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linical trials of adjuvant treatments to antipsy-
chotics for the treatment of schizophrenia have

A Clinical Trial of Adjuvant Allopurinol Therapy
for Moderately Refractory Schizophrenia

Miriam G. Brunstein, M.D., M.Sc.; Eduardo S. Ghisolfi, M.D., M.Sc.;
Fernanda L. P. Ramos; and Diogo R. Lara, M.D., Ph.D.

Objective: To evaluate the xanthine oxidase
inhibitor allopurinol as an adjuvant treatment
for patients with moderately refractory schizo-
phrenia, with the objective of increasing the en-
dogenous pool of purines, including the neuro-
modulator adenosine.

Method: A double-blind, placebo-controlled,
crossover clinical trial of add-on allopurinol
(300 mg b.i.d.) for poorly responsive schizophre-
nia or schizoaffective disorder (DSM-IV criteria)
was conducted. Thirty-five patients were en-
rolled, of whom 22 completed the 12 weeks of
the study. Eighteen of these patients also com-
pleted a P50 evoked potential evaluation.

Results: Allopurinol was well tolerated and
produced significant improvement in Positive
and Negative Syndrome Scale (PANSS) total,
positive, negative, and general scores, particularly
for positive symptoms compared with baseline
and with placebo phase. Nine patients improved
more than 20% in PANSS total score during
allopurinol treatment, whereas none responded
in the placebo phase. Responders had a shorter
duration of illness than nonresponders. P50
auditory sensory gating failed to improve
with allopurinol treatment.

Conclusions: Allopurinol was an effective
and well-tolerated adjuvant treatment for poorly
responsive schizophrenia, especially for refrac-
tory positive symptoms.
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C
not been successful,1–3 with the exception of add-on
N-methyl-D-aspartate (NMDA) co-agonists and dehy-
droepiandrosterone (DHEA) for negative and general
symptoms.4,5 Nevertheless, clozapine stands as the only
well-established treatment for treatment-resistant schizo-
phrenia, with efficacy for refractory positive symptoms,
but not without safety, tolerability, and cost drawbacks.6

Allopurinol is a xanthine oxidase inhibitor routinely
used to treat hyperuricemia and gout. However, previous
studies and clinical observations have suggested its
potential to treat refractory epilepsy,7 mania,8 and aggres-
sive behavior in patients with neurologic disorders9

and dementia.10 In a case series study, our group has
also reported the efficacy of add-on allopurinol in 5
of 11 treatment-resistant schizophrenic patients with un-
changed antipsychotic dosages.11 This pharmacologic
strategy was based on the hypoadenosinergic hypothesis
for schizophrenia,12,13 which links the dopaminergic and
glutamatergic alterations since adenosine is a neuromodu-
lator of both systems. By inhibiting the enzyme xanthine
oxidase, the last step in purine degradation to uric acid,
allopurinol can promote salvage of purines, possibly in-
creasing the pool of purines, including adenosine.

The aim of the present study was to investigate the effi-
cacy of allopurinol as adjuvant treatment for poorly
responsive schizophrenia within the framework of a ran-
domized, double-blind, placebo-controlled, crossover de-
sign. Besides symptom evaluation, a P50 evoked potential
was performed as a parameter of sensory gating, which
has been shown to improve during treatment with cloza-
pine, but not other atypical antipsychotics.14,15

METHOD

Subjects
Patients diagnosed with schizophrenia or schizoaffec-

tive disorder according to DSM-IV by using a diagnostic
checklist were considered moderately refractory on the
basis of the following criteria: (1) persistence of psychotic
symptoms after 2 or more distinct periods of treatment for
at least 6 weeks with 2 different antipsychotics, in doses
equivalent to a minimum of 400 mg/day of chlorproma-
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zine,16 (2) no period of good functioning within 5 years
or since onset of the disorder, and (3) a minimum Positive
and Negative Syndrome Scale (PANSS)17 total score
of 60. Prior to study entry, subjects had to be receiving
stable treatment with optimal doses of any antipsychotic,
except for clozapine, for at least 2 months and could not
have abused alcohol or illicit substances during the past
6 months. Adjuvant medications such as benzodiaze-
pines, antidepressants, and mood stabilizers (lithium, val-
proate, or carbamazepine) were not discontinued, and pa-
tients were encouraged to continue under the supervision
of their regular psychiatrists in addition to study evalua-
tions. Psychiatrists were informed of study conditions and
could suggest early termination of the study on clinical
grounds. Hematology, blood chemistry, and liver and kid-
ney functions were assessed before entry. Patients with
concurrent medical, neurologic, or other psychiatric dis-
orders were excluded. Thirty-five patients were enrolled
in the study. The institutional review board approved the
study, and all subjects and a legal guardian gave written
informed consent to participate.

Study Design, Drug Treatment,
and Clinical Assessment

Patients who satisfied the criteria described were
randomly assigned to receive, under double-blind con-
ditions, either allopurinol 300 mg b.i.d. or placebo in
identical-appearing capsules in addition to their regular
psychotropic medication, which remained unaltered
throughout the study. After completion of the first treat-
ment phase for 6 weeks, patients crossed over to the alter-
nate adjuvant treatment for another 6 weeks.

Symptoms and extrapyramidal symptoms were as-
sessed using the PANSS17 and the Extrapyramidal
Symptom Rating Scale18 at weeks 0, 3, 6, 9, and 12
by 2 board-certified psychiatrists (M.G.B. and D.R.L.)
trained specifically for application of these scales, with
interrater correlation of r > 0.9 for all scales after inde-
pendent evaluation of 5 patients (not from this sample) by
both raters. The same research psychiatrist evaluated each
patient for the duration of the study. Patients were with-
drawn from the study if any alteration in medication dos-
ages or use of an illicit drug of abuse occurred. Compli-
ance was estimated by counting remaining capsules (at
least 80% of the capsules had to be taken) every 3 weeks
and retrospectively by uric acid determination at baseline
and 6 and 12 weeks. Patients were also encouraged to
be assessed at weeks 0, 6, and 12 for the P50 auditory
evoked potential.

Electrophysiologic Recordings
The method for electrophysiologic recordings of the

P50 evoked potential was as described by our group in a
previous work that replicated the classical findings for
schizophrenia.19 In brief, subjects were recorded seated,

relaxed, and awake with eyes open. Electroencephalo-
graphic (EEG) activity was recorded from a disk elec-
trode affixed to the vertex (Cz) and referenced to both
ears. Electroencephalogram was provided using a Nihon
Kohden MEM-4104K system (Nihon Kohden; Tokyo, Ja-
pan) in 4 channels for recording of evoked responses inte-
grated with auditory stimulator. The mean signal was reg-
istered in 2 channels, one for each side of the cranium,
and amplified 20,000 times with a bandpass filter between
10 Hz and 10 kHz. EEG data were collected for 1000 ms
for each paired stimulus presented. Additional channels
were used to record the electro-oculogram (EOG) be-
tween the superior orbita and lateral canthus. Trials were
rejected if they contained artifacts indicated by an EEG
tension of ± 100 µV over the area of P50 for evoked po-
tentials or the EOG recordings.

Auditory stimuli were presented in a conditioning-test
paradigm with an interpair interval of 500 ms and inter-
trial interval of 10 seconds. A 0.1-ms square wave pulse
was amplified in the auditory frequencies (20–12,000
Hz) and delivered through earphones that produce 1 ms
of sound with an intensity of 60 dB sound pressure level
over the auditory acuity threshold. Thirty non-rejected
waves were added together to give a grand average signal,
which was used for analysis. Two grand average waves
were collected in sequence, and the mean of both was
considered for analysis. The most positive peak between
40 and 90 ms after the conditioning stimulus was selected
as the P50 final latency, and the wave amplitude (S1) was
measured relative to the previous negativity, determining
the initial latency and the first P50 wave. The second
wave (test) was determined using the corresponding peak,
almost always between 500 ± 10 ms away from latency of
the first wave form (conditioning), and its amplitude (S2)
was also measured relative to the previous negative peak.

Recordings were made and tracings were analyzed by
a blinded researcher (E.S.G.), so that the test peaks that
were away from the predicted interval (approximately
5%) were not overlooked. Averages with no discernible
conditioning P50 waves were excluded from analysis.
P50 ratios were calculated by dividing the test by the
conditioning P50 amplitudes (S2/S1), thus representing a
percentage.

Statistical Analysis
Treatment response for each treatment phase was de-

fined as more than 20% improvement in PANSS scores
compared with baseline (week 0) for the first treatment
assigned and compared with the last evaluation before
crossover (week 6) for the second treatment. To be con-
sidered for analysis, patients had to complete at least 9
weeks of the trial. Baseline comparisons between groups
were performed using the t test for continuous variables
and the Fisher exact test for categorical variables. Primary
outcome analysis consisted of separate repeated-measures
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multivariate analyses of variance (MANOVAs) for total,
positive, negative, and general PANSS scores. Secondary
analysis evaluated (1) absolute and relative (percentage)
change in PANSS scores during treatment with allopuri-
nol or placebo, considered independently; (2) total score
changes for the first phase of treatment only, compared
using a t test with the last observation carried forward
(LOCF); and (3) relationships between baseline charac-
teristics in responders versus nonresponders, analyzed
using t tests. The P50 ratio was analyzed with the Fried-
man test. Statistical analysis (2-tailed) was performed
using the SPSS 11.0 for Windows program (SPSS Inc.,
Chicago, Ill.), and an alpha level of .05 was used for tests
of significance. Values are reported as mean ± SD.

RESULTS

Thirty-five patients (26 outpatients and 9 institutional-
ized patients, 33 with schizophrenia and 2 with schizoaf-
fective disorder) were enrolled and 22 (15 and 7 patients,
respectively) completed the study. One outpatient who re-
sponded to allopurinol dropped out at week 9 (week 3 of
placebo treatment) due to symptom worsening and was
included in the analysis. Eighteen patients completed the
P50 evoked potential evaluation. Three patients dropped
out because of adverse events: seizures in a patient at the
fourth week of placebo, pneumonia in a patient at the
fourth week of allopurinol treatment, and skin rash in
a patient at the second week of allopurinol treatment.
Among those patients who started on placebo treatment, 5
dropped out due to lack of efficacy. During the allopurinol
treatment phase, 1 patient used cannabis, 1 discontinued
antipsychotic treatment, and 2 dropped out due to lack of
efficacy.

Among the 23 patients included in the analysis, 1 pa-
tient was receiving a depot antipsychotic, 10 were taking
atypical antipsychotics (risperidone or olanzapine), and
12 were receiving typical antipsychotics. Seven patients
were taking only antipsychotics with or without concur-
rent anticholinergic medication, whereas 5 were also be-

ing treated with benzodiazepines, 4 with antidepressants,
and 9 with mood stabilizers. Table 1 shows baseline de-
mographic and clinical characteristics of the sample that
completed the study. The group starting on allopurinol
treatment had a statistically nonsignificant lower age,
shorter duration of illness by around 6 years, and lower
negative and higher positive symptom scores.

Regarding symptoms, allopurinol treatment was asso-
ciated with significant clinical improvement as shown in
Table 2 for the different symptom domains and treatment
orders. Response was particularly evident for positive
symptoms. Figures 1 and 2 show PANSS total and posi-
tive symptoms, respectively, of all patients. Numbers of
treatment responders (PANSS score reduction > 20%) af-
ter 6 weeks of treatment with allopurinol and placebo, re-
spectively, were 9/0 for PANSS total score, 11/2 for pos-
itive symptoms, 4/0 for negative symptoms, and 8/0 for
general symptoms subscale scores. Repeated-measures
MANOVA performed with within-subject factors of treat-
ment phase (placebo/allopurinol) and week of treatment
(0, 3, and 6 weeks) revealed highly significant treatment
effects after allopurinol treatment for total (F = 18.9,
df = 2,44; p < .001), positive (F = 17.6, df = 2,44; p <
.001), negative (F = 8.4, df = 2,44; p < .001), and general
(F = 14.8, df = 2,44; p < .001) symptoms PANSS scores,
but not after placebo treatment (F < 2.5, df = 2,44; p > .1
for all symptom scores). Numbers of responders to al-

Table 1. Baseline Characteristics of Patients Assigned
to Allopurinol or Placebo Firsta

Allopurinol First Placebo First
Characteristic (N = 12) (N = 11) p

Sex, N, male/female 7/5 7/4 .99
Age, y 35.3 ± 9.1 42.3 ± 12.9 .14
Duration of illness, y 18.3 ± 8.7 24.2 ± 11.3 .18
Antipsychotic dose, mg/d 550 ± 270 545 ± 408 .97
PANSS score

Total 82.3 ± 14.3 83.5 ± 15.4 .85
Positive symptoms 23.4 ± 4.9 20.5 ± 5.2 .17
Negative symptoms 21.1 ± 5.8 25.1 ± 7.7 .16
General symptoms 37.8 ± 6.1 37.9 ± 7.7 .98

Uric acid, mg/dL 4.4 ± 1.6 5.0 ± 2.1 .48
aValues are shown as mean ± SD unless otherwise noted.
Abbreviation: PANSS = Positive and Negative Syndrome Scale.

Table 2. Changes in PANSS Total, Positive, Negative, and
General Symptom Scores After Treatment With Allopurinol
or Placebo (mean ± SD)
Group Total Positive Negative General

Allopurinol
(N = 23)

Change –12.0 ± 10.0a,b –5.0 ± 4.5a,b –2.0 ± 2.6a,b –5.0 ± 4.9a,b

% Change –15 ± 12a –21 ± 17a –8 ± 13a –13 ± 13a

Placebo
(N = 23)

Change 3.6 ± 11.3 0.8 ± 5.1 1.2 ± 2.6 1.6 ± 4.8
% Change 7 ± 20 11 ± 42 7 ± 16 7 ± 17

Allopurinol first
(N = 12)

Change –14.7 ± 10.7 –6.2 ± 5.1 –1.8 ± 2.9 –6.7 ± 4.8
% Change –18 ± 14b –26 ± 19b –9 ± 16 –18 ± 13b

Allopurinol
second

(N = 11)
Change –9.1 ± 8.8 –3.7 ± 3.5 –2.1 ± 2.3 –3.3 ± 4.6
% Change –10 ± 10b –16 ± 14b –7 ± 9b –8 ± 11

Placebo first
(N = 11)

Change 2.8 ± 7.1 0.5 ± 2.7 1.5 ± 2.8 0.8 ± 2.9
% Change 5 ± 11 4 ± 15 9 ± 17 3 ± 22

Placebo second
(N = 12)

Change 4.3 ± 14.4 1.2 ± 6.8 0.8 ± 2.5 2.3 ± 6.2
% Change 9 ± 26 16 ± 56 5 ± 9 10 ± 11

aDifferent from mean placebo response (p < .01, paired t test).
bDifferent from placebo phase within the same subjects (p < .05,

paired t test).
Abbreviation: PANSS = Positive and Negative Syndrome Scale.
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lopurinol in the group starting on allopurinol treatment
compared with those starting on placebo treatment were
7/2 for total, 7/4 for positive, 3/1 for negative, and 6/2
for general symptoms scores (see also Table 2), without
reaching statistical significance.

Secondary analysis showed significant symptom
change after 6 weeks of allopurinol compared with pla-
cebo treatment for all symptom scores in terms of both
absolute and relative symptom scores (p < .01, t test for
all scores) (Table 2). Moreover, if calculation of the per-
cent reduction in PANSS scores takes into account the
fact that items on this scale are scored 1 for absence of
symptoms, total and positive symptoms improved 23%
and 31% during allopurinol and worsened 18% and 24%
during placebo treatment, respectively. The LOCF analy-
sis of the first phase of treatment including all patients
enrolled showed a decrease of 11.0 ± 10.3 in total PANSS
score (–14%) with allopurinol compared with an increase
of 0.2 ± 8.3 (0.2%) with placebo (p < .001; both groups
had mean baseline PANSS scores of 86).

Comparison of baseline characteristics of responders
and nonresponders showed that responders tended to be
younger (33 ± 11 and 42 ± 10 years, p = .056) and had a
shorter duration of illness (15 ± 10 and 25 ± 9 years,
p = .03). Among institutionalized patients, who were

older and had a longer duration of the disorder, only 1
responded to allopurinol therapy. Clear worsening of
symptoms was not observed in any patient during the
allopurinol phase. Three patients experienced relapse of
symptoms, whereas other responders seemed to remain
less symptomatic after switching from allopurinol to
placebo. Six of the 9 responders were taking adjuvant
medication besides anticholinergics, and 4 responders
were receiving atypical antipsychotics.

Regarding adverse events, extrapyramidal symptoms
were not altered throughout the study (data not shown),
and only 1 patient experienced diarrhea in the first week
of treatment with allopurinol. As expected, uric acid
levels decreased for all patients during allopurinol treat-
ment compared with baseline and placebo levels (baseline
4.5 ± 1.7 mg/dL, placebo 4.9 ± 1.6 mg/dL, allopurinol
2.2 ± 0.9 mg/dL, p < .001), suggesting compliance with
treatment. However, baseline uric acid levels and decline
of uricemia after allopurinol treatment were not correlated
to clinical response.

The P50 ratio was 79.8 ± 36.7% at baseline, 61.9 ±
27.0% after allopurinol treatment, and 64.7 ± 48.4% after
placebo treatment, without statistical significance (p =
.08, Friedman test). Moreover, clinical response was not
correlated with P50 ratio decline.
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Figure 1. PANSS Total Scores in Patients Who Received
(A) Allopurinol Followed by Placebo (N = 12) or
(B) Placebo Followed by Allopurinol (N = 11),
With Crossover at Week 6a

aSquares show mean scores.
Abbreviation: PANSS = Positive and Negative Syndrome Scale.

Figure 2. PANSS Positive Symptom Scores in Patients Who
Received (A) Allopurinol Followed by Placebo (N = 12)
or (B) Placebo Followed by Allopurinol (N = 11),
With Crossover at Week 6a
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DISCUSSION

The present clinical trial suggests that add-on allo-
purinol can be effective for treating schizophrenic pa-
tients with poor response to antipsychotics. Response was
more evident for refractory positive symptoms and in
younger patients with a shorter course of the disorder.
These results corroborate our previous open observation11

in treatment-resistant schizophrenia. Moreover, allopuri-
nol was well tolerated, with only 1 patient excluded due to
the adverse event of skin rash, which can occur in around
3% of patients.20 Apart from this, other side effects with
allopurinol are rare and include leukocytosis, eosino-
philia, and elevation of aminotransferase activity, which
may require discontinuation of treatment.20

Compared with earlier trials, our study used less strin-
gent inclusion criteria for refractory schizophrenia, simi-
larly to other recent studies.21,22 Although many patients
had a history of treatment with more than 2 antipsychotics
of different classes at high doses, the 400-mg minimum
dose of chlorpromazine equivalents was established as the
lower limit. This dose was used because in clinical prac-
tice there has been a trend for use of lower doses of typi-
cal antipsychotics since higher doses usually increase ad-
verse events (e.g., extrapyramidal symptoms) rather than
clinical response,23 which is in agreement with D2 re-
ceptor occupancy data.24 Nevertheless, our sample had a
clinically significant level of positive symptom psycho-
pathology despite the mean dose of 550 chlorpromazine
equivalents, which implies that these patients were not
undertreated with antipsychotics at baseline.

Another difference from other trials of this type was
that in this trial other adjuvant medications were allowed,
such as benzodiazepines, mood stabilizers, and antide-
pressants; this facilitated inclusion of the treatment-
refractory subtype of patients, who are frequently treated
with such medications due to their poor response to anti-
psychotics, despite questionable results. As a result, our
sample is relatively heterogeneous, which may be more
representative of the clinical setting at the expense of
reducing internal validity.

Treatment response was observed regardless of on-
going treatment concerning type of antipsychotic or use
of other adjuvant medications. Pharmacokinetic interac-
tions with allopurinol leading to higher plasmatic concen-
trations of antipsychotics have not been described and,
even if present, would be unlikely to account for the
therapeutic responses observed after addition of allopuri-
nol, since higher doses of antipsychotics are unlikely to
produce further improvement.23 Moreover, many of these
patients had been receiving higher doses of antipsychotics
before without clear benefit, and extrapyramidal symp-
toms were not altered by treatment with allopurinol. In
addition, the 600-mg dose of allopurinol is above the
usual dose of 300 mg/day for treatment of gout but re-

mained well tolerated. In our previous open-label studies
with schizophrenia11 and dementia,10 we have observed
some patients who responded better to this higher dose,
which might reflect the somewhat lower distribution of
allopurinol in brain tissue.20

There are advantages and inconveniences inherent to
the crossover design used in this study. This strategy is
suitable to study chronic conditions, and analysis is per-
formed “within” rather than “between” subjects; there-
fore, the sample size needed is smaller and evaluation is
more homogenous. It can be argued that the crossover de-
sign and the maintenance of the medication regimen dur-
ing the trial minimize biases related to the presence of
concomitant medication. The limitations of this design in-
volve the dropout rate, a period effect, and a carryover ef-
fect. In this study, the dropout of 12 of 35 patients receiv-
ing both treatments is reasonable, and there was a trend
toward lower response in the second period of treatment.
A carryover of treatment effect seemed to occur in certain
patients who responded to allopurinol as the first treat-
ment. Additionally, this effect seemed to last more than 6
weeks, so an interval between treatments of 1 or 2 weeks
probably would not have fully prevented this effect. Fi-
nally, the lack of a washout period between phases per-
mits that worsening of symptoms due to withdrawal of the
first treatment could have been detected and included in
the analysis. This seemed to be the case for at least 3 pa-
tients who started on allopurinol treatment and in none
who started on placebo treatment, therefore leading to a
mean increase in PANSS scores during the placebo phase.

To our knowledge, the first report of treatment of psy-
chiatric symptoms with allopurinol was in neurologic pa-
tients with refractory aggressive behavior.9 The rationale
was that Lesch-Nyhan syndrome is an inborn neurologic
disorder of purine salvage deficit leading to increased
purine degradation, which is associated with severe ag-
gressive behavior and mental retardation. Since allopuri-
nol inhibits the enzyme xanthine oxidase, the last step in
purine degradation to uric acid, salvage of purines would
be enhanced and produce an antiaggressive effect. In the
case of schizophrenia, an activity deficit of the purine
nucleoside adenosine has been proposed to contribute to
the pathophysiology of schizophrenia,12,13 and enhance-
ment of adenosine activity has been suggested as a target
for therapeutic intervention.25 Adenosine is a neuro-
modulator of the purinergic system with mainly inhibitory
actions in the central nervous system26 through wide-
spread A1 receptors and mesolimbic-striatal A2A re-
ceptors, which are co-localized with D2 receptors.25

Preclinically, adenosine analogs exert antipsychotic,25 an-
xiolytic, sedative, anticonvulsant,26 and anti-aggressive
effects.27 Adenosine A1 and A2A receptor agonists have
a clear preclinical antipsychotic profile in dopaminergic
and glutamatergic models,25,28–30 and recently a cross-
tolerance between the adenosine receptor antagonist caf-
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feine and an NMDA receptor antagonist was reported in
mice.31 Of note, activation of A1 receptors strongly in
hibits glutamate release,26 a key step underlying the ef-
fects of NMDA antagonists,32 and activation of NMDA
receptors induced adenosine release in the hippocam-
pus,33 probably from inhibitory interneurons, and in the
striatum.34 Moreover, slow-wave sleep alterations ob-
served in schizophrenia35 are qualitatively similar to
those induced by the adenosine antagonist caffeine in
healthy subjects,36 and theophylline, another adenosine
receptor antagonist, induces P50 evoked potential deficit
in normal volunteers that closely resembles the sensory
gating alterations of schizophrenia.19 Unfortunately, safe
and tolerable direct adenosine agonists are not yet avail-
able for clinical use in humans. Recently, the combination
of haloperidol with the inhibitor of adenosine transporter
dipyridamole was superior to the combination with pla-
cebo in schizophrenic patients.37 In this context, allo-
purinol is hypothesized to increase availability of purines
by inhibiting the enzyme xanthine oxidase, which con-
verts hypoxanthine and xanthine into uric acid. The
accumulation of hypoxanthine and xanthine may favor
the enzyme hypoxanthine-guanine phosphoribosyltrans-
ferase (HGPRT), which is responsible for purine sal-
vage,38 possibly increasing the levels of the neuromodu-
lator adenosine.7,9,39 However, according to this model,
we would expect an effect of allopurinol on the P50 audi-
tory sensory gating.

Several lines of evidence also suggest a neuro-
protective effect of allopurinol.40 In animal models of
hypoxic-ischemic brain injury, allopurinol attenuated
brain cell membrane injury,41 reduced the extent of ce-
rebral edema,42,43 preserved levels of compounds involved
in energetic metabolism such as adenosine triphosphate,44

decreased the accumulation of arachidonic acid,45 and im-
proved the recovery of somatosensory evoked potentials
during reperfusion.46 These effects are at least partially
attributed to the antioxidant activity of allopurinol, since
the reaction catalyzed by xanthine oxidase generates
reactive oxygen species.40 Moreover, allopurinol sig-
nificantly attenuated hypoxia-induced alterations of glu-
tamatergic NMDA receptors (down-regulation and in-
creased channel affinity), which is particularly important
considering that excessive stimulation of the NMDA re-
ceptors leads to neuronal injury and degeneration.47 Fi-
nally, chronic inhibition of xanthine oxidase is unlikely to
be problematic, as the genetic disorder of inactive xan-
thine oxidase activity, xanthinuria, is asymptomatic.39

In summary, this clinical trial indicates allopurinol as
an effective adjunctive treatment strategy for poorly re-
sponsive schizophrenia, with advantages in cost, toler-
ability, availability, and potentially neuroprotective ac-
tion. Given the paucity of the existing alternatives to treat
refractory schizophrenia, the positive results of this new
pharmacologic approach, and the limitations in sample

size and design, independent replication in larger series of
patients is warranted.

Drug names: allopurinol (Lopurin, Zyloprim, and others),
carbamazepine (Carbatrol, Tegretol, and others), chlorpromazine
(Thorazine, Sonazine, and others), clozapine (Clozaril, Fazaclo, and
others), haloperidol (Haldol and others), lithium (Lithobid, Eskalith,
and others), olanzapine (Zyprexa), risperidone (Risperdal).
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