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Abstract Rationale: Cognitive dysfunction in schizo-
phrenia has been demonstrated to be dependent, in part, on
dopaminergic activity. Clozapine has been found to
improve some domains of cognition, including verbal
memory, in patients with schizophrenia. Objectives: This
study tested the hypothesis that plasma homovanillic acid
(pHVA) levels, a peripheral measure of central dopami-
nergic activity, would predict the change in memory
performance in patients with schizophrenia treated with
clozapine. Methods: Twenty-seven male patients with
schizophrenia received clozapine treatment for 6 weeks.
Verbal list learning (VLL)-Delayed Recall (VLL-DR), a
test of secondary verbal memory, was administered before
and after clozapine treatment. Blood samples to measure
pHVA levels were collected at baseline. Results: Baseline
pHVA levels were negatively correlated with change in
performance on VLL-DR; the lower baseline pHVA level
was associated with greater improvement in performance
on VLL-DR during treatment with clozapine. Baseline
pHVA levels in subjects who showed improvement in
verbal memory during clozapine treatment (n=13) were
significantly lower than those in subjects whose memory
performance did not improve (n=14). Conclusions: The
results of this study indicate that baseline pHVA levels
predict the ability of clozapine to improve memory
performance in patients with schizophrenia.

Keywords pHVA . Memory . Cognition . Clozapine .
Dopamine . Schizophrenia

Introduction

The ability of clozapine to ameliorate specific types of
cognitive impairment in schizophrenia has been reported
(Hagger et al. 1993; Buchanan et al. 1994; Lee et al. 1994,
1999; Hoff et al. 1996; McGurk 1999; Potkin et al. 2001;
Purdon et al. 2001). Among the domains of cognitive
function, secondary verbal memory (learning and memo-
ry) has been demonstrated to be associated with better
long-term outcome, including social and work function, in
patients with schizophrenia (Meltzer et al. 1996; Green et
al. 2000; McGurk and Meltzer 2000). The basis for this
improvement has been suggested to be the ability of
clozapine to increase the release of dopamine (DA) or
acetylcholine (Ach) in prefrontal cortex (Kuroki et al.
1998; Meltzer and McGurk 1999; Ichikawa et al. 2002).
There is extensive evidence that both DA and Ach
influence cognition in men (Mann et al. 1983; Bridge et al.
1985; Amin et al. 1994; Meltzer 1999). The recent
demonstration that the form of catechol-O-methyltransfer-
ase, an enzyme involved in the metabolism of DA, is
related to working memory performance, as measured by
the Wisconsin Card Sorting Test, in schizophrenia,
provides further evidence for the role of DA in cognition
in schizophrenia (Egan et al. 2001; Malhotra et al. 2002).

Plasma levels of homovanillic acid (pHVA), the major
metabolite of DA, have been studied extensively in
subjects with schizophrenia as a peripheral marker of
central dopaminergic activity (Bacopoulas et al. 1979;
Kendler et al. 1981, 1982; Koreen et al. 1994; Sumiyoshi
et al. 1997b, 1999, 2000a; Zhang et al. 2001; see Friedhoff
and Amin 1997 for review). Although the contribution of
the central nervous system to peripheral pHVA concentra-
tions has been reported to be no more than 35% (Kopin et
al. 1988; Maas et al. 1988), pHVA levels have been
suggested to be an indicator of several aspects of
schizophrenia, including vulnerability to develop the
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illness (Siever et al. 1991; Sumiyoshi et al. 2000b).
Indeed, baseline (pretreatment) pHVA levels have been
shown to be influenced by polymorphism of the genes
encoding the DA-D3 receptor or tyrosine hydroxylase, the
synthesizing enzyme of DA, in delusional disorder
(Morimoto et al. 2002). It is noteworthy that women
have higher concentrations of pHVA compared to men,
which may have confounded previous studies of pHVA in
schizophrenia using a mixed population of male/female
subjects (see Sumiyoshi et al. 1997b for review).

Several studies have focused on the relationship
between dopaminergic activity and cognitive performance.
Plasma HVA concentrations were reported to be positively
correlated with performance on the Similarity Test, a
measure of executive function in normal subjects (Amin et
al. 1994). Furthermore, HVA levels in cerebrospinal fluid
were positively correlated with performance on the paired
associates test, a test of verbal memory, in patients with
Parkinson’s disease (Mann et al. 1983). We previously
reported that pHVA levels are affected by acute mental
stress in normal control subjects (Sumiyoshi et al. 1998),
and predict performance on a test of information
processing in subjects in the prodromal phase of schizo-
phrenia (Sumiyoshi et al. 2000b). Thus, despite the fact
that pHVA levels only partially reflect central dopaminer-
gic function, they may reflect neural activity related to
cognition, such as verbal memory. A recent rat study
(Hefco et al. 2003) also suggested the specific relationship
between performance on the test of long-term memory and
DA activity in the central nervous system, by demonstrat-
ing that lesioning of the ventral tegmental area or
substantia nigra worsened performance on the multi-trial
passive avoidance test.

To our knowledge, no attempt has been made to relate
pHVA with cognitive change during treatment with
clozapine in patients with schizophrenia. Based on the
considerations, discussed above, it is postulated that
improvement in verbal learning and memory performance
would be associated with low baseline pHVA levels in
patients treated with clozapine. Therefore, an analysis was
performed to determine if baseline pHVA levels predict
the ability of clozapine to improve memory performance.

Materials and methods

Subjects

Subjects for this study were 27 male patients meeting
DSM-III-R criteria for schizophrenia (APA 1987). Patients
were interviewed with the Schedule for Affective
Disorders and Schizophrenia Lifetime and Change
(SADS-C) versions (Endicott and Spitzer 1978). A
psychiatric and neuroleptic treatment history was obtained
from the patient, informants, and medical records. Patients
with current history of substance abuse or dependence,
seizure or head injury were excluded from the study.
Eligible patients had a complete physical examination.
Standard laboratory testing was normal. This protocol was

approved by the Institutional Review Board of University
Hospitals of Cleveland. After complete description of the
study to the subjects, written informed consent was
obtained. The demographic data of the subjects are
presented in Table 1. The mean (SD) of the psychopa-
thology scores during the drug-free period, as assessed by
the Brief Psychiatric Rating Scale, 18-item version
(Overall and Gorham 1962) (0–6 scale), were 26.2
(14.1) for the Total score and 9.8 (6.2) for the Positive
subscale score.

Physical exercise, high-monoamine diets, alcohol and
caffeine were restricted from the entry point to the study
(>24 h prior to the blood sampling) (Sumiyoshi et al.
1997a,b). No patient had received a depot neuroleptic for
at least 6 weeks.

Drug treatment

In order to prevent adverse reactions due to the interaction
between different medications, all patients underwent a 7–
21 day washout period depending on their condition.
During this period, an occasional low dose of benzodia-
zepines or chlorhydrate was given when necessary.
Clozapine treatment was performed according to previous
reports (Hasegawa et al. 1993; Sumiyoshi et al. 1997a).
Patients received clozapine at a dose of 25 mg/day
initially; this was usually increased by 25–50 mg every
few days. The treating psychiatrists adjusted the dose to
optimize improvement in psychopathology, while attempt-
ing to keep the side effects of the drug tolerable. No other
psychotropic drugs were administered, other than occa-
sional benzodiazepines and chloral hydrate during the
early phase of treatment. Treatment with clozapine
continued for 6 weeks.

Evaluation of verbal memory

Verbal memory was assessed using Verbal List Learning
(VLL)-delayed recall (VLL-DR) (Kenny and Meltzer
1991; Sumiyoshi et al. 2003) by Master’s level psychol-
ogists, who were not informed of pHVA data. Different
versions of the same test were used at baseline and 6-week
evaluation (Lee et al. 1999; Sumiyoshi et al. 2003).

Table 1 Demographic data of subjects. Values represent mean±SD;
pHVA plasma homovanillic acid; VLL-DR Verbal List Learning-
Delayed Recall

Age (yr) 33.4±6.4
Age at onset of illness (yr) 22.0±5.8
Clozapine dose at 6 weeks (mg/day) 321.7±194.6
Number of previous hospitalization 4.2±3.1
pHVA levels (pmol/ml) 40.4±15.2
Baseline VLL-DR 6.5±3.1
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pHVA measurement

Plasma HVA analysis was performed according to our
previous reports (Sumiyoshi et al. 1997a,b). Blood
samples were obtained at 9:30–10:00 a.m., 60 min after
insertion of an indwelling venous catheter following an
overnight fast. Blood was collected on the day of clinical
assessment. The baseline memory performance and pHVA
levels were measured when the patients were drug-free.
Plasma was separated by centrifugation and stored at
−80°C until the free HVA levels were measured.

Plasma levels of HVA were measured by high-
performance liquid chromatography based on previous
reports (Sumiyoshi et al. 1997a,b). The coefficients of
variation for within-day and between-day analyses of
pHVA were 5.2 and 6.8%, respectively.

Statistical analysis

Changes in the VLL-DR score during treatment with
clozapine were analyzed by two-tailed paired t-test.
Regression analysis was conducted to predict the change
in the VLL-DR scores from baseline pHVA levels.
Subgroup comparisons of clinical measures (age, age at
onset of illness, number of previous hospitalization, and
the VLL-DR scores) were made using two-tailed t-test.
Pearson’s correlation coefficients were obtained to relate
clinical measures. Effect sizes (ES) were calculated by the
method of Cohen (1977). Data are expressed as mean (SD)
unless otherwise specified. Significance was considered
when P-value was <0.05.

Results

All subjects fulfilled the 6-week trial with clozapine. The
mean (SD) VLL-DR scores at baseline and 6 weeks were
6.5 (3.1) and 6.4 (2.8), respectively. The result of t-test
showed no significant change (t=−0.05, P=NS, ES=0.01)
for the 27 subjects treated with clozapine. There was no
relationship between length of drug-washout period and
baseline pHVA (r=−0.25, P=NS). In fact, the drug-
washout period for patients whose baseline pHVA levels
were below the median did not differ from that for the
subjects with an above median value of pHVA (t=−1.8,
P=NS). No significant correlation was found between
baseline pHVA levels versus the baseline BPRS Total
(r=0.09, P=NS) or Positive (r=0.12, P=NS) score, or
changes in these BPRS scores (r=0.18, P=NS and r=0.19,
P=NS, respectively), nor was there a significant relation-
ship between change in the performance on VLL-DR and
change in the BPRS Total (r=−0.06, P=NS) or Positive (r=
−0.02, P=NS) score.

There was a marginal positive correlation between
baseline pHVA and verbal memory at baseline (r=0.33,
P=0.09). The results of regression analysis indicated a
significant negative correlation between baseline pHVA
levels and the change in VLL-DR scores during treatment

with clozapine (Fig. 1; F=7.05; df=1.25; P=0.01). There-
fore, it was assumed that the baseline pHVA levels of the
14 subjects whose VLL-DR scores worsened (Fig. 1) [48.9
(16.5) pmol/ml] were higher that those of the rest of the
subjects (n=13) whose memory performance improved or
at least did not deteriorate [31.3 (9.0) pmol/ml]. In fact, the
comparison of the baseline pHVA levels between these
two groups by t-test yielded a significant difference (t=
−3.48, P=0.002), with a large ES of 1.26 (Fig. 2). Age, age
at onset of illness, or number of previous hospitalization
did not differ between these subgroups (data not shown).

The pHVA data at 6 week were obtained from 18
subjects. The mean (SD) clozapine dose for these patients
at 6 weeks was 358.3 (200.8). There was a 26% increase in
pHVA levels [41.5 (16.9) versus 52.2 (28.2) pmol/ml] in
these patients during treatment with clozapine. However,
this change did not reach significance (t=−1.4, P=0.18).
No significant association was observed between cloza-
pine dose versus change in pHVA levels (r=0.23, P=NS),
or change in the VLL-DR score (r=0.22, P=NS).

The score of VLL-Immediate Recall (VLL-IR) for all
subjects at baseline and 6 week were 7.8 (2.2) and 7.3
(2.4), respectively. There was no significant correlation
between baseline pHVA and the performance on VLL-IR
at baseline or its change during clozapine treatment (data
not shown).

Discussion

The results of this study suggest the first evidence that the
baseline pHVA levels predicted the change in performance
on verbal learning and memory, as measured by VLL-DR,
in patients with schizophrenia treated with clozapine.

Fig. 1 Relationship between baseline pHVA levels and change in
the VLL-DR scores (scores at 6 weeks−scores at baseline) in
clozapine-treated patients with schizophrenia
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An association between dopaminergic activity, as
reflected by pHVA levels, and cognitive abilities related
to learning and memory in the patients who received
clozapine, was suggested by the correlation between
baseline pHVA levels and changes (6 week vs. baseline)
in performance on VLL-DR. Preclinical and clinical
studies suggest that subcortical structures, such as nucleus
accumbens (NAC), constitute the major component of the
brain HVA output (Csernansky et al. 1990; Lambert et al.
1991; Sumiyoshi et al. 2000a). There may also be a
contribution of cortical DA neurons, as the ventral
tegmentum is the source of the DA neurons projecting to
both the cortex and NAC. Animal studies have found a
role of dopaminergic transmissions in the ventral striatum
for behaviors that require memory performance (Williams
et al. 1993; Ploeger et al. 1994; Winnicka 1999; Hefco et
al. 2003). For example, Ploeger et al. (1994) reported that
intra-accumbens injections of haloperidol (a DA-D2

blocker), at doses that do not affect motor function,
impaired spatial learning in rats, suggesting an involve-
ment of mesolimbic dopaminergic activity in some types
of cognitive performance. Hefco et al. (2003) found
impaired performance on behavioral measures of proces-
sing and storage of information in rats with neurotoxic
lesions of the ventral tegmental area or substantia nigra.
Based on the findings, they concluded that long-term
memory is especially affected by decreased DA levels in
some DA-rich brain areas. On the other hand, clozapine
has been shown to increase the DA efflux in prefrontal
cortex (Kuroki et al. 1998; Meltzer and McGurk 1999;
Ichikawa et al. 2002). Therefore, it is possible that
clozapine improves verbal memory in some patients with
schizophrenia through modulation of dopaminergic trans-
missions in some brain areas regulating cognitive function.

The ability of pHVA to predict the degree of change in
verbal memory during clozapine treatment may have
important implications for clinical practice, as this domain
of cognition is regarded as most relevant to social and
occupational function in patients with schizophrenia
(Meltzer et al. 1996; Green et al. 2000; McGurk and
Meltzer 2000). Previous studies have generally reported
that high baseline pHVA levels are associated with
improvement of psychotic symptoms in subjects treated
with typical or atypical antipsychotic drugs (see Su-
miyoshi et al. 1997a for review). In this study, low
baseline pHVAwas associated with improvement of verbal
memory during clozapine treatment. These discrepant
findings may be explained by the fact that cognition and
psychotic symptoms are two relatively independent
domains of pathology in schizophrenia, as indicated by
the lack of correlation between the scores of BPRS and
VLL-DR in the subjects reported here. Investigations of
the relationship between pHVA levels and the long-term
outcome measures in patients treated with clozapine or
other atypical antipsychotic drugs are warranted.
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