effect on negative symptoms. Furthermore, in contrast to

higher DCS dosages (Simeon et al., 1970), the 50 mg}d

regimen was well tolerated and no neurological or other

side-effects were registered.

However, despite the fact that a significant reduction in

negative symptoms was observed during treatment with

DCS, but not placebo, the DCS vs. placebo comparison

was not statistically significant. The present study thus

leaves open the question of whether DCS may serve as an

effective treatment for persistent negative symptoms in

schizophrenia. It is possible that the present results were

influenced by the fact that several of the patients were

receiving clozapine. In a 2-wk consecutive DCS dose-

trials study conducted by Goff et al. (1996) with

schizophrenic outpatients, it was observed that adjuvant

DCS treatment was relatively ineffective in patients

treated with clozapine. In the present study, however,

subjects received a fixed 50 mg}d DCS dose for 6 wk

and, under this regimen, the three treatment-refractory

patients maintained on clozapine responded in terms of

negative symptoms, as well as did patients receiving

other antipsychotics. Furthermore, since in the present

study the last observations were carried forward for

patients terminating early, it is possible that analyses were

influenced by pre-withdrawal deterioration. However,

withdrawal negative symptom ratings differed from

immediately prior ratings on average by only 0.25 PANSS

points, suggesting that analyses were not significantly

influenced by the LOCF approach.

An additional finding of this study is that patients with

lower baseline Gly serum levels showed the greatest

post-DCS treatment reduction in negative symptoms.

This correlation is similar to our observation in a previous

study, in which schizophrenic patients with lower baseline

Gly serum levels improved most following adjuvant

Gly treatment (Heresco-Levy et al., 1996, In Press). This

finding suggests that low Gly serum levels can help

identify a subgroup of schizophrenic patients, which may

represent the population of choice for treatment with

glycinergic modulators of NMDA receptor-mediated

neurotransmission, such as Gly and DCS.

Because of the significant reduction in negative

symptoms observed during the DCS treatment phase,

further study of the adjuvant potential of DCS in

schizophrenia seems warranted. Although DCS was not

statistically superior to placebo in the present study, it

remains possible that a significant between-treatment

effect might emerge in larger and}or less severely sick

samples. Nevertheless, even if DCS is shown to be

effective in larger scale studies, the present findings

suggest that the effect of DCS on negative symptoms

may be modest. Further, the fact that two patients needed

to be withdrawn from the present study during DCS

treatment vs. none during placebo treatment suggests

that worsening of positive symptoms may be a significant

side-effect of DCS, even when given in a therapeutically

optimal dose. In sum, although the present study indicates

that the potential role of DCS in schizophrenia treatment

should be further assessed, it argues that its cost-

effectiveness would have to be weighed against that of

ligands having full agonist potency at the NMDA

receptor-associated Gly site.
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