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Effect of Clozapine and Adjunctive High-Dose Glycine
in Treatment-Resistant Schizophrenia

Steven G. Potkin, M.D., Yi Jin, M.D., Blynn G. Bunney, Ph.D., Jerome Costa, M.D., 
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Objective: The focus of this study was the systematic evaluation of the clinical effects of
glycine as an adjunct to the atypical antipsychotic clozapine in the treatment of schizophre-
nia. Method: In a double-blind, placebo-controlled study, 19 patients with chronic, treat-
ment-resistant schizophrenia who were maintained on optimal doses of clozapine (400–
1200 mg/day) were administered either 30 g/day of glycine (N=9) or placebo (N=10) for 12
weeks. Clinical evaluations with the Brief Psychiatric Rating Scale, the Scale for the As-
sessment of Negative Symptoms, and the Simpson-Angus movement scale were com-
pleted biweekly. Results: The use of glycine as an adjunct to clozapine was not effective
in decreasing positive or negative symptoms. In contrast, the patients treated with cloza-
pine without glycine had a 35% reduction in positive symptoms. Conclusions: These pre-
liminary data suggest that glycine may interfere with the antipsychotic efficacy of atypical
neuroleptics such as clozapine. 

(Am J Psychiatry 1999; 156:145–147)

Treatment with conventional dopamine receptor-
blocking antipsychotics—although effective in the
treatment of positive symptoms (e.g., hallucinations)—
has relatively limited effects on negative symptoms
(e.g., social withdrawal, blunted emotional responses)
in schizophrenia. An alternative strategy consistent
with the hypoglutamatergic hypothesis of schizophre-
nia (1–3) involves the administration of compounds
that stimulate N-methyl-D-aspartic acid (NMDA)-
mediated activity through the strychnine-insensitive
glycine site. In a subgroup of chronic schizophrenic
subjects, the addition of glycine to conventional neuro-
leptic treatments decreased negative symptoms (4–9)
without worsening positive symptoms (10). D-Cyclos-
erine, a partial agonist at the glycine site, may improve
negative symptoms when added to conventional
neuroleptics (11); it does not appear to be effective at
higher doses (11, 12) and may worsen negative symp-
toms in patients maintained on clozapine (12).

In studies of adjunctive glycine, the majority of pa-
tients were maintained on a variety of neuroleptics (4–
9). The focus of the current study was to determine
whether glycine augments the therapeutic efficacy of

the atypical neuroleptic clozapine in patients with
treatment-resistant schizophrenia.

METHOD

Twenty-four chronic schizophrenic patients (21 male and three fe-
male) who met the DSM-III-R criteria for schizophrenia and were
free of other axis I diagnoses or clinically significant concurrent
medical illnesses were enrolled in this 12-week study. They were
chronically hospitalized (mean=12.4 years, SD=7.2) at Metropolitan
State Hospital, Norwalk, Calif., and were maintained on optimal
doses of clozapine (range=400–1200 mg/day) for several months be-
fore the start of the trial.

Although improvement was observed with clozapine, these pa-
tients remained symptomatic (mean BPRS score=43.2, SD=12.2) and
required continual hospitalization. The patients were randomly as-
signed to a glycine group (10 men and two women) or a placebo
group (11 men and one woman). There was no significant difference
between the groups in age (mean=35.3 years, SD=5.26, and mean=
34.4 years, SD=4.75, respectively) or clozapine dose (mean=589 mg/
day, SD=172, and mean=635 mg/day, SD=232, respectively). After a
complete description of the study to the subjects, written informed
consent was obtained.

Patients in the glycine group were administered a solution of gly-
cine (10 g) dissolved in 1 oz of water three times a day after meals.
The placebo group received 1 oz of a similar-tasting solution three
times a day after meals. Physician raters, nurses, and the patients were
kept blind to the procedure. Raters received biweekly training ses-
sions to maintain adequate interrater reliability for all scales. Stan-
dardized rating scales (the Brief Psychiatric Rating Scale [BPRS], the
Scale for the Assessment of Negative Symptoms [SANS][13], the Sim-
pson-Angus movement scale [14], and the SAFTEE adverse symptoms
checklist [15]) were administered at baseline and at weeks 2, 4, 6, 8,
and 12 during the trial. Clozapine levels and laboratory studies (e.g.,
SMA-17 and CBC) were evaluated at baseline and at weeks 6 and 12.
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RESULTS

Because of an inability to participate or lack of coop-
eration, three patients (one female and two male) from
the glycine group and two patients (one female and
one male) from the placebo group were discontinued
from the study prior to week 8. Data analysis was done
on the remaining 19 patients (glycine group: eight men
and one woman; placebo group: 10 men). One-way
analysis of variance (ANOVA) was performed on the
baseline data. There were no between-group differ-
ences in baseline total BPRS score (glycine group:
mean=40.4, SD=12.2; placebo group: mean=45.9, SD=
9.9; F=1.05, df=1, 16, p=0.32), in BPRS positive symp-
toms score (glycine group: mean=13.3, SD=5.7; pla-
cebo group: mean=17.4, SD=5.0; F=2.49, df=1, 16, p=
0.13), or in SANS score (glycine group: mean=13.7,
SD=6.1; placebo group: mean=13.7, SD=3.6; F=0, df=
1, 16, p=0.99).

Repeated measures ANOVA with baseline values as
covariates across the 12-week study showed significant
improvement in BPRS positive symptoms in the pa-
tients treated with clozapine alone compared to the pa-
tients treated with clozapine and glycine (F=5.75, df=
1, 16, p=0.03) (figure 1). There were no significant
treatment effects on negative symptoms as measured
with the SANS (F=0.27, df=1, 16, p=0.61) or the BPRS
(F=0.45, df=1, 16, p=0.51) or on overall psychopathol-
ogy as measured by the total BPRS score (F=0.99, df=
1, 16, p=0.33). The adjunctive glycine was well-toler-

ated throughout the double-blind study. No adverse
changes in hematological values or serum chemistry
were observed. In addition, adjunctive glycine did not
significantly affect clozapine blood levels (posttest
level for the glycine group: mean=511.4, SD=159.1;
for the placebo group: mean=642.0, SD=255.8; F=
1.32, df=1, 16, p=0.27, ANOVA).

DISCUSSION

To our knowledge, this is the first study to systemat-
ically evaluate the efficacy of glycine as an adjunct to
clozapine, an atypical antipsychotic. Results from this
double-blind study show that adjunctive glycine does
not augment the antipsychotic effects of clozapine.
These findings are in contrast to our findings in open
(4) and double-blind (7) studies as well as data from
other laboratories (6, 8), all of which used conven-
tional neuroleptics. Differential responses to glyciner-
gic compounds as adjuncts to treatment with conven-
tional and atypical neuroleptics have been reported
elsewhere. Although adjunctive D-cycloserine, a glycin-
ergic compound, improves negative symptoms in pa-
tients maintained on conventional neuroleptics (11,
12), it increases negative symptoms in patients main-
tained on the atypical antipsychotic clozapine (16).

In the present study, patients administered glycine
failed to show the improvement in positive symptoms
that occurred in clozapine-treated patients who did not

FIGURE 1. Effect of Clozapine and Adjunctive Glycine on BPRS Positive Symptoms Scores of Patients With Treatment-Resistant
Schizophrenia
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receive glycine. It has been suggested by Goff et al. (16)
that the lack of therapeutic efficacy of clozapine and
adjunctive glycinergic drugs may be due to effects of
clozapine on NMDA-mediated systems. We did ob-
serve a 5% greater improvement in negative symptoms
in patients treated with adjunctive glycine compared
with those who received placebo, but it did not reach
statistical significance. This observation must be cau-
tiously interpreted, as we had less than 10% power to
detect such a small difference (17).

In summary, the data suggest that the addition of
high-dose glycine to clozapine therapy may not be ef-
fective in patients with treatment-resistant schizophre-
nia, and, if anything, glycine may decrease the efficacy
of clozapine (as seen by the lack of improvement in
positive symptoms in the glycine group). These find-
ings provide interesting data for the further study of
glycine and its differential interactions with typical and
atypical antipsychotics in chronic schizophrenia.

REFERENCES

1. Javitt DC, Zukin SR: Recent advances in the phencyclidine
model of schizophrenia. Am J Psychiatry 1991; 148:1301–
1308

2. Deutsch SI, Mastropaolo J, Schwartz BL, Rosse RB, Morihisa
JM: A “glutamatergic hypothesis” of schizophrenia: rationale
for pharmacotherapy with glycine. Clin Neuropharmacol
1989; 12:1–13

3. Bunney BG, Bunney WE Jr, Carlsson A: Schizophrenia and
glutamate, in Psychopharmacology: The Fourth Generation of
Progress. Edited by Bloom FE, Kupfer DJ. New York, Raven
Press, 1995, pp 1205–1214

4. Costa J, Khaled E, Sramek J, Bunney WE Jr, Potkin SG: An
open trial of glycine as an adjunct to neuroleptics in chronic
treatment-refractory schizophrenics. J Clin Psychopharmacol
1990; 10:71–72

5. Heresco-Levy U, Javitt DC, Ermilov M, Mordel C, Horowitz A,
Kelly D: Double-blind, placebo-controlled, crossover trial of
glycine adjuvant therapy for treatment-resistant schizophre-
nia. Br J Psychiatry 1996; 169:610–617

6. Javitt DC, Zylberman I, Zukin SR, Heresco-Levy U, Linden-
mayer J-P: Amelioration of negative symptoms in schizophre-
nia by glycine. Am J Psychiatry 1994; 151:1234–1236

7. Potkin SG, Costa J, Roy S, Sramek J, Jin Y, Gulaskaram B:
Glycine in the treatment of schizophrenia: theory and prelimi-
nary results, in Novel Antipsychotic Drugs. Edited by Meltzer
HY. New York, Raven Press, 1992, pp 179–188

8. Rosse RB, Theut S, Banay-Schwartz M, Leighton M, Scar-
cella E, Cohen CG, Deutsch SI: Glycine adjuvant therapy to
conventional neuroleptic treatment in schizophrenia: an open-
label pilot study. Clin Neuropharmacol 1989; 12:416–424

9. Waziri R: Glycine therapy of schizophrenia (letter). Biol Psy-
chiatry 1988; 23:210–211

10. Heresco-Levy U, Silipo G, Javitt DC: Glycinergic augmenta-
tion of NMDA receptor-mediated neurotransmission in the
treatment of schizophrenia. Psychopharmacol Bull 1996; 32:
731–740

11. Goff DC, Tsai G, Manoach DS, Coyle JT: Dose-finding trial of
D-cycloserine added to neuroleptics for negative symptoms in
schizophrenia. Am J Psychiatry 1995; 152:1213–1215

12. Cascella NG, Macciardi F, Cavallini C, Smeraldi E: D-Cyclos-
erine adjuvant therapy to conventional neuroleptic treatment
in schizophrenia: an open label study. J Neural Transm 1994;
95:105–111

13. Andreasen NC: Scale for the Assessment of Negative Symp-
toms (SANS). Iowa City, University of Iowa, 1983

14. Simpson GM, Angus JWS: A rating scale for extrapyramidal
side effects. Acta Psychiatr Scand Suppl 1970; 212:11–19

15. Levine J, Schooler NR: SAFTEE: a technique for the system-
atic assessment of side effects in clinical trials. Psychophar-
macol Bull 1986; 22:343–381

16. Goff DC, Tsai G, Manoach DS, Flood J, Darby DG, Coyle JT:
D-Cycloserine added to clozapine for patients with schizo-
phrenia. Am J Psychiatry 1996; 153:1628–1630

17. Hay WL: Statistics. Fort Worth, Tex, Holt, Rinehart & Winston,
1988


