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Objective: Dopaminergic abnormalities
in frontal-subcortical circuits have been
hypothesized as the underlying patho-
physiologic mechanism in Tourette’s syn-
drome. The objective of this study was to
test the hypothesis that presynaptic dopa-
mine release from the striatum is abnor-
mal in adults with Tourette’s syndrome.

Method: Seven adults with Tourette’s
syndrome and five age-matched compar-
ison subjects each received two positron
emission tomography (PET) scans with
high specific activity [11C]raclopride. The
first scan followed an intravenous injec-
tion of saline; the second followed an in-
travenous injection of amphetamine. The
relative dopamine release was estimated
as the percentage difference in binding
potential between the postsaline and post-
amphetamine scans.

Results: Binding potential determined af-
ter the initial [11C]raclopride scan did not

significantly differ between Tourette’s syn-
drome and comparison subjects. After am-
phetamine challenge, the mean value of
intrasynaptic dopamine in the putamen
(as determined by true equilibrium bolus
estimation) increased by 21% in the sub-
jects with Tourette’s syndrome and did not
change in the comparison subjects; the
mean values increased by 16.9% and de-
creased by 1.8%, respectively, when mea-
sured by the constrained method. Dopa-
mine release in the caudate region was
not significantly different in the Tourette’s
syndrome and comparison subjects.

Conclusions: Greater putamen dopamine
release was seen in adults with Tourette’s
syndrome than in comparison subjects af-
ter a pharmacologic challenge with am-
phetamine. These results suggest that the
underlying pathobiology in Tourette’s
syndrome is a phasic dysfunction of dopa-
mine transmission.

(Am J Psychiatry 2002; 159:1329–1336)

Tourette’s syndrome is an inherited neuropsychiatric
disorder that appears in childhood and is characterized by
the presence of chronic motor and vocal tics that have a
waxing and waning course (1). Although the exact neu-
roanatomic localization of Tourette’s syndrome remains
unknown, increasing evidence supports pathophysiologic
involvement of frontal-subcortical circuits (2–5). On the
basis of, in part, the distribution of classical neurotrans-
mitters within these pathways, a variety of transmitters
have been hypothesized to have a pathobiologic role in
this syndrome.

The possibility of a dopaminergic abnormality in Tou-
rette’s syndrome continues to receive strong consideration
because of the therapeutic response to neuroleptics, pre-
liminary data from postmortem studies, and a variety of
nuclear imaging protocols (2, 6, 7). The present positron
emission tomography (PET) study was designed to inves-
tigate dopamine release in adults with Tourette’s syn-
drome and a comparison group of healthy subjects.

Hypotheses invoking the role of dopamine in Tourette’s
syndrome have suggested abnormalities of both post- and
presynaptic function, such as supersensitive dopamine
(D) receptors, dopamine hyperinnervation, and abnormal
presynaptic terminal function. The possibility of abnor-

mal postsynaptic receptors was initially suggested by find-
ings of reduced basal and turnover levels of a dopamine
metabolite, homovanillic acid, in cerebrospinal fluid that
were restored to normal after the administration of halo-
peridol (6, 8, 9). Limited studies of D1 and D2 receptor
binding in postmortem striatal tissue have shown differ-
ences between Tourette’s syndrome and comparison sub-
jects, but none that reached significance (7). Investiga-
tions of D2 receptors by PET and single photon emission
computed tomography (SPECT) have produced inconsis-
tent findings in studies involving Tourette’s syndrome pa-
tients and comparison subjects (10–13). Two studies have
supported the hypothesis that the dopamine receptor is
involved in the neurobiology of Tourette’s syndrome. In a
study of five sets of identical twins, greater [123I]iodoben-
zamide ([123I]-IBZM) binding observed in the head of the
caudate nucleus was associated with greater tic severity
(12). In our PET study with a spiperone derivative, [11C]3-
N-methylspiperone, Bmax levels above the 95th percentile
prediction limit (normal regressed against age) were ob-
served in four of 20 adult subjects, and multiple linear re-
gression analyses revealed a trend between the severity of
vocal tics and Bmax values (13). In contrast to studies re-
porting D2 receptor changes, other studies in which [123I]-
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IBZM or [11C]raclopride was used did not show differences
(10, 11).

Attempts to provide support for postulated dopamine
hyperinnervation (i.e., greater number of dopamine ter-
minals) by PET or SPECT binding have resulted in conflict-
ing reports. For example, a small study that used [123I]β-
CIT SPECT found that striatal dopamine transporter bind-
ing was higher in five adults with Tourette’s syndrome than
in a group of comparison subjects (14). In a second study
that used a similar technique, the mean striatal activity ra-
tio was significantly higher in Tourette’s syndrome pa-
tients, and five of 12 Tourette’s syndrome subjects showed
striatum/occipital cortex ratios more than two standard
deviations above the normal mean (15). In contrast, other
investigators who used SPECT or PET techniques in adult
patients with Tourette’s syndrome reported no difference
in dopamine transporter binding relative to that seen in
comparison subjects (16, 17). Studies evaluating dorsal
striatal dopaminergic innervation, by use of in vivo mea-
sures of vesicular monoamine transporter type 2 binding
with the ligand (+)-alpha-[11C]dihydrotetrabenazine,
showed no differences between Tourette’s syndrome sub-
jects and age-compatible normal comparison subjects
(18). These results suggest that there is no increase in stri-
atal innervation but do not exclude an abnormality in the
regulation of dopamine release or reuptake. Last, a third
dopamine proposal implicates a presynaptic dopamine
abnormality involving dopa decarboxylase activity. In a
PET study, 11 adolescents with Tourette’s syndrome accu-
mulated [18F]fluorodopa at a level 25% higher in the left
caudate nucleus and 53% higher in the right midbrain rel-
ative to levels seen in comparison subjects (19). The au-
thors suggested that upregulation of dopa decarboxylase
activity could explain these alterations and that the pro-
cess reflects deficits in a variety of functional elements of
the dopamine system.

In order to evaluate dopamine release in Tourette’s syn-
drome, we intravenously administered a central stimulant
(amphetamine) that enhances dopamine release and
blocks its reuptake (20). Analogous studies with such a
provocative stimulant challenge have been performed in
rodents (21), baboons (22), normal humans (23), and in
patients with schizophrenia (24, 25) and cocaine depen-
dence (26). In the current study, each subject underwent
two [11C]raclopride PET scans: one after intravenous ad-
ministration of saline and the second after amphetamine
was intravenously administered to induce dopamine re-
lease. Studies that have used a stimulant challenge fol-
lowed by either PET or SPECT binding have demonstrated
greater dopamine release in individuals with schizophre-
nia (24, 25) and decreased release in those with cocaine
dependence (27). Application of the amphetamine stimu-
lation technique to adults with Tourette’s syndrome sug-
gests that tics may be associated with higher intrasynaptic
levels of dopamine.

Method

Subjects

Seven adult male subjects with Tourette’s syndrome (mean
age=37 years, range=19 to 50) were voluntary participants. This
study was approved by the Johns Hopkins University School of
Medicine’s Joint Committee on Clinical Investigation, and written
informed consent was obtained after complete description of the
study to the subjects. All fulfilled the diagnostic criteria for
Tourette’s syndrome as defined by the Tourette Syndrome Classi-
fication Study Group (28). The mean age of tic onset was 6 years
(range=3–12). Four (57%) reported a family history of tics. Life-
time global tic severity was determined for each subject on the
basis of history, clinical observation, and two tic severity scales
(the Yale Global Tic Severity Scale [29] and the Hopkins Motor and
Vocal Tic Severity Scale [30]). The seven subjects had global life-
time rankings of mild/moderate (N=2), moderate (N=2), moder-
ate/severe (N=2), and severe (N=1). The mean baseline total score
on the Yale Global Tic Severity Scale obtained on the day of the
PET scan was 38 (SD=9, range=20–45). No subject was receiving
medication at the time of the study. No patient had received tic-
suppressing medication within the 6 months before the PET
study. Two subjects had never received tic-suppressing medica-
tion, whereas three had received prior treatment with neurolep-
tics. All Tourette’s syndrome subjects had nonfocal neurological
examination results and normal levels of cognitive functioning as
determined by clinical assessment. Six patients reported a history
consistent with attention deficit hyperactivity disorder (ADHD),
but no additional attempt was made to confirm this diagnosis.
Obsessive-compulsive disorder (OCD), evaluated by a structured
interview, was diagnosed in two (29%) of the seven subjects.

The tic-free comparison group consisted of five age-matched
adults (three men and two women; mean age=40 years, range=
20–53) recruited from hospital personnel and the local commu-
nity by newspaper advertisements. All subjects provided a medi-
cal history and underwent a physical examination; one subject
reported a history of alcohol dependency but denied current use.

Imaging Protocols

Each subject underwent a magnetic resonance imaging (MRI)
scan before the PET scan to ensure accurate measurement of re-
gional radiotracer activity. A spoiled gradient recall volumetric ac-
quisition with a T1-weighted sagittal scout image was obtained
for identification of the anterior commissure-posterior commis-
sure line. A form-fitted thermal plastic facial mask with laser
markings was used to guarantee similar head placement during
both the MRI and PET scans.

Each subject underwent two PET scans with high specific ac-
tivity [11C]raclopride. The first scan followed an intravenous in-
jection of saline; the second scan followed an intravenous injec-
tion of amphetamine. This fixed sequence of injections mimics
scanning protocols used in studies of individuals with schizo-
phrenia and cocaine abuse (24, 25, 27). Both studies were per-
formed on the same day with a time interval of about 4.5 hours
between scans. Equal volumes of either saline or amphetamine
(0.3 mg/kg) were administered intravenously over 90 seconds, 5
minutes before the raclopride injection. Approximately 20 mCi of
[11C]raclopride (range=17.99 to 21.82; mass <10 µg) was adminis-
tered by intravenous bolus injection over 20 seconds. No signifi-
cant differences in raclopride mass per body weight were seen be-
tween Tourette’s syndrome and healthy comparison subjects.

PET images were acquired on a GE 4096 Plus PET scanner. Each
PET scan consisted of 50 sequences, ranging from 15 seconds to 6
minutes in duration, and 15 contiguous 6-mm thick transaxial
brain slices over a 90-minute total acquisition period. A resolu-
tion of approximately 6 mm full width at half maximum was at-
tained by data reconstruction with a Hanning filter in a VAX com-
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puter. All scans had attenuation correction by use of the built-in
rotating pin source (10 mCi of Ge68) of the 4096 Plus PET scanner.
MRI-PET registration was performed by using a UNIX worksta-
tion and the computer program Register (31). Regions of interest
were drawn on multiple planes and then averaged.

Blood samples for plasma radioactive time curves were ob-
tained from a radial artery catheter with collection intervals rang-
ing from 3 seconds to 15 minutes over the 90-minute scanning.
Plasma was separated by centrifugation, and aliquots were as-
sayed in a gamma counter. The radioactive time curve was cor-
rected for the presence of radiolabeled metabolites. [11C]Raclo-
pride metabolites were assayed on blood samples at 5, 12, 20, 30,
45, 60, and 75 minutes after the injection by high-performance
liquid chromatography on a reverse-phase high-performance liq-
uid chromatography column (32).

Data Analysis: Parametric Analysis 
of [11C]Raclopride Distribution

Kinetic modeling analysis of the rate constants k1, k2, k3, and k4,
were obtained by using a four-parameter model as previously de-
scribed (13): k1 is the rate of clearance of ligand from the circula-
tion; k2 is the fractional clearance of ligand from the region of in-
terest to the plasma; k3 is the rate constant of binding to the D2

receptor; and k4 is the rate constant of release from the D2 recep-
tor. The k1/k2 ratio was constrained to be equal in the cerebellum
and putamen, and the k3/k4 ratio was examined in the putamen
and caudate. The relative dopamine release was estimated as the
percentage difference in binding potential (Bmax/KD), calculated
as the k3/k4 ratio, between postsaline and postamphetamine
scans. One Tourette’s syndrome subject was evaluated by using a
two-compartment model with the cerebellum as input, since

only arterialized venous blood was available for determination of
the plasma radioactive time curve (Figure 1).

Results

The mean binding potentials following the initial (post-
saline) and repeat (postamphetamine) [11C]raclopride
scans in Tourette’s syndrome and healthy comparison
subjects are presented in Table 1. Comparisons of the
mean postsaline results in Tourette’s syndrome and com-
parison subjects, measured by the constrained method
and true equilibrium bolus estimation (20, 33), showed no
significant differences.

Dopamine release induced by amphetamine was calcu-
lated by determining the percentage difference in binding
potential between the postsaline and postamphetamine
scans; larger percentage reductions indicate greater dopa-
mine release (Figure 2). Relative dopamine release in the
putamen as measured by true equilibrium bolus estima-
tion for the Tourette’s syndrome and healthy comparison
subjects was significantly different (Table 2), and this dif-
ference approached significance when the constrained
method was used. Changes in dopamine release did not
correlate with patient age, global tic severity ranking,
baseline Yale Global Tic Severity Scale, or presence of
OCD. Relative dopamine release in the caudate, as mea-

FIGURE 1. Typical Putamen and Cerebellum Plasma Radioactivity During [11C]Raclopride PET After Intravenous Adminis-
tration of Saline and Amphetamine in Tourette’s Syndrome (N=7) and Healthy Comparison (N=5) Subjectsa

a Plasma radioactivity time curves were determined by using a two-compartment model with the cerebellum as input, since only arterialized
venous blood was available for evaluation. The time curves above are from a 45-year-old male subject with Tourette’s syndrome.
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sured by either the constrained method or true equilib-
rium bolus estimation, did not significantly differ between
the Tourette’s syndrome and healthy comparison subjects.

Discussion

Dopamine has an important influence on frontal-sub-
cortical neurotransmission, either through presynaptic
effects on corticostriatal afferents or postsynaptic effects
on striatal neurons. In Tourette’s syndrome, dopamine
hypotheses have been proposed that suggest either an ex-
cess of dopamine or an increased sensitivity to the neu-

rotransmitter. Although several SPECT and PET studies
have suggested that some individuals may have super-
sensitive D2 receptors (12, 13), concerns about these in-
vestigations include the effect of prior pharmacotherapy
and the lack of compelling evidence that this is the pri-
mary abnormality in the majority of subjects. In the
present investigation, similar to a prior PET study with
[11C]raclopride (11) and a SPECT study with [123I]-IBZM
(10), mean binding potential following the saline infusion
did not significantly differ between Tourette’s syndrome
and comparison subjects. These results could be inter-
preted as reflecting normal D2 receptor levels; however,
several investigators have claimed that benzamide radio-
ligands have greater susceptibility to endogenous dopa-
mine that may, in turn, mask Bmax differences (34, 35). A
second hypothesis, which proposes dopaminergic hy-
perinnervation, is negated in part by findings of normal
presynaptic striatal dopamine terminals as determined by
quantifying regional densities of dopamine transporter
and vesicular monoamine transporter type 2 (17, 18). Nev-
ertheless, although there may be normal numbers of
dopamine terminals, a functional alteration of dopamine
reuptake or dopamine release remains possible.

Volkow and colleagues (23, 27) pioneered the use of a
methylphenidate plus [11C]raclopride PET binding
method to measure intrasynaptic dopamine content and
subsequently showed levels to be diminished in cocaine
users. Laruelle et al. (24) substituted intravenous amphet-
amine for methylphenidate and, using [123I]-IBZM SPECT,
reported significantly greater dopamine release in adult
schizophrenic patients than in normal comparison sub-
jects. The fixed scan order (saline first, then amphetamine)
is the standard protocol for all such bolus studies and is not
considered a potential confound (23, 36, 37). In fact, the
initial use of amphetamine could result in a possible carry-
over effect and a necessary prolonged delay before the sa-
line study. A smaller magnitude of change in our compari-
son subjects, relative to that reported in other protocols
(24, 25, 38), is believed to be due to our use of a bolus injec-
tion of amphetamine that was not followed by a constant
infusion.

TABLE 1. Putamen and Caudate Binding Potential Determined With [11C]Raclopride PET After Intravenous Administration
of Saline and Amphetamine in Tourette’s Syndrome (N=7) and Healthy Comparison (N=5) Subjects

Region and Group

Binding Potential (k3/k4)a

Constrained Method True Equilibrium Bolus Estimationb 

After Saline
Administration

After Amphetamine 
Administration

After Saline
Administration

After Amphetamine 
Administration

Mean SD Mean SD Mean SD Mean SD
Putamen

Tourette’s syndrome subjects 3.75 0.32 3.10 0.37 3.31 0.37 2.61 0.48
Comparison subjects 3.61 0.74 3.57 0.20 3.02 0.63 2.95 0.38

Caudate
Tourette’s syndrome subjects 2.98 0.37 2.81 0.42 2.58 0.48 2.41 0.42
Comparison subjects 3.32 0.54 3.15 0.20 2.80 0.40 2.62 0.20

a k3 is the rate constant of binding to the D2 receptor, and k4 is the rate constant of release from the D2 receptor.
b Binding potential was calculated specifically at the time of equilibrium, when the rate of change of the bound radiotracer was precisely zero.

FIGURE 2. Putamen Dopamine Release Determined With
[11C]Raclopride PET as Measured by True Equilibrium
Bolus Estimationa in Healthy Comparison and Tourette’s
Syndrome Subjects

a Binding potential was calculated specifically at the time of equilib-
rium, when the rate of change of the bound radiotracer was pre-
cisely zero.

b Difference in binding potential between postsaline and postam-
phetamine scans. Larger percentage reductions (i.e., more negative
values) indicate greater dopamine release.
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The present study suggests that after a stimulant chal-
lenge, there is a greater release of dopamine in the puta-
men of adults with Tourette’s syndrome relative to that
seen in comparison subjects. Although the total number
of subjects in our study is limited, the comparison group
had dopamine release measures in the putamen consis-
tent with prior reports that used an amphetamine [123I]-
IBZM SPECT paradigm (24). In the putamen of Tourette’s
syndrome subjects, values of intrasynaptic dopamine as
measured by true equilibrium bolus estimation increased
by 21% after amphetamine challenge, which was signifi-
cantly larger than that seen in the comparison group. The
difference in relative dopamine release in the putamen be-
tween Tourette’s syndrome and comparison subjects ap-
proached significance when the less sensitive constrained
method of analysis was used. Although the change in
dopamine release appears unrelated to age, tic severity,
and OCD, whether it is associated with other symptoms,
such as ADHD, remains unclear. Dopamine transporter
density, measured by SPECT, has been shown to be greater
in adults with ADHD than in healthy comparison subjects
(39). Although global tic severity ranking did not correlate
with the degree of dopamine release, potential explana-
tions include the small number of study subjects and
characteristics relating to tics, i.e., their natural variability,
possible improvement over time, and exacerbation by ex-
ternal factors such as stress, anxiety, fatigue, or the pres-
ence of infection (40–42).

Intrasynaptic release of dopamine in the caudate of
Tourette’s syndrome subjects was not significantly differ-
ent from that of the comparison subjects. It is possible that
differences in the caudate were partially obscured by
methodological issues—a greater effect of partial volume
due to a smaller caudate area and the finite resolution of
the PET scanner. It is also possible that, consistent with
volumetric MRI studies that have shown changes in sym-
metry or size of the putamen but little alteration of the
caudate (43, 44), the putamen is the primary site of pathol-
ogy in Tourette’s syndrome.

Although similar differences in putamen dopamine re-
lease were recorded when either true equilibrium bolus
estimation or the constrained method of measurement

was used, differences as measured by true equilibrium bo-
lus estimation had greater significance. This is consistent
with the belief that true equilibrium bolus estimation is a
more optimal representation of binding potential and, in
turn, the measurement of intrasynaptic dopamine release.
In this relatively new method, binding potential and Bmax,
when used with a low specific activity injection, is calcu-
lated specifically at the time of equilibrium when the rate
of change of the bound radiotracer is precisely zero follow-
ing a bolus injection (13, 33). Of the various methods for
obtaining binding potential after a bolus injection, true
equilibrium bolus estimation is considered the most
appropriate.

Explanations for the higher intrasynaptic dopamine lev-
els in the putamen of Tourette’s syndrome subjects follow-
ing amphetamine stimulation are speculative. Among sev-
eral possibilities are an increase in release of dopamine
from the presynaptic terminal secondary to a localized de-
fect in the release mechanism; a lack of presynaptic inhi-
bition; an increase in firing of presynaptic neurons; or a
functional defect in dopamine reuptake from the synaptic
cleft. The modulation of dopamine release involves a
complex interaction of reciprocal autoreceptor and heter-
oreceptor control (45, 46). For example, the release of
dopamine is inhibited by activation of α2 adrenergic re-
ceptors (47, 48) and facilitated by serotonin-1A receptors
(45). Furthermore, although levels of dopamine trans-
porter binding may be affected in only some patients with
Tourette’s syndrome (15), a functional abnormality of
dopamine reuptake from the synaptic cleft could elevate
dopamine levels in synaptic vesicles, and, in turn, increase
dopamine release.

An alternative unifying hypothesis could lie in the tonic-
phasic model of dopamine release (49). Based on electro-
physiological and neurochemical data, two types of dopa-
mine kinetics exist in the extracellular space. Tonic dopa-
mine, which exists extracellularly in low concentration,
determines the long-term or homeostatic mechanism.
This “basal” level of dopamine is defined primarily as an
extrasynaptic measure and calculated by use of microdial-
ysis and electrophysiologic measurements. Dopamine au-
toreceptors (D2 and D3 subtypes) are proposed as regula-

TABLE 2. Putamen and Caudate Dopamine Release Determined With [11C]Raclopride PET as Measured by the Constrained
Method and True Equilibrium Bolus Estimationa in Tourette’s Syndrome (N=7) and Healthy Comparison (N=5) Subjects

Region and Method

Dopamine Release (%)b

Between-Group Difference
Tourette’s Syndrome 

Subjects
Healthy Comparison 

Subjects Analysis

Mean SD Mean SD Mean 95% CI t df p
Putamen

Constrained method –16.9 10.9 1.8 19.7 18.7 –0.9 to 38.4 2.1 10 0.06
True equilibrium bolus estimation –21.0 12.7 0.0 18.5 21.0 1.1 to 40.9 2.3 10 0.04

Caudate
Constrained method –4.9 14.7 –2.7 20.2 2.2 –20.2 to 24.5 0.2 10 0.83
True equilibrium bolus estimation –5.3 16.8 –5.3 8.7 0.0 –20.7 to 20.7 –0.002 9 0.99

a Binding potential was calculated specifically at the time of equilibrium, when the rate of change of the bound radiotracer was precisely zero.
b Difference in binding potential between postsaline and postamphetamine scans. Larger percentage reductions (i.e., more negative values)

indicate greater dopamine release.
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tors of tonic dopamine control (46). Phasic dopamine is
the spike-dependent dopamine released primarily into
the synapse. It can escape the synaptic cleft with sufficient
stimulation or when an uptake blocker is given in high
concentrations. Intrasynaptic dopamine release induced
by the use of stimulant challenges, such as with amphet-
amine, has been proposed as a surrogate measurement for
phasic dopamine. The tonic-phasic model has been used
to explain an increase in dopamine release observed in
patients with schizophrenia (24, 25, 49, 50).

Clinical and imaging studies, including our dopamine
release data, are consistent with the possibility that the
underlying pathobiology in Tourette’s syndrome is an ab-
normal regulation of the phasic dopamine response re-
sulting in a hyperresponsive spike-dependent dopamin-
ergic system. Two basic mechanisms are proposed for
alteration of the phasic dopamine. The first is a lower sen-
sitivity of phasic dopamine to tonic stimulation. This is
unlikely, however, in view of the apparent marked respon-
siveness to a systemic dopamine agonist, as shown by the
increase in dopamine release following our amphetamine
challenge. A second possibility is a decrease in tonic dopa-
mine levels. We favor this latter concept on the basis of
lower levels of CSF HVA (6, 8, 9) and evidence for elevated
D2 receptors in some subgroups of Tourette’s syndrome
patients (13). If this is indeed the case, how does the de-
crease in tonic dopamine occur? Diminished tonic dopa-
mine levels could be secondary to a decrease in phasic
overflow from the synaptic cleft to the extracellular space,
but this is not likely because it conflicts with the observa-
tion of an increase in phasic dopamine release. A decrease
in tonic dopamine could be secondary to a diminished
cortical afferent input, i.e., tonic dopamine release is regu-
lated by cortical glutamatergic afferents (49). To our knowl-
edge, however, postmortem and neuroimaging studies
have not identified reduced cortical gray matter volume or
abnormal efferent output. Anderson et al. (51) evaluated
postmortem 13 brain regions from four Tourette’s syn-
drome patients and reported lower glutamate levels in the
globus pallidus and substantia nigra pars reticulata but
not in the putamen. Last, a decrease in tonic dopamine
levels could be secondary to an increase in activity of the
dopamine transporter, since the reuptake transporter de-
termines the concentration of extrasynaptic dopamine.
Hence, we propose that the essential underlying mecha-
nism in Tourette’s syndrome could be an overactive dopa-
mine transporter system. This situation would create
reduced levels of extracellular dopamine, higher concen-
trations of dopamine in the axon terminal, an increase in
stimulus-dependent dopamine release, autoreceptor su-
persensitivity at the presynaptic site, and an increase in
sensitivity to low-dose neuroleptics. Several clinical find-
ings in Tourette’s syndrome patients support the overac-
tive dopamine transporter hypothesis. For example, the
exacerbation of tics by stimulant medications (52, 53)
could be secondary to greater dopamine release from the

axon terminal. Environmental stimuli, such as stress, anx-
iety, and medications, well known to exacerbate tics, have
been shown to increase phasic bursts of dopamine. Last,
tic suppression with very low doses of neuroleptics (54)
may occur because there is less tonic dopamine available
for the neuroleptic to block.

Future PET studies involving larger numbers of Tou-
rette’s syndrome subjects and using techniques in which
measurements of D2 receptors, dopamine transporter, and
dopamine release are available for each subject should
provide further clarification of the dopaminergic system in
adults with Tourette’s syndrome. Confirmation of a release
abnormality in larger numbers of patients with Tourette’s
syndrome could, in turn, lead to the development of new
tic-suppressing pharmacotherapies.
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