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Abstract

Sensation-seeking is a personality characteristic that has been associated with drug abuse. Some
evidence suggests that sensation-seekers might experience increased rewarding effects from drugs
of abuse, possibly contributing to the association between sensation-seeking and risk for drug abuse.
The present study examined the effects of three doses of alcohol (0.0 g/kg, 0.45 g/kg, and 0.65 g/kg)
on inhibitory control, information processing, and subjective ratings in a group of high sensation-
seekers and a group of low sensation-seekers (N = 20). Inhibitory control was measured by a cued
go/no-go task and speed of information processing was assessed by the Rapid Information Processing
(RIP) task. Alcohol impaired inhibitory control and information processing. Group differences were
also observed. Compared with their low sensation-seeking counterparts, high sensation-seekers
demonstrated increased sensitivity to the subjective rewarding effects of alcohol and a poorer degree
of inhibitory control that was further impaired by alcohol. The findings highlight reward- and
cognitive-based mechanisms by which sensation-seeking could operate to increase risk for alcohol
abuse.
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1. Introduction

Alcohol is well-known for its acute “disinhibiting” effects on behavior and its chronic use is
associated with sustained states of under-controlled behavior often described as impulsivity
(e.g., Bates et al., 2002; Fillmore, 2003, 2007; Jentsch and Taylor, 1999; Lyvers, 2000).
Alcohol abuse disorders are considered by many investigators to represent a disinhibitory
psychopathology (Cloninger, 1987; Finn et al., 1994, Sher and Trull, 1994; Widiger and Smith,
1994). A large body of research reports associations between problem drinking and impulsivity
as expressed through personality attributes, externalizing disorders, and patterns of
maladaptive behaviors (Flory et al., 2003; lacono et al., 1999; Kirisci et al., 2004). Moreover,
there is growing evidence that impulsivity might play an important causal role in problem
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drinking. Prospective studies have shown that impulsive characteristics often precede the onset
of problem alcohol use. Longitudinal studies of children and adolescents have shown that
impulsivity predicts early-onset drinking age and development of heavy drinking and alcohol-
dependence in young adults (August et al., 2006; Ernst et al., 2006). There also is considerable
evidence that externalizing disorders, such as ADHD, increase risk for alcohol and other drug
use (Barkley, 2006; Flory et al., 2003; Molina et al., 1999).

Such evidence raises the possibility that certain personality characteristics could confer
increased risk for the display of disinhibited behavior under alcohol, and possibly explain some
of the association between traits and problem drinking behaviors. One such personality trait is
sensation-seeking. Sensation-seeking bares close similarity with impulsivity (Zuckerman et
al., 1993; Aluja et al., 2002) and has been of considerable interest to researchers in recent years
because of its association with drug abuse (Ball, 2004; Hawkins et al., 1992). Sensation-seeking
is considered to be a neurobiologically-based tendency to seek novel, complex, intense
sensations and a proclivity to take physical, social, legal, and financial risks in order to achieve
such experiences (Zuckerman, 1994). The construct is multifaceted with four major
characteristics: disinhibition, thrill and adventure seeking, experience seeking, and boredom
susceptibility (Zuckerman, 1994). A variety of self-report instruments have been developed to
assess the facets of sensation-seeking, such as the Sensation-Seeking Scale Form V (SSS-V),
the Tridimensional Personality Questionnaire, and the Multidimensional Personality
Questionnaire-Brief Form (Cloninger, 1987; Patrick et al., 2002; Zuckerman et al., 1978).
These self-report instruments are commonly used to assess sensation-seeking in relation to risk
for substance abuse (e.g., Hawkins et al., 1992; White et al., 2005).

With respect to alcohol abuse, there is a large body of evidence that points to sensation-seeking
as a risk factor for alcohol-related problems. For example, recent research shows that early-
onset alcoholics tend to report greater sensation-seeking than late-onset alcoholics, with levels
of sensation-seeking predicting overall severity of the alcohol abuse disorder (Dom et al.,
2006). Moreover, a recent meta-analysis of 61 studies that examined relations between
sensation-seeking and alcohol use concluded that sensation-seeking was associated with
increased alcohol use and alcohol-related problems (Hittner and Swickert, 2006).

One explanation for greater substance abuse risk among sensation-seekers could be that these
individuals are more responsive to the rewarding effects of many abused drugs, including
alcohol. Several studies have examined this hypothesis with respect to the effects of
psychostimulant drugs, such as nicotine and d-amphetamine (e.g., Hutchison et al., 1999;
Perkins et al., 2000; Stoops et al., 2007). In these studies, individual differences in response to
the administration of these drugs were examined in relation to individual differences in
sensation-seeking as assessed by self-report instruments. In general, these studies showed that
high sensation-seekers report more rewarding effects from psychostimulants compared with
low sensation-seekers. A recent study by our group also found that high sensation-seekers
reported more subjective rewarding effects in response to the administration of d-amphetamine
(Kelly et al., 2006). In that study, subjects with no stimulant or other drug abuse history
completed the Impulsive Sensation-Seeking Scale (Impulsive SSS) of the Zuckerman-
Kuhlman Personality Questionnaire (ZKPQ) (Zuckerman et al., 1993). Those scoring in the
upper and bottom norm-based quartiles were classified as high and low sensation-seekers,
respectively. Performance measures and visual analogue measures of subjective rewarding
effects (e.g., “feel the drug”, “like the drug”, “feel high”) were then assessed following three
oral doses of d-amphetamine: 0 mg, 7.5 mg, and 15 mg/per 70 kg body weight. Results showed
that, compared with low sensation-seekers, high sensation-seekers reported greater subjective
rewarding effects in response to the active doses. Finally, some preclinical studies parallel the
findings with humans. For example, research shows that novelty-seeking in laboratory animals
(e.g., rats) is associated with increased sensitivity to stimulant drugs (e.g., Bardo et al., 1996)
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Taken together, these studies provide some intriguing evidence to suggest that sensation-
seekers might experience increased rewarding effects from drugs of abuse, possibly
contributing to the association between sensation-seeking and risk for drug abuse. In contrast
to studies of psychostimulant drugs, less research has examined the role of sensation-seeking
in response to alcohol. However, there is some evidence that high sensation-seekers also might
display increased reactions to alcohol. Ray et al. (2006) reported that, compared with low
sensation-seekers, high sensation-seekers reported more subjective “vigor” and less sedation
in response to an acute dose of alcohol. In general, subjective stimulant-like effects of alcohol
are considered to reflect the rewarding properties of the drug (e.g., Corbin et al., 2008; Fillmore,
2001), and are typically more pronounced during the ascending limb of the blood alcohol curve
(Martin etal., 1993). As such, the findings by Ray et al. (2006) could indicate some heightened
sensitivity to the rewarding effects of alcohol among high sensation-seekers. However, given
the lack of research in this area it is difficult to draw any definitive conclusions about sensation-
seeking and alcohol sensitivity.

In addition to questions about subjective effects, little is known about potential differences
between high and low sensation-seekers in their actual behavioral response to alcohol. This is
somewhat surprising given that alcohol is well known for its disinhibiting effects on behavior
which is a characteristic of sensation-seeking and impulsivity. During the past decade,
laboratory studies have provided considerable support for the notion that alcohol can actually
promote impulsive actions by impairing basic inhibitory mechanisms which normally serve to
suppress inappropriate behavior. Stop-signal and cued go/no-go tasks are reaction time tasks
used to model behavioral control as the ability to quickly activate a response to a go-signal and
suddenly inhibit a response when a stop-signal occurs (Logan, 1994; Logan and Cowan,
1984; Miller et al., 1991). Studies using these tasks have found that alcohol impairs the ability
to inhibit behavior (e.g., de Wit et al., 2000; Fillmore and Vogel-Sprott, 2000; Marczinski and
Fillmore, 2003; Mulvihill et al., 1997). The frequency of failures to inhibit responses to stop
signals increases in drinkers following moderate doses of alcohol (e.g., 0.65 g/kg). The findings
are important because they identify a basic inhibitory mechanism that is impaired by alcohol
which could contribute to the display of impulsive, aggressive, and other socially inappropriate
behaviors under the drug (Fillmore, 2003, 2007; Jentsch and Taylor, 1999).

Given the link between sensation-seeking, impulsivity, and alcohol abuse, it is important to
test the possibility that sensation-seekers might be more sensitive to the acute disinhibiting
effects of alcohol. The present study used the cued go/no-go task to examine the degree to
which three doses of alcohol (0.0 g/kg, 0.45 g/kg, and 0.65 g/kg) impaired inhibitory control
of behavior in a group of young adult social drinkers classified as high sensation-seekers and
a demographically-similar group classified as low sensation-seekers. The study also included
self-report ratings of rewarding effects from alcohol in order to test the possibility that high
sensation-seekers experience greater subjective reward in response to the drug. The impairing
effect of alcohol was also examined on a more general indicator of information processing
(i.e., speed of information processing). Speed of information processing was measured using
the Rapid Information Processing (RIP) task. The task is widely used and is a reliable model
of information processing speed (Battig and Buzzi, 1986; Baldinger et al., 1995; Hasenfratz
and Battig, 1994) that is highly sensitive to the impairing (i.e., slowing) effects of alcohol
(Fillmore et al., 1998; Fillmore and Vogel-Sprott, 1997).

Finally, the study also compared the intensity of alcohol effects during each limb of the blood
alcohol curve (ascending vs. descending). During the ascending limb of the blood alcohol curve
the effects of alcohol tend to be more intense and are characterized by greater stimulant-like
effects (Fillmore et al., 2005; Martin et al., 1993). Accordingly, it is possible that any
heightened sensitivity to alcohol effects among high sensation-seekers might be especially
evident during the ascending limb of the curve.
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2. Method

2.1 Participants

Volunteers were recruited via notices posted on community bulletin boards and by word of
mouth. All potential volunteers completed a brief telephone interview or an internet-based
questionnaire addressing general medical and legal status. VVolunteers had to have: a minimum
of grade 8 education, demonstrated reading ability and no uncorrected vision or auditory
problems. All respondents had to be in good health and report occasional alcohol use (e.g.,
consumed alcohol on at least one occasion per week, and consumed at least 3 drinks on one
occasion within the past 30 days). Potential volunteers with histories of serious physical
disease, current physical disease, impaired cardiovascular functioning, chronic obstructive
pulmonary disease, seizure, head trauma, CNS tumors, or past histories of psychiatric disorder,
(i.e., Axis I, DSM 1V) were excluded from participation.

Potential volunteers also completed the Impulsive Sensation-Seeking scale of the Zuckerman-
Kuhlman Personality Questionnaire (ZKPQ). They were selected for participation if their
Impulsive Sensation-Seeking scale score classified them as either high sensation-seekers (HS)
or low sensation-seekers (LS). Classifications were determined by comparing potential
participants’ scores to a norm-based sample of scale scores from 2969 college students
(Zuckerman, personal correspondence). To be classified as high sensation-seeking, potential
volunteers had to have a scale score in the upper quartile of the distribution (score > 14 for
males, and > 13 for females). To be classified as low sensation-seeking, they had to have a
scale score in the lower quartile of the distribution (score < 7 for males, and < 6 for females).
Our group has used these norms to classify high and low sensation-seekers in previous research
(Kelly etal., 2006) and we have demonstrated criterion-related validity for this approach based
on other sensation-seeking scales, such as the Zuckerman Sensation-Seeking Scale Form V
(SSS-V) (Zuckerman et al., 1978).

For the present study, this classification scheme was used to identify ten high sensation-seeking
(HS) subjects and ten low sensation-seeking (LS) subjects, who were invited for testing. Each
sensation-seeking group was comprised of five men and five women. The age range of the
sample was between 21 and 31 years (mean = 23.2, SD = 3.1). In terms of racial make-up, one
volunteer identified himself as Asian and the rest identified themselves as Caucasian. All
volunteers reported using alcohol and 18 volunteers reported using caffeine. Two volunteers
reported tobacco use (one HS and one LS subject). These subjects reported smoking less than
four cigarettes per day. Four subjects reported some marijuana use. All four subjects were in
the HS group. The modal frequency of marijuana use was less than once per month. Finally,
one subject also reported using codeine within one month of the initial screening. No other
substance use was reported within one month prior to initial screening. The education level of
the sample ranged from 12 to 16 years (mean = 15.2, SD = 1.0). The study was reviewed and
approved by the University of Kentucky Medical Institutional Review Board, and all subjects
provided written informed consent. Subjects earned $420 for participating in the study.

2.2 Apparatus and Materials

2.2.1 Cued Go/No-Go Task—Inhibitory control was measured by a cued go/no-go reaction
time task used in other research to measure the disinhibiting effects of alcohol (e.g., Fillmore
etal., 2005a; Marczinski and Fillmore, 2003). Cues provide preliminary information regarding
the type of imperative target stimulus (i.e., go or no-go) that is likely to follow. The cues have
a high probability of signaling the correct target. Inhibitory and activational tendencies show
rapid development of cue-dependence as the cues come to elicit preparatory processes for the
inhibition or execution of behavior (e.g., Posner, 1980; Miller et al., 1991). The go cue
conditions are of particular interest. Go cues generate response prepotency which speeds
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response time to go targets. However, subjects must overcome this response prepotency in
order to inhibit the response if a no-go target is subsequently displayed. Failures to inhibit
responses to no-go targets are more frequent following go cues compared with no-go cues,
indicating that it is more difficult to inhibit prepotent responses (Miller et al., 1991). Moreover,
inhibitory control in this prepotent, go cue condition appears to be highly sensitive to the effects
of alcohol and other psychoactive drugs (for a review see Fillmore, 2003).

The task was operated using E-Prime software (Schneider et al., 2002) and was performed on
aPC. Atrial involved the following sequence of events: a fixation point (+) for 800 ms; a blank,
white screen for 500 ms; a cue (a white rectangle) displayed for one of five stimulus onset
asynchronies (SOAs: 100, 200, 300, 400, and 500 ms); a go or no-go target (green or blue
rectangle) that remained visible until the participant made a response or 1000 ms had elapsed;
and an inter-trial interval of 700 ms.

The cue was presented either horizontally or vertically. Participants were instructed to press
the forward slash (/) key on the keyboard if the cue turned green (i.e., go target) and to suppress
the response if the cue turned blue (i.e., no-go target). Participants were encouraged to make
fast responses and the computer displayed how quickly they responded to each go target by
presenting their reaction time in milliseconds.

The orientation of the cue (horizontal or vertical) signaled the probability that a go or no-go
target would be displayed. Cues presented horizontally preceded the go target on 80% of the
trials and preceded the no-go target on 20% of the trials. Cues presented vertically preceded
the no-go target on 80% of the trials and preceded the go target on 20% of the trials. Previous
research has demonstrated that this level of cue validity produces prepotent responding
(Abroms et al., 2003; Marczinski and Fillmore, 2003, 2005). The different SOAs between cues
and targets encouraged participants in both conditions to pay attention to the cues, and the
variability and randomness of the SOAs prevented the participants from anticipating the exact
onset of the targets.

Atest consisted of 250 trials that presented the four possible cue-target combinations. An equal
number of vertical (125) and horizontal (125) cues were presented before an equal number of
go (125) and no-go (125) target stimuli. Each cue-target combination was presented at each of
the five SOAs, and an equal number of SOAs separated each cue-target combination. The
presentation of cue-target combinations and SOAs was random. A test required approximately
15 minutes to complete.

2.2.2 Rapid Information Processing (RIP) Task—A self-paced, interactive task
measured subjects’ information processing speed. The task was performed on a PC and
operated by Micro Experimental Laboratory software (Schneider, 1995). A fixed pseudo
random sequence of 250 digits consisting of the digits one to eight was presented on the display.
Each digit was presented for 67 ms with an initial inter-stimulus-interval (1SI) of 600 ms.
Subjects were required to press a key whenever they saw a digit that represented the third digit
of a 3-digit sequence (a triad) that was comprised of even digits (e.g., 6,2,4) or of odd digits
(e.g., 5,1,7). Thus the task required subjects to constantly and quickly update information in
working memory in order to detect triads. The entire 250 digit sequence contained eleven even-
digit triads and ten odd-digit triads. The initial presentation rate of a test was 90 digits per
minute. Each correct response to a triad speeded the digit presentation rate by decreasing the
IS1 by 33 ms. A failure to respond to a triad or a response to a non-triad slowed the presentation
rate by increasing the ISI by 33 ms. Thus the task measured rate of information processing by
adjusting the presentation rate according to the subject’s ability to constantly encode and update
information in working memory in order to detect triads. A test lasted five minutes during
which the 250 digit sequence was presented in a repeated loop. The speed of the subject’s
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information processing during a test was measured by the average number of digits presented
per minute on the test, with fewer digits per minute indicating slower information processing
capacity.

2.2.3 Subjective Effects—A 4-item visual analogue scale (VAS) was used to measure
subjective effects of alcohol. The items ask participants to rate the subjective effects of alcohol
in terms of how much they: “feel the alcohol” (feel), “like the effects” (like), “feel high” (high),
and “feel stimulated” (stimulated). Participants indicate their response to each item by placing
a vertical mark through a 100 mm line, with the left-side (0 mm) indicating “not at all”’, and
the right-side (100 mm) indicating “very much”. The scale has been used in other research to
demonstrate the subjective rewarding effects of alcohol (e.g., Chutuape et al., 1994; Fillmore,
2001).

2.2.4 Sensation-Seeking—To provide additional validation for the classification of high
and low sensation-seekers according to the norms from ZKPQ), participants also completed the
Zuckerman Sensation-Seeking Scale Form V (SSS-V) (Zuckerman et al., 1993; Zuckerman et
al., 1978). The SSS-V consists of four subscales: Thrill and Adventure Seeking (sample item:
“I would like to go scuba diving.”), Experience Seeking (sample item: “I like some of the earthy
body smells.”), Disinhibition (sample item: I feel best after taking a couple of drinks.”) and
Boredom Susceptibility (sample item: “I can’t stand watching a movie that 1’ve seen before.”).
Each subscale consists of ten items. Each item contains two choices (statement A or statement
B), one of which describes sensation-seeking behavior and one its opposite. Participants are
told to choose the statement that best describes themselves.

2.3 Procedure

2.3.1 Intake Screen and Assessment—The study was conducted at the Residential
Research Facility at the University of Kentucky. All volunteers were tested individually and
were informed that the study examined the effects of alcohol on mood and behavior. During
an initial screening/assessment session all potential volunteers provided informed consent and
completed a comprehensive medical history questionnaire, as well as questionnaires about
drug-use and demographics. Participants also completed the Zuckerman SSS Form V
(Zuckerman et al., 1978). Vital signs were assessed and routine, clinical laboratory blood
chemistry tests were conducted on all potential volunteers. All medical information was
reviewed by a physician who determined eligibility for study participation. VVolunteers were
familiarized and practiced on the cued go/no-go and RIP tasks to ensure asymptotic and stable
performance levels. VVolunteers participated in one “practice” session to acclimate them to the
entire testing procedure of the dose administration sessions. This session was identical to the
dose administration sessions, however, no alcohol was given during the practice session.

2.3.2 Dose Administration Sessions—Performance was tested in response to three
alcohol doses: 0 g/kg, 0.45 g/kg, and 0.65 g/kg. Doses were administered in random order,
under double-blind conditions. Each dose was administered twice, on two separate sessions.
The replication of each dose administration tested the reproducibility of the dose-response
effects observed. Each of the six dose administration sessions required 6 hours to complete
and was conducted on a different day, with a minimum inter-session interval of 48 hours and
a maximum interval of one week. Subjects were at the laboratory only for scheduled sessions
and returned home after each session was completed. On average, subjects completed
approximately two sessions per week.

2.3.2.1 Pre-Session Preliminary Checks: Volunteers were required to fast and abstain from
caffeinated beverages for four hours prior to each session. At the beginning of each session,
volunteers completed a pre-session questionnaire that collected information about tobacco and
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alcohol consumption, hours slept during the past 24 hours, recent medication use, and illness
since the previous session. Subjects performed a standard field sobriety test of motor
coordination and provided a breath sample using a breath-analyzer to verify a zero blood
alcohol concentration (BAC) (Alco-Sensor Il1, Intoximeters, Inc., St Louis, MO). Carbon-
monoxide level from a breath sample (piCO Smokerlyzer Breath CO Monitor, Bedfont
Scientific Ltd, UK) was also measured to verify smoker status. A urine sample was obtained
to test for the presence of cocaine/benzoylecgonine, benzodiazepines, barbiturates,
tetrahydrocannabinol (THC), d-amphetamine, and opiates (On Trak TesTstiks, Roche
Diagnostics Corporation, Indianapolis, IN). Two subjects who tested positive were informed
of the result and had their session rescheduled. No other volunteers tested positive for any drug
during this study. No smoking was allowed during the sessions. Females were also tested for
pregnancy via urine analysis.

2.3.2.2 Baseline Testing and Dose Administration: Testing began in the late morning with
a baseline (i.e., pre-administration) test battery that included tests on the cued go/no-go task,
the RIP task and completion of the VAS. The test battery required approximately 30 minutes
to complete. Immediately after baseline testing, participants received one of the three alcohol
doses: 0 g/kg, 0.45 g/kg, or 0.65 g/kg. Doses were calculated based on body weight and were
administered as absolute alcohol divided equally into two drinks, each containing one part
alcohol and three parts carbonated mix. Placebo doses consisted of four parts carbonated mix
with 3 ml of alcohol floated on the surface. Participants had 6 minutes to consume the drinks.
The 0.65 g/kg dose produces an average peak BAC of 80 mg/100 ml at approximately 60
minutes following the beverage administration and begins to decline at about 70 minutes post-
administration. The 0.45 g/kg dose yields an average peak BAC of 50 mg/100 ml approximately
40 minutes post-administration and begins to decline at about 50 minutes post-administration.

2.3.2.3 Post-administration testing: After dose administration, performance on the tasks and
VAS measures was assessed twice. The first test was timed to coincide with the ascending limb
of the BAC curve and occurred 30 minutes post-administration. The timing of the second test
coincided with the descending phase of the curve. This test occurred 75 minutes post-
administration for the 0.45 g/kg dose and 90 minutes post-administration for the 0.65 g/kg
dose. The testing schedule in the placebo condition was identical to the 0.45 g/kg dose
condition. BAC was measured just prior to and following the completion of each test battery.
This occurred at 30, 60, 75, and 105 minutes post-administration for the 0.45 g/kg dose and
30, 60, 90, and 120 minutes post-administration for the 0.65 g/kg dose. Subjects relaxed and
read magazines or watched television during the periods between testing. No volunteers
experienced any adverse reaction to the drug or any procedure.

2.4 Criterion Measures and Data Analyses

2.4.1 Cued go/no-go Performance—The cued go/no-go task measured failures to inhibit
responses to no-go targets (failures of inhibition) and speed of responding to go targets
(response activation). Failure of response inhibition was measured as the proportion (p) of no-
go targets in the pre-potent, go cue condition which a subject failed to inhibit a response during
a test. Higher p-inhibition failure scores indicated poorer inhibitory control (i.e., increased
disinhibition). Response activation was measured by the reaction time (RT) to go targets in the
go cue condition. A mean RT score for a subject was calculated for a test. Individual trial RTs
that were less than 100 ms or greater than 1000 ms were excluded. Longer mean RTs indicate
slower response activation on a test. Omission errors were also recorded. These errors occurred
when subjects failed to respond to go targets. These errors were infrequent, occurring on less
than 2% of trials and precluded statistical analyses.
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2.4.2 RIP Task Performance—Information processing speed was measured by the
participant’s mean digit processing rate during a test. The measure was expressed as the average
number of digits processed per minute. Slower mean processing rates indicate less efficient
information processing.

2.4.3 Data Analyses—Group differences in sample characteristics were examined by t tests
and by multivariate analysis of variance (MANOVA). The treatment effects on performance
and VAS measures were each initially analyzed by a 2 Group (HS vs. LS) x 3 Dose (0.0 g/kg,
0.45 g/kg, 0.65 g/kg) x 3 Test (baseline, first post-administration test, second post-
administration test) x 2 Replication (first vs. second dose administration) mixed-design
analysis of variance (ANOVA). With the exception of the VAS rating of “like”, there were no
main effects or interactions involving the Replication factor for any other measure. In the
absence of any main effects or interactions involving the Replication factor, a subject’s score
on a measure for each time period under a dose was averaged across the two replications. The
Results Section reports 2 (Group) x 3 (Dose) x 3 (Test) ANOVAs of the averaged scores and
all tables and figures report these averaged scores. Simple effects comparisons of dose effects
were examined by Bonferroni-adjusted t tests that maintained a family-wise error rate of .05.

3.1 Sample Characteristics

No significant difference between HS and LS groups was obtained with respect to age or
education level (ps >.295). HS subjects reported significantly higher levels of weekly alcohol
use compared with LS subjects, t(18) = 2.2, p = .043. The average typical weekly consumption
in terms of standard alcoholic drinks for HS and LS groups was 11.9 (SD = 6.8) and 5.8 (SD
=5.6), respectively.

To check the validity of the group classification based on the ZKPQ norms, group differences
in the four subscales of the SSS-V were examined by MANOVA. There was a significant
multivariate difference between the groups, Hotelling’s T2 (4,15) = 7.1, p =.002, and univariate
F tests showed that the HS group had significantly higher scale scores for the Thrill and
Adventure Seeking scale, F(1,18) = 27.1, p < .001, and the Experience Seeking scale, F(1,18)
=10.0, p =.005. The HS group also reported a significantly higher composite (i.e., total) score
compared with the LS group, t(18) = 4.5, p < .001. Group means for the four subscales and
total scale are presented in Table 1. Although group differences for the Disinhibition and
Boredom Susceptibility scales did not attain statistical significance, the table shows that the
HS group had higher scores on both of these scales as well.

3.2 Blood Alcohol Concentrations

There was no detectable BAC in the placebo condition. BAC in the active dose conditions was
analyzed by a 2 Group (HS vs. LS) x 2 Dose (0.45 g/kg, 0.65 g/kg) x 4 Time mixed-design
analysis of variance (ANOVA). The ANOVA revealed a significant main effect of Dose, F(1,
18) = 252.7, p < .01, and Time, F(3, 54) = 43.0, p < .01. BACs were similar in each group and
no significant main effects or interactions involving group were obtained (ps >.12). The mean
BACs based on the entire sample showed that subjects achieved higher BACs following the
0.65 g/kg dose and BACs were lower during the second of the two tests under each dose (i.e.,
during the declining limb of the curve). The mean BACs following 0.45 g/kg alcohol during
the first test (i.e., at 30 and 60 minutes) were 52.3 mg/100 ml (SD = 10.6) and 47.0 mg/100 ml
(SD =9.0), respectively. During the second test, at 75 and 105 minutes, mean BACs were 41.7
mg/100 ml (SD = 7.2) and 33.4 mg/100 ml (SD = 6.7), respectively. The mean BACs under
0.65 g/kg alcohol during the first test at 30 and 60 minutes were 72.9 mg/100 ml (SD = 16.9)
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and 73.4 mg/100 ml (SD = 13.3), respectively. During the second test, at 90 and 120 minutes,
mean BACs were 63.5 mg/100 ml (SD = 10.4) and 55.0 mg/100 ml (SD = 10.0), respectively.

3.3 Cued go/no-go Performance

A 2 Group x 3 Dose x 3 Test (pre-administration, test 1, test 2) ANOVA of subjects’ p-
inhibition failures revealed a significant main effect of Group, F(1, 18) = 5.4, p =.033, and a
significant Dose x Test interaction, F(4, 72) = 10.0, p < .001. Subjects’ p-inhibition failures
are presented for each group in Figure 1. The figure shows that HS subjects displayed more
inhibition failures (i.e., more disinhibition) compared with LS subjects across all dose and test
conditions. The figure also shows that inhibitory failures increased from pre-administration
levels in response to both active doses and these dose effects appeared similar in both groups.
Follow-up simple effects tests compared p-inhibition failures at pre-administration to test 1
and to test 2 in each dose condition and significant differences are shown in Figure 1. Both HS
and LS groups displayed significant increases in inhibition failures in response to both 0.45 g/
kg and 0.65 g/kg alcohol. The lack of a 3-way interaction involving Group indicates that the
groups did not differ in terms of their sensitivity to the disinhibiting effect of alcohol. No
significant changes were observed in response to placebo.

Subjects’ RTs to the go target were examined by a 2 Group x 3 Dose x 3 Test ANOVA that
obtained a significant Dose x Test interaction, F(4, 72) = 4.9, p =.002. No main effect of Group
was observed (p =.478). Table 2 reports the mean RT scores of the entire sample for each time
period under each dose. Although there appears to be some slowing effects on RT following
administration of active doses, simple effects tests revealed no significant slowing of RT
compared with pre-administration in response to either active dose (ps > .05)

3.4 RIP Task Performance

A2 Group x 3Dose x 3 Test ANOVA of subjects’ processing rates revealed a significant Dose
x Test interaction, F(4, 72) = 4.4, p = .003. No main effect of Group was observed (p =.859).
Table 2 reports the mean processing rate of the entire sample for each time period under each
dose. The table shows that processing rates were slowed (i.e., impaired) in response to the
active doses. Simple effects analyses showed that 0.65 g/kg alcohol significantly slowed
processing rates at test 1 compared with pre-administration (p < .05).

3.5 Subjective Effects

Ratings of the four VAS measures were analyzed by separate ANOVAs. Ratings of feel
revealed a significant Group x Dose x Test interaction, F(4,72) = 2.4, p = .05. Figure 2 shows
that ratings generally increased as a function of dose and were maximal during test 1 (i.e.,
during the ascending limb). The figure also shows that the 3-way interaction is due to group
differences in response to alcohol. Ratings were comparable following placebo, but differed
in response to the active doses whereby the HS group reported greater subjective effects during
each post-administration test. These observations were confirmed by simple effect group
comparisons of the increase in feel rating from the first test under placebo to the first test under
each active dose. The HS reported a significantly greater increase compared with LS subjects
following 0.65 g/kg alcohol (p =.038). No significant group difference was observed following
0.45 g/kg alcohol (p = .150).

For the rating of like, the initial 4-way ANOVA showed interactions of the Replication factor
with Test and Dose factors (ps < .015). Figure 3 plots the groups’ ratings under each dose
separately by the Replication factor. Ratings of like generally increased as a function of dose
and also were maximal at 30 minutes post-administration (i.e., during the ascending limb).
Similar to feel ratings, ratings of like also showed group differences in the response to alcohol.
Ratings were comparable following placebo, but differed in response to the active doses
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whereby the HS group reported greater subjective effects during each post-administration test.
This observation was confirmed by a significant Group x Dose x Test interaction, F(4,72) =
3.2, p =.018. Simple effect group comparisons of the increase in like rating from the first test
under placebo to the first test under each active dose showed a significantly greater increase
for the HS group compared with LS subjects following both 0.65 g/kg (p = .029) and 0.45 g/
kg alcohol (p = .035). With regard to the Replication factor, the figure shows that responses to
the active doses were consistent across the Replication factor and that the interactions involving
Replication appear due to differences in ratings between the first and second administration of
the placebo.

Finally, ratings of stimulated and high both showed significant Dose x Test interactions (ps
<.001), but no main effects or interactions involving the Group factor were observed (ps > .
321). Ratings were similar for both groups; generally increasing as a function of dose and
peaking during test 1.

4. Discussion

This study examined the acute behavioral and subjective rewarding effects of alcohol in groups
of adults who were classified as high and low sensation-seekers. In terms of behavioral effects,
the study showed that alcohol impaired inhibitory control as evident by increased inhibition
failures in the cued go/no-go task following the two active doses. Although the two groups did
not differ in the intensity of alcohol-induced impairment, high sensation-seekers demonstrated
considerably poorer levels inhibitory control and this difference was evident in all test and dose
conditions, including the pre-administration tests and the placebo condition (i.e., drug-free).
In terms of subjective effects, VAS ratings increased in response to the active doses. Moreover,
group differences were evident in these dose effects, with high sensation-seekers reporting
more pronounced increases in ratings of feeling and liking the effects. Alcohol also slowed
subjects’ information processing as measured by the RIP task. Subjects’ processing rates
slowed in response to the higher of the two active doses (0.65 g/kg). However, unlike inhibitory
control, processing rate showed no difference between high and low sensation-seekers. In sum,
compared with their low sensation-seeking counterparts, high sensation-seekers demonstrated
increased sensitivity to the subjective rewarding effects of alcohol and a poorer degree of
inhibitory control that was further impaired by alcohol. These findings are based on well-
established assessments that provided highly reliable and stable measures over time. The
evidence is further strengthened by the reproducibility of the effects. Each dose was
administered twice in the experiment and no differences in dose response functions were
observed between administrations for any measure.

Evidence that the high sensation-seekers experienced a greater subjective rewarding effect
from alcohol is important because it could help explain their increased risk for alcohol abuse.
There is considerable empirical evidence from human and animal studies to support the notion
that rewarding effects of drugs play a major role in drug abuse. Preclinical studies show that
a priming dose of alcohol can reinstate alcohol consumption in recently detoxified laboratory
animals (Katz and Higgins, 2003; Shaham et al., 2003). In humans, priming doses increase
self-reports of the euphorigenic effects, such as “liking” and “wanting to drink more”, as well
as behavioral measures of drug reinforcement, such as increased self-administration of alcohol
and work output to acquire subsequent doses (Fillmore, 2001; Fillmore and Rush, 2001; de
Wit, 1996; Ludwig et al., 1974). As such, a heightened sensitivity to the rewarding properties
of alcohol in high sensation-seekers could operate to reinforce excessive alcohol intake, leading
to a pattern of abusive drinking.

However, it is important to note that these subjective effect ratings, themselves, are not direct
assessments of the reinforcing properties of a drug. More direct evidence would require actual
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behavioral assessments of the reinforcing effects of alcohol, such as measuring the drinkers’
level of operant responding for the drug following a preload, priming dose. In addition to
providing only indirect assessment of rewarding effects, there are other limitations of
subjective ratings of drug effects as well. For instance, group differences in subjective ratings
could simply reflect a response style among sensation-seekers whereby they are willing to rate
effects as being more intense regardless of their own actual experience.

Evidence that alcohol impairs the ability to inhibit prepotent responses on the cued go/no-go
task is consistent with findings from other studies that have used this task in our laboratory
(Fillmore etal., 2005; Marczinski and Fillmore, 2003). Participants’ reaction times are unlikely
to account for the increased inhibition failures under alcohol. Faster reaction times allow less
time to inhibit a response and thus could increase inhibition failures. However, a speed-
accuracy trade-off cannot explain the increased p-inhibition failures in response to alcohol
because reaction times were unaffected by the drug. Similarly, faster reaction times cannot
explain the greater inhibitory failures associated with high sensation-seeking as both groups
displayed similar reaction times on the go/no-task.

Evidence for alcohol-induced impairment of inhibitory control is important because poor
inhibitory control is considered to contribute to the display of impulsivity. Moreover, the
heightened level of disinhibition under alcohol in high sensation-seekers might also help
explain the link between sensation-seeking and problem drinking at a more fundamental level
of behavioral control. Although there is little dispute that reward mechanisms play an important
role in abuse potential, neurocognitive mechanisms have become another focus in recent years
(Fillmore, 2003, 2007; Lyvers, 2000). Terminating a drinking episode requires inhibition of
ongoing alcohol-administration behaviors and the reallocation of attention away from alcohol-
related stimuli. Any impairment of normal inhibitory mechanisms resulting from an initial dose
of alcohol could compromise the ability to stop additional alcohol administrations in a drinking
situation, leading to excessive, binge drinking. Indeed, a recent laboratory study by our group
shows that drinkers who are more disinhibited in response to an initial dose of alcohol also
display greater consumption of the drug when given ad lib access (Weafer and Fillmore, in
press). Thus acute alcohol-induced impairment of inhibitory processes could represent an
important cognitive mechanism by which an initial alcohol dose promotes subsequent self-
administration. As such, the heightened level of disinhibition that is characteristic of high
sensation-seekers might represent an under-controlled behavioral state that could compromise
their ability to stop additional alcohol administrations in a drinking situation, leading to binge
drinking. Although speculative at this point, the account highlights the importance of
understanding how cognitive processes, such as inhibitory control, are acutely affected by the
administration of alcohol.

It is also interesting to note that the group differences observed in response to alcohol run
counter to what would be predicted based on basic principles of pharmacological tolerance to
alcohol. High sensation-seekers reported higher levels of weekly alcohol consumption than
did low sensation-seekers. However, despite the greater alcohol use among high sensation-
seekers, these individuals were not more tolerant to the behaviorally-impairing effects of
alcohol than were low sensation-seekers, and actually displayed more sensitivity to the
subjective effects of the drug. In a supplemental set of analyses, we examined the possibility
that group differences in weekly alcohol consumption might have mediated the alcohol effects
on performance and VAS measures. All ANOVA models were re-analyzed with weekly
alcohol use as a covariate and the results of these ANCOV As were consistent with the ANOVA
models for all measures. Thus, weekly alcohol use did not appear to influence the responses
to the drug.
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The study also showed no evidence of “acute tolerance”. Reduced impairment at a given BAC
on the descending limb is commonly referred to as acute tolerance, suggesting that the reduction
might be due to some adaptive process occurring during physiological exposure to the drug
over time. Impairment of subjects’ inhibitory control was evident on both the ascending limb
(test 1) and the descending limb (test 2). In fact, no appreciable recovery of impaired inhibitory
control was evident during test 2 in either group, despite lower average BACs during the
declining limb. With respect to information processing speed, subjects’ processing rates also
showed little recovery when tested during the declining limb of the BAC curve. However, in
contrast to the behavioral effects, the intensity of the subjective effects of alcohol abated
somewhat in both groups during the declining limb. Although some evidence shows that acute
tolerance develops to alcohol-induced impairment of motor functions, a recent study found
that alcohol-induced impairment of inhibitory control showed no evidence of acute tolerance
during the descending limb of the BAC curve (Fillmore et al., 2005). Thus, the argument that
impairment at a given BAC is diminished during the descending versus ascending limb curve
might be an over-generalization given that acute tolerance might not develop uniformly across
all aspects of behavioral functioning (Schweizer and Vogel-Sprott, 2008).

In conclusion, the present research highlights reward- and cognitive-based mechanisms by
which sensation-seeking could operate to increase risk for alcohol abuse. The dearth of
information concerning the link between alcohol effects on basic mechanisms of self-control
and the drug’s potential for abuse represents a serious gap in our understanding of the transition
from social drinking to abusive drinking. Given its relationship to binge drinking and its
implication as a contributor to impulsivity, drinkers’ lack of inhibitory control under alcohol
may prove to be an important dose challenge indicator of current or future alcohol-related
problems.
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Mean proportion of inhibition failures on the cued go/no-go task for both groups in response
to three doses of alcohol (0.0 g/kg, 0.45 g/kg, 0.65 g/kg). Means are presented at baseline (i.e.,
pre-administration) and two times following dose administration (i.e., test 1 and test 2). Means
represent the average of two separate dose replications. Capped vertical lines show the standard
error of the mean. Asterisks indicate significant differences from baseline. * p < .05, **p <.
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Figure 2.

Mean VAS rating of “feel” for both groups in response to three doses of alcohol (0.0 g/kg, 0.45
g/kg, 0.65 g/kg). Means are presented at baseline (i.e., pre-administration) and two times
following dose administration (i.e., test 1 and test 2). Means represent the average of two
separate dose replications. Capped vertical lines show the standard error of the mean.
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Mean VAS rating of “like” for both groups in response to three doses of alcohol (0.0 g/kg, 0.45
g/kg, 0.65 g/kg). Means are presented at baseline (i.e., pre-administration) and two times
following dose administration (i.e., test 1 and test 2). The left panel illustrates the first
administration of each dose and the right panel illustrates the second administration of each

dose. Capped vertical lines show the standard error of the mean.
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