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Objective: There is growing interest in
distinguishing the biological bases of sex
differences in behavior from environmen-
tal influences. Sex hormone levels seem
to be related to some cognitive abilities,
particularly memory, and the dopaminer-
gic system participates in the mediation
of memory. The dopamine transporter is
the primary indicator of dopaminergic
tone. This study investigated the relation-
ship between cognition and dopamine
transporter availability in healthy men
and women.

Method: Dopamine transporter levels
were measured with a technetium-99m
radiolabeled analog of cocaine, TRODAT-
1, in 66 healthy volunteers (30 men and
36 women). A neuropsychological battery
designed to target functions associated
with dopaminergic activity was adminis-

tered during the uptake interval between
the radiopharmaceutical injection and
image acquisition.

Results: Women and younger participants
had higher dopamine availability in the
caudate nucleus, and these groups also
performed better on verbal learning tasks.
Furthermore, dopamine transporter avail-
ability was correlated with learning per-
formance within groups. Relationships
between dopamine availability in the cau-
date and putamen and executive and mo-
tor functioning were observed in women,
but not in men.

Conclusions: The results provide further
evidence for age effects and sex differ-
ences in the neuromodulatory influences
of dopamine on behavior in humans.

(Am J Psychiatry 2001; 158:1492–1499)

Sex differences in behavior have both cultural (1) and
biological (2–4) underpinnings. Some hormonal modula-
tion of behavior has been established (5, 6), and in hu-
mans, dopamine neural transmission participates in the
mediation of motor and cognitive tasks. Pharmacological
or pathophysiological depletion of dopamine is associ-
ated with performance decrements, independent of age-
associated loss of neural tissue (7, 8). For example, neu-
ropsychiatric and movement disorders, including Parkin-
son’s disease and Huntington’s disease, are associated with
disturbances in dopamine transmission resulting from
basal ganglia lesions (9, 10). Estrogen regulates dopamine
transmission (11–13), perhaps in an antidopaminergic
fashion in women (14). Estrogen receptors are found in
cortical and subcortical areas, including the dopamine-
rich caudate and putamen (15, 16).

The dopamine transporter serves as a primary regulator
of intrasynaptic dopamine levels (17) by means of the re-
uptake of dopamine and the resultant termination of its
neurotransmission (17, 18). The concentration of the
dopamine transporter reflects the homeostatic tone of the
dopaminergic system (17, 19). Ligand binding and in situ
hybridization studies in mice have demonstrated that
animals with deficient dopamine transporters have fewer
dopamine receptors (D1 and D2) in the basal ganglia (17),
structures that are important in cognitive and motor
functioning (9).

The basal ganglia, amygdala, and thalamus are subcor-
tical limbic structures (20). The basal ganglia are com-
posed of the striatum, including the caudate and puta-
men, and the pallidum (9). The striatum receives input
from the neocortex, the thalamus, and the amygdala and
sends information to the brainstem and, by means of the
thalamus and other areas of the basal ganglia, back to the
prefrontal and motor frontal lobe regions (9, 21). The ante-
rior cingulate and the orbitofrontal region are two frontal
subcortical circuits that involve the basal ganglia (20).
More specifically, there are connections between the cau-
date and the pallidum and orbitofrontal regions, as well as
the hippocampus and posterior cingulate (20). Ventral ar-
eas of the striatum and pallidum are connected with the
anterior cingulate. As supported by studies of patients
with basal ganglia lesions, the caudate is thought to be rel-
atively more involved in complex cognitive functioning,
whereas the putamen and globus pallidus are largely mo-
tor structures (10).

Behavioral studies have demonstrated sex differences in
the performance of some tasks associated with dopamin-
ergic neurotransmission. For example, women perform
better than men on verbal learning tasks (22, 23). In addi-
tion, verbal learning performance deteriorates with age
and is adversely affected by menopause (24, 25). Several
authors have reported that men outperform women on
measures of motor functioning, including fine motor
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speed (26, 27). Although there have been studies demon-
strating the role of the basal ganglia in motor learning (28,
29) and visuomotor coordination and learning (28, 30–32),
studies of sex differences are lacking. One exception is an
early study (33) reporting male superiority in the acquisi-
tion of mirror drawing by means of mental imagery during
early learning trials. By the final trial, however, the perfor-
mance of men and women was comparable.

Taken together, these findings suggest sex differences in
the neuromodulatory effects of dopamine on behavior.
However, studies of the coupling between dopamine and
behavior in humans are lacking because of the scarcity of
reliable ligands for measuring dopamine transporter
availability.

TRODAT-1, a technetium-99m-labeled complex ([99mTc]
[2[[2-[[[3-(4-chlorophenyl)-8-methyl-8-azabicyclo[3.2.1]
oct-2-yl]-methyl](2-mercaptoethyl)amino]ethyl]amino]
ethane-thiolato(3-)-N2,N2′,S2,S2′]oxo-[1R-(exo-exo)]), was
developed as an effective dopamine transporter imaging
agent (34). This study investigated the relationship between
dopaminergic function and behavior in healthy volunteers
who underwent single photon emission computed tomog-
raphy (SPECT) with TRODAT-1 and were administered a
neuropsychological battery designed to target functions as-
sociated with dopaminergic activity.

Method

Respondents to advertisements placed around the university
community were screened to rule out a history of any medical,
neurologic, or psychiatric conditions or events that could poten-
tially affect brain function or structure.

The study group consisted of 66 healthy volunteers (30 men
and 36 women; mean age=41.1 years, SD=17.9, range=18–75).
Their mean level of education was 16.0 years (SD=2.6, range=12–
20). The mean age for the men (43.8 years, SD=17.4) was compa-
rable to the mean age for the women (38.9 years, SD=18.2) (t=1.12,
df=64, p=0.27). The mean level of education for the men (16.3
years, SD=2.6) was also comparable to the mean level of educa-
tion for the women (15.7 years, SD=2.6) (t=0.87, df=64, p=0.39).
Most participants were right-hand dominant (right: N=60, left: N=
4, ambidextrous: N=2). There were no significant differences in
age, race, or education between the men and women overall. The
young and older participants did not differ significantly on edu-
cation. Demographic characteristics are shown in Table 1.

After complete description of the study to the subjects, written
informed consent was obtained in accordance with the proce-
dures of the local Committee on Research Involving Human Be-
ings. After the study, the participants received financial compen-
sation for their time.

All studies were performed in the morning. After placement of
an intravenous line in an antecubital vein, the participants rested
in a supine position for 20 minutes to reduce any stress that might
have resulted from the insertion of the catheter. Vital signs were
taken every 5 minutes, and ECG rhythm strips were recorded con-
tinuously. About 740 MBq (SD=74) (20 mCi) of technetium-99m-
labeled TRODAT-1 were then injected as a fast bolus chased with
saline through a catheter while planar brain images were ac-
quired for 1 second per frame for 1 minute. The subjects rested for
25 minutes after the injection. The acquisition of dynamic images
began 3 hours after the administration of the radioligand. In the

interim, the subjects completed the neuropsychological battery
and had lunch.

A neuropsychological battery composed of measures of func-
tions related to dopaminergic activity was administered by an in-
vestigator (L.H.M.) according to standardized administration
procedures. Verbal learning and memory were assessed with the
Pennsylvania Verbal Learning Test, a five-trial, 16-item list-learn-
ing task modeled after the California Verbal Learning Test (35)
and composed of stimuli from the Hopkins Verbal Learning Test
(36). The Pennsylvania Verbal Learning Test consists of five learn-
ing trials of the original word list, the presentation of a second
(distractor) list, immediate free recall of the first list, and cued
(categorical) recall of the first list. Long-delay free and cued recall
trials were administered after a 20-minute delay. Fine motor
speed and coordination were measured with a modification of
the Finger Tapping Test (37–39) (three trials per hand), the
Grooved Pegboard test (40), and the Thumb-Finger Sequential
Touch test (41). Verbal inhibition and executive functioning were
assessed by using a computerized version of the color-word trial
of the Stroop Test (42–44). The task consisted of congruent trials,
in which the color that the word was printed in matched the word

TABLE 1. Demographic Characteristics of Younger and
Older Healthy Volunteers in Study of Cognition and
Dopamine Transporters

Characteristic

Younger Subjects 
(18 to 45 Years) 

(N=41)

Older Subjects 
(46 to 75 Years) 

(N=25)
Mean SD Mean SD

Age (years) 28.6 7.1 61.6 9.1
Education (years) 15.7a 2.4 16.4a 3.0

N % N %
Race

Caucasian 25 61.0 23 92.0
African American 10 24.4 2 8.0
Asian 4 9.8 0 0.0
Hispanic 2 4.9 0 0.0

Men
N N

Number
Observed 18b 12b

Expected 18.64 11.36

Mean SD Mean SD

Age (years) 31.7c 8.0 61.9d 10.1
Education (years) 16.2e 2.7 16.4f 2.5

Women
N N

Number
Observed 23b 13b

Expected 22.36 13.64

Mean SD Mean SD

Age (years) 26.2c 5.4 61.3d 8.4
Education (years) 15.3e 2.0 16.4f 3.6

a Nonsignificant difference between groups (t=0.98, df=64, p=0.33).
b Nonsignificant difference among sex/age groups (χ2=0.11, df=1,

p=0.75).
c Significant difference between younger men and women (t=2.63,

df=39, p=0.01).
d Nonsignificant difference between older men and women (t=0.18,

df=23, p=0.86).
e Nonsignificant difference between younger men and women (t=

1.19, df=39, p=0.24).
f Nonsignificant difference between older men and women (t=0.01,

df=23, p=0.99).
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content (e.g., “red” printed in red ink), and incongruent trials, in
which the text and color were discrepant (e.g., “red” printed in
blue ink). Divided attention and working memory were examined
with the Auditory Consonant Trigrams task (45, 46). Affective
screening included the State-Trait Anxiety Inventory (47) and the
Profile of Mood States (48).

Dynamic images and SPECT scans of the brain were acquired
on a triple-headed gamma camera equipped with ultra-high-res-
olution fan beam collimators (Picker 3000, Picker International,
Cleveland) at a framing rate of 5 minutes per scan. The acquisi-
tion parameters included a continuous mode with 40 projection
angles over a 120° arc to obtain data in a 128×128 matrix with a
pixel width of 2.11 mm and a slice thickness of 3.56 mm. The cen-
ter of rotation was always 14.0 cm, regardless of head size. After
back-projection, a simple, low pass filter was applied with an or-
der of 4 and a cutoff of 0.351 cm-1. A uniform ellipse was used to
estimate attenuation. The images were reinterpolated into 2×2×4-
mm voxels on another platform. Representative SPECT images
are shown in Figure 1.

A set of standardized templates delineating the basal ganglia
and the whole supratentorial brain was placed on a summed im-
age and transposed to each frame (49). To decrease potential
problems related to resolution uncertainties, each region of inter-
est was smaller than the actual structure it represented. The re-
gions of interest were placed only on the two contiguous slices
with the most intense activity to minimize problems associated
with volume averaging in the axial direction. Whole brain bound-
aries were drawn beginning 12 mm above the uppermost slice
containing any basal ganglia activity.

Dynamic scans were used to calculate specific uptake values,
representing the ratio of k3:k4 in a conventional three-compart-
ment model at equilibrium. The mean activity per pixel in each
region of interest across two slices was calculated (49), yielding
specific uptake values for homotopic regions of the left and right
hemispheres.

Results

Means and standard deviations for all neuropsychologi-
cal measures are shown in Table 2. Participants were di-
vided into young (N=41, age 18–45 years, 18 men and 23
women) and older (N=25, age 46–75, 12 men and 13
women) adults, and the memory and dopamine measures
were entered as outcome variables in a sex-by-age-group
multivariate analysis of variance (MANOVA) design. The
memory measure, memory performance z score, was cal-
culated as average z-transformed values (mean=0, SD=1,
relative to whole group means) for the following learning
and memory measures: 1) total words recalled during ac-
quisition (trials 1–5), 2) number of categorical clusters, an
indication of verbal organization (trials 1–5), 3) short-de-
lay free recall, and 4) number of clusters on short-delay
free recall. Specific uptake values for the hemispheric cau-
date and putamen were entered as repeated measures
(right versus left) of dopamine transporter availability.

The MANOVA on memory performance z score showed
a main effect of sex (F=4.43, df=1, 62, p=0.04), with the

FIGURE 1. Representative 60-Minute SPECT Brain Scans of
Younger and Older Healthy Volunteers

a The separation between the head of the caudate and putamen is
clearly visible.

Woman, Age 26

Man, Age 60Woman, Age 59

Man, Age 25a

TABLE 2. Performance on Measures of Neuropsychology
and Mood for 66 Healthy Volunteers

Measure N

Score

Mean SD
Pennsylvania Verbal Learning Test

Total of trials 1–5 66 54.13 12.30
Perseverations, trials 1–5 66 3.79 3.86
Intrusions, trials 1–5 66 1.57 2.48
Semantic clusters, trials 1–5 66 21.93 14.66
Short-delay free recall 66 11.63 3.59
Short-delay cued recall 66 12.57 3.16
20-minute long-delay free recall 66 12.33 3.60
20-minute long-delay cued recall 66 12.75 3.24

Auditory Consonant Trigrams task
0-second delay 64 14.94 0.24
3-second delay 65 12.14 2.58
9-second delay 65 9.44 3.09
0-second delay 65 8.53 3.11

Stroop Test
Number correct, congruent trials 56 29.20 1.54
Reaction time, congruent trials (msec) 56 849.11 169.71
Number correct, incongruent trials 56 25.51 6.43
Reaction time, incongruent trials (msec) 56 959.89 206.38

Finger Tapping
Right hand 64 46.17 6.83
Left hand 64 41.52 6.13

Grooved Pegboard
Right hand time (seconds) 64 72.86 21.34
Right hand drops 63 0.53 0.87
Left hand time (seconds) 64 81.57 35.11
Left hand drops 63 0.38 0.63

Thumb-Finger Sequential Touch
Right hand 62 8.32 2.34
Left hand 62 8.05 2.16

State-Trait Anxiety Inventory
State 65 34.91 9.10
Trait 61 36.02 9.70

Profile of Mood States
Tension 56 5.25 5.02
Depression 56 2.95 5.69
Confusion 56 4.93 3.84
Vigor 56 18.56 7.65
Anger 56 1.86 3.41
Fatigue 56 4.14 4.85
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women performing better than the men, a main effect of
age group (F=5.66, df=1, 62, p=0.02), with the younger par-
ticipants having higher values, and no interaction be-
tween sex and age group (Figure 2, left graph).

The MANOVA on the dopamine measures showed iden-
tical effects for the caudate, a main effect of sex (F=4.84,
df=1, 61, p=0.01), with the women having higher specific
uptake values, and a main effect of age group (F=13.45, df=
1, 61, p<0.001), with higher values in the younger partici-
pants. There was also an interaction between sex and age
(F=3.13, df=1, 61, p=0.05), indicating the sex difference
was larger in the younger than in the older group. For the
putamen, the main effect of age group was significant (F=
11.00, df=1, 60, p<0.001), with higher values in the younger
participants (Figure 2, right graph), and there was an inter-
action between sex and age group (F=3.40, df=1, 60, p=
0.04). The interaction reflected higher specific uptake val-
ues in the younger women than in the younger men, with
no sex differences in the older group. There were no main
effects or interactions involving laterality.

A correlational analysis generally supported the group
effects in showing robust coupling of the dependent
measures within each sex (Figure 3). In the men, the
memory performance z score correlated negatively with
age (r=–0.51, df=30, p=0.004) and positively with specific
uptake value in the caudate (r=0.43, df=30, p=0.02) but
not in the putamen. In the women, age and memory per-
formance z score were correlated (r=–0.40, df=36, p=
0.02), as were memory performance z score, caudate-
specific uptake value (r=0.40, df=36, p=0.02), and puta-
men-specific uptake value (r=0.40, df=36, p=0.02).

A correlational analysis also revealed relationships be-
tween executive and motor functioning in the women, but
not in the men. Specifically, in the women, reaction times
on congruent trials were correlated with specific uptake
value in the caudate (r=–0.64, df=33, p<0.001) and puta-
men (r=–0.55, df=33, p<0.001). Incongruent trial reaction
times were similarly correlated to specific uptake values
(r=–0.50, df=33, p<0.01, and r=–0.64, df=33, p<0.001, for
the caudate and putamen, respectively). Accuracy, defined
as number correct on the incongruent trials, was mildly
correlated with specific uptake value in the putamen (r=
0.38, df=33, p=0.03). With regard to motor skills, thumb-
finger sequencing for the right hand was associated with
specific uptake values in the caudate and putamen (r=
0.53, df=36, p<0.001, and r=0.67, df=36, p<0.001, respec-
tively). Similar relationships were observed for sequencing
in the left hand (r=0.38, df=36, p=0.02, and r=0.52, df=36,
p=0.001, for the caudate and putamen, respectively). Time
to completion on the Grooved Pegboard test was nega-
tively correlated with striatal specific uptake value in the
right hand (r=–0.57, df=36, p<0.001, and r=–0.71, df=36, p=
0.0001, for the caudate and putamen, respectively) and in
the left hand (r=–0.44, df=36, p<0.01, and r=–0.66, df=36,
p=0.0001). Only specific uptake value in the putamen was
related to Finger Tapping performance in the left hand (r=

0.35, df=36, p<0.05). None of these correlations was signif-
icant for the men.

Analysis of gender differences on the components of
memory performance z score indicated that the women
outperformed the men on clusters for trials 1–5 (t=2.39,
df=64, p=0.02) and on short-delay free recall (t=2.18, df=
64, p=0.03). The women performed slightly stronger than
the men on the short-delay free recall task (t=1.93, df=64,
p=0.06). The men and women did not differ in total words
recalled on the learning trials. There were no gender dif-
ferences in Stroop reaction times, Grooved Pegboard
speed, or Thumb-Finger Sequential Touch sequences, but
the men outperformed the women on Finger Tapping (t=
2.89, df=64, p<0.01, and t=2.87, df=64, p<0.01, for the right
and left hands, respectively).

The younger participants outperformed the older par-
ticipants in reaction time on the congruent and incongru-
ent Stroop trials (t=5.53 and t=5.77, df=64, both p<0.0001).
The younger subjects were also faster on the Grooved Peg-
board (t=5.55 and t=4.98, df=64, both p<0.01, for the right
and left hands, respectively) and completed more Thumb-
Finger Sequential Touch sequences bilaterally (t=4.00, df=
64, p<0.001, and t=2.88, df=64, p<0.01 for the right and left
hands). There were no differences in fine motor speed be-
tween the age groups.

Planar images of the head were acquired in a subgroup
of 10 healthy volunteers to rule out the influence of non-
specific factors on sex differences in TRODAT-1 uptake
values. The advantages of using these data included trans-

FIGURE 2. Measures of Memory Performancea and Dopam-
ine Transporter Availabilityb for 41 Younger and 25 Older
Healthy Male and Female Volunteers

a Composite of values for words recalled during acquisition, categor-
ical clusters, short-delay free recall, and clusters in short-delay free
recall.

b Ratio of k3 to k4 in conventional three-compartment model at equi-
librium.
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mission scan-acquired attenuation corrections and abso-
lute quantification of the radioactivity of the whole brain
on planar images. There were higher radiation-absorbed
doses for the brain in the women (8.8 mrem/mCi injected)
than in the men (6.8 mrem/mCi), with virtually identical
rates of elimination from the brain (49).

Discussion

The findings of sex differences and age-associated
changes in dopaminergic tone seem to provide an expla-
nation at the neuromodulatory level for some effects on
cognitive function. This study replicated earlier investiga-
tions reporting that younger healthy participants per-
formed significantly better than their older counterparts
on list learning and semantic organization (50, 51). With
the exception of total recall on the learning trials, we also
replicated the findings of stronger performance by the
women on verbal list-learning measures (52, 53). Our find-
ings are likewise consistent with reports of age-related
declines in D2 receptor availability in the caudate and
putamen. Such changes have been associated with perfor-
mance decrements in tasks involving frontostriatal brain

systems, including motor speed, abstraction, mental flexi-
bility, attention, and verbal inhibition (7). Our results
demonstrate, for the first time, sex differences in specific
uptake values and that better memory is associated with
higher specific uptake values, reflecting higher dopamin-
ergic tone, in both the caudate and putamen. Although it
has been reported that another specific memory measure
was unrelated to the concentration of postsynaptic dopa-
mine receptors, transporter concentrations are probably
more sensitive indicators of dopaminergic tone (11, 49).

Better motor coordination, reflected in more completed
sequences on the Thumb-Finger Sequential Touch and
faster performance on the Grooved Pegboard task, was
related to higher striatal specific uptake values in the
women, but not in the men. With the exception of a corre-
lation between dopamine availability and left-hand Finger
Tapping in the women, there were no associations with
fine motor speed. As expected, the men were faster on
measures of fine motor speed, but there were no perfor-
mance differences between the men and women on mo-
tor coordination. We also found a relationship between
specific uptake value and executive functioning, as mea-

FIGURE 3. Measures of Memorya and Dopamine Transporter Availabilityb for 30 Male and 36 Female Healthy Volunteers

a Composite of values for words recalled during acquisition, categorical clusters, short-delay free recall, and clusters in short-delay free recall.
b Ratio of k3 to k4 in conventional three-compartment model at equilibrium.
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sured by reaction time on a computerized verbal inhibi-
tion task. Again in the women, but not in the men, faster
performance on congruent and incongruent trials was as-
sociated with higher dopamine availability in the caudate
and putamen. It is unclear why these correlations were
present only in the women. There were no gender differ-
ences on reaction time. With the exception of Finger Tap-
ping, the younger participants performed better than the
older participants on all of these measures as well. The ob-
served dissociation between motor speed and coordina-
tion may reflect differential involvement of frontostriatal
circuits; however, the absence of the expected superiority
of the younger participants on tapping speed suggests that
the measure lacks sensitivity, at least as administered here.
The pattern of correlations does not support hypotheses
linking the caudate to more “intellectual” and the puta-
men to more “motor” functions. In general, correlations
with neurobehavioral measures that are significant for the
caudate are also significant, and of comparable mag-
nitude, for the putamen. However, the findings lend fur-
ther support to the notion that cognitive and motor func-
tioning may be differentially regulated by dopamine in
women and men and that these differences are, in part,
age dependent.

Evidence for sex differences in the neuromodulatory in-
fluences of dopamine on behavior has implications for
understanding fundamental brain-behavior relationships.
For example, it has been reported that women have lower
D2 receptor affinity than men in the left striatum, sug-
gesting “an increased endogenous striatal dopamine
concentration in women” (14). Since estrogen regulates
dopamine transmission (11–13), sex hormones probably
contribute to these sex differences. Changes in the puta-
men/cerebellum ratio of D2 receptor density across differ-
ent phases of the menstrual cycle have not been found
(13). However, studies examining dopamine transporter
availability and neurobehavioral probes across the men-
strual cycle, or in women taking hormone-replacement
therapy, may help establish the role of estrogen as well as
other hormones in these sex differences.

Our failure to find hemispheric asymmetries is disap-
pointing, because others have reported hemispheric later-
ality differences in right-handed, healthy comparison
subjects in the recall of novel and practiced unstructured
word lists (54) and in visuospatial abstraction (55) by using
[15O]H2O positron emission tomography. Pihlajamäki et
al. (56) reported that the left medial temporal lobe was ac-
tivated during the retrieval of semantically associated
words (category fluency) in a functional magnetic reso-
nance imaging study of healthy comparison subjects. Per-
haps our “punch biopsy” approach to regional analysis
masked any effects of laterality. Alternatively, tonal dopa-
mine availability may not be directly related to regional
hemispheric activation during task performance. The as-
sociation between striatal dopaminergic tone and indices
of regional metabolic activity merit specific investigation.

The present study has several limitations. Of most im-
portance, although it shows a coherent coupling of perfor-
mance with striatal dopaminergic tone, it does not include
an experimental manipulation of dopaminergic tone to
produce changes in memory performance. Such pharma-
cologic challenge studies could be carried out in humans
and, perhaps more extensively, in animals. The study also
focused on a single measure of memory performance in
order to control for an experiment-wise (type I) error. A
more detailed specification of dopamine involvement in
distinct facets of memory, and possibly other aspects of
cognitive and emotional processing, can be examined in
larger groups. Finally, the single tracer used in this study
did not permit the establishment of specificity in the rela-
tions observed between neurotransmitter function and
memory performance.

However, findings from this study may help elucidate
sex differences in memory performance and the effects of
healthy aging. They may also have implications for under-
standing sex differences in brain disorders involving the
dopamine system, such as schizophrenia and Parkinson’s
disease. Premenopausally, women with schizophrenia
have less severe negative symptoms, higher levels of func-
tion, and better response to neuroleptic treatment than
their male counterparts (57–59). Women also have a lower
incidence of Parkinson’s disease than men (60). The re-
sults of this study suggest that selectively manipulating
hormonal systems could favorably influence the clinical
and neurocognitive course of diseases affecting the dopa-
minergic system.
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