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Abstract
Rationale—While the personality dimensions of novelty seeking and sensation seeking are
associated with drug abuse vulnerability, the mechanisms associated with this vulnerability remain
obscure.

Objective—This study examined the behavioral effects of d-amphetamine in healthy volunteers
scoring in the upper and lower quartiles based on age- and gender-adjusted population norms on
the impulsive Sensation-Seeking Scale (SSS) of the Zuckerman–Kuhlman personality
questionnaire (ZKPQ).

Method—Participants completed 7-day outpatient studies examining the subjective, performance,
and cardiovascular effects of d-amphetamine (0, 7.5, and 15 mg/70 kg, p.o.) under double-blind
conditions according to a randomized block design. Performance tasks included behavioral
measures of impulsivity, including attention, inhibition, and risk-taking behavior.

Results—No differences in baseline performance or d-amphetamine effects on measures of
attention, inhibition, and risk-taking behavior were observed. High impulsive sensation seekers
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reported greater increases on several subjective report measures associated with drug abuse
potential, including visual analog scales feel drug, like drug, and high.

Conclusions—Healthy adults scoring in the top quartile on the population of the impulsive SSS
of the ZKPQ may be vulnerable to the abuse potential of d-amphetamine.

Keywords
d-amphetamine; Sensation-seeking status; Vulnerability; Subjective effects; Performance effects;
Abuse potential

Introduction
The personality dimension of novelty or sensation seeking is associated with the initiation of
drug use and the frequency and amount of drug use among adolescents and young adults
(Brennan et al. 1986; White et al. 2005; Wills et al. 1994, 1995). Furthermore, individuals
with these personality traits are at increased risk for the development of drug abuse and
dependence (Hawkins et al. 1992; Huba et al. 1981). One purpose of the present study was
to examine potential pharmacological and behavioral factors associated with enhanced drug
abuse vulnerability among high sensation seekers.

Sensation seeking was conceptualized as a neurobiologically based preference for novel,
complex, ambiguous, and/or emotionally intense sensations and experiences and willingness
to take risks for such experiences (Zuckerman 1994). The trait was associated with
impulsivity and reward sensitivity and is moderately correlated with each of the two
orthogonal basic dimensions of personality, extraversion, and constraint (Depue and Collins
1999; Zuckerman et al. 1993). Individual differences in sensation-seeking status were
attributed to both genetic and environmental influences, as determined by twin and survey
studies (e.g., Fulker et al. 1980; Stacy et al. 1991).

Preclinical studies have consistently found that animals emitting high levels of novelty-
seeking behavior exhibit increased sensitivity to the effects of stimulant drugs (e.g., Bardo et
al. 1996). Several recent clinical studies suggest that high sensation seekers are also more
sensitive to the behavioral effects of stimulants (Hutchison et al. 1999; Perkins et al. 2000;
Sax and Strakowski 1998; White et al. 2005). However, not all studies have found a positive
association between sensation seeking and sensitivity to stimulant drugs (e.g., Alessi et al.
2003; Carrol et al. 1982; Chait 1993; Corr and Kumari 2000; de Wit et al. 1986). Across
studies, novelty or sensation-seeking status, or associated traits were determined using a
variety of questionnaires, including the Sensation-Seeking Scale-Form V (SSS-Form V), the
Tridimensional Personality Questionnaire, and the Multidimensional Personality
Questionnaire-Brief Form (Cloninger 1987; Patrick et al. 2002; Zuckerman et al. 1978). The
association between sensation seeking and drug sensitivity was evaluated by examining
correlations between scores on questionnaires with magnitude of drug response or by
comparing drug response in subgroups of the study volunteers that vary in sensation-seeking
status. Under these conditions, the association between sensation seeking and drug
sensitivity can be influenced by multiple factors, including sample size, the relative
distribution of sensation-seeking scores, and the relative contribution of influences on
sensation-seeking status (i.e., genetic vs environmental) among the subjects in a given study
(e.g., White et al. 2005).

A recent study by our group examined the effects of d-amphetamine in young adults who
had been consistently in the top third of their age-based cohorts on the SSS-Form V across
four consecutive annual assessments as adolescents (Kelly et al., personal communication).
High sensation seekers were more sensitive to the performance, subjective, and
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cardiovascular effects of d-amphetamine than their low sensation-seeking classmates.
However, groups differed on several factors in addition to sensation-seeking status (e.g.,
alcohol use, gender, extraversion, and measures of behavioral undercontrol), making it
difficult to ascribe group differences to any specific factor. A primary objective of this study
was to determine whether d-amphetamine effects would vary among groups of young adults
recruited to reflect extremes on the impulsive SSS when controlling for gender, ethnicity,
prior drug use, and associated personality components. To characterize the pharmacological
effects of the drug in these groups, multiple doses were tested on two occasions to establish
and replicate dose–response effects. While neither sensitization nor tolerance is typically
observed during repeated testing with d-amphetamine in clinical studies with healthy
volunteers (e.g., Kelly et al. 1991; Wachtel and de Wit 1999), the testing of doses on two
occasions also permitted us to examine the possibility of group differences in sensitivity or
tolerance associated with repeated testing.

Zuckerman and colleagues have attempted to identify basic dimensions of personality by
factor analyzing scores on a variety of personality and temperament scales with known or
suspected biological determinants (Zuckerman et al. 1988, 1991). One of the five basic
dimensions that emerged through this analysis was impulsive sensation seeking. A new
questionnaire (Zuckerman–Kuhlman Personality Questionnaire, ZKPQ) designed to
measure these five basic dimensions has high content and construct validity (e.g., Goma-i-
Freixanet et al. 2005; Zuckerman et al. 1993). The impulsive SSS of this questionnaire,
which purportedly reflects a biologically based personality dimension, generates scores that
are correlated with Form V of the SSS (Zuckerman et al. 1993). A second purpose of the
present study was to determine whether the association between d-amphetamine and
sensation-seeking status would also be observed if sensation-seeking status was determined
using the biologically based impulsive SSS of the ZKPQ (Zuckerman et al. 1993).

Impulsive behavior was associated with individual differences in vulnerability to drug abuse
(e.g., Bickel and Marsch 2001; de Wit and Richards 1997; Semple et al. 2005). Scores on
the impulsive SSS of the ZKPQ are highly correlated with personality scales designed to
assess impulsivity (e.g., Zuckerman et al. 1993; Goma-i-Freixanet et al. 2005). While
associations between performance and personality measures of impulsivity have yet to be
established (e.g., Evenden 1999; Holt et al. 2003; Zermatten et al. 2005), it is possible that
increased risk for drug abuse among high impulsive sensation seekers may be associated
with the impulsive behavior that is characteristic of these individuals. A final objective of
the current study was to examine performance of high and low impulsive sensation seekers
on behavioral tasks associated with impulsivity, including attention (rapid information
processing task), inhibition (stop-signal task), and risk-taking behavior (gambling task)
under control and active d-amphetamine conditions to examine the associations among drug
effects, performance, and questionnaire assessments of impulsivity and sensation-seeking
status.

Materials and methods
Participants

Healthy adult volunteers were recruited through advertisements placed on the University of
Kentucky campus and in the local community. All volunteers completed a brief telephone
interview or an internet-based questionnaire addressing general medical and legal status and
completed the impulsive SSS from the ZKPQ (Zuckerman et al. 1988, 1993). Those
reporting significant medical or legal problems or daily or regular heavy drug use (e.g.,
hallucinogens, alcohol, marijuana, stimulants, or sedatives) were not considered. Those
reporting good health and occasional caffeine use with impulsive SSS scores falling in the
upper (i.e., men >14 and women >13) and lower (i.e., men <7 and women <6) quartile of
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scores from college students (Zuckerman, personal communication) were contacted by
telephone and invited to participate in the study.

During an orientation and medical screening day, volunteers completed a battery of medical
and psychological questionnaires, including the Zuckerman SSS (Form V; Zuckerman et al.
1978), blood chemistry, liver function, and urinalysis tests. Volunteers were excluded if they
had a history of medical illness (e.g., cardiovascular disease, neurological or psychiatric
disorder) or if there were any indication of elevated medical risk associated with taking d-
amphetamine. During a separate training session, participants practiced the study tasks until
performance was consistent and accurate across consecutive trials. Forty-six volunteers (23
men: 1 African-American, 1 Asian, and 21 Caucasian; 23 women: 2 African-American and
21 Caucasian) were invited to complete the medical evaluation. Three chose not to
participate, ten were excluded for medical reasons, eight withdrew after successfully
completing the medical evaluation before beginning the study, and two withdrew after the
training session.

Twenty-two out of 23 participants, all Caucasians, completed the study, which consisted of
seven 4.5-h test days, Monday through Friday, each separated by a minimum of 48 h. One
subject dropped out after the first session. Participants were instructed to abstain from
medication and alcohol for 24 h before all scheduled test days, and to abstain from eating for
4 h before the start of each test day. At the start of a test day, which occurred at the same
time each day, participants answered open-ended questions regarding sleep, medication use,
eating behavior, and health status during the preceding 24 h, and completed field-sobriety,
breath (Alco-Sensor III, Intoximeters; piCO Carbon Monoxide Monitor, Bedfont Scientific),
and urine tests (cocaine, benzodiazepine, barbiturate, marijuana, amphetamine, and opiate
OnTrak TesTstik, Varian; Clear-view HCG II, Unipath) to assess drug use and pregnancy.
Participants then consumed a low-fat snack and behavioral assessments were completed
before (i.e., time 0) and at hourly intervals for 3 h after dose administration. Each
assessment was approximately 35 min in duration.

Upon successful completion of the 7-day protocol, participants received approximately *
$350, including per diem and task earnings, and a bonus (*$140) for completing all
scheduled test days and abstaining from drug use for the duration of the study. There were
no group differences in earnings. The study was reviewed and approved by the University of
Kentucky Medical Institutional Review Board.

Data from two female high sensation seekers were excluded from analysis due to tobacco
and drug use during study participation, resulting in a final sample size of ten high (five
women) and ten low (five women) impulsive sensation seekers. Low sensation seekers were
significantly lower on the total score (p<0.001) and on the Thrill and Adventure Seeking
(p=0.05), Experience Seeking (p<0.0001), and Boredom Susceptibility (p<0.0005) sub-
scales of the SSS (Form V). Scores on the Disinhibition subscale were not different (p<0.2).
Groups were not significantly different (two-sample t tests) in age (21.6 vs 21.7 years for
low and high groups, respectively), height, weight, years of education (14.6 vs 13.9), or drug
use. Alcohol (4.9±2.3 vs 5.9±3.1 drinks per week) and caffeine (34 vs 59 mg/day) use was
modest for all participants. Four participants (one low sensation seeker) reported intermittent
(i.e., less than daily) tobacco use, and two (one low) reported marijuana use on two or fewer
occasions during the month preceding the study. No other drug use was reported (e.g.,
amphetamines and cocaine). Groups did not differ on any of the questionnaires examining
symptoms of behavioral undercontrol (e.g., ADHD or conduct disorder), extraversion, mood
disorders, or psychiatric symptoms, such as alcohol abuse or depression.
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Design
A double-blind, placebo-controlled, randomized block design was used to examine the
effects of one between-subject variable (high vs low sensation-seeking status) and three
within-subject variables [d-amphetamine dose (0.0, 7.5, and 15.0 mg/70 kg), time (0, 60,
120, and 180 min postdose), and replication (two levels)].

Drug
Doses were prepared based on body weight by the University of Kentucky Investigational
Pharmacy in size 00 opaque capsules with lactose filler. Placebo (0.0 mg/70 kg) was always
administered during the first test day when data were recorded but not analyzed. Each dose
(0.0, 7.5, and 15.0 mg/70 kg) was tested on two occasions in random order, and each dose
was tested on one occasion before any dose was repeated.

Behavioral and subjective state assessment
During each assessment, subjects completed measures associated with drug abuse potential,
including self-report (e.g., Foltin and Fischman 1991) and psychomotor and cognitive
performance (e.g., Roache 1991) measures, in the following order:

– Visual analog scales (VAS): Participants rated items (I feel stimulated, stressed,
sedated, hungry, anxious, light-headed, thirsty, sleepy, sick to my stomach,
down, high, and a drug effect, and I like the drug effect) presented individually
on the computer by marking a 100-unit line anchored on the extremes by “Not at
all” and “Extremely.”

– Profile of mood states (POMS): Participants completed an experimental version
of the POMS consisting of 72 adjectives rated along a five-point scale, from
“Not at all” to “Extremely,” which yielded scores on ten clusters: Anxiety,
Depression, Anger, Vigor, Fatigue, Confusion, Friendliness, Elation, Arousal
and Total Positive (McNair et al. 1971).

– Addiction Research Center Inventory (ARCI): The 49-item short form of the
true–false inventory yielded information on five dimensions: lysergic acid
diethylamide (LSD) scale; amphetamine (A) scale; benzedrine group (BG)
scale; morphine–benzedrine group (MBG) scale; and the pentobarbital,
chlorpromazine, alcohol group (PCAG) scale (Martin et al. 1971).

– Digit symbol substitution task (DSST): Participants completed a 1.5-min
computerized version of the DSST adopted from (McLeod et al. 1982). Trial
completion rate and accuracy was monitored on this psychomotor task.

– Rapid information processing task (RIP): Participants completed a 5-min
computerized version of the RIP (Fillmore et al. 2005). Information processing
capacity (working memory) was determined based on the rate of digit
presentation maintained and signal detection accuracy (proportion of hits)
during this self-paced task.

– Stop-signal task: Participants completed a 7.75-min computerized version of the
stop-signal task (Fillmore et al. 2005). Inhibitory control was determined by
examining reaction time and duration of the delay between go and stop signals
that could effectively inhibit cued responding.

– Risk-taking task: The risk-taking task consisted of 50 discrete two-choice trials
in which participants selected between risky (each trial resulted in earning or
losing between 25 and 75 cents) and nonrisky (each trial resulted in earning 1
cent) options (adopted from Lane et al. 2005a). Risk-taking behavior was
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determined based on the relative number of risky choices. Task duration was
approximately 12 min.

– Cardiovascular assessment: Oscillometric heart rate and systolic and diastolic
blood pressure measures were obtained (Sentry II, NBS Medical).

Data analysis
Data were analyzed using a sensation-seeking status (between-group factor, two levels) ×
dose (within-group factor, three levels) × time (within-group factor, four levels) ×
replication (within-group factor, two levels) ANOVA. If the results of the ANOVA
indicated a significant main effect of group, baseline (i.e., predrug) session values were
added to the model as a covariate (i.e., ANCOVA) to control for possible group difference
in baseline performance. Type I error was controlled by examining significant group × dose
and group × dose × time interactions using simple-effects models, rather than conducting
multiple pairwise comparisons. Results were considered significant at p<0.05. There were
minimal interactions between replication and either sensation-seeking status (i.e., no
evidence of group differences associated with repeated testing) or dose (i.e., no evidence of
sensitization or tolerance associated with repeat testing), thus the effects of the replication
factor are not reported. Data reported in the manuscript are the averages of the two
replications.

Results
Table 1 summarizes the result of the ANOVA and presents d-amphetamine’s effects pooled
across time as a function of dose for low and high impulsive sensation seekers. Significant
stimulant-like drug effects were observed on cardiovascular measures (i.e., increased heart
rate and systolic and diastolic blood pressure), task performance (e.g., enhanced DSST and
RIP performance), and self-report measures (increases on VAS stimulated, feel drug, like
drug, and high; ARCI A; BG; MBG; POMS vigor, elation, and arousal; and total positive
scales; and decreases on VAS sleepy scale, ARCI, PCAG, and POMS fatigue and confusion
scales).

Significant differences in d-amphetamine effects were also observed among low and high
sensation seekers on multiple self-report measures. Figure 1 presents the effects of d-
amphetamine on VAS ratings of feel drug (top panels), like drug (middle panels), and high
(bottom panels). Significant sensation-seeking group × dose [feel drug: F (2,36)=7.97,
p<0.005; like drug: F(2,36)=6.52, p<0.05; high: F(2,36)=4.21, p<0.05] and sensation-
seeking group × dose × time [feel drug: F(6,108)=3.34, p<0.005; like drug: F(6,108)=3.03,
p<0.01] interactions were observed. A significant main effect of sensation-seeking group
was observed on VAS feel drug ratings [F(1,18)=6.27, p<0.05], which raised the concern
that group differences in drug effect were potentially related to group differences in baseline
ratings. However, a supplemental ANCOVA controlling for group differences in baseline
feel drug ratings confirmed the sensation-seeking group × dose interaction [F(2,36)=8.26,
p<0.001].

Simple-effects analyses of the two-way group × dose interactions on VAS ratings of feel
drug, like drug, and high indicated significant dose effects only among high sensation
seekers [feel drug: F(2,36)=15.94, p<0.001; like drug: F(2,36)=10.39, p<0.001; high:
F(1,36)=7.97, p<0.005] and greater d-amphetamine effects occurring among high sensation
seekers on all three measures at the 7.5 mg/70 kg [feel drug: F(1,36)=8.98, p<0.01; like
drug: F(1,36)=9.22, p<0.005; high: F(1,36)=6.17, p<0.05] and 15 mg/70 kg [feel drug:
F(1,36)=37.28, p<0.001; like drug: F(1,36)=32.39, p<0.001; high: F(1,36)=14.83, p<0.001]
doses. Simple-effects analyses of the three-way group × dose × time interactions indicated
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that the enhanced d-amphetamine effects among high sensation seekers were observed 1
[like drug: F(5,108)=4.79, p<0.001], 2 [feel drug: F(5,108)=20.22, p<0.001; like drug:
F(5,108)=27.22, p<0.001], and 3 [feel drug: F(5,108)=17.46, p<0.001;like drug:
F(5,108)=31.58, p<0.001] hours postdose.

Similar differences in d-amphetamine effects among low and high sensation seekers were
obtained on the VAS Thirsty [group × time: F(2,36)=4.67, p<0.05] and POMS Fatigue
[group × dose × time: F(6,108)=2.27, p<0.05] scales (Table 1). High sensation seekers
reported greater increases on VAS Thirsty than low sensation seekers only at the 15.0 mg/70
kg dose [F(1,36)=23.90, p<0.001]. Significant dose × time interactions were observed for
both low and high sensation seekers on the POMS Fatigue Scale [low sensation seekers:
F(11,108)=5.03, p<0.001; high sensation seekers: F(11,108)=3.83, p<0.001], although
decreases in Fatigue ratings across time were greater for high sensation seekers at the 15.0
mg/70 kg dose [F(7,108)=5.04, p<0.001].

The magnitude of d-amphetamine effects were also greater among high sensation seekers on
several additional measures (e.g., VAS stimulated; ARCI A, BG, and MBG scales; see
Table 1), although these differences did not reach statistical significance. Effect sizes for the
group × drug and group × drug × time interactions on these measures ranged from 0.3 to 2.5
(i.e., small to large effect sizes).

In contrast to the self-report measures, drug effects did not vary as a function of sensation-
seeking status on any task performance or cardiovascular measure.

Discussion
The main finding of this study is that impulsive sensation seeking young adults without
extensive histories of drug use or prior exposure to d-amphetamine reported greater
stimulant-like effects of d-amphetamine than low impulsive sensation seekers on self-report
measures that were associated with the reinforcing effects of drugs, including VAS ratings
of feel drug, like drug, and high (e.g., Foltin and Fischman 1991), and other measures of
stimulant drug effect (i.e., decreases in POMS fatigue). While group differences in d-
amphetamine effects on other self-report measures did not reach significance, small to large
effect sizes were observed for group by drug and group by drug by time interactions (e.g.,
VAS stimulated, ARCI A, BG, and MBG scales), suggesting that significant group
differences could have emerged with a larger sample size. Furthermore, by not including
volunteers who were regular or heavy drug users for study participation who were also
likely to be high impulsive sensation seekers, the current study adopted a conservative
approach to examine group differences in sensitivity to drug effects that could have reduced
the overall effect size. Many factors can influence the reinforcing effects of d-amphetamine,
and verbal report measures are not always consistent with drug-taking behavior (e.g., Chait
1993; Johanson et al. 1983; Johanson and Uhlenhuth 1980), so additional studies
incorporating direct measures of drug-taking behavior should be undertaken to examine
more carefully the relative reinforcing effects of d-amphetamine among impulsive sensation
seekers.

These results, obtained using the impulsive SSS of the ZKPQ (Zuckerman et al. 1993), are
consistent with those of several previous studies using a variety of different questionnaires
to examine the association between sensation-seeking dimensions of personality and the
subjective effects of d-amphetamine, thereby extending and validating the association
(Hutchison et al. 1999; Kelly et al., submitted for publication; Sax and Strakowski 1998;
White et al. 2005). It is unlikely that group differences in d-amphetamine effects were
associated with pharmacokinetic factors, as comparable drug effects were observed on the
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majority of measures, including cardiovascular and performance measures. Furthermore, no
evidence of sensitization or tolerance was apparent, which is consistent with previous
studies examining the effects of repeated d-amphetamine administration (e.g., Kelly et al.
1991; Wachtel and de Wit 1999). Unanticipated group differences were also observed on
VAS ratings of Thirsty, although the effects were consistent with those on other self-report
measures in reflecting greater sensitivity to drug effect among high sensation seekers.

It is important to note, however, that an association between sensation-seeking status and
sensitivity to stimulant drug effects was not obtained in all studies (e.g., Alessi et al. 2003;
Carrol et al. 1982; Chait 1993; Corr and Kumari 2000; de Wit et al. 1986). Several factors
could contribute to inconsistent outcomes across studies, including sample size and the
distribution of sensation-seeking scores in the study populations (for discussion, see White
et al. 2005). Individual differences in sensation-seeking status were attributed to both
genetic and environmental influences (e.g., Fulker et al. 1980; Stacy et al. 1991). Another
factor that could contribute to inconsistent outcomes across studies is the relative
contribution of genetic and environmental influences on the expression of the trait in the
study population. In the current study, biological influence was enhanced by recruiting
participants who scored at the extremes of the population on the biologically based
impulsive SSS of the ZKPQ. Future studies will be needed to determine whether the
association between sensation-seeking status and sensitivity to stimulant drug effects is
limited to those individuals who are in the extremes of the population distributions and/or
exhibiting relatively high levels of biological influence on trait expression.

The present study also examined performance on tasks involving attention (RIP), inhibition
(stop signal task), and risk-taking behavior (gambling) among low and high impulsive
sensation seekers under placebo and active dose conditions. d-amphetamine engendered
stimulant effects on RIP and stop signal task performance (see Fillmore et al. 2005 for a
detailed report of these data). No d-amphetamine effects were apparent on risk-taking
behavior. Performance on the risk-taking task was altered by both sedatives and THC,
suggesting that the absence of d-amphetamine effects is not a consequence of task
insensitivity (Lane et al. 2004, 2005a,b). It is important to note that no impulsive sensation
seeking group differences were observed on attention, inhibition, or risk-taking behavior
under placebo or active d-amphetamine doses. These data suggest that the association
between impulsive sensation seeking and d-amphetamine sensitivity is not likely mediated
through changes in impulsive behavior.

The apparent lack of association between personality and performance measures of
impulsivity in the present study does not suggest a problem of measurement. There is ample
precedence for the limited convergence among personality and performance measures of
impulsivity (e.g., Holt et al. 2003; Petry 2001). The discordance is associated with the
multifactorial nature of impulsivity, the quantitative distinction between personality, which
reflects behavioral tendency, and performance, which is an instance of behavior that
contributes to an overall tendency (e.g., Evenden 1999; Miller and Lynam 2003). As such,
given the relatively small sample size in the current study, the absence of an association
between personality and performance measures of impulsivity might not be interpreted as a
problem with measurement, but rather one of low statistical power.

The main finding of this study is that high sensation seekers, matched to low sensation
seekers in age, gender, education, other personality dimensions (e.g., extraversion), mood,
psychiatric symptoms, measures of behavioral undercontrol, and drug use, reported greater
sensitivity to the stimulant-like effects of d-amphetamine on self-report measures that were
associated with the reinforcing effects of drugs, including VAS ratings of feel drug, like
drug, and high (e.g., Foltin and Fischman 1991). However, the enhanced sensitivity was
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specific to self-report measures; d-amphetamine effects on cardiovascular and performance
measures were not different between groups. High novelty or sensation-seeking status is
associated with an increased frequency and amount of drug use (Brennan et al. 1986; Wills
et al. 1994, 1995) and increased risk for the development of drug abuse and dependence
(Hawkins et al. 1992; Huba et al. 1981). The results of this study suggest that escalating
patterns of drug use and the development of problems associated with that use among high
impulsive high sensation seekers might be due, in part, to increased sensitivity to the
reinforcing effects of drugs.
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Fig. 1.
Time-course effects of d-amphetamine (0.0, 7.5, and 15.0 mg/70 kg) on the VAS feel drug
(top row), like drug (middle row), and high (bottom row) for low (left column) and high
(right column) impulsive sensation seekers. Error bars represent ±1 SEM
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