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Striatal Dopamine Transporter Binding 
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Aki Laakso, M.D., Ph.D., Harry Vilkman, M.D., Birgitta Alakare, M.D., 
Merja Haaparanta, M.Sc., Jörgen Bergman, M.Sc., Olof Solin, Ph.D., 

Jari Peurasaari, M.D., Viljo Räkköläinen, M.D., Ph.D., 
Erkka Syvälahti, M.D., Ph.D., and Jarmo Hietala, M.D., Ph.D.

Objective: Recent in vivo imaging studies indicate a dysregulated presynaptic function
of the striatal dopaminergic system in patients with schizophrenia. To further explore the
basis of this phenomenon, the authors studied brain dopamine transporter binding in vivo
in patients with first-episode, never-medicated schizophrenia. Method: Nine patients with
schizophrenia and nine healthy matched comparison subjects were recruited. Striatal
dopamine transporter binding was measured with positron emission tomography and a
specific dopamine transporter ligand, [18F]CFT, a radiolabeled form of 2β-carbomethoxy-
3β-(4-fluorophenyl)tropane. Results: Average caudate and putamen dopamine transporter
binding potentials were almost identical in the patients and comparison subjects, but the
patients lacked the right-left asymmetry of the caudate dopamine transporter binding seen
in the comparison group. Conclusions: Average striatal dopamine transporter density is
unaltered in neuroleptic-naive patients with schizophrenia. However, patients lack asym-
metry in caudate dopamine transporter binding, which conforms with disrupted brain later-
alization in this disorder. 

(Am J Psychiatry 2000; 157:269–271)

Recent in vivo imaging studies have provided direct
evidence for altered presynaptic dopamine function in
neuroleptic-naive patients with schizophrenia. Pre-
synaptic dopamine synthesis capacity (1, 2) and am-
phetamine-stimulated dopamine release (3, 4) in the
striatum are, on average, enhanced in patients with
schizophrenia. In addition, the right-left asymmetry of

the dopamine synthesis capacity seen in the caudate of
young, healthy comparison subjects is lost in neurolep-
tic-naive patients with schizophrenia (1, 2). The
dopamine transporter is a protein located on the pre-
synaptic membrane of the dopaminergic synapse, and
its density has been shown to correlate well with the
density of dopaminergic nerve terminals (5). To further
examine the basis of altered presynaptic dopamine
function in patients with schizophrenia, we studied
dopamine transporter binding in nine first-episode,
neuroleptic-naive patients and nine matched compari-
son subjects by means of positron emission tomogra-
phy (PET) and a radiolabeled form of 2β-carbo-
methoxy-3β-(4-fluorophenyl)tropane, [18F]CFT (6).

METHOD

This study was approved by the ethics committee of the University
of Turku/Turku University Central Hospital, Turku, Finland, and
was performed in accordance with the ethical standards of the Dec-
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laration of Helsinki. After a complete description of the study to the
subjects, written informed consent was obtained.

Nine neuroleptic-naive patients (six men and three women) who
met the DSM-III-R criteria for schizophrenia were recruited from
Turku City Psychiatric Hospital and Keropudas Psychiatric Hospital
(Tornio, Finland). In addition, nine age- and gender-matched healthy
volunteers with no history of mental or physical illness or substance
abuse were recruited. The mean ages were 30.1 years (SD=7.0) and
29.9 years (SD=5.6) in the patient and comparison groups, respec-
tively. At the time of the PET scan, the patients had a median dura-
tion of active illness of 9 months (range=9–39) and a median total
duration of illness of 19 months (range=9–120), including prodro-
mal symptoms. The prodromal phase was estimated by using the
prodrome criteria from DSM-III-R. The severity of the symptoms
and symptom dimensions was derived from the Positive and Nega-
tive Syndrome Scale (7). The ratings were carried out by a senior
psychiatrist (H.V.) within 1 day of the PET scan. The mean Positive
and Negative Syndrome Scale score was 73 (SD=23, range=41–114).

The dopamine transporter density was measured with PET by us-
ing [18F]CFT as a tracer (6). PET experiments were performed by us-
ing a whole-body PET scanner (ECAT 931/08-12, Computer Tech-
nology & Imaging, Knoxville, Tenn.). Injected doses of [18F]CFT
were 4.2 mCi (SD=0.7) and 4.3 mCi (SD=0.4) for the comparison
and schizophrenic groups, respectively. Each subject also underwent
a T1-weighted, 1.5-T magnetic resonance imaging scan (Siemens
Magnetom, Iselin, N.J.). Anatomical regions of interest (the caudate,
putamen, and cerebellar cortex) were drawn without the knowledge
of patient diagnosis on magnetic resonance images resliced accord-
ing to the PET slices. The tracer uptake was quantified as a mean
binding potential ratio 3.5–4.5 hours after the injection (6). To eval-
uate the asymmetry of striatal binding values, we calculated an
asymmetry index, (right – left)/(right + left).

Student’s independent-sample t tests or two-way repeated mea-
sures analyses of variance (ANOVAs) were used to compare groups;
paired t tests were used for right-left comparisons within groups.
Relationships between [18F]CFT binding and symptoms were stud-
ied with Pearson’s correlation analysis. The effect of illness duration
on [18F]CFT binding was studied with analysis of covariance
(ANCOVA) by using age as a covariate; p values of less than 0.05
were considered statistically significant. For power analyses, values
of 0.05 and 0.8 were used for alpha and beta, respectively.

RESULTS

The average striatal [18F]CFT binding potentials
were almost identical in the comparison and patient
groups: mean=4.50 (SD=0.54) and mean=4.56 (SD=
0.57), respectively, in the caudate (t=–0.24, df=16, p=

0.81, independent-samples t test); and mean=4.81
(SD=0.41) and mean=4.86 (SD=0.59) in the putamen
(t=–0.20, df=16, p=0.84, independent-samples t test).
However, two-way ANOVAs indicated a significant
interaction between group and hemisphere in the cau-
date (F=10.00, df=1, 16, p=0.01 but not in the puta-
men (F=1.67, df=1, 16, p=0.21) (figure 1). Post hoc
paired t tests revealed significantly higher (6.7%)
[18F]CFT binding in the right caudate than in the left
in the comparison group: mean=4.64 (SD=0.62) and
mean=4.35 (SD=0.48) in the right and left caudate, re-
spectively (t=3.50, df=8, p=0.01). In the schizophrenic
group, no asymmetry was found: mean=4.53 (SD=
0.58) and mean=4.59 (SD=0.59) in the right and left
caudate (t=–0.75, df=8, p=0.48). No asymmetry was
seen in the putamen in either group. The total dura-
tion of the illness, but not the duration of active ill-
ness, correlated with [18F]CFT binding in the putamen
(r=–0.77, df=6, p=0.03, ANCOVA, with age as a co-
variate) but not in the caudate. None of the [18F]CFT
uptake parameters correlated with any of the rated
symptom dimensions.

DISCUSSION

Our results indicate that average in vivo striatal
dopamine transporter binding, an index of dopaminer-
gic innervation density (5), is not altered in neurolep-
tic-naive patients with schizophrenia. The group in our
study was relatively small, but according to the power
analysis, it would have been adequate to detect group
differences of approximately 15%. Our findings are
supported by postmortem studies, which indicate no
change in dopamine transporter binding in patients
with schizophrenia (5), although neuroleptic-treated
patients with chronic schizophrenia in those studies
cannot be directly compared to our patients. In con-
trast to this, increased presynaptic dopamine function
is a relatively well-documented phenomenon in schizo-
phrenia at the group level and in neuroleptic-naive pa-
tients (1–4). Our report indicates that striatal dopa-
minergic hyperactivity in schizophrenia is due to the
increased activity rather than to the increased density
of dopaminergic terminals in the striatum. The nega-
tive correlation between the total duration of illness
and dopamine transporter density was clearly caused
by the three patients with the longest illness durations
and must be further explored.

According to our results, young, healthy people
have, on average, a higher density of dopamine trans-
porters in their right than left caudate. To our knowl-
edge, this is the first time lateralized dopamine trans-
porter density in normal human brains has been
reported. However, no asymmetry was found in the
caudate of patients. In the putamen, no asymmetry of
dopamine transporter binding was seen in either
group. These observations are practically identical to
those seen in an independent study of neuroleptic-na-
ive patients with schizophrenia who were studied with

FIGURE 1. Asymmetry of Dopamine Transporter Binding in
the Caudate and Putamen of Healthy Comparison Subjects
(N=9) and Patients With Schizophrenia (N=9)a

a Dopamine transporter binding measured as uptake of [18F]CFT
shown by PET. Asymmetry index (right – left/right + left). Black
horizontal lines indicate mean values.
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6-[18F]-fluorodopa (1, 2). This indicates both struc-
tural and functional impairment of the lateralization of
dopaminergic neurons projecting to the caudate. The
fact that the disrupted pattern in dopaminergic inner-
vation is seen in the caudate rather than in the puta-
men is reasonable, since the caudate has extensive in-
terconnections with limbic and cortical regions and
preferential involvement in emotional processes and
cognition (8).

In conclusion, these results support dysregulation of
the striatal presynaptic dopamine system in patients
with schizophrenia and indicate the following.

1. Average striatal dopamine transporter binding is
unchanged in neuroleptic-naive patients with first-epi-
sode schizophrenia, which suggests that the previously
reported dysregulation in striatal presynaptic dopa-
mine function in patients with schizophrenia is not due
to an altered number of dopaminergic terminals.

2. The asymmetry in dopamine transporter binding
in the caudate is lost in about one-half of the patients
with schizophrenia. This phenomenon is probably a
part of a larger disturbance of structural and func-
tional brain asymmetry in patients with this disorder.
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