
Am J Psychiatry 159:5, May 2002 761

Article

PET Study of D1 Dopamine Receptor Binding
in Neuroleptic-Naive Patients With Schizophrenia

Per Karlsson, M.D.

Lars Farde, M.D., Ph.D.

Christer Halldin, Ph.D.

Göran Sedvall, M.D., Ph.D.

Objective: Postmortem studies and a
positron emission tomography (PET) study
have suggested that there is a disturbance
of central D1 dopamine receptor function
in schizophrenia. The objective of the
present PET study was to compare D1 re-
ceptor binding in first-admission, neuro-
leptic-naive patients with schizophrenia
and in healthy subjects.

Method: Ten healthy comparison sub-
jects and 10 neuroleptic-naive patients
with schizophrenia (diagnosed according
to DSM-III-R) were examined twice by PET
using 11C-labeled SCH 23390 ([11C]SCH
23390) with high and low specific radioac-
tivity, respectively. The binding potential,
receptor density (Bmax), and affinity (Kd)
were determined for the caudate nucleus,
the putamen, and several neocortical re-
gions during both PET examinations. Scat-
chard plots from the two measurements
were used to calculate regional D1 Bmax

and Kd. The regional binding values were
tested for hemispheric asymmetry and for

correlation to clinical symptoms measured
by the Brief Psychiatric Rating Scale (BPRS).

Results: [11C]SCH 23390 binding to D1 re-
ceptors did not differ significantly between
subjects with schizophrenia and healthy
subjects in any of the brain regions or for
any of the binding measures studied.
Asymmetry of the regional binding values
did not differ significantly between the two
groups. Scores on the BPRS negative symp-
tom subscale correlated significantly with
the Bmax in the right frontal cortex.

Conclusions: These results do not repli-
cate previous postmortem and PET find-
ings of altered central dopamine D1 recep-
tor binding in schizophrenia. The finding
of a positive correlation between frontal
D1 binding and scores on the negative
symptom subscale of the BPRS is contrary
to a previously reported finding of a nega-
tive correlation. These discrepancies moti-
vate further studies using D1 ligands with
higher signals for cortical regions.

(Am J Psychiatry 2002; 159:761–767)

A disturbance of central dopaminergic neurotrans-
mission in schizophrenia was postulated more than 30
years ago (1). Each of the five currently identified dopa-
mine receptor subtypes (D1–D5) has been proposed to be
related to the pathophysiological mechanisms of schizo-
phrenia (2–5).

The D1-like receptors are more abundant than the D2-
like receptors in the human brain because there is a high
concentration of D1-like receptors not only in the striatum
but also in the neocortex (6). The family of D1-like recep-
tors includes the D1 and D5 dopamine receptor subtypes,
which have similar biochemical and pharmacological
characteristics but different distributions in the brain (for
reviews see Sibley and Monsma [7], Sokoloff and Schwartz
[8], and Missale et al. [9]). D1 dopamine receptor mRNA
has been found in the striatum, in the neocortex, and in all
limbic regions (10), but D5 dopamine receptor mRNA is
found to a lesser degree in neocortical and limbic regions
and very little in the striatum (11).

Several postmortem and experimental studies suggest a
role for the central D1-like receptors in schizophrenia (for
reviews see Knable and Weinberger [12] and Willner [13]).
Reduced radioligand binding to striatal D1-like receptors

in postmortem tissue from patients with schizophrenia
has been reported in one study (14) but not all studies (15–
17). A more intricate disturbance of D1 receptor function
in the striatum has been proposed by Seeman et al. (18),
who found evidence for the absence of a postulated link
between D1 and D2 receptors in postmortem brain tissue.

Among the regions containing D1-like receptors, the
prefrontal cortex has been suggested to have a critical role
for some cognitive functions (19). Of particular interest is
that animal models indicate that D1-like receptors are cru-
cial for working memory (20–23), which is usually im-
paired in schizophrenia (24, 25).

11C-Labeled SCH 23390 ([11C]SCH 23390) is the first of
several receptor ligands that bind to D1-like receptors and
has been extensively used by positron emission tomogra-
phy (PET) (26–32). At present no ligands are available that
bind selectively to either the D1 or D5 subtype (33). In a
preliminary PET study (34), we reported on D1 receptor
binding in five of the patients initially recruited for the
present study. There was no change in striatal or cortical
D1 receptor density (Bmax) and affinity (Kd) in these five
patients. The observation of unchanged striatal D1 bind-
ing was later supported by Okubo et al. (35), who reported
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reduced [11C]SCH 23390 binding in the prefrontal cortex
of patients with schizophrenia. They also found that the
frontal binding correlated inversely to negative symptoms
and positively to cognitive performance.

In the current study, we used PET to determine D1 recep-
tor binding in the caudate nucleus, the putamen, and five
neocortical brain regions of 10 healthy volunteers and 10
first-admission, neuroleptic-naive patients with schizo-
phrenia. Each subject participated in two PET measure-
ments using [11C]SCH 23390 with high and low specific ra-
dioactivity, respectively. D1 dopamine receptor binding
potential, Bmax, and Kd were calculated by using Scatchard
analysis.

Method

Subjects

The study was performed in compliance with principles of the
Declaration of Helsinki and was approved by the Ethics Commit-
tee and Isotope Committee of the Karolinska Hospital. After com-
plete description of the study, all participating subjects provided
written informed consent regarding the medical risks of the study.
Ten healthy subjects (eight men and two women) were recruited.
Their mean age was 26.3 years (SD=3.6), and their mean weight
was 74.3 kg (SD=8.6). They were healthy according to history,
physical examination, blood and urine chemistry, ECG, and MRI
examination of the brain.

Exclusion criteria for the healthy volunteers and the patients
were organic brain disease, other somatic disorder, history of
head injury with loss of consciousness for more than 5 minutes,
cranial fracture, previous treatment with antipsychotic drugs,
clinically significant abnormal laboratory test results, pregnancy,
and history of alcohol or drug abuse according to DSM-III-R cri-
teria. Further exclusion criteria for the healthy volunteers were
history or presence of any psychiatric disorder and history of psy-
chiatric disorder in a first-degree relative.

Patients were recruited from a consecutive series of 14 neuro-
leptic-naive patients with schizophrenia or schizophreniform
psychosis diagnosed according to DSM-III-R who were admitted
for the first time to the Psychiatric Clinic at the Karolinska Hospi-
tal (Table 1). Four of the original 14 patients were excluded for
hostility or uncooperativeness. The remaining 10 patients (eight
men and two women) were included in the study. Their mean age
was 24.5 years (SD=2.3), and their mean body weight was 65.8 kg
(SD=9.3).

The patient and comparison groups were matched for age (t=
1.34, df=18, p=0.20). The patients had a lower mean body weight
than the comparison subjects (t=2.13, df=18, p=0.05), a difference

that should not have an effect on the PET measurements (36). The
time period from appearance of the first prodromal symptom to
the PET examination varied from 1 to 24 months. Patient records
and at least one family member confirmed this time period, the
case history, and the fact that the patient had never received neu-
roleptics. Each patient was followed prospectively for 1 year after
inclusion in the study.

For sedation, a benzodiazepine was chosen because it has
been reported that the benzodiazepine lorazepam has no effect
on [11C]SCH 23390 binding in the brain (37). Oxazepam was se-
lected because it has a relatively short half-life and lack of active
metabolites. Shortly before the PET, three patients (numbers 2, 7,
and 8) received 10, 50, and 25 mg of oxazepam orally, respectively,
for anxiety.

Clinical Ratings

Patients’ clinical symptoms were rated by using the 18-item
Brief Psychiatric Rating Scale (BPRS) (each item rated on a 0–6
scale) (38). The overall total rating and scores on positive and neg-
ative symptom clusters were used (39). The positive symptom
cluster consists of conceptual disorganization, suspiciousness,
hallucinatory behavior, and unusual thought content (BPRS
items 4, 11, 12, and 15). The negative symptom cluster consists of
emotional withdrawal, motor retardation, and blunted affect
(BPRS items 3, 13 and 16).

Head Fixation System and MRI Examination

A previously described head fixation system (40) was used dur-
ing both MRI and PET. MRI scans were performed on a 1.5-T
Signa unit (General Electric, Milwaukee). A standard spin-echo
sequence with a 256 × 256 matrix was used with a repetition time
of 4 seconds. Echo times were 17 msec for proton-density-
weighted images and 85 msec for T2-weighted images.

Radiochemistry

[11C]SCH 23390 with high specific radioactivity (range=321–2061
Ci/mmol) was prepared by methylation of the corresponding des-
methyl precursor analog (SCH 24518) by using [11C]methyl iodide
(27). [11C]SCH 23390 with low specific radioactivity (range=1.7–4.1
Ci/mmol) was prepared by the addition of unlabeled SCH 23390
according to a procedure described previously (30).

PET Measurements

All subjects participated in two PET measurements. The first
was after bolus intravenous injection of [11C]SCH 23390 with high
specific radioactivity (200–327 MBq) at about 10:00 a.m., and the
second was after bolus intravenous injection of [11C]SCH 23390
with low specific radioactivity (196–361 MBq) at about 3:00 p.m.
on the same day.

The Scanditronix PC2048-15B PET system (Uppsala, Sweden)
measures radioactivity in 15 horizontal sections covering the

TABLE 1. Demographic Characteristics and BPRS Scores for 10 Patients With Schizophrenia or Schizophreniform Disorder

Patient
Age 

(years)a Sex
Duration of Illness 

(months)b BPRS Total Score
Subtype of Schizophrenia or 
Schizophreniform Disorder Diagnosis at 1-Year Follow-Up

1 24 F 7 48 Paranoid Schizophrenia
2 27 M 12 60 Paranoid Schizophrenia
3 22 M 6 43 Paranoid Schizophrenia
4 26 M 8 44 Paranoid Schizophrenia
5 24 F 12 33 Paranoid Schizophrenia
6 28 M 24 44 Catatonic Schizophrenia
7 22 M 1 47 Undifferentiated Schizoaffective disorder
8 26 M 3 54 Paranoid Schizoaffective disorder
9 21 M 6 52 Undifferentiated Schizophrenia
10 25 M 10 38 Paranoid Schizophrenia
a The mean age of the 10 patients was 24.5 years (SD=2.3).
b The mean duration of illness of the 10 patients was 8.9 months (SD=6.4).
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whole extension of the brain (41). The system has a resolution of
4.5 mm (full width at half maximum) in the image plane; the sec-
tion thickness is 6.2 mm. To control for attenuation, a transmis-
sion scan was performed before each measurement. In each PET
measurement, data were acquired in a series of 16 consecutive
time frames for 33 minutes (1–9: 20 seconds each; 10–13: 3 min-
utes each, and 14–16: 6 minutes each). The acquisition time of 33
minutes assured that peak equilibrium was reached during the
PET measurement (20 minutes) (30, 32).

Regions of Interest

Regions of interest were delineated manually on the proton-
weighted MRI images for the caudate nucleus and the putamen
on all of the sections in which they appeared (four to five sec-
tions). The regions of interest were transferred to the correspond-
ing PET images. For the frontal, lateral temporal, medial tempo-
ral, and occipital cortices and the anterior cingulate gyrus, 10-
mm-wide elongated regions of interest were delineated directly
on the PET images on the four mid-sections. Regions of interest
for the cerebellum were drawn on the two mid-PET sections.

Each region of interest was pooled ipsilaterally from the set of
sections into a volume of interest. The radioactivity concentra-
tion in each volume of interest was calculated for each sequential
time frame and corrected for carbon-11 decay.

Scatchard Analysis

D1 Bmax and Kd were determined by using a two-point Scatchard
analysis (30). The cerebellum has negligible density of D1 receptors
(6, 42, 43), and the radioactivity in this region was used as an esti-
mate for the free radioligand concentration in the brain (29). Ra-
dioactivity representing specific [11C]SCH 23390 binding to D1 re-
ceptors (CB) was defined as the difference between the total
radioactivity in a brain region (CROI[t]) and the free radioligand con-
centration in the brain (CF[t]) according to the following equation:

A sum of three exponential functions was fitted to the time
curves for the total radioactivity in a brain region and radioligand
concentration in the brain. Peak equilibrium was defined as oc-
curring when [11C]SCH 23390 binding to D1 receptors was maxi-
mal (44, 45). The values for the two components of binding po-
tential—bound radioligand (B) and free radioligand (F)—were
obtained at equilibrium by dividing the radioactivity concentra-
tion (nCi/ml) by the specific radioactivity (Ci/mmol) of [11C]SCH
23390. The two sets of binding potential (B/F) and B values ob-
tained from the two PET experiments, with high and low specific
radioactivity respectively, were used to solve for Bmax (nmol/liter)
and Kd (nmol/liter) in the Scatchard equation:

The binding potential at high specific radioactivity was defined
as the binding potential of [11C]SCH 23390 (44, 45). Hemispheric
asymmetry of the binding potential and Bmax values was calcu-
lated for each region with the asymmetry index ([right–left]/
[right+left]).

Adjustment for Age Effect

Okubo et al. (35) found a significant age decline for the [11C]SCH
23390 binding potential in the striatum and the frontal cortex in 40
human subjects between the ages of 21 and 40. Another PET study
has reported a similar age effect for the [11C]SCH 23390 binding po-
tential (46). In the current study, 28 human subjects who were 22 to
34 years old showed no significant age decline in any regional bind-
ing potential, and age did not differ significantly between healthy
subjects and patients with schizophrenia. Therefore, the binding
potential was not corrected for age. Neither were the Kd values cor-
rected for age, because a postmortem study (47) did not find age-
related changes in D1 receptor binding affinity.

Statistical Analysis

The statistical analyses were performed by using the software
JMP (SAS Institute, Cary, N.C.) implemented on a Macintosh
computer. The comparison and patient groups were compared
regarding MRI volumes, regional binding measures, and asym-
metry index by using a two-tailed t test. Alpha incorporating a
Bonferroni correction for multiple comparisons was set at 0.007.
The association between the patients’ BPRS scores and the bind-
ing potential and Bmax values, respectively, as well as between the
binding potential and Bmax values, was tested with linear regres-
sion analysis. The reliability for each binding measure was evalu-
ated by assessing the association between the hemispheres for
each value with linear regression analysis.

Results

All of the subjects completed the study according to the
protocol. At inclusion, eight patients satisfied DSM-III-R
criteria for schizophrenia and two patients (numbers 7 and
8) satisfied DSM-III-R criteria for schizophreniform disor-
der (Table 1). After 1-year follow-up, these two patients sat-
isfied DSM-III-R criteria for schizoaffective disorder.

MRI

At clinical evaluation of the T2-weighted MRI images by
a neuroradiologist, one patient (number 3) had borderline
enlargement of the lateral ventricles. No brain abnormali-
ties were reported for the other patients. There were no
statistically significant differences between comparison
subjects and patients regarding the MRI volumes of the
caudate (t=0.18, df=18, p=0.86) and putamen (t=–0.79, df=
18, p=0.44), indicating similar recovery of radioactivity in
the two groups.

Scatchard Analysis

After injection of [11C]SCH 23390 with high specific radio-
activity, there was a rapid uptake of radioactivity in the brain
of all subjects. The time of peak equilibrium in the caudate
and putamen was 22 minutes (SD=3) after injection. The
corresponding time for the cortical regions was 19 minutes
(SD=4). The time of equilibrium correlated between the
hemispheres for each region (r=0.48–0.74, N=20, p<0.05) ex-
cept for the anterior cingulate (r=36, N=20, p=0.12).

The binding potential was calculated for each region (Ta-
ble 2). There was no significant difference between the pa-
tients with schizophrenia and the normal subjects in any of
the regions. In the right putamen, the binding potential for
three of the patients (numbers 2, 6, and 7) was more than
two standard deviations below that of the rest of the subjects
(Figure 1). To account for the different variances between
the groups, a nonparametric test (Wilcoxon rank order test)
was performed for this region; this test did not reveal any dif-
ferences between the groups (S=87, Z=–1.32, p=0.19).

After injection of [11C]SCH 23390 with low specific ra-
dioactivity, the radioactivity uptake was markedly lower
than it was after high specific radioactivity in all brain re-
gions except in the cerebellum, where the activity was on a
similar level as after high specific radioactivity. There were

CB CROI t( ) CF t( )–=

B/F= Bmax B–( )/Kd
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no significant differences in the Bmax and Kd values, ob-
tained from the Scatchard analysis, between the patients
and the healthy comparison subjects for any of the brain
regions (Table 2).

The asymmetry index did not differ between the groups
for any of the regional binding measures (t=–2.1 to 1.0, df=
18, p>0.05). The binding potential correlated significantly

between the hemispheres in most of the regions (r=0.48–
0.74, N=20, p<0.05) but not in the anterior cingulate (r=
0.36, N=20, p=0.12). The binding potential and Bmax values
correlated for most regions (r=0.80–0.97, N=20, p<0.05)
but not for the right putamen (r=0.22, N=20, p=0.37) be-
cause of a patient outlier (number 7). The Bmax correlated
significantly between the hemispheres in the putamen (r=

TABLE 2. Dopamine D1 Binding Characteristics Obtained by Scatchard Analysis of [11C]SCH 23390 Uptake in 10 Healthy
Comparison Subjects and in 10 Patients With Schizophrenia or Schizophreniform Disorder

Brain Region 
and Binding Characteristic

Comparison Subjects Patients Results of Two-Tailed t Test (df=18)

Mean SD Mean SD t p
Right hemisphere

Caudate
Binding potential 2.12 0.24 2.02 0.35 0.74 0.47
Bmax 45.09 11.89 38.01 12.38 1.30 0.21
Kd 21.50 7.82 18.56 5.48 0.97 0.34

Putamen
Binding potential 2.24 0.28 1.91 0.58 1.62 0.12
Bmax 44.02 12.48 45.57 11.62 0.29 0.78
Kd 19.32 5.73 26.36 11.54 1.73 0.10

Frontal cortex
Binding potential 0.60 0.11 0.63 0.09 0.65 0.52
Bmax 18.47 7.62 20.33 10.41 0.46 0.65
Kd 31.05 13.97 31.94 15.71 0.13 0.89

Anterior cingulate
Binding potential 0.68 0.13 0.70 0.07 0.45 0.65
Bmax 15.79 6.72 25.88 13.63 2.10 0.05
Kd 24.22 13.81 36.76 16.92 1.82 0.09

Lateral temporal cortex
Binding potential 0.69 0.07 0.72 0.08 0.80 0.44
Bmax 30.19 7.94 31.14 12.02 0.21 0.84
Kd 43.14 9.61 43.30 15.43 0.03 0.98

Medial temporal
Binding potential 0.62 0.15 0.66 0.17 0.57 0.57
Bmax 27.15 13.97 25.14 10.42 0.36 0.72
Kd 48.33 31.70 39.95 20.48 0.70 0.49

Occipital
Binding potential 0.50 0.10 0.60 0.18 1.45 0.16
Bmax 24.96 9.80 26.42 21.90 0.19 0.85
Kd 49.71 19.58 47.73 38.18 0.15 0.89

Left hemisphere
Caudate

Binding potential 2.08 0.16 2.08 0.39 0.04 0.97
Bmax 37.09 9.96 33.32 13.97 0.69 0.50
Kd 17.68 5.44 16.21 8.08 0.48 0.64

Putamen
Binding potential 2.26 0.39 2.12 0.47 0.72 0.48
Bmax 47.31 12.10 50.90 13.11 0.64 0.53
Kd 21.20 6.54 25.02 7.95 1.17 0.26

Frontal cortex
Binding potential 0.60 0.07 0.62 0.11 0.53 0.61
Bmax 24.63 9.25 24.60 5.51 0.01 0.99
Kd 41.71 17.63 40.04 8.41 0.27 0.79

Anterior cingulate
Binding potential 0.68 0.17 0.75 0.15 0.98 0.34
Bmax 18.96 5.34 20.07 7.71 0.37 0.71
Kd 29.35 12.07 26.97 11.23 0.46 0.65

Lateral temporal cortex
Binding potential 0.73 0.09 0.75 0.13 0.43 0.67
Bmax 31.37 8.57 33.80 10.61 0.56 0.58
Kd 43.35 12.94 45.16 12.92 0.31 0.76

Medial temporal
Binding potential 0.67 0.11 0.72 0.10 1.12 0.28
Bmax 21.09 7.63 20.35 13.27 0.15 0.88
Kd 33.05 16.46 27.92 17.90 0.67 0.51

Occipital
Binding potential 0.53 0.07 0.54 0.13 0.27 0.79
Bmax 31.63 12.62 27.99 18.55 0.51 0.61
Kd 61.05 27.34 57.17 49.03 0.22 0.83
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0.74, N=20, p=0.0002), frontal cortex (r=0.71, N=20, p=
0.0005), and lateral temporal cortex (r=0.52, N=20, p=0.02)
but not in the caudate (r=0.36, N=20, p=0.11), anterior cin-
gulate (r=0.34, N=20, p=0.14), medial temporal cortex (r=
0.31, N=20, p=0.19), or occipital cortex (r=0.08, N=20, p=
0.75).

D1 Receptor Binding and BPRS Scores

The patients’ total BPRS scores varied between 33 and 60
(there were 18 items, each rated on a scale from 0 to 6) (38).
There was no significant correlation between the total BPRS
scores and the binding potential or Bmax values in any of the
brain regions. The score for negative symptoms (emotional
withdrawal, motor retardation, and blunted affect) corre-
lated significantly with the Bmax in the right frontal cortex
(r=0.64, N=10, p=0.05). No such correlation was found in
any of the other brain regions. After Bonferroni correction
for multiple comparisons, there was no significant correla-
tion between negative symptom scores and Bmax.

Discussion

To our knowledge, this is the first PET study in which an
in vivo saturation analysis was applied to quantify central
D1 dopamine receptor binding in patients with schizophre-
nia. Okubo et al. (35), using a less elaborate design with one
measurement, reported reduced D1 receptor binding po-
tential (Bmax/Kd) in schizophrenia. In the current study, PET
examinations using [11C]SCH 23390 with high and low spe-
cific radioactivity were used to determine the Bmax and Kd

by a Scatchard analysis in 10 neuroleptic-naive patients
with schizophrenia and 10 healthy comparison subjects.

There were no significant differences in binding poten-
tial, Bmax, and Kd values between the comparison subjects
and the patients for the caudate, the putamen, or any of the
cortical regions (Table 2). This was also the case without
correction for multiple comparisons. The results from this
extended study are thus consistent with our preliminary re-

port based on five early-recruited patients (34). Our current
results are also consistent with most postmortem satura-
tion studies, which show no change in striatal and frontal
D1 receptor density in the striatum of patients with schizo-
phrenia (15–17). A single postmortem report of reduced
striatal D1 receptor density was thus not supported (14).

For the striatum our current results are consistent with
the report by Okubo et al. (35) of no deviant D1 receptor
binding in a PET study of patients with schizophrenia;
however, our data do not confirm their finding of reduced
binding potential in the frontal cortex. Major differences
between our current study and that of Okubo et al. are
shorter disease duration of our patients (1 month to 2
years versus 4 months to 18 years) and higher resolution of
our PET system (full width at half maximum spatial 4.5
mm versus 8 mm; axial 5.9 mm versus 12 mm) (41).

One explanation for the discrepant findings may be dif-
ferences in statistical power. The coefficient of variance
(sigma) for the frontal binding potentials was similar in
the study of Okubo et al. and our current study (about
15%), suggesting similar statistical power. In the study of
Okubo et al., the statistical power was 72% for the finding
of 15% lower frontal binding potential (delta) in 10 neuro-
leptic-naive patients compared with 18 normal subjects
based on a two-sided test with a type I error of 5% (alpha)
(48). The number of comparison subjects in the present
study was lower (N=10), which reduces our statistical
power to 56%. To increase the power to that of the study of
Okubo et al., we made an additional analysis that was not
included in the original protocol. We added data for eight
healthy comparison subjects from previous studies with
an identical experimental protocol with the exception that
only high specific radioactivity was used (31). With 18
comparison subjects we still failed to demonstrate any dif-
ferences in the frontal binding potential between the
groups (t=–0.46, df=26, p=0.65). Hence, in spite of a similar
coefficient of variance, the same number of neuroleptic-
naive patients (N=10), and improved resolution, our cur-

FIGURE 1. Scatchard Plots of [11C]SCH 23390 Binding in the Right Putamen of Healthy Comparison Subjects and Patients
With Schizophrenia or Schizophreniform Disorder
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rent study failed to replicate the finding by Okubo et al.
(35) of lower frontal binding potential in schizophrenia.

An explanation for the discrepancy may be the small
number of neuroleptic-naive patients in both studies (N=
10), which may not have been sufficiently large to consti-
tute a representative sample of the schizophrenia popula-
tion. The small number of subjects may also be a reason
for the contradictory results for correlation between nega-
tive symptom scores and frontal D1 binding, which was
negative for Bmax and Kd in the study of Okubo et al. (35)
and positive for Bmax in the right frontal cortex in our cur-
rent study.

High reliability for binding potential has been demon-
strated in test-retest studies of [11C]SCH 23390 binding in
the striatum (32) and the neocortex (49). The additional
computational steps for Bmax and Kd imply error of propa-
gation and subsequent decreased reliability, which is re-
flected in a higher coefficient of variance than that of
binding potential (Table 2). However, the correlation for
Bmax between the hemispheres in the putamen and the
frontal and lateral temporal cortices suggests a relatively
high reliability of the Scatchard analysis in these regions.

Three patients had binding potential values in the right
putamen that were two to three standard deviations below
those of the remaining seven patients, resulting in a coef-
ficient of variance of 30%, which was higher than in the
comparison subjects (12%). In another PET study (32), the
coefficient of variance for the binding potential in the
putamen of healthy comparison subjects was similar to
that of the healthy comparison subjects in the present
study (11%). Moreover, the test-retest variability in the
other study was 6%. Thus, the greater variability of the
binding measures in the right putamen may reflect heter-
ogeneity regarding D1 receptor function and the disease
process in schizophrenia.

The Kd had a high variability in both groups, which may
reflect interindividual differences in endogenous dopa-
mine levels (44). However, PET studies with a number of
D1 radioligands in monkeys have failed to show amphet-
amine-induced reduction (50, 51) or reserpine-induced
elevation (51) of binding potential. Thus, it appears that
PET-measured [11C]SCH 23390 binding is not sensitive to
endogenous dopamine release.

Conclusions

In the current study of central D1 receptors, Scatchard
analysis did not reveal any significant differences in any of
the regional binding potential, Bmax, and Kd values be-
tween 10 neuroleptic-naive patients with schizophrenia
and 10 healthy subjects. There was no support for the dif-
ference between subjects with schizophrenia and normal
subjects in the D1 binding potential for the frontal cortex
reported by Okubo et al. (35). To improve reliability and
statistical power, future studies on D1-like receptors in

cortical regions should be done with ligands providing
higher signals (52, 53).
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