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Abstract

Background: Self-administration is a hallmark of all addictive drugs, including alcohol. Human laboratory models of alcohol
self-administration have characterized alcohol-seeking behavior and served as surrogate measures of the effectiveness
of pharmacotherapies for alcohol use disorders. Intravenous alcohol self-administration is a novel method that assesses
alcohol exposure driven primarily by the pharmacological response to alcohol and may have utility in characterizing unique
behavioral and personality correlates of alcohol-seeking and consumption.

Methods: This study examined exposure-response relationships for i.v. alcohol self-administration, and the influence of
impulsivity and alcohol expectancy, in healthy, nondependent drinkers (n=112). Participants underwent a 2.5-hour free-
access i.v. alcohol self-administration session using the Computerized Alcohol Infusion System. Serial subjective response
measures included the Drug Effects Questionnaire and Alcohol Urge Questionnaire. To characterize the motivational aspects
of alcohol consumption prior to potential acute adaptation, the number of self-infusions in the first 30 minutes of the free-
access session was used to classify participants as low- and high-responders.

Results: High-responders showed greater subjective responses duringi.v. alcohol self-administration compared with low responders,
reflecting robust exposure-driven hedonic responses to alcohol. High-responders also reported heavier drinking patterns and lower
scores for negative alcohol expectancies on the Alcohol Effects Questionnaire. High-responders also showed higher measures of
impulsivity on a delayed discounting task, supporting previous work associating impulsivity with greater alcohol use and problems.
Conclusions: These findings indicate that early-phase measures of free-access i.v. alcohol self-administration are particularly
sensitive to the rewarding and motivational properties of alcohol and may provide a unique phenotypic marker of alcohol-
seeking behavior.
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Significance Statement

seeking behavior.

Self-administration is a hallmark of all addictive drugs, including alcohol. Human alcohol self-administration studies have been
used to understand alcohol-seeking behavior and evaluate the potential effectiveness of medications for alcohol use disorder.
This study aimed to evaluate a novel i.v. alcohol self-administration method and the role of impulsivity and alcohol expectancy
on alcohol consumption. A total of 112 nondependent drinkers underwent an i.v. alcohol self-administration session, resulting
in a wide range of self-administration patterns. Participants were classified as low- or high responders based on the number of
self-administrations in the first 30 minutes of the session. High responders reported greater subjective responses for reward-
ing and pleasurable effects of alcohol compared with low responders. High responders also reported heavier drinking patterns,
lower scores for negative alcohol expectancies, and higher measures of impulsivity. The early-phase measures of alcohol self-
administration are particularly sensitive to the rewarding properties of alcohol and may provide a unique measure of alcohol-

Introduction

The study of addictive drugs commonly involves self-adminis-
tration paradigms that are designed to measure drug-seeking
and consumption behavior. Measures such as the amount and
rate of consumption of the drug can be used to characterize
the reinforcing and addictive properties of the drug. Alcohol
self-administration (ASA) studies typically use an oral route of
administration via ingestion of standardized or preferred alco-
holic drinks. Such studies impose various parameters to con-
trol variability in the subsequent trajectories of breath alcohol
concentrations (BrAC) achieved by participants, such as using
a fixed alcohol concentration of the drink or adjusting the
amount based on the body weight of the participant (de Wit and
McCracken, 1990; Davidson et al., 1999). Nonetheless, even with
the most careful adjustments, there can be up to a 3-fold differ-
ence between participants in the BrAC exposure after ingestion,
primarily related to the substantial interindividual variability in
the rates of absorption, distribution, and metabolism of alcohol
following oral administration (Ramchandani et al., 2006, 2009).

The Computerized Alcohol Infusion System (CAIS) amelio-
rates these interindividual differences: iv. administration of
alcohol bypasses gastrointestinal absorption and accounts for
individual differences in distribution and elimination. All CAIS
paradigms employ a physiologically based pharmacokinetic
(PBPK) model-based algorithm (Ramchandani et al., 1999) where
the parameters of age, sex, height, and weight are used to deter-
mine the infusion rate profile required to achieve and main-
tain a predetermined BrAC overall (investigator-prescribed) or
incremental (ASA) trajectory. Past studies have used prescribed
i.v. alcohol administration using the alcohol clamp method to
examine a variety of factors regarding the pharmacokinetics of
alcohol such as sex, body composition and liver volume (Kwo
et al., 1998); food and food composition (Ramchandani et al.,
2001); as well as ethnic and genetic influences (Neumark et al.,
2004; Marshall et al., 2014). Other studies have explored various
determinants of the pharmacodynamics of alcohol, including
family history of alcoholism and its associations with self-report
intoxication (Morzorati et al., 2002), saccadic eye movements
(Blekher et al., 2002), recent drinking history (Ramchandani
et al,, 2002), and genetic influences on alcohol-induced brain
dopamine release measured using PET (Ramchandani et al.,
2011) and drinking history effects on brain activation measured
using fMRI (Gilman et al., 2012).

Intravenous ASA (IV-ASA) paradigms provide the inves-
tigator control over the ascending and descending rates,
amount, and duration of the incremental exposure to alcohol
(Zimmermann et al., 2008, 2013), while the subject determines
the timing and number of increments delivered. The participant

can self-administer with the press of a button to receive another
incremental exposure to alcohol at their chosen pace and level
of exposure, with the assurance that the increments will be
identical across subjects. The CAIS method therefore ena-
bles the assessment of alcohol seeking and use behavior that
is driven primarily by the pharmacological effects of alcohol
(Zimmermann et al., 2013).

The first IV-ASA studies using a free-access paradigm
included an examination of test-retest reliability in 9 partici-
pants across 3 sessions where the incremental BrAC exposure
for each infusion was an increase of 7.5 mg%; however, the
duration of the infusion varied from 1.5 to 3.5 minutes across
the 3 sessions (Zimmermann et al., 2008). Results indicated
that the number of infusions during a session was highest
with the 1.5-minute infusion rate, suggesting higher reward-
ing effects of a faster infusion rate. By maintaining ASA more
readily than oral alcohol and at a faster rate of onset, the
i.v. alcohol method is a key component to maintaining self-
administration behavior. The number of infusions as well as
the average and peak BrAC were highly correlated between
day 2 and day 3, but not with day 1, suggesting the need for
a practice session to familiarize the participant with i.v. alco-
hol exposure procedures. A second study examined the effects
of family history of alcoholism (Zimmermann et al., 2009) on
IV-ASA measures and found that the peak and average BrAC
and number of infusions were significantly higher in the
family history-positive (n=12) vs the family history-negative
participants (n=10). More recently, IV-ASA has been used to
evaluate the genetic influences on self-administration and
subjective response. The GABRG1 polymorphism was evalu-
ated in nondependent drinkers pretreated with either loraze-
pam or placebo, and their motivation for reward was assessed
with a progressive ratio IV-ASA paradigm (Plawecki et al.,
2013). Another study found that the OPRM1 A118G minor (G)
allele variant that is associated with greater dopamine release
following alcohol (Ramchandani et al., 2011) was associated
with greater free-access IV-ASA, including a greater likelihood
of surpassing a binge threshold (BrAC = 80 mg%) during the
session (Hendershot et al., 2014). Most recently, variation in
the glucagon-like peptide gene that was associated with a
higher risk of alcohol use disorder was found to be associated
with increased IV-ASA (Suchankova et al., 2015). The IV-ASA
method has also been employed in characterizing sex dif-
ferences in alcohol preference and self-administration in an
adolescent sample (Jiinger et al., 2016). These studies expand
on the utility of IV-ASA for characterizing sources of inter-
individual variation in phenotypes of alcohol-seeking and



consumption behavior and point to the need for a compre-
hensive evaluation of predictors of IV-ASA.

The purpose of this study was to characterize IV-ASA behav-
ior using a free-access (open-bar) CAIS paradigm in nondepend-
ent drinkers and evaluate the role of several predictors that
may be associated with increased risk for alcohol use disorder.
These predictors included measures of drinking history, prim-
ing effects of alcohol following initial exposure, expectancy, and
personality. In addition, this study evaluated the early phase
of ASA behavior as a more sensitive measure of motivation for
alcohol in this sample. The significance of this work is the iden-
tification of the influence of these predictors on ASA behavior
that will help improve the understanding of inter-individual dif-
ferences in this alcohol consumption phenotype and how it may
relate to risk for alcohol use disorder.

Methods

Participants

Healthy 21- to 45-year-old male and female nondependent
drinkers (n=112) were recruited via local newspaper advertise-
ments and through the NIH Normal Volunteer Office. The study
was approved by the NIH Addictions Institutional Review Board
and conducted at the NIH Clinical Center in Bethesda, MD. All
participants provided written informed consent prior to partici-
pating in the study.

Respondents were prescreened in a telephone interview and
then brought in for further screening in the outpatient clinic.
The screening procedures included medical history and physi-
cal examination, as well as ECG, blood tests for routine blood
chemistry and liver function, and urine screen for illicit drugs.
Recent drinking history was assessed using the 90-day time-
line followback (TLFB) (Sobell and Sobell, 1992) and the Alcohol
Use Disorder Identification Test (AUDIT) (Babor et al., 1989). The
Structured Clinical Interview for DSM-IV-TR psychiatric diag-
noses was conducted to assess to evaluate presence of major
Axis-1 disorders, including alcohol or substance abuse and
dependence. Participants also completed the delay discounting
task as a measure of choice impulsivity (Bjork et al., 2009). This
task presents an option to participant where the participant
can choose between a smaller, immediate monetary reward or
a fixed greater reward ($100) that is delayed in time (0-30 days).
The rate of discounting of the delayed outcome is represented
by the discounting factor k. Because k is not a normally distrib-
uted value, a natural log-transformation was applied called the
In(k), which was used in our analyses. A higher In(k) value rep-
resents a greater preference for immediate rewards. The Alcohol
Effects Questionnaire was a measure of alcohol expectancies
(Rohsenow, 1983). This measure included 40 true/false state-
ments about how alcohol typically makes respondents feel. True
statements are summed across various subscales, including
cognitive and physical impairment and power and aggression.

Inclusion criteria were: 21 to 45 years of age and good health
as determined by screening tests. Females were required to have
normal menstrual cycles and were tested during the follicular
phase of their cycle (within 10 days of offset of menses). In addi-
tion, all females had a negative urine pregnancy (hCG) test at
the start of each study session. Participants were excluded if
they exhibited current or prior history of any central nervous
system, cardiovascular, respiratory, gastrointestinal, hepatic,
renal, endocrine, or reproductive disorders; positive hepatitis
or HIV test at screening; current history of Axis-I psychiatric
illness; current or lifetime diagnosis of alcohol or substance
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dependence; currently seeking treatment for alcohol use dis-
orders; presence of clinically significant withdrawal symptoms
(Clinical Institute Withdrawal Assessment score >8) at screen-
ing; nondrinkers (alcohol-naive individuals or current abstain-
ers) or no experience drinking 5 or more drinks on at least one
occasion in their lifetime; current or prior history of alcohol-
induced flushing reactions; regular tobacco users (occasional
use of tobacco products of up to 20 cigarettes/week was accept-
able); positive urine drug screen or positive breathalyzer during
screening or at the start of any study visit; use of prescription or
OTC medications known to interact with alcohol within 2 weeks
of the study; or use of drugs known to inhibit or induce enzymes
that metabolize alcohol within 4 weeks of the study.

Design

Eligible participants were enrolled in 2 groups: Group 1 com-
prised 52 participants who participated in 2 identical sessions
to assess the test-retest reliability of IV-ASA behavior. Group 2
comprised 60 participants who participated in a single session.
Participants were enrolled in Group 1 first, and once that had
been filled, enrolled into Group 2. All sessions were identical
free-access (open-bar) IV-ASA sessions, each lasting 150 min-
utes. Each session included a 25-minute priming phase followed
by a 125-minute voluntary free-access phase. Before starting the
session, CAIS computed the PBPK model parameters for the indi-
vidual participant using age, height, weight, and sex and derived
the incremental infusion rate profile for each button press by
the participant. An Alcotest 7410 handheld breathalyzer (Drager
Safety Diagnostics) was administered approximately every 15
minutes during the session and entered into the CAIS software
program to enable real-time adjustments to the model-based
algorithm.

During the directed priming phase (25 minutes), participants
were prompted when to push the button to receive 4 increments
in BrAC over the first 10 minutes. Each increment comprised an
increase of 7.5 mg% over a period of 2.5 minutes. Prompting
allowed no pause between priming increments, resulting in a
BrAC level of ~30 mg% at 10 minutes, followed by a 15-minute
rest period while the BrAC declined at 1.0 mg%/min. This phase
allowed the participant to practice pushing the button for an
infusion and to give the participant an opportunity to experi-
ence i.v. alcohol. This was immediately followed by a 125-min-
ute voluntary free-access phase where participants could press
a button whenever they chose to experience the same incre-
ment in BrAC increase until the participant pressed the button
for another infusion (Zimmermann et al., 2008). The button was
inactivated during the ascending phase of the infusion. The but-
ton was also inactivated whenever the next push would yield a
BrAC increase that exceeded a preset safety limit of 100 mg%.
Both limits were imposed with the participant’s knowledge and
communicated on the computer screen.

Procedure

Study sessions were scheduled between 3 and 30 days apart.
Participants typically arrived at the day hospital unit at 11:00
AM on the day of testing after abstaining from alcohol for 48
hours. A breathalyzer test was performed to ensure a zero BrAC.
A urine sample was collected for a urine drug screen for all
participants and a urine beta-hCG test for females; both were
required to be negative to continue participation in the study.
Participants received a light snack and completed brief medical
and drinking history questionnaires. An indwelling i.v. catheter
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was then inserted into a vein in the antecubital fossa of (prefer-
ably) the nondominant arm using sterile technique. This cath-
eter was used for the alcohol infusion.

The participant was seated in a comfortable chair in a study
room in the day hospital unit, out of sight of the infusion pumps
and technician’s screen, then instructed in the procedures
and limits for selecting alcohol self-infusions in the paradigm.
Participants were told to administer alcohol as if they were in
a social situation in which they usually drink alcohol. To con-
trol the ambient environment during the self-administration
session, participants were allowed to watch television or listen
to music. The experimenter was available to monitor the infu-
sion and obtain breathalyzer readings as well as to answer any
questions raised by the participants and to occasionally inquire
about the well-being of the participant.

Subjective measures were obtained serially to assess alco-
hol effects. These measures were collected at baseline as well
as during the directed priming phase (at the 10- and 20-min-
ute time points) and 8 times during the IV-ASA session every
15 minutes, with a final postinfusion measure 15 minutes after
the IV-ASA had ended. These measures took roughly 5 minutes
to complete. Subjects were allowed to press for more alcohol
during data collection so as to not interfere with the subject’s
opportunity to self-administer alcohol. These included the
Alcohol Urge Questionnaire (AUQ) (Bohn et al., 1995) and Drug
Effects Questionnaire (DEQ) (Fischman and Foltin, 1991).

At the end of the free-access phase, the infusion pump was
disconnected, and the i.v. catheter was removed from the par-
ticipant’s arm. Lunch was provided and serial breathalyzer tests
tracked the BrAC. Participants were asked to stay in the hospital
for at least 2 hours after the end of the self-administration or
until their BrAC level fell <20 mg%, whichever was later. At this
time, participants were debriefed and sent home in a taxi paid
for by NIH. The total duration of the session was approximately
7 hours. Study participants were instructed to refrain from med-
ications and operating any machinery requiring concentration
for at least 2 hours following their release from the unit.

Data Analysis

Primary self-administration measures included peak BrAC
(mg%), which was the highest BrAC achieved during the free-
access phase, the average BrAC (mg%) achieved during the free-
access phase, total number of infusions received (not including
the 4 priming infusions), and total EtOH delivered (g) during the
free-access phase. Test-retest reliability of IV-ASA measures was
assessed using Pearson’s correlation coefficients of measures
between session 1 and session 2 in Group 1. For the remaining
data analysis, data from session 1 across groups 1 and 2 were
combined. To characterize the early-phase IV-ASA behavior, par-
ticipants were grouped based on the number of infusions they
administered during the first 30 minutes of the voluntary free-
access ASA phase. Not only is this early interval associated with
the greatest variability in response, but it should be the least influ-
enced by acute tolerance or sensitization to alcohol and therefore
a potentially more precise marker of ASA behavior (Supplemental
Figure 1). This early phase also showed significantly higher
rewards pressed in comparison with those at the 60-, 90-, and
120-minute phases, suggesting an initial strong priming response
to reach a high BrAC (P<.01). Based on the 2.5-minute ascending
phase of each incremental alcohol exposure, the maximum num-
ber of infusions that could be selected within the first 30 minutes
of the session was 12; thus, participants were categorized into
low (1-6 infusions) and high (7-12 infusions) responders. A third

group of nonresponders included those who chose not to self-
administer during the session to determine if these subjects were
distinctly different from those that did elect to self-administer
alcohol and to assess their subjective response following the
directed priming phase. Associations between IV-ASA measures
and sex and recent drinking history as well as priming subjective
responses were initially examined using bivariate correlations.
Multiple regression analyses were used to determine the amount
of variance accounted for by predictor variables on IV-ASA out-
come measures. Comparison of early-phase responder groups
on measures of drinking history, subjective response, expect-
ancy, and personality measures were evaluated using ANOVA.
Measures that were not normally distributed or did not show
homogeneity of variances were analyzed using nonparametric
Kruskal-Wallis tests. Analyses were conducted using SPSS for
Windows, Version 22.0 (IBM Corporation), and the level of signifi-
cance for all analyses was set at .05.

Results

Participant Demographics and Test-Retest Reliability

Males (n=29) and females (n=23) in Group 1 were not significantly
different on measures of recent drinking history as reported by
the TLFB 90 days and the AUDIT (Supplemental Table 1). Similar
lack of differences was found between males (n=34) and females
(n=26) in Group 2 (Supplemental Table 1). Overall, sessions
were well tolerated with minimal transient adverse events that
resolved within minutes of their occurrence, including discom-
fort at the i.v. site (n=1), mild chest pain (n=1), and light-head-
edness associated with vasovagal responses during i.v. insertion
(n=2). There were very few smokers in the sample (n=7) to allow
any meaningful analysis of smoking influences on IV-ASA.

Figure 1 shows the correlations between IV-ASA measures
obtained in the same Group 1 participants in sessions 1 and
2. Correlation coefficients indicated moderate to high values
for average BrAC (r=0.60), peak BrAC (r=0.66), total number of
rewards (r=0.72), and total amount of EtOH consumed (r=0.74)
(all P <.01). Correlation coefficients among ASA exposure meas-
ures for session 1 ranged from 0.88 to 0.97 (Supplemental
Figure 2) and from 0.86 to 0.97 for session 2 (Supplemental
Figure 3), indicating extremely high internal consistency among
IV-ASA measures within session.

IV-ASA exposure measures showed considerable inter-indi-
vidual variability (Supplemental Figure 1) and were not signifi-
cantly different by sex, except for total EtOH, which was lower
in females than males (Supplemental Table 1). This difference
is not unexpected, given that females have smaller total body
water volumes of alcohol distribution than males and the CAIS
program adjusts for these pharmacokinetic differences.

Recent Drinking History

TLFB measures of total drinks and number of drinks per drink-
ing day and AUDIT scores were highly correlated with all ASA
exposure measures (P <.05) (Supplemental Table 3). Regression
analyses of the influence of recent drinking history measures
revealed the number of drinks per drinking day to be the strong-
est predictor of IV-ASA measures (all P <.01).

Subjective Response Measures

Subjective response measures on the DEQ following the priming
phase were predictive of IV-ASA during the free-access phase.
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Figure 1. Correlations between session 1 and session 2 self-administration measures. Positive associations are displayed between alcohol self-administration (ASA)
measures of average breath alcohol concentration (BrAC) (A), peak BrAC (B), total number of rewards (C), and Total EtOH (D). All P<.01.

Participants who reported less “intoxication” (P <.02), less “feel-
ing of alcohol effects” (P <.02), and greater “wanting alcohol”
(P <.01) following priming also consumed more alcohol during
the free-access phase. Peak DEQ scores for “feel,” “like,” “want,”
“high,” and “intoxicated” across the session were all positively
associated with all IV-ASA exposure measures (all P <.01).
Similar associations were found for alcohol urges measured on
the AUQ. Participants who craved more alcohol at the end of the
priming phase and who reported greater peak scores for craving
during the free-access phase also self-administered more alco-
hol (all P <.01).

Personality Measures

Participants with lower expectancy scores at baseline for cog-
nitive and physical impairment self-administered more alcohol
as measured by the average BrAC (r= -0.32, P <.01), peak BrAC
(r=-0.28, P <.02), and number of button presses (r=-0.28, P <.02).
Participants who had higher values for the delayed discount-
ing steepness constant (log K) also consumed more alcohol as
measured by average BrAC (r=0.27), peak BrAC (r=0.24), and
number of button presses (r=0.27) (all P <.05).

Early-Phase IV-ASA Response: Correlates

Table 1 shows the IV-ASA outcomes by category of responder
during the early phase of IV-ASA and reflects the tautological
significant differences expected between non-, low, and high
responders. Comparison of recent drinking history measures
among categories, however, is not tautological, and indicated
heavier drinking in high responders compared with non- and
low responders. Specifically, high responders had higher total
AUDIT scores (P <.01) and higher TLFB total drinks, drinks per
drinking day, and heavy drinking days than either of the other

categories (all P <.05). There was no effect of sex on response
rate category.

With regard to subjective response measures, high and low
responders reported greater changes in postpriming “liking”
(P <.01) and “wanting” (P <.01) alcohol compared with non-
responders (Figure 2). High responders also reported greater
postpriming “wanting” compared with low responders (P <.03).
Examination of peak subjective responses indicated that high
responders showed greater peak scores on DEQ measures dur-
ing the open-bar phase compared with non- and low respond-
ers (all P <.01 except “high,” which was P <.05) (Figure 2). Low
responders reported greater peak “liking” and “wanting” than
nonresponders (all P <.01). AUQ total score following the prim-
ing phase and AUQ peak total score during the open-bar phase
was also greater for high responders compared with other cat-
egories (all P <.01), while low responders also reported signifi-
cantly higher AUQ scores compared with nonresponders (all P
<.01) (Supplemental Figure 4).

With regard to expectancy measures, high responders had
lower expectancy scores for self-reported power and aggression
(P <.01) as well as cognitive and physical impairment (P <.01)
compared with nonresponders (Figure 3). High and low respond-
ers also had higher values (P <.01) for the delayed discounting
steepness constant (log K), indicating higher impulsivity, com-
pared with nonresponders.

Discussion

The goal of this study was to characterize IV-ASA in nonde-
pendent drinkers, and the results indicated a robust relation-
ship between exposure and psychopharmacological responses
during IV-ASA. IV-ASA measures reflected recent drinking his-
tory and were associated with perceptions of rewarding effects
following priming and during the session. The early phase
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of IV-ASA showed substantial interindividual variability in
IV-ASA measures, allowing for comparisons between low and
high responders, and was particularly sensitive to the moti-
vational properties of alcohol in nondependent drinkers. Self-
administration during the session was driven by perceptions
of intoxication and urges for more alcohol. Specifically, high
responders had greater subjective responses to the priming

effects of alcohol and greater peak subjective response meas-
ures during the entire open bar session, indicative of a hedonic
response to alcohol.

The rate of IV-ASA during the early phase of free access was
also associated with expectancy and impulsivity measures. In
particular, highrespondershadlowerexpectancyscores for power
and aggression as well as cognitive and physical impairment.

Table 1. Comparison of Responder Groups during the Early Phase of [V-ASA

Low High
Nonresponders Responders Responders

Criteria for each group (n=12) (n=50) (n=43)
Rewards earned in the first 30 minutes 0 1-6 7-12
Self-administration measures within the first 30 minutes of open-bar phase
Rewards earned 0.0+ 0.0 32+13 87+19
Peak BrAC (mg%) 11.6+2.4 232+84 65.5+ 19.4
Average BrAC (mg%) 6.1+13 15.8+6.6 40.8+9.6
Demographic and drinking history measures
AUDIT* 42+28 53+23 6.7 £2.8
AUDIT-C* 39+22 48=+1.7 54+17
Total drinks in past 90 days*® 62.4 +67.4 69.0 + 46.9 98.2 +95.2
Drinking days in past 90 days 224 +20.5 25.0+10.9 26.2 +16.8
Drinks per drinking day in past 90 days* 26x16 28+14 36+1.6
Heavy drinking days in past 90 days**¢ 4.0+6.3 53+7.3 8.3+13.1

Abbreviations: AUDIT, Alcohol Use Disorder Identification Test; AUDIT-C, AUDIT Consumption sub-score; BrAC, breath alcohol concentration.
All data are reported as mean and SD. *P<.05 for difference between high responders and non- and low responders. **P<.01 for difference be-

tween high responders and non- and low responders.
¢ Analyzed using nonparametric Kruskal-Wallis test.
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Figure 2. Drug Effects Questionnaire (DEQ) priming effect and peak subjective response across early phase response groups. Significant differences are displayed for
group comparisons between non-, low, and high responders across DEQ postpriming “liking” (A), “wanting” (B), and DEQ peak subjective response for “liking” (C) and
“wanting” (D). High responders showed significantly higher priming effects and peak subjective responses indicating robust exposure-response relationships during

free-access i.v. alcohol self-administration (IV-ASA). All P<.05.
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Figure 3. Expectancy and impulsivity measures across early phase response groups. Significant differences are displayed for group comparisons between non-, low,
and high responders across the Alcohol Effects Questionnaire power and aggression (A), cognitive and physical impairment (B), and delayed discounting task (C).
Nonresponders showed significantly greater expectancy of power and aggression as well as cognitive and physical impairment. High and low responders also showed
significantly higher steepness constants (log K), suggesting higher impulsivity compared with nonresponders. All P<.05.

This association may be a contributing factor to drinking pat-
terns during the session and is in agreement with previous
findings demonstrating that such expectancies are strong cor-
relates of alcohol use, abuse, and alcoholism (Brown, 1985;
Lundahl et al., 1997; Mann et al., 1987). High responders also had
greater impulsive personality scores compared with non- and
low responders. This finding supports previous studies associ-
ating higher impulsivity with drug-seeking and consumption
behavior (Belin et al., 2008) and higher stimulant response to i.v.
alcohol challenge (Leeman et al.,, 2014). This study may repre-
sent one of the first reports of the relationship between impul-
sivity and ASA in a human laboratory setting and underscores
the significance of impulsivity as a risk factor for alcohol abuse
and dependence (Poulos et al., 1995; Petry, 2001; Bjork et al., 2004;
Dick 2010).

The free-access IV-ASA paradigm demonstrated a high
degree of test-retest reliability in self-administration measures
across Group 1 participants. Although a practice session had
been advised for preparing the participant for the test session
(Zimmermann et al., 2008, 2009), this study found strong correla-
tions between the first and second sessions on all self-adminis-
tration measures. This level of reliability strongly supports the
utility of IV-ASA paradigms for studies evaluating the effective-
ness of medications to reduce alcohol drinking and problems,
where pre- and posttreatment comparisons are standard. Within
sessions, ASA measures were highly inter-correlated, signifying
a high level of consistency among measures. On the other hand,
there was also substantial inter-individual variability in i.v. self-
administration patterns. The variability between participants
and the within-participant consistency of behavior offer excit-
ing prospects for examining predictors of self-administration
behavior. One of these predictors is recent drinking history. The
results of this study showed that free-access IV-ASA was highly
sensitive to drinking history and pattern and was driven by the
rewarding effects of alcohol. Heavier drinkers showed higher
IV-ASA, demonstrating that the free-access paradigm can accu-
rately reproduce recent drinking behavior inside the laboratory,
allowing for examination of the pharmacologically rewarding
properties of alcohol and its determinants.

There were no significant sex differences in IV-ASA meas-
ures in the free-access paradigm, and this was reflected in the
lack of sex differences in recent drinking history of partici-
pants as measured by TLFB. The only exception was the total
EtOH consumed, which is attributable to the natural sex differ-
ence in total body water and was managed by the CAIS PBPK
model such that the increment in BrAC in response to a button
press was identical for men and women. These findings are in

contrast to a recent study that demonstrated sex differences in
IV-ASA between adolescent males and females, with adolescent
females demonstrating lower IV-ASA compared with adolescent
males; this difference was mirrored in their recent drinking his-
tory as measured by TLFB (Jiinger et al., 2016). The current study
included males and females that were older than the adolescent
sample in the other study, and the sample did not demonstrate
sex differences in recent drinking which may have translated
into a lack of difference in IV-ASA measures.

This study had several strengths, including a large sample
size with a substantial group evaluated for test-retest reliabil-
ity and exquisite precision in predicting and providing con-
sistent alcohol exposure across participants. One limitation
of this study, and of i.v. alcohol studies in general, is that the
alcohol is administered i.v., representing a nonnaturalistic
route. Moreover, the i.v. route does not provide typical olfactory
and gustatory cues associated with oral ingestion. However,
by removing these cues, the method allows the consumption
behavior to be driven by the pharmacological effects of alco-
hol, which may be better defined and elucidated by the IV-ASA
measures. In addition, the CAIS algorithm provides precision
in the BrAC levels following consumption, thus minimizing
overexposure (i.e., improving safety) that cannot be achieved
with oral self-administration. Another limitation is the lack of a
placebo condition. Although we did not provide an alternative
reinforcer to the i.v. ethanol, Plawecki et al. (2013) found alco-
hol to be more rewarding than the alternative reinforcer (saline
infusion) in pretreatment conditions using a progressive ratio
CAIS paradigm.

IV-ASA using a free-access paradigm is a promising method
to examine alcohol consumption behavior while maintaining
a high degree of control over the pharmacokinetics of alcohol
metabolism. IV-ASA reflects recent drinking history and is con-
sistent between sessions, thus providing a translational tool for
examining promising drugs that have modified ASA in animal
models of alcoholism (Zimmermann et al., 2013). The initial rate
of IV-ASA is particularly sensitive to the rewarding and moti-
vational properties of alcohol and provides a unique and early
marker of potential sources of inter-individual variation, includ-
ing genetic and personality traits, in alcohol craving that may
drive risky and more abusive drinking behavior in nondepend-
ent drinkers.
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