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Eight healthy men underwent two positron emission 
tomography (PET) [

 

11

 

C]raclopride scans, one following 
placebo, the second following d-amphetamine (0.30 mg/kg, 
p.o.). PET data were analyzed using: (1) brain parametric 
maps to statistically generate regions of significant change; 
and (2) a priori identified regions of interest (ROI) 
manually drawn on each individual’s co-registered 
magnetic resonance (MR) images. Compared with placebo, 
d-amphetamine decreased [

 

11

 

C]raclopride binding potential 
(BP) with significant effects in ventral but not dorsal 
striatum. Change in BP in the statistically generated 
cluster correlated with self-reported drug-induced ‘drug 

wanting’ (r 

 

�

 

 0.83, p 

 

�

 

 .01) and the personality trait of 
Novelty Seeking-Exploratory Excitability (r 

 

�

 

 0.79, p 

 

�

 

 
.02). The same associations were seen in the manually 
drawn ROI in ventral striatum but not in dorsal putamen 
or caudate. Changes in extracellular dopamine (DA) did not 
correlate with mood. Mesolimbic DA might mediate interest 
in obtaining reward rather than reward, per se. Individual 
differences in amphetamine-induced DA release might be 
related to predispositions to drug and novelty seeking.
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Preclinical studies indicate that psychostimulant
drugs increase extracellular dopamine (DA) levels with
preferential effects in ventral striatum (Di Chiara and
Imperato 1988). The behavioral significance of in-

creased DA, though, remains a subject of debate. One
influential theory suggests that mesolimbic DA medi-
ates rewarding, possibly pleasurable effects of addic-
tive drugs (Wise 1982). Other work suggests that DA
signals interest in rewards (Stewart et al. 1984), the ex-
pectation that a reward is forthcoming (Schultz 1998),
or wanting reward as opposed to liking it (Robinson
and Berridge 1993).

Significant individual variability in stimulant drug-
induced DA release is apparent. Some evidence sug-
gests that this variability reflects a pre-existing trait.
Predictors of the variability include elevated explor-
atory behavior in novel environments (Hooks et al.
1991), high levels of sugar feeding (Sills and Crawley
1996), and a predisposition to rapidly acquire drug self-
administration (Zocchi et al. 1998).

In humans, psychostimulant drugs of abuse elicit a
range of behavioral effects, including mood elevation
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and increased drug wanting (Uhlenhuth et al. 1981;
Jaffe et al. 1989; Cousins et al. 2001). Functional neu-
roimaging studies with labeled D2/D3 benzamide
ligands suggest that 0.2 to 0.3 mg/kg of d-amphet-
amine given intravenously increases extracellular DA
levels in human striatum (Laruelle et al. 1995; Breier et
al. 1997; Drevets et al. 2001). The magnitude of the
drug-induced DA release correlates with self-reported
euphoria (Laruelle et al. 1995; Drevets et al. 2001); how-
ever, it remains unclear whether the mood-elevation is
mediated by DA or instead reflects other effects of the
drug. High amphetamine doses increase both cate-
cholamine and serotonin release whereas lower doses
primarily increase catecholamines (Kuczenski and Se-
gal 1989). Mood-elevating effects of cocaine are re-
ported to be reduced by lowering serotonin transmis-
sion (Aronson et al. 1995). In comparison, stimulant
drug-induced mood elevation is not decreased consis-
tently by DA antagonists (Brauer and de Wit 1997).

The present study addressed three questions. First,
could a relatively low oral dose of d-amphetamine elicit
detectable changes in [

 

11

 

C]raclopride binding? Second,
would the effect on extracellular DA be larger in ventral
than in dorsal striatum? Third, would amphetamine-in-
duced increases in extracellular DA be related to subjec-
tive effects of the drug or the personality trait of novelty
seeking?

 

METHODS

Subjects

 

Eight non-smoking men (Table 1) were recruited using
newspaper advertisements. All were healthy, as deter-
mined by a physical exam, standard laboratory tests,
and an interview using the Structured Clinical Inter-
view for DSM-IV (First et al. 1995). None had a personal
or first-degree relative history of axis I psychiatric dis-
orders. On the day of each positron emission tomogra-
phy (PET) scan, all tested negative on a urine drug
screen sensitive to cocaine, opiates, phencyclidine, ly-
sergic acid diethylamide, 

 

�

 

9

 

-tetrahydrocannabinol, and
amphetamines (Triage Panel for Drugs of Abuse, Bio-
site Diagnosis©, San Diego, CA). The study was carried
out in accordance with the Declaration of Helsinki and
was approved by the Research Ethics Committee of the
Montreal Neurological Institute. All subjects gave in-
formed written consent.

 

PET and MRI

 

Subjects underwent two scans on separate days on a Si-
emens ECAT HR

 

�

 

 PET camera (approximate resolu-
tion 4.2 mm full width half maximum in center of field
of view) with lead septa removed. Sixty minutes before
tracer injection, a catheter was inserted into the subject’s

antecubital vein, and an oral dose of d-amphetamine was
administered (0.0 or 0.3 mg/kg). Immediately before
tracer injection, transmission scans were performed us-
ing 

 

68

 

Ga for attenuation correction. Approximately 10
mCi of [

 

11

 

C]raclopride was injected as an i.v. bolus and
data were acquired for 60 min in time frames of progres-
sively longer duration. PET studies were counterbal-
anced for the order of amphetamine administration and
conducted between 2:00 and 5:00 

 

P

 

.

 

M

 

.
High resolution (1 mm) T1-weighted magnetic reso-

nance imaging (MRI) images were obtained for all sub-
jects, co-registered to the summed radioactivity PET
images (Evans et al. 1992), and linearly transformed
into standardized stereotaxic space (Talairach and
Tournoux 1988) using automated algorithms (Collins et
al. 1994).

PET images were reconstructed using a 6-mm full
width half maximum Hanning filter. Parametric images
were generated by calculating [

 

11

 

C]raclopride binding
potential (BP 

 

�

 

 Bmax

 

free

 

/Kd) at each voxel using a sim-
plified compartmental model with cerebellar activity as
a reference (Gunn et al. 1997). T-Maps were then con-
structed, representing voxel-by-voxel 

 

t

 

-tests of change
in [

 

11

 

C]raclopride BP between the amphetamine and
placebo scans (Aston et al. 2000). Clusters of statistically
significant change were identified by thresholding the

 

t

 

-maps at a value of 

 

t

 

 

 

�

 

 4.2, which corresponds to 

 

p

 

 

 

�

 

.05 corrected for multiple comparisons (Worsley et al.
1996). BP values for each subject were extracted from
the region identified by the 

 

t

 

-map as well as from re-
gions of interest (ROI) drawn manually on aligned
transverse slices from each subject’s MRI in stereotaxic
space on caudate nucleus, dorsal putamen, and ventral
striatum bilaterally. The boundaries for each ROI were
labeled well within the gray matter of the structure to
reduce potential artifacts due to misalignment or partial
volume effects (Figure 1). The rostrocaudal extent of the
ROI relative to the anterior commissure was approxi-
mately the same for all subjects, z 

 

�

 

 2 to 15 mm for cau-
date, z 

 

�

 

 2 to 10 mm for putamen, and z 

 

�

 

 

 

�

 

4 to 

 

�

 

8
mm for ventral striatum, corresponding approximately

 

Table 1.

 

Subject Characteristics

Age 23.8

 

�

 

4.1 (range 19–30)

Current alcohol use (drinks / 
week) 1.97

 

�

 

1.4 (range 0.25–5)
Lifetime drug use (ever used, 
mean 

 

� 

 

SD)
Stimulants 5/8, 3.1

 

�

 

5.0 (range, 0–15) 
Tranquilizers 0/8
Hallucinogens 5/8, 1.25

 

�

 

1.3 (range, 1–3)
Opiates 1/8, 0.12

 

�

 

0.4 (range, 0–1)
THC 7/8, 13.0

 

�

 

14.0 (range, 0–40)
Novelty Seeking 19.4

 

�

 

4.5 (range, 13–27)
Beck Depression Score 3.0

 

�

 

2.7 (range, 0–8)



 

N

 

EUROPSYCHOPHARMACOLOGY

 

 

 

2002

 

–

 

VOL

 

. 

 

27

 

, 

 

NO

 

. 

 

6

 

Dopamine, Drug Wanting, and Novelty Seeking

 

1029

 

to nucleus accumbens (Talairach and Tournoux 1988).
Left and right ROI values were combined. ROI drawn
on five consecutive 1-mm slices in cerebellum served as
the reference region.

 

Subjective Effects of Amphetamine

 

Subjective effects induced by d-amphetamine were
measured with the Addiction Research Center Inven-
tory (ARCI) Benzedrine scale (Hill et al. 1963), and 10
visual analog scales (VAS) labeled Want Drug, Like
Drug, Euphoria, Mind Racing, Alert, Energetic, Excited,
Rush, Anxiety, and High (Bond and Lader 1974). The
VAS were administered at five time points, immedi-
ately before drug (or placebo), and at 30, 60, 90 and 120
min afterward. Changes in VAS measures were ana-
lyzed as the peak change from pre-drug administration
to the end of the test session. The ARCI was adminis-
tered only once per test session, 120 min post-drug.

 

Tridimensional Personality Questionnaire

 

All subjects completed the Tridimensional Personality
Questionnaire (TPQ; Cloninger 1987; Cloninger et al.
1991). The TPQ measures four dimensions, Novelty
Seeking, Harm Avoidance, Reward Dependence, and
Persistence. Cloninger has proposed that TPQ traits of
Novelty Seeking, Harm Avoidance, and Reward De-
pendence might be related, in significant part, to DA,

serotonin, and norepinephrine neurotransmission, re-
spectively.

 

Plasma Amphetamine

 

Blood samples were drawn immediately before d-am-
phetamine administration and 90 min later, which cor-
responded to the mid-point of the 60-min PET scan.
Plasma concentrations of amphetamine were analyzed
with electron-capture gas chromatography after extrac-
tion and derivatization of amphetamine (Paetsch et al.
1992). Plasma samples from one subject were lost.

 

Statistics

 

Plasma d-amphetamine concentrations, self-report ques-
tionnaire data, and [

 

11

 

C]raclopride ROI BP values were
analyzed by within groups ANOVA and, when appro-
priate, Newman-Keuls post hoc tests. Correlations were
assessed with Pearson’s correlation coefficient.

 

RESULTS

 

On the day that subjects received active drug, plasma d-
amphetamine levels increased from 0.0 

 

�

 

 0.0 ng/ml be-
fore drug administration to 10.5 

 

�

 

 8.2 ng/ml 90 min
later (

 

p

 

 

 

�

 

 .001). d-Amphetamine was not detected on
the placebo test day.

Figure 1. One subject’s [11C]raclopride binding potential map (right striatum) for the first scan day transformed to Talair-
ach space and overlaid on his MRI in Talairach space. Regions of interest drawn on the same subject’s MRI (left striatum) in
Talairach space. Red: Ventral Striatum / Nucleus Accumbens (z � �8 to �4), Blue: Putamen (z � 2 to 10), Green: Caudate
(z � 2 to 15).
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Compared with placebo, d-amphetamine signifi-
cantly increased ARCI scores (F

 

1,7

 

 

 

�

 

 10.34, 

 

p

 

 

 

�

 

 .02), and
the magnitude of this effect was non-significantly asso-
ciated with plasma d-amphetamine levels (r

 

2

 

 

 

�

 

 0.46, 

 

p

 

�

 

 .09). d-Amphetamine, compared with placebo, also
led to greater peak changes on VAS labeled ‘Alert’ (F

 

1,7

 

�

 

 23.20, 

 

p

 

 

 

�

 

 .002), ‘Mind Racing’ (F

 

1,7

 

 

 

�

 

 19.64, 

 

p

 

 

 

�

 

 .003),
‘Energetic’ (F

 

1,7

 

 

 

�

 

 11.06, 

 

p

 

 

 

�

 

 .01), and ‘Excited’ (F

 

1,7

 

 

 

�

 

7.32, 

 

p

 

 

 

�

 

 .03) (Table 2). Peak changes on the VAS la-
beled ‘Like Drug’ correlated with plasma concentra-
tions of d-amphetamine (r

 

2

 

 

 

�

 

 0.61, 

 

p

 

 

 

�

 

 .04).
A Drug X Region ANOVA yielded significant main

effects of Drug (F

 

1,7

 

 

 

�

 

 55.6, 

 

p

 

 

 

�

 

 .001) and Region (F

 

2,14

 

 

 

�

 

31.2, 

 

p

 

 

 

�

 

 .0001), and a significant Drug X Region inter-
action (F2,14 � 8.96, p � .003). [11C]Raclopride BP values
were significantly lower in ventral striatum, compared
with caudate and putamen (p � .001) on both the pla-
cebo and amphetamine scans (p � .001) (Table 3), con-
sistent with previous post-mortem and PET studies
(Hall et al. 1994; Mawlawi et al. 2001).

d-Amphetamine, compared with placebo, signifi-
cantly decreased [11C]raclopride BP in ventral striatum
only (p � .05); d-amphetamine did not decrease
[11C]raclopride BP in caudate (p � .68) or putamen (p �
.96) (Table 3). The percent change in BP also varied with
ROI (F2,14 � 6.01, p � .01), and the effect of d-amphet-
amine was significantly greater in ventral striatum
(�10.7 � 9.5%) than in dorsal putamen (0.4 � 9.0%, p �
.02) or caudate (�1.5 � 9.3%, p � .02). Parametric map-
ping analyses yielded the same results. Compared with
placebo, a significant effect of d-amphetamine on
[11C]raclopride BP was restricted to bilateral ventral
striatum (peak effect: coordinates � 32, �3, �6, t �
7.34) (Figure 2). In the t-map identified cluster there
was a mean 8.4 � 19.6% decrease in [11C]raclopride BP.

Changes in [11C]raclopride BP in the t-map identified
cluster and the manually drawn ventral striatum were

significantly correlated (r2 � 0.67, p � .01) supporting
the proposition that both methods of analysis identified
the same changes in tracer binding. In comparison,
changes in [11C]raclopride BP in caudate and putamen
correlated with each other (r2 � 0.88, p � .001) but not
with changes in ventral striatum or the t-map (p � .70).

d-Amphetamine–induced changes in [11C]raclo-
pride BP in the ventral striatum correlated significantly
with two TPQ items, overall Novelty Seeking (r2 � 0.56,
p � .03) and the Novelty Seeking subscale, Exploratory
Excitability (r2 � 0.55, p � .05). Similar correlations
were also observed in the t-map identified region (Ta-
ble 4 and Figure 3). Change in [11C]raclopride BP did
not correlate significantly with any other TPQ scale or
subscale (p � .10).

d-Amphetamine–induced increases in extracellular
DA in the ventral striatum correlated significantly with
only one reported effect of the drug, ‘Want Drug’ on the
d-amphetamine test day (t-Map: r2 � 0.69, p � .01; ROI:
r2 � 0.38, p � .10) (Table 4 and Figure 4). Self-reported
‘Want Drug’ on the d-amphetamine test day also corre-
lated with the TPQ Novelty Seeking trait, Exploratory
Excitability (r2 � 0.74, p � .006); this association was not
seen on the placebo test (r2 � 0.004, p � .89).

Drug-induced change in extracellular DA in dorsal
caudate and putamen correlated negatively with one re-
ported effect of the drug, ‘Mind Racing’ (caudate: r2 �
�0.70, p � .009; putamen: r2 � �0.55, p � .03); however,
these negative correlations, not expected a priori, were
driven by a single outlier, and the associations were no
longer significant when this subject was removed (cau-
date: p � .15; putamen: p � .65). Change in BP did not
correlate significantly with any other self-report variable.

Age (r2 � �0.46, p � .06) and plasma concentrations
of d-amphetamine (r2 � 0.47, p � .09, n � 7) both tended
to correlate with increases in extracellular DA in the ven-
tral striatum, though not in other regions (p � .20).

DISCUSSION

The present study suggests that: (1) a moderately low
oral dose of d-amphetamine (0.3 mg/kg) significantly
increases extracellular DA in human striatum; (2) this

Table 2. Effect of d-amphetamine (0.0, 0.3 mg/kg, p.o.) on 
Addiction Research Center Inventory (ARCI) Scores and 
Visual Analog Scales (� max). Effects Assessed with 2-Tailed 
Repeated Measures t-tests.

Placebo
(mean�SD)

Amphetamine
(mean�SD) p-value

ARCI 4.6 � 4.2 11.8 � 10.2 .02
Visual Analog Scale

Alert �1.5 � 1.9 1.8 � 2.2 .002
Mind Racing  0.25 � 1.2 2.4 � 2.0 .003
Energetic �1.2 � 1.5 2.0 � 1.7 .01
Excited  0.0 � 0.9 1.9 � 1.7 .03
Euphoria  0.0 � 0.8 1.4 � 1.8 .09
Rush �0.1 � 0.6 1.6 � 2.6 .13
Like Drug �0.2 � 1.8 1.4 � 3.0 .17
High  0.2 � 1.6 1.2 � 2.1 .41
Want Drug  0.6 � 1.1 1.4 � 2.5 .46
Anxiety  0.2 � 1.0 0.6 � 1.4 .53

Table 3. [11C]Raclopride binding potential values on test 
days with placebo or d-amphetamine (0.3 mg/kg, p.o.). 
Newman-Keuls post hoc tests. 

Test Day Ventral Striatum Caudate Putamen

Placebo 1.44 � 0.5† 1.97 � 0.2* 2.45 � 0.3*†

d-Amphetamine 1.26 � 0.4#† 1.94 � 0.2* 2.45 � 0.3*†

#Different from placebo, p � .05. 
* Different from ventral striatum, p � .001. 
† Different from caudate, p � .001.
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effect occurs only in the ventral striatum; and (3) d-am-
phetamine–induced increases in extracellular DA may
be more closely related to drug-induced drug wanting
than mood-elevation; and (4) a relatively high score on
the personality trait of Novelty Seeking predicts greater
amphetamine-induced DA release and amphetamine-
induced drug wanting. A non-significant trend (p �
.06) suggested that the ability of d-amphetamine to in-
duce DA release in the ventral striatum might decrease
from age 20 to age 30.

The effect of d-amphetamine 0.3 mg/kg, given p.o.,
on [11C]raclopride BP was smaller and more circum-
scribed than that reported to occur when the same dose
is given intravenously. d-Amphetamine, 0.3 mg/kg,
p.o. decreased [11C]raclopride BP in the ventral striatum
by an average of 10%; significant changes were not seen
in caudate or dorsal putamen. In comparison, the same
dose of d-amphetamine given i.v. decreases [11C]raclo-
pride BP by 10–20% in striatum as a whole (Breier et al.
1997; Drevets et al. 2001). A recent report suggests that

0.3 mg/kg d-amphetamine given i.v. also has larger ef-
fects on [11C]raclopride BP in the ventral striatum than
other subcompartments (anteroventral striatum, �15.4
� 10.6%; dorsal putamen, �10.2 � 10.6%; dorsal cau-
date, �4.5 � 8.2%) (Drevets et al. 2001). The present
study with a low oral dose more clearly identifies pref-
erential effects in ventral striatum, and this regional
specificity is supported by both manually drawn ROI
and statistically generated clusters.

Individual variability in the ability of d-amphet-
amine to decrease [11C]raclopride BP in the ventral stri-
atum was correlated with self-reported drug-induced
‘Want Drug.’ To our knowledge, an association be-
tween DA release and drug wanting has not been as-
sessed in previous neuroimaging studies. In compari-
son, PET and functional MRI studies suggest that both
cue- and drug-induced activation of the ventral stria-
tum and interconnected limbic regions correlates with
drug craving in cocaine dependent subjects (Grant et al.
1996; Breiter et al. 1997; Childress et al. 1999; Wang et
al. 1999; Kilts et al. 2001). Moreover, accumulating find-
ings in the animal literature also suggest a close associa-
tion between mesolimbic DA transmission and interest
in addictive drugs. Midbrain DA cell firing rates
(Schultz 1998) and extracellular DA levels in nucleus
accumbens (Gratton 1996) increase as animals approach
rewards. Low to moderate doses of DA agonists in-
crease drug seeking behavior (Stewart et al. 1984; Rob-
inson and Berridge 1993). A larger DA response to
acute stimulant drug administration predicts more
rapid acquisition of drug self-administration (Zocchi et
al. 1998).

The magnitude of amphetamine-induced increases
in extracellular DA in the ventral striatum also corre-
lated with the personality trait of Novelty Seeking. A
positive association between TPQ Novelty Seeking and

Figure 2. Statistically generated t-map of d-amphetamine–induced changes in [11C]raclopride binding potential superim-
posed on average MRI. Right side on right.

Table 4. Pearson correlations with change in 
[11C]raclopride binding potential. 

ROI
Want 
Drug NS NS-1 HA RD RD-2

T-Map 0.83** 0.43 0.79* 0.06 0.06 �0.01
Ventral Striatum 0.62† 0.75* 0.74* 0.16 �0.03 �0.28
Caudate �0.14 �0.13 0.08 �0.25 �0.13 �0.24
Putamen �0.19 �0.09 0.09 �0.34 �0.07 �0.14

† p 	 .10, * p 	 .05, ** p 	 .01. ‘Want Drug’: Self-reported drug wanting
on the amphetamine administration test day. T-Map: statistically gener-
ated cluster of change; NS: Novelty Seeking; NS-1: Exploratory Excitabil-
ity; HA: Harm Avoidance; RD: Reward Dependence; RD-2: Persistence
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DA neurotransmission has been suggested previously,
based on pharmaconeuroendocrine indices (Gerra et al.
2000). Novelty Seeking scores also predicted VAS
‘Want Drug’ on the amphetamine but not placebo test
day. One possibility is that amphetamine elicits a DA-
mediated appetitive state that increases drug wanting;
this effect might be larger in high Novelty Seekers. Ani-
mal studies suggest that exploratory behavior in novel
environments predicts the nucleus accumbens DA re-
sponse to cocaine (Hooks et al. 1991) and propensity to
self-administer amphetamine (Piazza et al. 1989) and
cocaine (Marinelli and White 2000). These and other ob-
servations are consistent with the hypothesis that vul-
nerability to substance abuse in high novelty seekers
(Howard et al. 1997; Gabel et al. 1999) could be related,
in part, to an increased DA response to abused drugs.
Repeated drug use might aggravate these pre-existing
tendencies, altering cortico-striatal circuitry, potentiat-
ing reward seeking tendencies, and producing deci-
sion-making deficits that increase further the tendency
to self-administer drugs (Robinson and Berridge 1993;
Rogers et al. 1999; Rahman et al. 2001).

Amphetamine-induced DA release did not correlate
with self-reported mood-elevation or overt stimulant
effects of the drug. Some evidence suggests that psy-
chostimulant and mood-elevating drug effects might be

more closely related to increases in norepinephrine
(Rothman et al. 2001) and serotonin (Aronson et al.
1995) than DA transmission. Previously reported corre-
lations between euphorigenic and DA releasing effects
of intravenous amphetamine (Laruelle et al. 1995; Dre-
vets et al. 2001) might be related to the ability of higher
doses to release all three monoamines (Kuczenski and
Segal 1989). The present results do not preclude a rela-
tion between DA and affect, though. Other evidence
supports such an association (Murphy et al. 1971;
Fibiger 1995; Willner 1995). One possibility is that DA
influences mood via its regulation of motivational
states. The present study suggests that mesolimbic DA
transmission might be more closely related to the ap-
petitive component of emotion than providing a suffi-
cient substrate of euphoric mood, per se.

The neuroanatomical pathways innervating ventral
versus dorsal striatum are well described (Alexander et
al. 1986; Moore and Bloom 1978; Lynd-Balta and Haber
1994; Haber and McFarland 1999). In primates, the ven-
tral striatum is interconnected with the limbic system
and receives DA projections primarily from the dorsal
tier of the midbrain tegmentum. Additional input to the
ventral striatum comes primarily from limbic structures
including amygdala, anterior cingulate and the medial
and orbitofrontal cortex; these systems are thought to

Figure 3. Correlations between d-amphetamine–induced increases in extracellular DA and Novelty Seeking and the Novelty
Seeking subscale, Exploratory-Excitability. [11C]Raclopride BP values were extracted from two regions, the manually drawn
region of interest in ventral striatum and the statistically generated parametric t-map.
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play important roles in associating behavior with re-
ward, attention to affectively relevant stimuli, and the
initiation and inhibition of responses to rewards and
punishments. In comparison, DA projections to the dor-
sal caudate-putamen originate primarily in the ventral
tier of midbrain DA cell bodies. Cortical inputs to the
caudate-putamen come from throughout the neocortex,
particularly sensory-motor cortices and the dorsolateral
prefrontal cortex.

The conclusions suggested by the present study
should be interpreted in light of the following consider-
ations. The sample size is modest (n � 8) though within
the norms for assessing effects of pharmacological chal-
lenges within subjects. The identified correlations
would not have withstood Bonferroni corrections, but
they were replicated in ventral striatum as identified by
two methods, parametric mapping and manually
drawn ROI. Second, administering drugs p.o. is associ-
ated with lower and more variable bioavailability than
the i.v. route (Angrist et al. 1987; Ylitalo 1991). How-
ever, plasma d-amphetamine levels could be measured,
and there was some evidence of an association between
plasma concentrations and change in both extracellular
DA and subjective state. Third, as typically seen, only
half of the subjects indicated that they wanted more of
the drug (Uhlenhuth et al. 1981). However, it was this
individual variability that correlated with change in
[11C]raclopride BP. Fourth, recent studies have ques-
tioned the mechanisms by which DA agonists decrease
labeled D2 ligand BP. The original model had proposed
competition between the labeled ligand and endoge-
nous DA for occupancy of DA D2 receptors (Seeman et
al. 1989). More recent work raises the possibility that in-
creased synaptic DA levels might induce receptor inter-
nalization (Laruelle 2000). Benzamide ligands, though,
seem not to cross the cell membrane, thereby restricting
their access to cell surface receptor sites (Laruelle 2000;
Seeman and Kapur 2000). Moreover, combination PET-
microdialysis studies conducted in the same animal in-
dicate that decreases in benzamide ligand BP have a
strong linear association with increases in dialysate DA

concentrations (Laruelle et al. 1997; Endres et al. 1997).
These observations suggest that decreases in [11C]raclo-
pride BP in the same individual can be considered to re-
flect increases in extracellular DA.

In conclusion, the small sample size emphasizes the
need for caution, but the present results suggest that
DA transmission in subcompartments of human stria-
tum is differentially affected by amphetamine and has
different behavioral significance. First, a low oral dose
of d-amphetamine increased extracellular DA with sig-
nificant effects seen in ventral striatum only. Second,
there was a close association between three variables:
(1) amphetamine-induced DA release; (2) amphet-
amine-induced drug wanting; and (3) the personality
trait of novelty seeking. All three variables might be re-
lated to susceptibility to drug seeking behavior and col-
lectively be predictive of vulnerability to substance
abuse.
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