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Abstract
Although sensation-seeking status is associated with age of initiation and amount of drug use
among adolescents, and sensitivity to the behavioral and reinforcing effects of drugs among young
adults, it is unclear whether sensation-seeking status among adolescents is predictive of sensitivity
to the pharmacological effects of drugs (i.e. abuse potential) as adults. This study examined the
acute behavioral effects of oral diazepam and d-amphetamine in young adults, ages 18–21 years,
who had consistently scored in the highest or lowest third of their grade-based cohort on a
modified Sensation Seeking Scale that was completed annually between ages 10 and 14 years.
Healthy participants completed 16 7.5-h test days, with test days separated by a minimum of 48 h.
Each day, assessments consisting of computer task performance, verbal report of drug effects, and
cardiovascular measures were completed 0, 50, 110, 170, 230, and 290 min after drug
administration. Placebo and three active doses of diazepam and d-amphetamine (2.5, 5.0 and 10.0
mg/70 kg) were tested under double-blind conditions according to a randomized-block design.
Typical stimulant and sedative effects were obtained with d-amphetamine and diazepam,
respectively. Drug effects varied as a function of sensation-seeking status, with magnitude of
effects on cardiovascular function, task performance, and report of positive drug effects being
greater among high sensation seekers, and report of negative drug effects being greater among low
sensation seekers. Adolescents who report high levels of sensation seeking on a consistent basis
are more sensitive to pharmacological effects of stimulant and sedative drugs that are associated
with abuse potential as young adults.
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Introduction
Sensation seeking, defined as the preference for novel, complex, ambiguous, and/or
emotionally intense sensations and experiences and willingness to take risks for such
experiences (Zuckerman, 1994), is associated with impulsivity, reward sensitivity, and
vulnerability to drug abuse (e.g. Depue and Collins, 1999; de Wit and Richards, 2004).
Adolescents and young adults characterized as high sensation or novelty seekers, using
personality scales such as the Zuckerman or Cloninger inventories (Zuckerman and Link,
1968; Cloninger, 1987), are more likely to initiate drug use, begin using at an earlier age,
and report greater frequency and amount of drug use compared with their low sensation
seeking counterparts (Wills et al., 1994, 1995). Regular drug users and substance abusers
score higher on sensation-seeking dimensions than control subjects (Kosten et al., 1994;
Gelernter et al., 1997; Mitchell, 1999). High sensation seekers in drug treatment also relapse
at a greater rate than low sensation seekers (Schubiner et al., 2002). These data suggest that
high sensation seekers may be more vulnerable to drug abuse.

Individual differences in sensation-seeking status have been related to biological factors.
Sensation seeking seems to be heritable, with twin studies suggesting that genetic factors
account for as much as 58% of the variance in sensation-seeking status (Fulker et al., 1980).
Sensation-seeking levels are high in children of alcoholics, who are at increased genetic risk
for drug abuse (Loukas et al., 2001). High and low sensation seekers exhibit differences in
physiological responses to novel stimuli (Neary and Zuckerman, 1976; Netter et al., 1996),
and differences in hormone and enzyme levels and neuro-transmitter system function have
been reported as a function of sensation-seeking status (Schooler et al., 1978; Balada et al.,
1992; Netter et al., 1996). Although evidence is mixed, studies suggest that variation in
dopamine receptor genes may also be linked to individual differences in sensation-seeking
status (Ebstein et al., 1996; Ekelund et al., 1999; Suhara et al., 2001). Given a biological
basis for sensation-seeking status, sensation-seeking status among adolescents should
predict subsequent sensitivity to the pharmacological effects of drugs of abuse.

Several clinical studies suggest that adults reporting characteristics associated with high
sensation-seeking status are more sensitive to the behavioral effects of drugs than are low
sensation seekers (e.g. de Wit et al., 1987; Cheong and Nagoshi, 1998; Sax and Strakowski,
1998; Hutchison et al., 1999; Perkins et al., 2000, 2008; Alessi et al., 2003; Kelly et al.,
2006; White et al., 2006; Stoops et al., 2007; Fillmore et al., 2009; cf. Carrol et al., 1982;
Nagoshi et al., 1991; Chait, 1993; Corr and Kumari, 2000). As such, high sensation seekers,
who are more likely to engage in high-risk behaviors, including drug use, may also be at
greater risk for repeated use, given enhanced sensitivity to pharmacological effects.
However, given that sensation-seeking status was assessed among adults in those studies, it
remains uncertain whether sensation-seeking status assessed during adolescence would
predict the relative sensitivity to the pharmacological (i.e. reinforcing) effects of drugs in
later life.

The purpose of this study was to evaluate the association between sensation-seeking status
among adolescents and subsequent sensitivity to the pharmacological effects of drugs as
young adults. Although there are heritable factors associated with sensation-seeking status,
social psychological factors can also influence expression of the trait (Stacy et al., 1991). As
such, participants were recruited in a manner designed to maximize stable differences in
sensation-seeking status over time, thereby increasing the likelihood that trait expression
was associated with heritable factors. Three consecutive cohorts of adolescents, entering the
sixth grade in Fayette County, Kentucky, completed a modified version of the Sensation
Seeking Scale (Form V) for 4 consecutive years, as part of an evaluation of the efficacy of a
drug prevention program (Clayton et al., 1996; Lynam et al., 1999). Individuals scoring in
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the top or bottom third of their grade-based cohort on each assessment were contacted as
young adults and invited to participate in a follow-up study examining drug abuse potential.
It was assumed that individuals identified as high or low sensation seekers at a relatively
early age (i.e. 6th grade) and who remained as such over a 4-year period would be highly
likely to continue to express differences in sensation-seeking status over time, independent
of social psychological influences. A small subset of 17 young adults (11 high and six low
sensation seekers) met these stringent eligibility criteria and completed a randomized,
placebo-controlled, double-blind evaluation of the abuse potential of diazepam and d-
amphetamine, to determine whether individual differences in sensitivity to drug effects were
associated with their sensation-seeking status as adolescents.

Methods
Subjects

Three cohorts of middle-school students in Fayette County, Kentucky (n=5608) completed a
modified version of Form V of the Sensation Seeking Scale (drug-use items were removed;
Clayton et al., 1996) annually, over 4 consecutive years between sixth and tenth grade; those
scoring in the upper or lower third of the distribution of scores from their cohort during each
of the four annual assessments (n=679) served as potential participants. Those who could be
recontacted as young adults (i.e. between ages 18 and 22 years) and agreed to be contacted
about follow-up study participation, completed a brief telephone interview addressing
general medical and legal status, and reported good health and occasional stimulant and
sedative use (e.g. alcohol, caffeine), served as the potential pool of study participants
(n=123).

From this pool, those volunteers with compatible schedules who were potentially interested
in study participation were invited to complete medical screening and training activities on
separate days before the start of the study (n=43). During the medical screening, all details
of study participation were discussed, and volunteers completed locally developed health
and personal history questionnaires, a 17-item drug use questionnaire derived from the
Addiction Severity Index (McLellan et al., 1992), the 13-item version of the Michigan
Alcoholism Screening Test (Selzer et al., 1975), the Eysenck Personality Inventory
(Eysenck, 1986), the Addiction Research Center Maturation Scale (Martin et al., 1977), the
Brief Symptom Inventory (Derogatis and Melisaratos, 1983), and the Beck Depression
Inventory, short form (Beck and Beck, 1972). Volunteers also completed the Sensation
Seeking Scale (Form V) and a locally developed Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition-based attention-deficit/hyperactivity disorder and conduct
disorder symptom checklist. Blood chemistry, liver function, and urinalysis tests were also
conducted. Volunteers were excluded from participation (n=16) if they were using
psychoactive medications, or had current symptoms or histories of any medical condition
that would put them at increased medical risk from study participation, such as major
psychiatric disorders, alcohol or drug abuse or dependence, central nervous system
disorders, cardiovascular or liver/kidney disorders based on the questionnaires and follow-
up discussion. During training, participants practiced the study tasks until performance was
consistent and accurate across consecutive trials.

The final sample consisted of 11 high (four female) and six low (five female) sensation
seekers, ages 18–21 years, who had completed 13–17 years of education. Three female low
sensation seekers identified themselves as African-American, one high sensation seeker
identified himself as Asian, and the remaining participants identified themselves as
Caucasian.
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Participants provided written consent before participation and received financial
compensation (payments for medical screening, training, per diem payments, task earnings,
and a bonus for completing all scheduled test days and abstaining from drug use before
scheduled sessions). The University of Kentucky Medical Institutional Review Board
reviewed and approved the study.

Procedure
Participants completed 16 7.5-h test days, each separated by a minimum of 48 h, under
isolated conditions, in a hospital room within the General Clinical Research Center of the
University of Kentucky Chandler Medical Center. Performance tasks and drug effect
questionnaires were presented on a computer (PowerMac 8600/250, Apple Computer,
Cupertino, California, USA) and 14-inch color monitor while participants were seated at a
desk. Testing occurred at the same time each day. Participants were requested to abstain
from the use of any medication, including alcohol, for 24 h and to abstain from eating for 4
h before the start of all test days. At the beginning of each test day, participants completed a
Field Sobriety test and provided breath and urine samples. Samples were tested to verify the
absence of drug use (i.e. alcohol, cocaine, benzodiazepines, barbiturates, marijuana,
amphetamines, and opiates) or pregnancy. Participants then consumed a caffeine-free
breakfast (two pieces of toast with butter, cereal, milk) during a 15-min interval.

Ten minutes after completing the meal, participants completed a baseline (i.e. predrug)
assessment. The test dose was administered 50 min postmeal, and assessments were
repeated 50, 110, 170, 230, and 290 min after dose administration. Each assessment was
approximately 35 min in duration. After the final assessment, participants repeated the Field
Sobriety tests, received per-diem payments, and were discharged from the hospital when
Field Sobriety performance was consistent with performance at the start of the day before
drug administration and participants reported no residual drug effects.

Assessments
Each assessment included measurement of task performance, cardiovascular function, and
verbal report of drug effects.

Task performance—Tasks [Repeated Acquisition of Response Sequences (RA), Digit
Symbol Substitution (DSST)] commonly used to assess the effects of drugs with abuse
potential (Roache, 1991) were included to examine drug effects on psychomotor
performance and learning efficiency in high and low sensation seekers. The RA task
(Fischman, 1978; Kelly et al., 2005) consisted of two components, a learning component
that was presented for 3 min, and a performance component, presented for 1 min.
Participants were required to learn a new 10-response sequence on four buttons during the
learning component, while the 10-response sequence remained unchanged during the
performance component throughout the study. Participants received two cents per point
during both the learning and performance components, and response rates and patterns of
correct and incorrect responses throughout the learning and performance components were
monitored as indices of drug effects on performance and learning ability. A 2-min
computerized version of the DSST (McLeod et al., 1982; Kelly et al., 2005) was used to
examine psychomotor performance. Participants received one cent per correct trial, and trial
rate and accuracy were used in as an index of performance.

Cardiovascular function—Cardiovascular measures are also commonly used to assess
the effects of drugs with abuse potential (Roache, 1991). In this study, cardiovascular
measures (heart rate, systolic and diastolic blood pressure) were collected during a 5-min
stress task during which participants completed mathematical addition problems (McCubbin
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et al., 1988, 1992), as well as during 5-min rest intervals occurring before and after the
mathematical task. The difficulty of the addition problems (i.e. numbers of digits to be
added) and the duration of time to enter the sum on the keyboard were systematically
manipulated during each assessment based on participant performance in an attempt to
maintain a consistent level of difficulty for all participants, regardless of mathematical
ability or drug performance effects. Cardiovascular measures were collected every 60 s with
an oscillometric blood pressure machine (Sentry II, NBS Medical, Costa Mesa, California,
USA). As the level of task difficulty was continuously changing based on ongoing
performance, drug effects on task performance were not examined.

Verbal report of drug effect measures—Verbal report measures [Visual-Analog
Scales (VAS), Profile of Mood States (POMS), Addiction Research Center Inventory
(ARCI)] commonly used to assess drug abuse potential (Fischman and Foltin, 1991) were
included to examine subjective drug effects among high and low sensation seekers. VAS
items (I feel stimulated, stressed, sedated, hungry, anxious, light-headed, thirsty, sleepy, sick
to my stomach, down, high; and a drug effect, as well as: I like the drug effect) were
completed by placing a mark along a computerized line containing 100 discrete units and
anchored on the left by ‘Not At All’ and on the right by ‘Extremely’. An experimental
version of the POMS (McNair et al., 1971) was also examined, consisting of 72 adjectives
rated along a five-point scale, yielding scores on eight mood clusters: Anxiety, Depression,
Anger, Vigor, Fatigue, Confusion, Friendliness, and Elation, and two derived scales
[Arousal: (Anxiety+Vigor) – (Fatigue+Confusion); Total Positive: Elation − Depression].
The 49-item short form of the ARCI (Martin et al., 1971) yielded information on five
dimensions: LSD scale, Amphetamine scale, Benzedrine Group (BG) scale, Morphine-
Benzedrine Group (MBG) scale, and the Pentobarbital, Chlorpromazine, Alcohol Group
(PCAG) scale.

Drug
Animal models have shown repeatedly that direct and indirect dopamine agonists function
as more efficacious reinforcers among high novelty-seeking animals. This study was
designed to examine the cross-species generality of these findings by examining the
behavioral effects of an indirect dopamine agonist (d-amphetamine) among low and high
sensation seekers. For comparison, the behavioral effects of diazepam, a sedative drug with
known abuse potential having no direct effect on dopamine function, were examined.
Previous studies have shown that the behavioral effects of therapeutic doses of d-
amphetamine and diazepam, both Food and Drug Administration-approved medications,
could be tested safely in healthy volunteers without extensive histories of drug-taking
behavior. Multiple doses were examined within the therapeutic window to test the
possibility that high and low sensation seekers would show differential sensitivity to doses
associated with initial exposure to the drugs. A range of doses of each drug that are
commonly used for therapeutic purposes were tested to examine sensitivity at levels
associated with initial exposure to the drugs. d-Amphetamine (0, 2.5, 5, and 10 mg/70 kg)
and diazepam (0, 2.5, 5, and 10 mg/70 kg) doses, adjusted based on subject body weight,
were prepared in size 00 opaque capsules with lactose filler by the investigational pharmacy
at the University of Kentucky. Each dose was tested on two occasions.

Statistical analysis
Group differences in demographic and other characteristics were examined with Student’s t-
tests (two-tailed). Results were considered significant at P value of less than 0.05. The main
study consisted of a double-blind, double-dummy placebo-controlled, randomized block
design consisting of one between-subject variable (high vs. low sensation seeking status)
and three within-subject variables (dose, time, and replication). Minimal interactions
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between replication and either dose or sensation-seeking status were observed, so for the
sake of clarity, the replication factor was dropped from the model. Data from d-
amphetamine and diazepam test days were analyzed as separate datasets and analyzed as a
linear mixed-model analysis of covariance (ANCOVA) (SPSS, v. 13.0, Chicago, Illinois,
USA), with sensation-seeking status (high vs. low), dose (0, 2.5, 5, and 10 mg/70 kg), and
time (50, 110, 170, 230, and 290 min) as fixed factors, subjects as a random factor, and
predose assessment data (time 0), sex, and alcohol use serving as covariates. Baseline
assessment results were included as covariates to control for sensation-seeking group
differences that were identified on multiple measures during the preliminary analysis. Sex
and alcohol use were also included as covariates because of group differences on these
variables. Ethnicity was not included as a covariate because only Caucasians were
represented in both the high and low sensation seeker groups. Significant interactions were
examined using simple-effects models. To minimize the number of follow-up comparisons,
significant effects of time and group by time interactions were not examined, as they were
tangential to the primary focus of the study, follow-up comparison testing was conducted
only when main effects of the ANCOVAs or main effects of the simple-effect follow-up
ANCOVAs were significant, and each dose was compared with placebo only. Drug main
effects and interactions were typically dose-related, but significant dose effects were limited
primarily to the high dose of both diazepam and d-amphetamine. For the sake of clarity,
only the effects of placebo and the high doses (10 mg/70 kg) of both diazepam and d-
amphetamine are presented graphically.

Results
Sensation-seeking group characteristics

Table 1 presents the results of the assessment questionnaires. As anticipated, given that high
and low sensation seekers were recruited based on the stability of their sensation-seeking
scores between grades 6 and 10, high sensation seekers scored significantly higher on the
total and all four subscales of the Sensation Seeking Scale (Form V) than low sensation
seekers. High sensation seekers also scored higher on the extraversion scale of the Eysenck
Personality Inventory (P<0.05) and on the ARC Maturation Scale (P<0.005), and endorsed
more Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition-based
symptoms of conduct disorder (P<0.05) than low sensation seekers, although none of the
participants met diagnostic criteria for conduct disorder. No statistically significant group
differences were obtained on reports of depression, attention-deficit hyperactivity
symptoms, or on any of the Brief Symptom Inventory scales (data not presented).

Table 1 also presents drug use by high and low sensation seekers. Reported alcohol intake
by high sensation seekers was significantly greater than low sensation seekers (8.0±3.4 vs.
2.7±3.4 drinks/week). Short Michigan Alcohol Screening Test (SMAST) scores were low
and not significantly different between groups. Other drug use was minimal and not
different between groups. None of the participants reported a history of regular
benzodiazepine, amphetamine, methylphenidate, or cocaine use, or any drug use during the
month before the study.

Diazepam effects
Task performance measures—Table 2 presents the results of the linear mixed-model
ANCOVA (main effects of group and drug, and group × drug interactions, only) for the
diazepam dataset. Typical sedative-like impairment was observed on several task
performance measures, as indicated by significant diazepam dose effects and dose by time
interactions. Diazepam decreased the number of DSST trials that were completed, although
the magnitude of the effect varied as a function of sensation-seeking status, with greater
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impairment occurring among high than low sensation seekers. Simple effects analyses
indicated that significant group differences were apparent only at the 10mg/70 kg dose
[F(1,15)=16.7, P<0.001], and significant diazepam effects were observed only among high
sensation seekers [F(3,605)=37.8, P<0.001]. Figure 1 (upper panels) presents the effects of
the 10 mg/70 kg doses of diazepam (filled circles) on DSST trial rate for low (upper left
panel) and high (upper right panel) sensation seekers. Peak effects occurred 50 min postdose
in both low and high sensation seekers, although the magnitude of impairment was greater
among high sensation seekers.

Diazepam increased the number of incorrect responses (i.e. errors) during both the learning
and performance components of the RA task, but decreased the number of correct responses
only during the performance component. Group differences in diazepam effects were also
observed on incorrect responses, but simple-effects testing only revealed a significant group
difference at the 5.0mg/70 kg dose (P<0.01), resulting from a decrease in incorrect
responses (i.e. improved performance) among low sensation seekers. The magnitude of
diazepam-induced increases in incorrect responses on RA task performance at the 10.0 mg/
70 kg dose was comparable among low and high sensation seekers.

Cardiovascular measures—As anticipated, resting heart rate and blood pressure were
increased while performing mathematical tasks (data not presented). Diazepam decreased
systolic and diastolic blood pressure while resting and while completing mathematical
problems, and the magnitude of diazepam effects varied as a function of sensation-seeking
status. While at rest, simple-effects analyses indicated that significant diazepam effects
occurred only at the highest dose among high sensation seekers for both systolic
[F(3,604)=112.56, P<0.001] and diastolic [F(3,605)=6.99, P<0.001] pressure. Figure 1
(lower panels) presents the effects of the 10 mg/70 kg doses of diazepam on resting diastolic
blood pressure for low (lower left panel) and high (lower right panel) sensation seekers.
Similar to diazepam effects on DSST performance, peak effects occurred 50min postdose in
both low and high sensation seekers, and the magnitude of effect was greater among high
sensation seekers. While performing mathematical problems, the highest diazepam dose
(10mg/70 kg) decreased diastolic blood pressure only among high sensation seekers
[F(3,604)=8.53, P<0.001].

Verbal report of drug effect measures—Sedative-like reports were observed on the
verbal-report scales. On the ARCI, diazepam increased PCAG, BG, and Lysergic Acid
Diethylamide Group scale and decreased Amphetamine scale ratings. Diazepam decreased
the Arousal, Vigor, and Total Positive scales of the POMS. On the VAS, diazepam
increased ratings of Feel Drug, Light-Headed, Down, Sedated, and Sleepy and decreased
ratings of Stimulated.

Differences in verbal reports of the sedative effects and abuse potential of diazepam were
observed for low and high sensation seekers. Figure 2 presents the effects of diazepam on
self-report measures associated with drug abuse potential (i.e. ARCI BG and MBG scales,
VAS Like Drug). The top panels present the effects of the 0 and 10 mg/70 kg doses of
diazepam on the BG scale of the ARCI for low (left panel) and high (right panel) sensation
seekers. Simple-effects analyses of the sensation seeking by dose interaction indicated that
diazepam decreased ratings to a greater extent among low sensation seekers [F(3,606)=6.43,
P<0.001]. Diazepam decreased BG ratings occurring 50 and 110 min postdose for low
sensation seekers, whereas small magnitude decreases occurred only 110 min postdrug for
high sensation seekers. Although no statistically significant sensation seeking by dose
interactions were observed on the ARCI MBG or VAS Like Drug scales, the main effect of
sensation-seeking status was significant for MBG ratings and approached significance for
Like Drug ratings. Figure 2 indicates that diazepam effects were qualitatively different for
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low and high sensation seekers, in that diazepam decreased ARCI MBG and VAS Like Drug
ratings in low sensation seekers, whereas the drug had no effect on ARCI MBG ratings and
increased VAS Like Drug ratings among high sensation seekers.

Figure 3 presents the effects of diazepam on self-report measures of stimulant and sedative
drug effects (i.e. ARCI Amphetamine, POMS Vigor, VAS Sleepy). Simple-effects analyses
of the sensation-seeking status by dose interaction on the Amphetamine scale of the ARCI
(top panels) indicated significant diazepam effects among low sensation seekers only
[F(3,605)=3.86, P<0.01], with decreased ratings occurring 50 and 110 min at both the 0 and
10 mg/70 kg dose conditions, while no changes in ratings occurred over time among high
sensation seekers. Simple-effects analyses of the sensation seeking by dose interaction on
the Vigor scale of the POMS (middle panels) revealed that diazepam effects were significant
for low sensation seekers only (P<0.01), with decreased ratings at the 10 mg/70 kg dose
condition occurring 50, 110, and 170 min, while no changes in ratings occurred over time
among high sensation seekers. Simple-effects analyses of the sensation-seeking status by
dose interaction on the VAS Sleepy scale (bottom panels) indicated that diazepam effects
were observed only among high sensation seekers [F(3,605)=11.33, P<0.001] at the 5 mg/70
kg (P<0.001) and 10 mg/70 kg (P<0.001) doses. Peak effects occurred 50 and 110 min
postdose in both low and high sensation seekers, although the magnitude of effect was
greater among high sensation seekers. Similar effects were observed on the POMS Fatigue
scale (data not shown), with significant diazepam effects occurring only among high
sensation seekers [F(3,604)=5.65, P<0.001] at the 5 mg/70 kg (P<0.01) and 10mg/70 kg
(P<0.001) doses. Results from the VAS Sleepy and POMS Fatigue scales are similar to
those obtained on task performance in that diazepam engendered greater increases in ratings
of sedative effects among high sensation seekers.

Diazepam effects on other verbal rating scales that have been associated with drug-abuse
potential and/or aversive (i.e. negative) drug effects were also different for low and high
sensation seekers. Simple-effects analyses of the sensation seeking status by dose
interactions on the Depression and Total Positive scales of the POMS and on VAS Thirsty
indicated that diazepam increased ratings on the Depression [F(3,606)=3.94, P<0.01] and
Thirsty [F(3,606)=3.53, P<0.05] scales and decreased ratings on the Total Positive
[F(3,607)=5.35, P<0.001] scales only in low sensation seekers. Diazepam increased ratings
on the POMS Confusion scale among both low [F(3,604)=3.67, P<0.05] and high
[F(3,604)=4.34, P<0.01] sensation seekers, but significant diazepam effects occurred at the
2.5 and 5mg/70 kg doses among high sensation seekers, whereas increases in Confusion
ratings occurred at the 10 mg/70 kg dose in the low sensation seekers. Analyses of the
sensation-seeking status by dose interaction on VAS Stressed ratings did not yield any
significant simple effects, although at the 10 mg/70 kg dose, ratings were elevated among
low but not high sensation seekers. These data indicate that diazepam decreased low
sensation seekers ratings on several scales associated with abuse potential (POMS Total
Positive) and increased ratings on scales associated with aversive drug effects (POMS
Depression and Confusion, VAS Stressed).

d-Amphetamine effects
Task performance measures—Table 2 also presents the results of the linear mixed-
model ANCOVA with the d-amphetamine dataset. d-Amphetamine increased the number of
DSST trials completed, but the magnitude of the effect varied as a function of sensation-
seeking status. The upper panels of Fig. 1 present the effect of the 0 and 10 mg/70 kg doses
of d-amphetamine on DSST trial rate. d-Amphetamine increased response rate relative to
placebo to a greater extent among high sensation seekers, although the simple-effects
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analysis of the sensation-seeking status by dose interaction did not yield any significant
effects.

During the learning component of the RA task, d-amphetamine improved acquisition
efficiency, based on the index of curvature, and decreased the number of incorrect responses
(i.e. dose × time interactions, P<0.05, in both cases). During the performance component, d-
amphetamine increased the number of correct responses but had no effect on incorrect rate.
These data suggest that d-amphetamine improved both RA acquisition and performance,
although by enhancing learning efficiency during the learning component, and by increasing
response rate during the performance component. d-Amphetamine effects on the number of
correct responses during the learning component of the RA varied as a function of sensation-
seeking status. As with the DSST, analysis of the sensation-seeking status by dose
interaction did not yield any significant simple effects, although d-amphetamine effects
approached significance among high sensation seekers only [F(3,605)=2.48, P=0.06)],
suggesting that d-amphetamine enhanced performance in high sensation seekers only.

Cardiovascular measures—d-Amphetamine increased systolic and diastolic blood
pressure during the rest intervals, and heart rate and systolic pressure during mathematical
task performance. d-Amphetamine effects on diastolic blood pressure varied as a function of
sensation-seeking status. Figure 1 (lower panels) presents the effects of d-amphetamine on
resting diastolic blood pressure; as with DSST performance, the magnitude of d-
amphetamine effect was greater among high sensation seekers in that simple effects analysis
indicted greater effect sizes among high [F(3,605)=9.03, P<0.001] than among low
[F(3,605)=6.24, P<0.01] sensation seekers.

Verbal report of drug effect measures—d-Amphetamine increased VAS ratings of
Feel Drug, stimulant-like ratings on the ARCI Amphetamine scale and the Arousal scale of
the POMS, and ratings on scales that have been associated with drug abuse potential,
including the BG scale of the ARCI and the Vigor, Elation, Arousal, and Total Positive
scales of the POMS. d-Amphetamine also increased negative ratings on the POMS Anxiety
and VAS Down scales.

d-Amphetamine effects varied as a function of sensation-seeking status on several verbal
report scales associated with the abuse potential of drugs (Table 2, FFig. 2). For example,
simple effects analyses indicated that significant d-amphetamine-induced increases in ARCI
BG scale ratings occurred among high sensation-seekers only [(3,608)=7.18, P<0.001].
Significant main effects of sensation-seeking status were observed on the ARCI MBG and
VAS Like Drug scales, with high sensation seekers reporting lower ratings on these scales
under all conditions, including placebo. Figure 2 indicates that relative to placebo, d-
amphetamine-induced increases in ratings on these scales occurred among high sensation
seekers only.

The effects of d-amphetamine on self-report measures of stimulant and sedative drug effects
are presented in Fig. 3. Significant main effects of sensation-seeking status were observed
on the ARCI Amphetamine scale (top panels), with lower ratings among high sensation
seekers occurring under all conditions. However, as with the MBG and VAS Like Drug
scales, d-amphetamine-induced increases in ratings on the Amphetamine scale were
observed among high sensation seekers only. The middle panels of Fig. 2 present the effects
of d-amphetamine doses on POMS Vigor. Simple effects analyses indicated that the 10 mg/
70 kg dose of d-amphetamine increased POMS Vigor ratings in high sensation seekers only.
d-Amphetamine decreased VAS ratings of sleepy (bottom panels) equally in low and high
sensation seekers.
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d-Amphetamine effects on other verbal rating scales that have been associated with drug
abuse potential and/or aversive (i.e. negative) drug effects also varied as a function of
sensation-seeking status. Simple-effects analyses of sensation-seeking status by dose
interactions on the POMS Anger scale indicated that d-amphetamine increased ratings only
in low sensation seekers at the 2.5 mg/70 kg dose [F(3,605)=5.45, P<0.001]. Similarly,
greater d-amphetamine effects among low sensation seekers were observed on the VAS
Light-Headed and Thirsty scales, with simple-effects analyses indicating greater changes in
Light-Headed [F(3,605)=4.45, P<0.01] and Thirsty [F(3,605)=11.95, P<0.001] scale ratings
among low sensation seekers. One notable exception to the general pattern of results (i.e.
greater positive d-amphetamine effects among high sensation seekers, greater negative
effects among low sensation seekers) was also apparent in that simple effects analyses of the
sensation seeking by dose interaction on the POMS Total Positive scale indicated increased
ratings among low sensation seekers only [F(3,605)=6.53, P<0.001].

Discussion
Diazepam and d-amphetamine, examined using a double-blind repeated-measures design in
which each drug was tested in every subject, engendered characteristic sedative- like and
stimulant-like effects, respectively. A range of therapeutic doses of diazepam (2.5–10 mg/70
kg) impaired performance on psychomotor and cognitive tasks, decreased blood pressure,
and engendered a sedative-like profile of verbal reports of drug effect, including increases
on the ARCI PCAG, POMS Fatigue, and VAS Sedated and Sleepy scales, in a dose-
dependent manner. In contrast, a therapeutic dose range of d-amphetamine (2.5–10 mg/70
kg) enhanced psychomotor and cognitive task performance, increased blood pressure, and
engendered a stimulant-like profile of verbal reports of drug effect, including increases on
the ARCI Amphetamine and BG and POMS Elation, Arousal, Vigor, and Total Positive
scales, also in a dose-dependent manner.

Young adult groups of high and low sensation seekers were established, based on the
consistency with which subjects scored in the upper or lower third of their age-based cohorts
on the sensation-seeking personality questionnaire annually over a 4-year period of
adolescence (6th through 10th grade). After controlling for sensation-seeking group
differences in baseline performance, sex and alcohol use, differences in the magnitude of
diazepam-induced sedative effects and d-amphetamine- induced stimulant effects were
observed among the high and low sensation-seeking groups. Diazepam engendered
significantly greater sedative effects (i.e. performance impairment on the DSST and RA
tasks, sedative-like effects on the POMS Fatigue and VAS Sleepy scales) among high
sensation seekers. In contrast, diazepam decreased verbal-report measures related to abuse
potential (i.e. VAS Like Drug, POMS Total Positive, and ARCI MBG scales) and stimulant
effects (i.e. POMS Vigor and ARCI A scales), and increased ratings on verbal-report
measures that have been categorized as negative (i.e. increases in POMS Depression and
Confusion and VAS Stressed scales) in low sensation seekers. d-Amphetamine improved
performance on the DSST and RA tasks, and increased verbal-report measures associated
with drug abuse potential (ARCI BG and POMS Vigor scales) only among high sensation
seekers. Furthermore, the magnitudes of d-amphetamine effects on the ARCI MBG and
Amphetamine scales and on VAS Like Drug were greater among high than low sensation
seekers. In contrast, greater sensitivity to d-amphetamine effects among low sensation
seekers was generally limited to measures associated with negative drug effects (e.g. POMS
Anger, VAS Light-Headed and Thirsty scales). These results are consistent with previous
studies showing that young adults who report sensation-seeking-type personality
characteristics are more sensitive to the effects of drugs associated with abuse liability than
low sensation seekers (e.g. de Wit et al., 1987; Cheong and Nagoshi, 1998; Sax and
Strakowski, 1998; Hutchison et al., 1999; Perkins et al., 2000, 2008; White et al., 2006;
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Kelly et al., 2006; Stoops et al., 2007; Fillmore et al., 2009), and suggest that low sensation
seekers may be more sensitive to negative drug effects. Importantly, these results also
extend previous studies by showing that the association between sensation-seeking status
and vulnerability to drug abuse can be determined based on the sensation-seeking status of
adolescents.

Individual differences in vulnerability to the abuse potential of benzodiazepines are
influenced, in part, by sedative-use history (e.g. Woods et al., 1992). Individuals with a
history of heavy alcohol use, for example, show greater sensitivity to the reinforcing effects
of benzodiazepines. In this study, alcohol use was greater among high sensation seekers.
However, none of the subjects reported heavy or problematic alcohol use (none reported
more than 14 drinks per week, and SMAST scores were low), and individual differences in
alcohol use were controlled as a covariate in the statistical analyses. Diazepam decreased
verbal reports associated with drug abuse potential (e.g. VAS Like Drug, POMS Total
Positive, and ARCI MBG scales) among low sensation seekers, but had no effect on these
measures among high sensation seekers. Furthermore, despite reporting greater alcohol use,
high sensation seekers exhibited greater sensitivity to diazepam-induced sedation and
performance impairment. As such, it is not likely that group differences in diazepam effects
can be explained by heavier alcohol use among high sensation seekers.

High and low sensation seeker groups also differed on factors other than alcohol use,
including sex, ethnicity, extraversion, conduct disorder symptoms, levels of maturation, and
on baseline (i.e. predrug) performance on several of the study measures. Some of these
differences would be expected based on the strict selection criteria that were used to
establish group status. Only those individuals who were consistently in the upper or lower
third of their grade-matched cohort on the Sensation Seeking Scale in 4 consecutive years
met eligibility criteria as high and low sensation seekers. These individuals also remained
high and low on their sensation-seeking status as young adults, suggesting that sensation-
seeking status was stable over a 6–11-year interval (i.e. between the ages of 10 and 22
years). Extraversion and conduct disorder symptoms are positively correlated with
sensation-seeking status (de Wit and Richards, 2004; Martin et al., 2004), so group
differences on these factors is not surprising. Previous research has shown that drug effects
vary as a function of both sex and ethnicity. Sex and ethnicity distributions varied across
groups, with 36 and 86% of the high and low sensation seeking groups being female, and 91
and 50% of the high and low sensation seeking groups being Caucasian. Baseline
differences in ratings on several verbal-report scales were also apparent (e.g. ARCI MGB,
BG, Amphetamine; POMS Vigor, Arousal, Anger). Although it is not possible to rule out
the potential influence of these factors on group differences in drug effect, other studies (e.g.
Sax and Strakowski, 1998; Hutchison et al., 1999; Perkins et al., 2000, 2008; Kelly et al.,
2006; White et al., 2006; Stoops et al., 2007; Fillmore et al., 2009) have shown group
differences in sensitivity to drug effects similar to those reported in this study (i.e. high
sensation seekers showing greater sensitivity to measures of drug abuse potential than low
sensation seekers). In these studies, group differences in sensation-seeking status were not
associated with sex or ethnic distribution, extraversion, conduct disorder symptoms,
maturation, drug use, or baseline differences on outcome measures, suggesting that
sensation-seeking group differences in sensitivity are independent of such factors.

It is also possible that pharmacokinetic variation among high and low sensation seekers
could contribute to group differences in the behavioral effects of drugs observed in this
study, particularly given the available evidence for biological/genetic influences on
sensation-seeking status. If blood levels of d-amphetamine and/or diazepam were greater
among high sensation seekers, for example, it would be anticipated that behavioral effects
would also be greater in this group. In this study, the effects of both diazepam and d-
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amphetamine were greater among high sensation seekers than low sensation seekers on a
number of variables. However, the magnitude of drug effects was not consistent across
measures. In addition, qualitative differences between groups in sensitivity to drug effects
were not consistent, as some measures indicated greater sensitivity to drug effects among
low sensation seekers. For example, diazepam decreased ratings of POMS Vigor and Total
Positive, and d-amphetamine increased Anger ratings only among low sensation seekers.
Given qualitative and quantitative differences in the magnitude of drug effects across
measures, group differences in drug pharmacokinetics does not seem to be the most
parsimonious explanation for differential drug effects among high and low sensation
seekers. However, future studies examining pharmacokinetics among high and low
sensation seekers will be required to rule out pharmacokinetic influences on group
differences in sensitivity to drug effects.

A number of study limitations are apparent. The participation requirements of this study
were substantial (16 days, each lasting 7.5 h), and in combination with the strict eligibility
criteria that limited the number of eligible participants, resulted in a relatively small sample
size. The proportion of the pool of eligible participants that completed the study (17 of 123)
was low, limiting the generality of the results, as well as the statistical power to detect group
× dose interactions. In addition, although multiple doses within the therapeutic range were
examined (0, 2.5, 5, and 10 mg/70 kg), the peak dose tested in this study was limited.

Despite the limitations in sample size and statistical power, the results of this study provide
clear evidence that the behavioral effects of both diazepam and d-amphetamine vary among
young adults who scored consistently in the upper or lower third of their grade-matched
cohorts on the Sensation Seeking scales over 4 years of adolescence. Sensation-seeking
status is associated with individual differences in impulsivity and reward sensitivity (e.g.
Depue and Collins, 1999; de Wit and Richards, 2004). d-Amphetamine enhanced
performance (e.g. DSST and RA response rate) and increased verbal report measures
associated with drug abuse potential (e.g. ARCI BG, POMS Vigor) only among high
sensation seekers, whereas diazepam impaired task performance by high sensation seekers
and decreased verbal report measures associated with drug abuse potential among low
sensation seekers. These results suggest that high sensation-seeking adolescents with
elevated levels of impulsivity and reward sensitivity may be at increased vulnerability to
abuse potential of drugs, and support a strategy of targeting high sensation seekers for drug
abuse prevention efforts (Palmgreen et al., 1995; Stephenson et al., 2002).
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Fig. 1.
Time-course effects of d-amphetamine (10 mg/70 kg) and diazepam (10 mg/70 kg) on the
number of trials completed per 90 s Digit Symbol Substitution Task (DSST) (upper panels)
and resting diastolic blood pressure (lower panels) for low (left panels) and high (right
panels) sensation seekers. Error bars represent ± 1 SEM.
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Fig. 2.
Time-course effects of d-amphetamine (10 mg/70 kg) and diazepam (10 mg/70 kg) on the
Addiction Research Center Inventory (ARCI) Benzedrine-Group (BG) (upper panels) and
Morphine-Benzedrine Group (MBG) (middle panels) scales, and on Visual Analog Scale
(VAS) Like Drug (lower panels) ratings for low (left panels) and high (right panels)
sensation seekers. Error bars represent ± 1 SEM.
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Fig. 3.
Time-course effects of d-amphetamine (10 mg/70 kg) and diazepam (10 mg/70 kg) on the
Addiction Research Center Inventory (ARCI) Amphetamine (upper panels) and Profile of
Mood States (POMS) Vigor (middle panels) scales and on Visual Analog Scale (VAS)
Sleepy (lower panels) ratings for low (left panels) and high (right panels) sensation seekers.
Error bars represent ± 1 SEM.
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Table 1

Characteristics of low and high sensation seekers

Sensation seeking status

Low High

Age (years) 19.3 (0.5)a 19.4 (0.3)

Education (years) 13.0 (0.4) 12.7 (0.3)

Drug use

 Caffeine (mg/day) 68.4 (35.2) 82.5 (31.6)

 Tobacco users (%) 66.7 36.4

 Cigarettes/day 2.2 (1.2) 6.1 (5.5)

 Alcohol (drinks/week)* 2.7 (2.7) 8.0 (3.4)

 Marijuana users (%) 50.0 45.5

 Occasions/month 5.5 (5.8) 17.6 (4.2)

 Cocaine (occasions/month) 0 0

Eysenck personality inventory

 Neuroticism 10.7 (1.5) 9.6 (1.2)

 Extraversion* 10.3 (1.6) 15.2 (1.1)

SMAST 0.3 (0.4) 0.6 (0.3)

Beck depression 4.0 (1.9) 6.5 (2.2)

ADHD symptoms 4.8 (1.5) 8.8 (1.7)

Conduct disorder symptoms** 2.8 (0.7) 9.8 (2.0)

Sensation seeking scale (Form V)

 Thrill and adventure seeking* 3.8 (1.4) 8.2 (0.8)

 Experience seeking** 3.7 (0.5) 6.9 (0.8)

 Disinhibition* 1.8 (0.7) 4.9 (0.9)

 Boredom susceptibility*** 0.5 (0.4) 3.6 (0.5)

 Total*** 9.8 (1.9) 23.6 (2.3)

ADHD, Attention Deficit Hyperactivity Disorder; SMAST, Short Michigan Alcohol Screening Test.

a
Mean (SE).

*
P <0.05.

**
P < 0.01.

***
P < 0.001.
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