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D2 Dopamine Receptor Binding in the Basal Ganglia
of Antipsychotic-Free Schizophrenic Patients

An 12314BZM Single Photon Emission Computerised Tomography Study

L. S. PILOWSKY,D. C. COSTA, P. J. ELL, N. P. L. G. VERHOEFF,A. M. MURRAYand R. W. KERWIN

We used SPECT to examine striatal D2 receptor binding in 20 antipsychotic-free DSMâ€”lllâ€”R
schizophrenic patients and 20 age- and sex-matched normal controls. Dynamic single-slice
SPECT, at a slice chosen to include the basal ganglia, began immediately following intravenous
injection of 185 MBq of 1231-IBZM. A semiquantitative approach was used to generate indices
of specific D2 receptor binding in the basal ganglia. There was no overall elevation of D2
receptor binding between patients and controls. A male sex-specific left lateralised asymmetry
of striatal D2 receptor binding was found in the patient group. Age-dependent decline of
striatal D2 receptors was confirmed in controls, but not in patients. These results suggest
that alterations in striatal D2 receptor distribution and density do occur in schizophrenia, and
possibly reflect wider disruptions in prefrontalâ€”striatalâ€”limbic circuits.

It has long been proposed that dopaminergic over
activity could be the substrate for psychotic symptoms
(Crow, 1980). Pharmacological studies implicate a
role for post-synaptic D2 receptors in the patho
physiology of schizophrenia. In vitro studies of
striatal D2 binding have directly correlated D2 receptor
blockade and clinical antipsychotic potency (Creese
et a!, 1976; Seeman eta!, 1976; Peroutka & Snyder,
1980). In vivo studies of schizophrenic patients
showed that ten chemically distinct classes of anti
psychotics produced 65â€”85% striatal D2 receptor
occupancy (Farde et a!, 1989). A double-blind,
placebo-controlled study of the a- and /3-isomers of
flupenthixol showed clinical antipsychotic efficacy
only for the /3-isomer, 1000 times more potent at the
D2 receptor site than the a-isomer (Johnstone et a!,
1978).

Post-mortem evidence is more controversial.
Although increases in striatal D2 receptor density and
sensitivity in antipsychotic-treated, and some untreated,
schizophrenic patients have been reported, it is unclear
whether these increases are an artefact of chronic
neuroleptic treatment (Owen eta!, 1978; Clow et a!,
1980; Lee & Seeman, 1980; Mackay et a!, 1982).
Neurochemical asymmetry of striatal D2 receptors
has also been described post-mortem; Reynolds et a!
(1987) found a mean l9Â°loincrease in D2 receptor
binding in the right putamen of 16 antipsychotic
treated schizophrenic patients compared with 11
controls. An increase in dopamine concentrations in
the left amygdala was previously demonstrated
in a series of 19 treated patients (Reynolds, 1983).

Positron emission tomography (PET) and single
photon emission computerised tomography (SPECT)

now permit corroboration of necropsy findings and
pharmacological studies, by mapping activity from
radiolabelled ligands specific for the D2 receptor in
the living brain. Crawley et a! (1986) first reported
an 11% elevation of D2 receptor density in 12
antipsychotic-free schizophrenic patients with 77Br
spiperone SPECT, and a single fixed gamma camera.
Similarly, the Johns Hopkins PET group found
clear-cut elevation of D2 receptors in the basal
ganglia in samples of 10, 18 and 23 never-medicated
schizophrenic patients using 1'C-N-methylspiperone
(NMSP) (Wong et a!, 1986, 1989; Tune et a!,
1992). However, contradictory findings were re
ported by other groups. Farde et a! (1990) found
no elevation in D2 receptors in a PET study of
18 never-medicated patients and 20 healthy controls
with the highly specific D2 ligand, â€œ¿�C-raclopride.
Their finding was substantiated by two smaller
PET studies, employing similar methodology
and 76Br-labelled ligands, bromospiperone and
bromolisuride, in samples of nine and ten never
medicated patients respectively (Martinot eta!, 1990,
1991).

Subtle disturbances of D2 receptor status have
also been characterised in vivo. Farde et a! (1990)
found that significant left-lateralised asymmetry of
striatal D2 receptor binding occurred in schizo
phrenic patients (asymmetry was not assessed by
other PET groups) and Martinot et a! (1991) showed
a linear decline in D2 receptor density with age in
controls but not in patients.

In view of these conflicting results, the hypothesis
that an in vivo elevation of striatal D2 receptor
binding is a fundamental abnormality in schizophrenia,
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remains unproven. Clarifying these anomalies is of
crucial importance in helping to provide markers for
the disease, in understanding its pathogenesis and
in assisting in the design of novel antipsychotic drugs.

We therefore used the selective D2 receptor ligand
â€˜¿�@I-iodobenzamide(IBZM) and SPECT to estimate
and compare striatal D2 receptor binding in 20
schizophrenic patients (17 never-medicated and 3
antipsychotic-free (for >5 years)) and 20 normal
controls.

Method
Ethical permission for the study and permission to administer
radioactivesubstanceswasobtainedfrom the localhospital
ethics committeeand the Administration of Radioactive
Substances Advisory Committee.

Initially, 25 patients were recruited for the study from
the Maudsley Hospital, which is located in an inner-city
area assessing and treating local and national psychiatric
referrals. Of these patients, 14 (70Â°lo)were from the
emergencyclinic (self- or police referral),3 (15%)came via
national tertiary referral (from other psychiatric hospitals)
and 3 (15%) by direct referralto the researchgroup from
other hospital clinics.

The DSMâ€”IIIâ€”Rcriteria (American Psychiatric
Association, 1987) for a diagnosis of schizophrenia had to
be fulfilled. In addition, patients had either never taken
antipsychotic medication or had received no such treatment
for at least six months before entry into the study. Diagnosis
and evidenceof treatmentwas establishedby the following:

(a) clinical interview by a trained psychiatrist (LP)
(b) interview with independent witnesses (family prac

titioner, relatives, friends, employers)
(c) detailed assessment by an independent multi

disciplinary clinical team.

Patient follow-up was for a minimum of six months. Illness
duration was defined as the length of illness prior to the
scanning date by the criterion of first onset of positive or
negative psychotic symptoms that could be independently
corroborated. Patients also had to be able to give informed
consent for a scan and be safe and co-operative for scanning
procedures.

Exclusioncriteriawerethe following:evidenceof primary
substance use disorder or chronic use of psychoactive
substances clearly associated with psychotic episodes;
concomitant serious physical illness.

When the above criteria were applied, one patient was ex
cluded due to loss of follow-up information (so DSM-III-R
criteria could not be met) and two patients were excluded
due to evidence of substance use disorder. Two never
medicated schizophrenic patients were excluded from the
main analysis due to scanner gantry malfunction during
their scans. Thus, the final sample consisted of 20
antipsychotic-free patients (17 never-medicated and 3
antipsychotic-free >5 years). Their clinical characteristics
are summarised in Table 1.

Twenty-two healthy controls matched for age, sex, and
handedness were recruited from the community. Controls

Table 1
Clinical data

1. BriefPsychiatric RatingScale (Overall& Gorham, 1962).
2. No antipsychotic for >5 years.

completed a general screening questionnaire, a checklist on
drug and alcohol use and the Annett scale for handedness
(Annett, 1970).Those with a history of, or current, serious
mental or physical illness, or substance use disorder were
excluded from the study. Two controls were excluded due
to malpositioning during the scan. Thus the final sample
was 20 healthy controls.

Symptom ratings

Presence and severity of psychotic symptoms were rated
with the 24-item Brief Psychiatric Rating Scale (BPRS;
Overall & Gorham, 1962) within 72 hours of scanning.
Other ratings were handedness by the Annett scale (Annett,
1970);drugand alcoholusebya checklist(includingDSM
IIIâ€”Rcriteria for substance abuse or dependence); pre
morbid IQ by the National Adult Reading Test (Nelson,
1982)and a verbal fluency task.

1231 IBZM SPECT

The scanning protocol has been described elsewhere (Costa
et a!, 1990; Verhoeff et a!, 1990; Pilowsky et a!, l992a).
Images were acquired with an SME 810 SPECT brain
scanner. This is a high-resolution, multidetector single-slice
scanner, whichpermits the study of radiopharmaceutical
changes within a chosen sliceover time. The in-plane spatial
resolution is 7-9mm full width at half maximum, with an
averageslicethicknessof 12.5mm. Scanningtook placeat
a level chosen to include the basal ganglia (BG: head of
caudate and putamen), 30 mm above the orbitomeatal
plane.
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Fig. I A typical control scan showing concentration of radioactivity in the basal ganglia, with washout of activity from the frontal
cortex over time. Regions of interest are shown (enlarged scan, right) for slice 17 (bottom left) (85 minutes after injection) over the
frontal cortex and basal ganglia at 5O@oand 75@11@isocontours respectively.

Continuous single-slice data acquisition began immediately
after intravenous injection of 185 MBq â€˜¿�231-IBZM(specific
activity 104â€”259GBq4cmol) flushed with 20 ml normal
saline. Following injection the intravenous cannula was
withdrawn. Head position was monitored constantly
throughout the scan. If movement was detected, the slice
was excluded from analysis. Acquisition time per slice was
five minutes. All subjects were scanned for at least
80â€”100minutes, providing 16â€”20data points on the time
activity curve per subject. Figure! shows a typical control scan.

To minimise interobserver variation, scans were analysed
blind to diagnostic status by the same rater (LP). A
standardised isocontour approach was employed, with the
aid of semi-automated contour-finding software (SME 810
version 2.51). For each scan, irregular regions of interest
were drawn around the frontal cortex at the 50010radio
activity isocontour and around each of the left and right
basal ganglia at the 75Â°loradioactivity isocontour (clearly
outlining the striata).

Regions were initially drawn on the slice best visualising
each structure (at 15 minutes after injection for the frontal

cortex and at 80 minutes after injection for the striata (Fig. 1)).
The â€˜¿�templates'for regions of interest (ROIs) thus defined
were applied unchanged to each slice of the subject's scan,
and the radioactive density within each region was
calculated (giving mean density in counts/pixel).

Over 90% agreement has been obtained between in
dependent raters for semiquantitative measures generated
by this method (Verhoeff eta!, 1990). This image-analysis
technique also corrects for interindividual differences in
spatial relationships of cerebral landmarks. There was no
significant difference in the areas of basal ganglia ROIs
between the patient and control groups or between right
and left sides within subjects, and ROI area was not
correlated with mean density within the ROI in either group.

Data analysis

Labelled IBZM binds stereoselectively and reversibly to
central D2 receptors (Kung et a!, 1989) and is almost
entirely broken down to polar metabolites which do not

_@.
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re-enter the brain and compete for D2receptor binding. Areas
rich in D2 receptors (where specific binding predominates;
e.g. striatum) take a relatively long time to reach peak
uptake and show slow washout of the !igand. Areas with
few or no D2 receptors (i.e. where binding is mainly non
specific; e.g. frontal cortex (FC)) show rapid uptake and
rapid washout of the ligand. Activity in these regions
measured serially over time with a dynamic single-slice
scanning protocol may then be expressed on a time
activity saturation curve. During the first period of
acquisition (approximately 0â€”40minutes after injection)
relatively little specific binding occurs, and what is seen is
the distribution of tracer proportional to cerebral blood
flow. Over the latter portion of the curve (60â€”100minutes
after injection) this component decreases and detected
activity is predominantly specific or non-specific binding
of â€˜¿�23I-IBZM.

Semiquantitative estimation of the saturable component
of D2binding was performed over the 60-80 minutes after
injection. This component is obtained by the mean ratio
or difference between the BG and FC signal. Analysis of
the timeâ€”activitycurves was according to the method of
Matthews et a! (1990), which validates the mean of several
points on a serial-measurements curve for significance over
a time of interest. Primate and human studies with â€˜¿�DI
IBZM SPECT have demonstrated that plateau between
uptake and washout (i.e. equilibrium and, therefore, peak
specific binding) occurs within 60â€”100minutes (Kung eta!,
1989;Costa eta!, 1990).The frontal cortex is an appropriate
reference region for non-specific binding as D2 receptor
numbers are negligible in this region and of the same order

as those present in the cerebellum (Farde eta!, 1988;Camps
et a!, 1989; Brucke et a!, 1991).

Semiquantitativeestimationof D2receptoravailabilityfor
123I4BZMbinding was performed on the decay-corrected
timeâ€”activitycurves at maximum stable plateau between
tracer uptake and washout (60-100 minutes after injection)
(Kung et a!, 1989; Alavi et a!, 1989). The assumptions
underlying the method have been outlined in a previous paper
(Piowsky eta!, !992a) and are briefly that, during plateau

(a) basal ganglia density (BG)= estimate of total
binding=specific+non-specificbinding+free ligand

(b) frontal cortexdensity(FC)= estimateof background
activity = non-specific binding + free ligand.

Two indices of the saturable component of D2 binding
(an in vivo approximation to specific binding) in each
subject were obtained: first, the ratio index

mean BG :FC ratio over 60â€”80minutes after injection
which corrects for interscan differences in instrumentation,
filter setting and attenuation correction, and secondly,
the subtraction index

mean [(BG â€”¿�FC)/FC] x 100 over 60â€”80minutes after
injection

which addresses interindividual variations in percentage
injected dose by normalising the measure and expressing
it as a percentage of background activity.

Thesameresultswereobtainedbybothratioandsubtraction
indices of specific D2 binding. An index of relative left
laterality in striatal D2 binding was obtained in each subject
by subtracting the right specific binding index from the left.

Table 2
Demographic and binding data
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Statistics Results

As regards overall group effects on right and left striatal
D2 binding indices, analysis of variance (ANOVA) was
used to assess differences between groups and between sides,
and group-by-side interactions.

As regards laterality indices (left-minus-right striatal D2
binding), ANOVA was used to assess differences between
groups and between sexes, and group-by-sex interactions.
Post hoc (hypothesis-testing) unpaired t-tests were sub
sequently used to compare laterality between male patients
and male controls and between female patients and female
controls. Confidence intervals at the 9507o level (9507o CI)
were calculated for the mean differences in laterality for
the male and female patient and control groups.

Linear regression and Pearson's correlation coefficient
were used to assess the relationships within the patient
group, between binding indices and total BPRS scores,
negative- and positive-symptom subscale scores, and illness
duration, and the relationships in both patient and control
groups between age and binding indices.

Demographic and binding data for patients and controls
are shown in Table 2.

Mean BG :FC ratios obtained in the patient group were
1.65 (s.c. 0.027, 9507oCI 1.60â€”1.70) and 1.71 (s.c. 0.024,
9507oCI 1.65â€”1.75)on the rightand leftsidesrespectively.

In the control group, mean ratios were 1.68 (s.c. 0.029,

Table 3
Mean left-minus-right striatal D2 binding difference (left
laterality index) for male and female patients and controls

Patients6.15195%Cl2.5to9.75) 3.11195%Cl2.69to8.911
(n=11) )n=9)

Controls0.57195%Clâ€”¿�3.0to4.21 5.37195%Cl0.97to9.771
(n=11) (n=9)

ANOVA shows case-by-sex interaction F = 3.255. d.f. =1, P=O.08.
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Fig. 2 Linear regression curves for binding data (subtraction indices) v. age in patients and controls in left and right striata. Regression
coefficients (r2) for the right striata 0.007 (patients) and 0.415 (controls), and for the left striata 0.022 (patients) and 0.338
(controls).
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95Â°loCI 1.62â€”1.74)and l.70(s.e. 0.033,950/o CI 1.64â€”1.76)
on the right and left sides respectively.

Subtraction indices for patients on the right and left sides
were 66.1 (s.c. 2.23, 950/oCI 61.8â€”70.4)and 70.9 (s.c. 2.35,
95% CI 66.1â€”75.5),and for controls 67.7 (s.c. 2.90, 95Â°/o
CI 62.0â€”73.3)and 70.4 (s.c. 3.27, 950/oCI 64.0â€”74.8).

No significant differences were found between the patient
and control groups on either side by either the ratio or the
subtraction method.

There was no significant difference in laterality (left
minus-right binding) between the patient and control groups
(F= 0.528, NS). However, there was a significantdifference
in the mean left laterality index confined to males (5.57,
95% CI 0.40â€”10.76, P=0.04). ANOVA showed evidence
of a case-by-sex interaction (F= 3.23, P= 0.08) (see Table
3): schizophrenic males showed much more laterality than
their normal counterparts. There was no difference in mean
left laterality indices between female patients and female
controls (2.20, 950/0 CI â€”¿�5.02to 9.53).

No significant correlation was found between saturable
D2 binding and total BPRS score, BPRS positive- or
negative-symptom subscale scores or duration of illness.

Figure 2 shows linear regression between D2 binding
data and age for the right and left striata in patients and
controls. For the controls, age was negatively correlated
with D2 receptor binding in left (r=0.561, P=0.Ol, 95@/c
CI â€”¿�0.80to 0.15) and right (r=0.653, P=0.002, 95% CI
â€”¿�0.79to 0.11) striata. Patients did not show any correlation
with age (r=0.l47, NS, 95% CI â€”¿�0.32to 0.55 (left);
r=0.083, NS, 95% CI â€”¿�0.37to 0.51 (right)).

Discussion

This is a study of a large number of never-medicated
schizophrenic patients and controls examined with
â€˜¿�@I-IBZMSPECT. Left-sided striatal D2 asymmetry,
noted in the patient group by Farde et a! (1990), is
confirmed in this study, but is found to be specific
to male patients compared with male controls (in
whom there is little evidence of relative left laterality).
The results verify PET studies which do not show
overall elevations in striatal D2 receptor binding in
schizophrenic patients compared with controls
(Farde et a!, 1990; Martinot et a!, 1990, 1991). In
addition, we have substantiated earlier findings of a
decline of striatal D2 receptors with age in controls
(Wong et a!, 1984; Seeman et a!, 1987; Martinot et
a!, 1991).

In the past five years, â€˜¿�@I-IBZMSPECT has
emerged as an increasingly useful tool for semi
quantitative evaluation of central D2 receptor status.
Studies have been performed in normal control
groups (Alavi eta!, 1989; Costa eta!, 1990; Brucke et
a!, 1991; Seibyl et a!, 1992), in differing disease states
(Brucke eta!, 1991; Costa eta!, 1992), and following
pharmacological intervention in animals (Innis eta!,
1992) and humans (Costa et a!, 1990; Pilowsky et
a!, 1992b; Ring et a!, 1992). High-resolution,

brain-dedicated scanners provide images similar to
those obtained by PET; and careful semiquantification
with appropriate instrumentation, image analysis,
comparison groups and research paradigms, is proving
capable of substantiating and extending in vivo D2
receptor research. The relatively low cost of SPECT
(as well as its acceptability to the patient and its place
ment in routine clinical settings) permits replication
of previous findings in more typical patient groups.

Thus, a novel SPECT imaging technique has
corroborated and extended PET striatal D2 receptor
findings in a large, representative group of never
medicated and unmedicated schizophrenic patients.

Methodological considerations

Sample size power calculation (Young et a!, 1983;
Farde eta!, 1990)suggests that a group of 20 patients
and controls is well in excess of that needed to show
the D2 receptor elevation found by Wong et a!
(1986). Image analysis was semi-automated, standard
ised and blind to diagnostic status. Structural
asymmetry of the basal ganglia has not been excluded

in this study, but post-mortem and structural neuro
imaging studies do not reveal significant anatomical
striatal asymmetry in schizophrenia. If anatomical
rather than functional laterality was responsible for
the detected asymmetry, ROl area would be directly
related to density measured within the ROl, and
significant asymmetry would appear in the patient
group in the early, blood-flow portion of the time
activity curve (see Method). These possibilities were
both excluded, confirming that the finding is indeed
that of laterality in striatal D2 receptor binding.

The demographic and clinical characteristics of our
sample are representative of first-presentation schizo
phrenic patient samples (Loebel et a!, 1992;Ram eta!,
1992; Keshavan & Schooler, 1992) and compare with
the Karolinska and Orsay samples (Farde et a!, 1990;
Martinot et a!, 1991). All patients except one were
actively psychotic at the time of scanning, mean
BPRS scores in the moderate to severe range. Although
extremely distressed, violent or otherwise unco
operative patients were excluded, this factor affects
all PET and SPECT scanning studies. DSM-III-R
subtyping, and chronicity and severity of illness were
not related to an increase in D2 receptor number,
and our sample was also representative of other
studies in this regard (Farde et a!, 1990; Martinot
et a!, 1991).

Previous studies

D2 receptors in unmedicated and drug-naÃ¯veschizo
phrenic patients in comparison with controls have
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been examined by three PET groups in five different
studies (Wong et a!, 1986; Farde et a!, 1990; Martinot
et a!, 1990, 1991; Tune eta!, 1992), yet no consensus
has been reached. It is helpful to examine the various
studies to determine which factors could account for
the conflicting data. Broadly speaking, the differences
may be due to the sample (patient and control
subjects), instrumentation and scanning, radio
pharmaceutical characteristics, image analysis and
modelling of tracer behaviour. Andreasen et a!(l988)
reviewed these areas exhaustively, and could not
identify a single factor responsible for the divergent
findings of the Johns Hopkins and Karolinska
groups. Nevertheless, assuming technical and image
analytic factors remained the same for patient and
control groups within each study, the most likely
source of disagreement remains the nature of
the subjects, or assumptions applied to the groups
in mathematical modelling of receptor kinetics.

The patient samples in the five studies were very
different. The Hopkins group examined an older,
more chronic population than any subsequent study.
We have shown a lack of decline of D2 receptors
with age in schizophrenic patients (see also Martinot
eta!, 1990, 1991); thus controlled comparisons with an
older patient group may indeed show a relative elev
ation in D2 receptor binding. However, Andreasen
et a! (1988) comment that the Wong et a! (1986)
control sample was younger than the patient sample,
militating against this explanation.

Because â€œ¿�C-racloprideand â€˜¿�23I-IBZMbinding to
D2 receptors is competitive and reversible, and
equilibrium (of tracer uptake and washout) occurs
during the time of a single scan, simpler models, with
fewer underlying assumptions, apply in the generation
of specific binding indices. The â€œ¿�C-NMSPmethod
used by Wong et a! (1986) requires sophisticated two
scan imaging protocols and complex mathematical
modelling of tracer behaviour to arrive at D2 receptor
Bmax and Kd (indices of specific D2 binding).
Assumptions (e.g. distribution of haloperidol through
the blood/brain barrier) which are not strictly true
for both groups may also contribute to conflicting
findings. The ligand â€˜¿�C-NMSPis less specific than
the substituted benzamides, binding with equal
affinity to 5-HT receptor subpopulations in the
human putamen (Hall et a!, 1990).

Seeman et a/(l990) have suggested that substituted
benzamide ligands (raclopride and IBZM) could
underestimate D2 receptors in the presence of en
dogenous dopamine, and so fail to detect elevated
post-synaptic D2 receptors in schizophrenic patients
(in whom increased striatal endogenous dopamine
has been demonstrated post-mortem (Mackay et a!,
1982)). This hypothesis is not wholly tenable for the

following reasons: firstly, in vitro studies show that
dopamine competes relatively poorly for D2 binding
with IBZM, with the same low order of competition
as ketanserin (Kung et a!, 1989); secondly, PET
studies have shown displacement of spiperone deriva
tives by endogenous dopamine in humans and
primates (Volkow et a!, 1990; Dewey et a!, 1991);
thirdly, studies showing displacement of IBZM and
raclopride by endogenous dopamine in vivo occurred
in primates following doses of d-amphetamine
(1â€”10mg/kg administered intravenously) which
would result in large pulses of dopamine acutely at
the synapse (Young et a!, 1991; Innis et a!, 1992);
fourthly, if the patient group had such levels of
dopamine at the synapse, a significant decrease of
D2 receptor levels and an alteration in the slope of
the timeâ€”activity uptake and washout curve relative
to controls would occur, which was not the case in
our own study or that of Farde et a! (1990).

The weight of evidence from in vivo studies with
four different radioligands in three different centres
(Karolinska, Orsay and our own) (Farde et a!, 1990;
Martinot et a!, 1990, 1991) does now suggest that
overall striatal D2 receptor elevation cannot be regarded
as a consistent feature of schizophrenia. However, our
data substantiate previous PET evidence showing
derangements with age and symmetry in striatal D2
receptor distribution (Farde et a!, 1990; Martinot
et a!, 1990, 1991).

Relevance of findings to the dopamine hypothesis
of schizophrenia

The dopamine hypothesis of schizophrenia proposes
an overall excess of dopaminergic function, leading
to schizophrenic symptoms (Crow, 1980). The most
robust evidence for the hypothesis rests on the action
of neuroleptic drugs in antagonising D2 receptors
(Seeman et a!, 1976; Creese et a!, 1976; Johnstone
eta!, 1978), and the capacity of dopamine-releasing
agents to induce psychotic symptoms. Despite the
pharmacological evidence, attempts to demonstrate
elevation or hypersensitivity of D2 receptor sites
post-mortem and in vivo remain equivocal (Owens
et a!, 1978; Mackay et a!, 1982; Wong et a!, 1986;
Farde et a!, 1990). The majority of studies do not
find consistent increases or decreases in dopamine
or dopamine metabolites in the CSF, blood, or urine
of schizophrenic patients (Early et a!, 1989).

Arguing against the dopamine hypothesis,
Horneykiewicz (1982) emphasised the irreducible two
to three-week delay in onset of clinical antipsychotic
effect, despite the relative immediacy of D2 receptor
antagonism. More recently, PET and SPECT studies
have failed to demonstrate a direct relationship
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between D2 blockade and clinical effect in vivo
in groups of antipsychotic responders and non
responders (Wolkin eta!, 1989; Coppens eta!, 1991;
Piowsky eta!, 1992b). The atypical drug clozapine
has an extremely beneficial antipsychotic effect (Kane
eta!, 1988), although it demonstrates a 50Â°lodecrease
in D2 receptor blockade compared with typical
antipsychotics in vivo (Pilowsky eta!, 1992a; Farde
et a!, 1992; Brucke et a!, 1992).

Although the above findings do not support a
simple dopaminergic-excess model of schizophrenia,
our data do not exclude a role for alterations in D2
receptor number and distribution in the genesis of
schizophrenic symptoms, particularly in the male
patient group. Given the highly interconnected
nature of cerebral function and structure, it is
unlikely that such anomalies are primary or exist in
isolation; it is more plausible that they reflect
aberrations in other neurochemical systems, perhaps
the result of structural lesions.

Relevance of the laterailty findings to sex differences
in schizophrenia

A number of studies have addressed the possibility
of sex differences in schizophrenia. Male patients
develop the disease at an earlier age, have an excess
of soft neurological signs and show greater pre
morbid abnormalities in IQ, personality, and social
adjustment (Rieder & Nichols, 1979; Foerster et a!,
199la). Female patients respond more favourably to
neuroleptics (Seeman, 1986), with greater remission
rates and more positive and affective symptoms
(Castle & Murray, 1991; Waddington et a!, 1992).

Males with schizophrenia are more likely to have
a history of obstetric complications (Owens et a!,
1988; Nasrallah & Wilcox, 1989; Foerster et a!,
1991b). Structural-imaging studies show that ventri
cular enlargement occurs more often in males (Flaum
et a!, 1990; Andreasen et a!, 1992). Magnetic
resonance imaging (MRI) has shown decreased left
hippocampal volume restricted to male patients
(Bogerts et a!, 1990). In summary, the consensus
from structural-imaging studies which have
addressed this issue does point toward male, rather
than female, patients demonstrating cerebral abnor
malities when compared with sex-matched controls
(Nasrallah & Wilcox, 1989; Castle & Murray, 1991).
This study is the first to show a biochemical correlate
of this sex difference; our data suggest that
schizophrenia is associated with a change in laterality
of striatal D2 receptor binding in males but not in
females.

The PET groups which have evaluated striatal D2
receptor binding have either not examined binding

laterality or not appraised their data with regard to
sex differences (Wong et a!, 1986; Martinot et a!,
1990, 1991; Farde et a!, 1990). PET and SPECT
studies of blood flow and metabolism have noted
laterality in schizophrenia, with increased blood flow
to the left globus paffidus and left striatum (Early
eta!, 1987;Liddle eta!, 1992;Kawasaki eta!, 1992),
left temporal cortex (Liddle et a!, 1992) and left
hemisphere generally (Our eta!, 1985). Patients also
fail to increase blood flow to the left frontal cortical
regions during tasks which stimulate this region
(Lewis eta!, 1992). These studies do not address the
influence of sex differences on their findings, but,
interestingly, nearly all the above studies (excluding
Our eta!, 1985) compare largely (if not exclusively)
male patient and control groups.

We have shown a diagnosis-by-sex interaction by
ANOVA in relative left laterality of striatal D2
binding in male patients in comparison with controls
which is on the boundaries of conventional levels of
significance. Comparisons between patients and
controls for males and females alone revealed a
significant difference in males but not in females.
This result for males is in accord with the above
evidence of structural and functional imaging
abnormalities in male patients, and clinical dif
ferences between male and female patients. Our
results suggest that females do not show this laterality
difference, although we accept that the diagnosis
by-sex interaction was of borderline significance.
Given the small numbers of males and females
involved in our study, it is an intriguing pre
liminary finding, requiring confirmation in larger
samples.

The finding that D2 receptors do not appear to
decline with age in patients is consistent with PET
data from one other study (Martinot eta!, 1990). It
should be noted that the older patients in our sample
had received treatment previously (though not within
five years of the study), and thus relative D2 receptor
binding elevations may reflect supersensitivity.
Nevertheless, it is a result which warrants future
study. We are currently investigating an older, never
treated patient sample and matched controls to test
this hypothesis.

There is a dopamine-rich fronto-limbic-striatal
circuit, perturbations in which cause abnormalities in
basal-ganglia D2 receptors (Pycock et a!, 1980). It is
suggested that this circuit is crucial for spontaneous
initiation of action (Frith & Done, 1988), and is in
volvedinhigher cognitive functions including attention,
internal monitoring of actions, internal generation of
cognitions and executive motor planning (Frith &
Done, 1988; Early et a!, 1989; Gray et a!, 1991); all
of which may be impaired in schizophrenia.
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Conclusion

Our finding of a left lateralised increase in striatal
D2 receptor binding in male schizophrenic patients,
in the absence of an overall increase in D2 receptor
binding relative to controls, is consistent with three
previous D2 receptor PET studies (Farde et a!, 1990;
Martinot et a!, 1990, 1991), and with neuro
psychological, functional and structural-imaging
evidence for lateralised deficits in schizophrenia,
particularly affecting prefrontal and limbic regions.
Further research will attempt to substantiate these
findings in older patient and control groups, and
correlate the neurochemical data with cognitive
activity and behaviour on specific neuropsychological
tasks (Gray et a!, 1992; Pedro et a!, 1992).
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