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Objective: The authors compared serotonin receptor bind-
ing in patients with schizophrenia and healthy comparison
subjects.

Method: They used positron emission tomography with
[18F]setoperone to examine six patients with schizophrenia

who had never been given neuroleptics and seven age-
matched subjects who did not have schizophrenia.

Results: A nondirected voxel-based analysis of the subjects’
entire search volume found that serotonin 2A binding poten-
tial in the frontal cortex index was significantly smaller (by
16.3%) in patients with schizophrenia than in healthy subjects.

Conclusions: The authors conclude that the decrease in se-
rotonin receptor densities previously reported in postmortem
studies of subjects with schizophrenia are present at the on-
set of the illness, before exposure to neuroleptics.

(Am J Psychiatry 2000; 157:1016–1018)

Some postmortem studies have reported reduced den-
sity of serotonin receptors in patients with schizophrenia
than in nonschizophrenic comparison subjects, but others
have failed to find any significant differences between sub-
jects with and without schizophrenia (1). Extrapolation of
postmortem data is limited because of possible changes in
receptor characteristics secondary to death, postmortem
delay, and tissue preparation. Furthermore, most autopsy
studies use brain tissues from older patients, who have had
a long course of illness and in some cases long treatment
periods. All of these factors may contribute to observed dif-
ferences between subjects with and without schizophrenia
in serotonin receptor density. In addition, decreases in se-
rotonin receptor density with aging have been reported in
both postmortem (2) and positron emission tomography
(PET) (3) studies. The observed decreases in schizophrenic
patients in postmortem studies may reflect an increased
rate of loss of serotonin receptors or a decreased number of
receptors throughout the course of illness.

Two in vivo studies of serotonin 2A (5-HT2A) binding po-
tential using a region of interest analysis (3, 4) have re-
ported no significant difference between subjects with and
without schizophrenia. In the absence of well-defined ana-
tomical or functional regions of interest, a voxel-based im-
age analysis is potentially more sensitive than a region of
interest approach. In this study, we used a voxel-based im-
age analysis to determine whether there were specific re-
gions in which patients with schizophrenia have reduced
5-HT2A receptor density compared with healthy subjects.

Method

This study was approved by the research ethics review board
at the University of British Columbia. All subjects signed written
consent forms before participating in this study. Six patients
with schizophrenia (five men and one woman) and seven
healthy aged-matched adults (four men and three women) be-
tween the age 18 and 28 were recruited into the study. The mean
age of the patients with schizophrenia was 21.5 years (range=18–
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27), and the mean age of the comparison subjects was 22.5
(range=19–28). All patients had a DSM-IV diagnosis of schizo-
phrenia. Symptom severity was assessed by using the Scale for
the Assessment of Negative Symptoms (SANS) and the Scale for
the Assessment of Positive Symptoms (SAPS). For the patients,
the mean sum of global scores was 10.0 for the SANS and 8.2 for
the SAPS. The mean duration of psychotic illness before treat-
ment was 15.4 months (SD=22.8, range=0.5–60.0). All patients
had never been given neuroleptic medications.

The normal comparison group was recruited by advertise-
ment posters placed in the community. They were screened by
using the Structured Clinical Interview for DSM-IV—Non-Pa-
tient Edition.

None of the subjects had a history of alcohol or substance
abuse disorder, and none had been exposed to antipsychotic or
antidepressant medications. The use of benzodiazepines before
the initiation of neuroleptic treatment was permissible for the pa-
tients with schizophrenia.

Images of 5-HT2A receptor binding were obtained with an
ECAT 953B PET camera using [18F]setoperone, prepared accord-
ing to a procedure described elsewhere (5). Data were collected in
31 contiguous axial slices covering an axial field of view of 10.8
cm. Subjects were administered 7.5 millicuries of tracer by intra-
venous injection over a period of 1 minute. Scanning began im-
mediately after tracer injection. Images were collected over a pe-
riod of 110 minutes in 15 frames. Structural magnetic resonance
images (MRIs) were acquired by using a GE three-dimensional
spoiled gradient recall acquisition sequence. The PET images
were coregistered to the MRIs using statistical parametric map-
ping software (SPM 96) (Wellcome Department of Cognitive Neu-
rology, London).

Time-activity curves for each subject showed that the cortical-
to-cerebellar ratio reached pseudoequilibrium by the 14th and
15th frames (70–110 minutes). Therefore, the data from these two
frames were averaged together for subsequent analysis. The cere-
bellar activity was determined as the mean of six cerebellar re-
gions drawn on the coregistered MRIs. This mean cerebellar value
was used as an index of nonspecific binding. It has been shown
that under pseudoequilibrium conditions the ratio of cortical ac-
tivity to cerebellar activity is linearly proportional to Bmax/Kd (6).
A binding potential image was created by dividing each voxel by
the mean cerebellar activity.

A nondirected search of differences between groups was per-
formed by using SPM 96. Previous reports of an age-dependent
decrease in 5-HT2A receptor density was confirmed in our study.
Therefore, age was entered as a covariate in the analysis.

Results

There was a significant decrease in serotonin receptor
binding with age in both groups. The average decrease for
the two groups combined, with the mean global value de-
fined as the mean gray matter binding potential index for
the five middle slices, was 4% per year. There were no sig-
nificant differences in the age-adjusted binding potential
index between men and women in the healthy compari-
son group. There was a significant decrease in the seroto-
nin binding potential index in patients with schizophre-
nia compared with the nonpatient group in the frontal
cortex. The decrease was most significant in the left lat-
eral frontal cortex (Talairach coordinates: x=–32, y=52,
and z=32 mm from the anterior commissure) (z=3.94, N=
13, p<0.001; p=0.02 corrected for multiple comparisons).

This voxel was part of a larger cluster encompassing both
left and right prefrontal cortex (p=0.002, k=18,187, z=3.94,
N=13) (Figure 1). The age-adjusted binding potential in-
dex was 16.3% lower in the patients with schizophrenia
(mean=3.25, SD=0.77) than in the healthy comparison
group (mean=3.82, SD=0.37).

Discussion

To our knowledge, this study is the first positive report of
significant decreases in 5-HT2A binding potential in young
neuroleptic-naive patients compared with healthy sub-
jects. There have been two previous reports on combined
neuroleptic-naive and neuroleptic-free patients with

FIGURE 1. Areas of Reduced [18F]Setoperone Binding in
Six Patients With Schizophrenia Compared With Seven
Healthy Subjectsa

a The z value below each brain slice refers to millimeters above the
anterior commissure-posterior commissure plane; k is the number
of voxels in a cluster significant at the p<0.01 level (uncontrolled).
Cluster-level significance refers to the probability of observing a
cluster at least as large as the observed cluster, taking account of
the peak z computed by the method of Friston et al. (7). Voxel-level
significance refers to the probability associated with the observed z
after Bonferroni correction for the number of resolution elements
in the analysis. The third column gives the uncorrected probability
of the observed values of k and z for the three most significant local
maxima in the cluster. The fourth column gives the coordinates of
the local maxima in the modified Talairach reference employed by
the statistical mapping program (SPM 96).
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schizophrenia (3, 4), both of which found no significant
difference. Both studies used a region of interest analysis.
Our finding of a 16.3% difference in [18F]setoperone bind-
ing in the identified cluster is higher than the difference of
8%–11% reported by Lewis et al. (3) in regions that were
specified according to somewhat arbitrary criteria. In the
cortex, where there are few consistent anatomical land-
marks, it is difficult to define regions of interest that co-
incide exactly with functionally homogeneous cerebral
areas. Unless the cerebral change of interest is homoge-
neous throughout a wide area, regions that are defined on
the basis of relatively arbitrary criteria are unlikely to coin-
cide precisely with the area in which the effect of interest
occurs. Under such circumstances a voxel-based image
analysis is potentially more sensitive than a region of in-
terest approach, despite the need to perform a more strin-
gent correction for multiple comparisons.

Our results show that the decreases in serotonin re-
ceptors previously reported at autopsy in older patients
with schizophrenia are present during earlier phases of
the illness and before exposure to neuroleptics. Our study
does not have a sufficient number of patients to address
whether there is also a difference in the rate of loss of sero-
tonin receptors in patients with schizophrenia compared
with normal subjects.
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