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Background: Human laboratory analogues of drinking behavior provide an efficient, cost-effective mechanistic
evaluation of a medication signal on drinking. We developed a novel alcohol self-administration paradigm which
models the ability to resist drinking and heavy drinking.

Methods: We compared a de-escalating schedule of monetary reinforcement (n=16, 50% female) to no schedule

Z%ﬁj:y to resist (n=16, 50% female) on the ability to resist drinking (i.e., latency to start drinking) and subsequent ad-libitum
Heavy drinking alcohol consumption of preferred alcoholic beverage in participants with alcohol use disorder (AUD). Participants

completed two laboratory sessions designed to model the ability to resist drinking using stress (versus neutral
imagery, within-subject factor) as a prime for drinking.

Results: Participants consumed more alcohol with no schedule (74.2%) versus with the de-escalating reinforce-
ment schedule (40.3%,). The de-escalating schedule reduced alcohol consumption by 49%. Eighty-one percent
of participants drank heavily with no schedule and this was reduced with the schedule. Use of the de-escalating
schedule also increased the latency to pour and sip the first drink. Participants poured and sipped alcohol faster
following stress imagery (vs. neutral), had greater craving, and consumed more alcohol in the first 30 minutes.
Conclusions: Our novel alcohol self-administration model generated heavy drinking. Over 80% of participants
without reinforcement consumed more than 2/3 of their preferred alcoholic beverage designed to increase blood
alcohol levels to 0.12 mg% within a 2-hour window. Our model was sensitive to stress, and the de-escalating
schedule highlighted stress effects on drinking. Thus, this model is ideal for a cross-over design to test medications
for AUD.

1. Introduction marily focused on cue reactivity, administering fixed doses of alco-

hol, and alcohol self-administration (Anton et al., 2004; Mason et al.,

Alcohol consumption is the third leading cause of preventable mor-
bidity and mortality in the U.S. (Centers for Disease Control, 2022) and
losses to the economy exceed $249 billion dollars per year (Sacks et al.,
2015). Alcohol use disorder (AUD) is particularly problematic for the
U.S., as we exceed the global per capita alcohol consumption by 50%
(Shield et al., 2013) with AUD currently affecting 33 million adults
(Grant et al., 2017). Developing medications to reduce the burden of
AUD continues to be a high priority. However, the process of moving
a compound from discovery to Food and Drug Administration (FDA)
approval takes approximately 13 years at a cost of 1.8 billion dollars
(Munos, 2009; Paul et al., 2010).

Use of human laboratory analogues of drinking behavior can pro-
vide an efficient, cost-effective mechanistic evaluation of a medication
signal on drinking, with the result of facilitating translational work in
medication development. Existing human laboratory models have pri-
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2008; McKee et al., 2009; Monti et al., 1999; O’Malley et al., 2002;
Ramchandani et al., 2006). However, currently available models have
yet to focus on important FDA-endpoints for clinical trial investigations.
FDA approval for AUD is contingent on the percent of participants with
no heavy drinking (FDA, 2006). For a medication to be effective, ide-
ally it would increase the ability to resist drinking but should drinking
commence, the medication would limit consumption to ‘light’ drink-
ing. To this end, we have developed a novel alcohol self-administration
paradigm which models the ability to resist drinking and heavy drink-
ing.

To model the ‘ability to resist’ drinking, we have adapted procedures
from our successful smoking lapse models (McKee 2009; McKee et al.,
2006, 2010, 2012, 2015). The general procedure is that smokers are first
exposed to known precipitants of smoking relapse behavior (e.g., nico-
tine deprivation, alcohol, stress, food). Following the prime, their pre-
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ferred brand of cigarettes is placed in front of them with a lighter and an
ashtray. Smokers are then instructed that they have the option to initiate
a tobacco self-administration session or to delay initiation for up to 50
minutes in exchange for monetary reinforcement. A fixed level of mon-
etary reinforcement is provided for each 5-minute increment that they
can resist smoking during the 50-minute delay period. This delay period
models their ability to resist smoking. Once participants ‘give in’ and
decide to smoke, they then participate in a tobacco self-administration
session, in which they can choose to smoke their preferred brand of
cigarettes. Our smoking lapse models have demonstrated predictive va-
lidity with regards to smoking cessation medication effects (McKee et al.,
2012, 2015), and have been utilized widely by the research commu-
nity (Falcone et al., 2016; Jones et al., 2020; Leeman et al., 2010;
Kahler et al., 2012, 2014; Oberleitner et al., 2018; Otto et al., 2020;
Roberts et al., 2018; Roche et al., 2014; Schlagintweit et al., 2021;
Verplaetse et al., 2017a, 2017b, 2018a, 2018b; Wilson et al., 2014).

For the current study, we decided to slightly modify the reinforce-
ment schedule to a de-escalating versus a fixed monetary reinforcement
schedule. Our goal was to model the impact of reducing motivation to
abstain (by reducing the monetary reinforcement), making it increas-
ingly harder to resist drinking. Current self-administration models (e.g.,
O’Malley et al., 2002) provide a fixed dose of alcohol to ‘prime’ con-
tinued drinking and as a result, do not provide an opportunity to ab-
stain completely. We also wanted to generate heavy drinking in a lab-
oratory setting. While existing alcohol self-administration models (e.g.,
Anton et al. 2004; O’Malley et al., 2002) provide alcohol sufficient to
increase blood alcohol levels (BALs) to 0.08 g/dL, often drinking in
the placebo group is minimal, resulting in floor effects when attempt-
ing to test for medication effects (Farokhnia et al., 2017; Haass-Koffler
et al., 2018; Petrakis et al., 2006; Roberts et al., 2017; Udo et al., 2013;
Verplaetse et al., 2016).

To generate heavy drinking, we implemented two important
changes. The first was to provide alcohol sufficient to increase blood
alcohol levels to 0.12 g/dL which is more in line with typical BALs
reached by individuals with AUD (McKee & Verplaetse, 2015). The sec-
ond change was to provide subjects with their preferred beverage. Exist-
ing paradigms use a standard or limited choice liquor/mixer beverage
(Anton et al. 2004; O’Malley et al., 2002). It has been our experience
that these standard beverages do not align with participants’ beverage
preference, contributing to limited consumption behavior. While pro-
viding subjects with their preferred beverage will result in variability
with regards to alcohol concentration and volume, it will increase the
ecological validity of the paradigm by providing the exteroceptive and
interoceptive cues associated with their preferred beverage. Given the
variability regarding alcohol concentration and volume, this paradigm
requires a within-subject comparison so that each subject is their own
control. As such, it is ideal for a cross-over design to test medications.

For this initial model development investigation, we compared a sin-
gle de-escalating schedule to no schedule in participants with AUD. As
our research group has been focused on targeting stress for medication
development (Peltier et al., 2019), the first model we developed exam-
ined the impact of stress as a prime for drinking. We predicted that
we would generate heavy drinking in our paradigm, and that the de-
escalating schedule would reduce drinking versus not having any mon-
etary reinforcement to resist drinking. We also predicted that our model
would be sensitive to stress effects on drinking, and that stress would
decrease the ability to resist drinking and increase subsequent drink-
ing.

2. Material and Methods
2.1. Participants
Participants were enrolled in two ongoing parent studies examin-

ing the effect of stress on drinking behavior. One parent study utilized
a de-escalating schedule of reinforcement and the other did not use
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a reinforcement schedule. Both studies had identical eligibility crite-
ria and laboratory procedures. Participants were eligible to enroll if
they were 21-65 years of age and had current (past 6-months) Diag-
nostic and Statistical Manual of Mental Disorders Fifth Edition (DSM-5,
American Psychiatric Association, 2013) moderate to severe AUD, with
reported drinking of >14 drinks per week and >4 drinks per day at least
twice per week for men and >7 drinks per week and >3 drinks per day
at least twice per week in women. Participants met this drinking cri-
teria during a consecutive 30-day period within the 90 days prior to
intake. Participants were excluded if they met DSM-5 criteria for other
primary psychiatric and substance use disorders (excluding nicotine de-
pendence), used illicit drugs (except occasional cannabis use), had cur-
rent suicidal or homicidal ideation, were pregnant or nursing, had med-
ical conditions that contraindicated alcohol use (e.g., liver enzymes >3x
normal), or were likely to exhibit clinically significant alcohol with-
drawal (Clinical Institute Withdrawal Assessment of Alcohol Scale, Re-
vised [CIWA-R] > 8) (Sullivan et al., 1989). Participants were recruited
from the community through television, billboard, and web-based ad-
vertisements without regard to treatment seeking status. Thirty-two par-
ticipants completed the study. After completion of this laboratory study,
three subjects elected to complete a treatment phase as part of a parent
study. As outlined in Roberts et al. (2021), it is ethical to study self-
administration behavior in treatment seeking subjects who have a goal
of reducing alcohol consumption (versus total abstinence).

2.2. Design

A between-subject design was used to compare a de-escalating sched-
ule of reinforcement (n=16, 50% female) to no schedule (n=16, 50%
female) on the ability to resist drinking and subsequent ad-libitum alco-
hol consumption. All participants (n=32) completed two laboratory ses-
sions designed to model the ability to resist drinking using personalized
imagery (stress vs. neutral, order counterbalanced) as a within-subject
factor.

2.3. Procedures

2.3.1. Intake

All participants provided written informed consent. Procedures were
in accordance with the ethical standards of the Yale School of Medicine
Human Investigation Committee. The Structured Clinical Interview
(SCID) for DSM-5 was used to confirm diagnostic inclusion and exclu-
sion criteria (First et al, 2016). We recorded alcohol use over the prior
90 days with the Timeline-Follow Back Interview (TLFB) (Sobell and So-
bell, 1992). Participants underwent medical screening, including a phys-
ical exam, an electrocardiogram (EKG), basic blood chemistries, urine
drug toxicology screen, and a blood pregnancy test for women.

2.3.2. Script development

Exposure to stress and neutral imagery used personalized guided-
imagery methods (McKee et al., 2011). A stress imagery script was de-
veloped by having participants identify and describe in detail highly
stressful experiences occurring within the past 6 months. Only situa-
tions rated as 8 or higher (1="not at all stressful’ and 10="the most
stress they recently felt in their life’) were accepted as appropriate for
script development. A neutral script was developed from participants’
descriptions of personal neutral-relaxing situations. Scripts were de-
veloped by a PhD-level clinician and audiotaped for presentation dur-
ing the laboratory sessions. Each script was approximately 5 min in
length.

2.4. Laboratory sessions
2.4.1. Baseline assessment period

Laboratory sessions began at 9:00am at the Yale Center for Clinical
Investigation, New Haven, Connecticut (see Figure 1 for study timeline).
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Pre- & post-imagery
timepoints @ 3:45pm

Participants received instructions regarding de-escalating monetary
reinforcement or no instructions. Once participants decided to drink, they
had whatever time was remaining in the 2-hour block to consume alcohol.

Modeling the ability to resist drinking

A
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Imagery

assessments Timepoints
-24hrs @ 9am -15min 0 +5min +Omin +30min +6Dimin +90min +120min
Alcohol \ Y ’
Abstinence
Alcohol Self-Administration Period @4:10pm
Last Drink Stress (vs. Neutral)

Participants were presented with their preferred alcoholic beverage
designed to raise BALs to 0.12g/dL. They were told they could drink as much
or as little as they liked over the next 2 hours.

Figure 1. Timeline of study procedures.

Participants were informed to not drink 24 hours prior to the laboratory
session (confirmed by breath alcohol reading and self-report). Smokers
were instructed to smoke as they usually do prior to the laboratory ses-
sion. An IV cannula was inserted to obtain blood samples throughout the
laboratory session. Baseline assessments of breath alcohol, breath CO,
urine drug screens, urine pregnancy screen, and vitals were obtained.
Additional measures of alcohol craving and alcohol withdrawal were ob-
tained. Participants received a standardized lunch at 12:15pm to control
for time since last food consumption. Smokers were provided with an
opportunity to smoke every 2 hours up until 2:00pm to control for nico-
tine withdrawal. We have used similar procedures in other studies and
demonstrated that smokers were not experiencing nicotine withdrawal
during the alcohol self-administration session (McKee et al., 2009). Par-
ticipants also practiced muscle relaxation techniques and completed im-
agery training during this period. From 9:00am to 2:45pm, participants
were able to relax, watch TV, or read.

2.4.2. Personalized imagery procedure

At 3:35pm, participants were instructed to relax their body, clear
their mind, and focus on deep breathing. At 3:40pm, participants were
told “You will soon hear a situation being described to you. Your task is
to close your eyes and imagine yourself in the situation being described,
‘as if” it were happening right now. Allow yourself to become completely
involved in the situation, by involving your mind and body in actually
doing what is being described. Continue imagining for as long as you
can.” The participant then listened to a personalized script.

2.4.3. De-escalating schedule

Prior to the 2-hour alcohol self-administration period, n=16 partici-
pants were informed that for each minute they can resist drinking, they
would receive monetary compensation. The amount of money earned
over the 2-hour self-administration period started at $0.24 per minute
and reduced by a penny every 5 minutes. By 120 minutes, the compen-
sation reduced to $0.00 per minute. Participants were provided this in-
formation in table format during the laboratory session (see Supplemen-
tary Table S1 for the de-escalating schedule and verbal instructions). If
a participant resisted drinking for the entire 2-hour self-administration
period, they earned a total of $15.00. Money was used as the alternative
reinforcer to provide some incentive to resist drinking and to enhance
the likelihood that the reinforcing value of alcohol would be detected
(Amlung et al., 2017, MacKillop, 2016). Sixteen participants did not
receive the de-escalating schedule and did not receive monetary rein-
forcement for resisting drinking.

2.4.4. Alcohol beverages and dose

Subjects were provided with their preferred alcohol beverage for this
study, including any alcohols (e.g., beer, wine, liquor) or mixers (e.g.,
juice, soda). For the laboratory sessions, subjects were provided with a
pre-determined amount of their preferred alcoholic beverage designed
to raise BALs to 0.12 g/dL. These calculations were based on total body
water and considered sex, age, height, and weight (Watson, 1989).

While providing participants with their preferred beverage may in-
troduce variability regarding the rate of alcohol absorption, each sub-
ject completed two laboratory sessions, and each subject was their own
within-subject control. Beverage choice was invariant across the two
laboratory sessions.

2.4.5. Alcohol self-administration period

The alcohol self-administration period began at 4:00pm and lasted
for a 2-hour period. The entire 0.12 g/dL dose of alcohol was presented
to the subjects at the start of the session in an appropriate vessel (e.g.,
carafe for wine, beer jug for beer, etc.) and preferred drinking glass (e.g.,
pint glass, wine glass, tumbler, high ball).

Participants were instructed that they could consume as much as
they like over the next 2 hours. For participants in the de-escalating
schedule, they were further instructed that once they started drinking,
they could no longer earn any additional monetary reinforcement. For
example, if a subject decided to ‘give in’ and drink at the 1-hour mark,
then they would have earned $11.10 (see Supplementary Table S1) and
have a remaining hour to consume as much alcohol as they desired. Sub-
jects were free to pour alcohol from the vessel to their glass as desired.

The range of assessments during this period was limited to avoid
interfering with the evaluation of drinking behavior. The alcohol self-
administration portion of the study ended at 6:00pm. Participants re-
mained at the research unit overnight. At 7:00am the next morning,
participants were discharged if their breath alcohol levels were below
0.02% (confirmed by two BAC readings).

2.4.6. Timing of assessments

Alcohol craving was assessed pre-imagery, post-imagery, and +30,
+60, +90, and +120min during the ad-lib drinking period. Drinking
topography and subjective alcohol effects were assessed at +30, +60,
+90, and +120min during the ad-lib drinking period.

2.4.7. Measures

The primary measures were % alcohol consumed during the ad-lib
period, time to initiate drinking, and alcohol craving. Additional mea-
sures are described below.
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2.4.8. Subjective measures

Alcohol craving was assessed with the statement “I crave a
drink right now” using a visual analog scale (VAS), range 1-100
(Bohn et al., 1995). The Alcohol Effects Scale (AES), a 5-item self-
report questionnaire, was used to assess subjective alcohol intoxica-
tion (VAS, range 1-100) (Schuckit, 1984). Items consisted of descrip-
tive words (e.g., high, like, intoxicated, dizzy) on effects the partici-
pant may be feeling as they are completing the questionnaire (i.e., right
now). Demographic variables, the Contemplation Ladder (Beiner and
Abrams, 1991), the Center for Epidemiological Studies-Depression Scale
(CES-D) (Radloff, 1977), and the Childhood Trauma Questionnaire
(CTQ) (Bernstein & Fink, 1998) were collected at intake. The Contempla-
tion Ladder was used to assess readiness to abstain from alcohol (range
0 - 10). The CES-D, a 20-item self-report questionnaire, was used to as-
sess symptoms associated with depression during the past week (range
0 - 60). The CTQ, a 28-item self-report inventory, was used to assess
childhood trauma and maltreatment (e.g., physical, emotional, or sex-
ual abuse, physical or emotional neglect; range 25 — 125).

2.4.9. Drinking topography

Drinking topography measures included % consumed first sip, la-
tency to first pour and sip, and number of pours and sips (see Table 2).
The participant kept their glass on a weighted scale to capture milliliters
consumed per sip. Participant drinking behavior was videotaped and
subsequently scored by two raters to capture timing and pouring and
sipping of alcohol.

2.4.10. Breath alcohol concentration (BrACs)

BrACs were measured at the end of the ad-lib period using an Alco-
Sensor III (Intoximeters, Inc., St. Louis, M.O.), which is a precision in-
strument for detecting alcohol levels in exhaled breath. Breath alcohol
was not assessed during the 2-hour drinking period, as recency of drink-
ing would artificially inflate BrACs.

2.5. Statistical analysis

Baseline characteristics were compared across de-escalating sched-
ule with chi-square and t-tests. Analysis of variance (ANOVAs using gen-
eral linear models [GLM]; IBM SPSS Data Editor Version 28) was used to
examine within-subject effects of imagery condition (stress vs. neutral)
by de-escalating schedule (yes vs. no) on time to initiate first pour, time
to initiate drinking, % consumed in the first sip, and BrACs at 6pm. Sep-
arate repeated measures ANOVA was used to examine within-subject
effects of imagery condition and time (+30, +60, +90, +120min) by
de-escalating schedule on % total alcohol consumed. Alcohol consump-
tion was evaluated as percentage of the beverage consumed to equate
for alcohol volume across participants. Repeated measures ANOVA was
also used to examine within-subject effects of imagery condition and
time (pre-imagery, post-imagery; +0, +30, +60, +90, +120min) by de-
escalating schedule on alcohol craving and imagery condition and time
(+60 and +120min) by de-escalating schedule on alcohol intoxication.
Age, race, smoking status, education, marital status, CES-D, and child-
hood trauma were evaluated as covariates and were retained if they
were significantly associated with each outcome. Percent of alcohol con-
tained in their preferred beverage (e.g., alcohol + mixer) and motivation
to abstain from alcohol were also evaluated as a covariates across all out-
comes, and were not significant, and were not retained as covariates.

3. Results

Participants did not differ on any baseline characteristic by de-
escalating schedule (see Table 1). The average age was 38.44 years old
(SE=2.39). Fifty percent of participants were female. Participants were
primarily white (37.5%) or black (53.1%), and primarily college edu-
cated (59.4%). Participants drank 4.83 days per week (SE=0.31) and
6.64 drinks per episode (SE=0.63). Participants scored 2.69 (SE=0.48)
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Table 1
Baseline demographics by schedule (mean, SE or n, %)

Deescalating schedule

No Yes

Age 37.13,3.82  39.75,2.96
Sex

Female 8 8

Male 8 8
Race

White 7

Black 7 10

Hispanic 1 0

Other 1 1
Education

HS or less 8

College + 8 11
Marital status

Married 2 3

Not married 14 13
Smoker 6 11
AUDIT 13.63,1.51 12.56, 1.40
Drinking days per week 5.21,0.34 4.45, 0.52
Drinks per drinking day 7.15,1.01 6.13, 0.77
Contemplation ladder 2.56, 0.59 2.81, 0.77

Note: All chi-square and t-tests for comparison were non-significant
at p>0.05; Alcohol Use Disorders Identification Test (AUDIT) scores
> 8 are associated with harmful or hazardous drinking, contempla-
tion ladder (range O - 10) assesses readiness to abstain from alcohol.

Table 2
Drinking topography and alcohol effects by schedule (mean, SE or n, %)

Deescalating schedule

No Yes

Beverage choice

Beer 6, 38% 6, 38%

Wine 3,19% 5, 31%

Liquor 7, 44% 5,31%
Heavy drinking 13, 81% 5, 31%*
Alcohol proof 41.86, 7.98 38.5,7.38
True alcohol % 0.09, 0.03 0.12, 0.03
% consumed total 0.74, 0.07 0.40, 0.07*
% consumed first sip 0.07, 0.01 0.05, 0.01*

Latency to 1st pour (seconds)?
Latency to 1st sip (seconds)®

226.37, 296.58
276.63, 279.26

1551.60, 296.58*
1704.03, 288.42*

Total no. pours 3.31,0.41 1.83, 0.42*
Total no. sips 27.78, 2.70 11.50, 2.78*
BrAC (+120min)® 0.09, 0.02 0.05, 0.02*
AES - Intoxicated 41.22, 5.86 21.73, 5.86*
AES - Rush 32.11, 4.93 16.34, 4.93*
AES - Drug-effect 33.53,5.72 15.17, 5.72*
AES — Want more 48.98, 6.60 26.05, 6.60*
AES - Jittery 10.34, 2.59 4.69, 2.59*

Note: Latency to first pour and latency to first sip are from the start of the
alcohol self-administration session, Alcohol Effects Scale (AES); ® Breath Al-
cohol Concentration (BrAC); *denotes p<.05

on the Contemplation Ladder. Participants chose their preferred alco-
holic beverage for the laboratory sessions. Beverage type did not differ
by de-escalating schedule (37.5% beer, 25.0% wine, 37.5% liquor), nor
did the percent of alcohol contained in their preferred beverage (e.g.,
alcohol + mixer; 10.4%; see Table 2).

3.1. Ad-libitum drinking

A main effect of de-escalating schedule (F=10.88, p=0.003) on ad-lib
drinking demonstrated that participants consumed more alcohol with-
out the de-escalating schedule (74.2%) versus with the de-escalating
schedule (40.3%), such that the de-escalating schedule reduced alco-
hol consumption by 49%. Further, more participants drank heavily (i.e.,
consumed more than 2/3 of their beverage reaching a theoretical blood
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Figure 2. Percent alcohol consumed by de-
escalating schedule over the 120-min alco-
hol self-administration session: (a) with the
de-escalating schedule participants consumed
40% more alcohol in the first 30 minutes of the
alcohol self-administration session following
stress imagery compared to neutral imagery,
(b) with no schedule, participants consumed
equal amounts of alcohol following stress and
- neutral imagery.
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alcohol content of 0.08 mg%) without the de-escalating schedule com-
pared to with the de-escalating schedule (81% vs. 31%, respectively; see
Table 2).

When stress was considered, a significant interaction between de-
escalating schedule, imagery condition, and time (F=5.73, p=0.025) on
ad-lib drinking demonstrated that with the de-escalating schedule par-
ticipants consumed 40% more alcohol in the first 30 minutes of the al-
cohol self-administration session following stress imagery (7.4%) com-
pared to neutral imagery (2.9%; see Figure 2a). With no schedule, par-
ticipants consumed equal amounts of alcohol following stress and neu-
tral imagery (11.7 and 12.3%, respectively; see Figure 2b). Additionally,
there was a schedule x time interaction (F=5.15, p<.03). With no sched-
ule, drinking was greatest in the first 30-min block and continued to de-
crease over the 2-hour period. With the de-escalating schedule, drinking
was lowest in the first 30-minute block and then continued to increase
over the 2-hour period (See Figure 2a & b).

When examining % milliliters consumed in the first sip, a main ef-
fect of imagery condition (F=5.18, p=0.03) demonstrated that partici-
pants consumed 7.3% of their total beverage in the first sip following
stress imagery compared to 4.7% of their total beverage following neu-
tral imagery. Participants drank 50% more of their beverage in the first
sip following stress vs. neutral imagery. A main effect of de-escalating
schedule demonstrated that participants poured more alcohol (F=6.36,

p=0.02) and sipped more alcohol (F=7.04, p=0.01) with no schedule
compared to those with the de-escalating schedule. Participants who did
not receive the de-escalating schedule poured and sipped nearly twice
as much as those who did receive the de-escalating schedule.

3.2. Time to initiate drinking

Participants initiated pouring faster following stress imagery com-
pared to neutral imagery (F=7.32, p=0.012; see Figure 3a). There was
a main effect of de-escalating schedule on time to initiate pouring
(F=9.43, p=0.005) such that participants initiated pouring faster with
no schedule compared to those with the de-escalating schedule (see
Figure 3b).

Further, participants initiated drinking faster following stress im-
agery compared with the neutral imagery session (F=8.06, p=0.009;
see Figure 3c). There was a main effect of de-escalating schedule on
time to initiate drinking (F=11.90, p=0.002) such that participants ini-
tiated drinking faster with no schedule compared to those with the de-
escalating schedule (see Figure 3d).

3.3. Alcohol craving

When examining craving pre- to post-imagery, a significant im-
agery condition by time interaction (F=4.28, p=0.05) demonstrated
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Figure 3. Latency (seconds) to initiate pouring and sipping by imagery condition and de-escalating schedule: (a) participants initiated pouring faster following stress
imagery compared to neutral imagery, (b) participants initiated pouring faster with no schedule compared to those with the de-escalating schedule, (c) participants
initiated drinking faster following stress imagery compared with the neutral imagery session, (d) participants initiated drinking faster with no schedule compared to

those with the de-escalating schedule.

that craving scores increased to a greater degree following stress im-
agery (change pre- to post imagery mean=14.25, SE=3.67) compared
to neutral imagery (change pre- to post-imagery mean=6.34, SE=4.55;
See Figure 4a). When examining craving throughout the alcohol self-
administration period, a significant de-escalating schedule by time effect
(F=4.71, p=0.04) demonstrated higher craving rates at +0 time-point
without the de-escalating schedule compared to with the de-escalating
schedule (see Figure 4b).

3.4. Subjective alcohol intoxication and BrACs

A significant main effect of de-escalating schedule on subjective al-
cohol effects demonstrated that participants reported greater effects of
alcohol without the de-escalating schedule compared to with the de-
escalating schedule (see Table 2). Participants reported greater ratings
on feelings of intoxication (F=5.53, p=0.03), rush (F=5.12, p=0.03),
drug-effect (F=5.16, p=0.03), and want more (F=5.75, p=0.02) with
no schedule. A significant imagery condition by time effect (F=7.88,
p=0.009) demonstrated that participants reported greater ratings of feel-
ing jittery at the end of hour 1 (+60 min) of the self-administration
period following stress imagery (mean=10.56, SE=2.82) compared to
neutral imagery (mean=5.03, SE=1.63).

Following ad-lib drinking, a main effect of de-escalating schedule
(F=4.79, p=0.04) on BrACs demonstrated that BrACs were higher at
6pm without the de-escalating schedule (mean=0.09, SE=0.02) versus
with the de-escalating schedule (mean=0.05, SE=0.02).

4, Discussion

As predicted, our novel alcohol self-administration model generated
heavy drinking. Over 80% of participants without reinforcement con-
sumed more than 2/3 of their preferred alcoholic beverage designed
to increase BALs to 0.12 mg% within a 2-hour window. Similar to our

smoking models (McKee 2009), we observed that manipulating mone-
tary reinforcement for resisting drinking reduced overall consumption.
Participants with the de-escalating schedule consumed 40% of their bev-
erage, versus the 74% consumed by participants without a schedule (a
49% reduction). In general, we found that those without a schedule had
almost no latency to pour their first drinking or to start drinking and con-
sumed heavily at the start of the ad-libitum period. Those with monetary
reinforcement to resist drinking, delayed the start of their consumption
by almost 30 minutes on average, and drank larger amounts towards the
end of the ad-libitum period. Subjective alcohol effects (intoxication,
drug-effect, want more) and breath alcohol levels were consistent with
drinking behavior (i.e., were greater in the ‘no schedule’ condition).

We also demonstrated that this model was sensitive to stress, and
that the de-escalating schedule highlighted stress effects on drinking.
We found that subjects exposed to stress and the de-escalating sched-
ule consumed more alcohol, more quickly, shortly after being exposed
to the stress manipulation. In fact, subjects tended to ‘gulp’ their first
sip following stress (consuming 7% of their total beverage in the first
sip) versus when they experienced the neutral condition. As with our
stress/smoking models (McKee et al., 2011), we demonstrated that stress
had an impact on increasing alcohol craving relative to the neutral im-
agery condition.

An important and novel aspect of this model was to provide partic-
ipants with their preferred beverages including alcohols, mixers, and
temperature. The procedure was feasible, and choices ranged from
peach vodka mixed with fruit punch to organic beer with cereal grains
to pinot noir. Given the variability in alcohol concentration and vol-
ume, future medication studies using this paradigm will ideally imple-
ment cross-over designs where subjects can function as their own con-
trols. Importantly, in the current study, all outcomes were independent
of variations in alcohol concentration and volume.

We recruited subjects who reported a range of treatment seeking
status, but none were currently in treatment. We have previously ad-
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Figure 4. Alcohol craving across the alco-
hol self-administration period: (a) craving in-

creased to a greater degree following stress im-
agery compared to neutral imagery, (b) par-
ticipants reported higher craving at the post-
imagery time-point with no schedule compared
to with the de-escalating schedule.

a 20 *
?ﬁ 18
< 16
=
< 14
g
g8
o 10
o — 3
22
22 6
5
g 4
& 2
£ 0
@)
Stress Neutral
Imagery condition

b No schedule - - - - De-escalating schedule

70 *

60
s
— 50
©va 40
s
~ 30
o0
|
§ 20
O

10

0
0 min 30 min 60 min 90 min 120 min
120 min alcohol self-administration period

dressed the need to enroll treatment seekers in human laboratory stud-
ies for medication screening to increase consilience with clinical trials,
and that it is ethical and feasible to do so (Roberts et al., 2021). In the
current study, three subjects elected to complete a treatment phase fol-
lowing completion of the laboratory component. As outlined in our pro-
tocol, these subjects desired to reduce their alcohol consumption, and
did not wish to completely quit drinking. Across our participants, the
overall motivation to abstain from alcohol was low and we did not find
any relationships between treatment motivation and our outcomes.

In this first study detailing the development of a novel alcohol self-
administration paradigm, we demonstrated that we were able to gen-
erate heavy drinking and that the addition of a de-escalating schedule
of reinforcement increased the ability to resist drinking and decreased
the rate of heavy drinking. Further, the model was sensitive to stress ef-
fects, and that the impact of stress was most noticeable early on during
the ad-libitum phase, highlighting the importance of assessing changes
in drinking over the 2-hour period. For future medication testing, the
condition with no reinforcement schedule may be appropriate when the
focus is on percent of the sample engaging in heavy drinking behav-
ior, and the medication comparison is one-tailed (i.e., hypothesize that
medication will lower drinking). In this scenario, it would be desirable

for the placebo condition to have high rates of heavy drinking behavior
in the paradigm, and there is no concern about ceiling effects. This sce-
nario would be most appropriate to test medications which have demon-
strated some initial efficacy for reducing consumption and there is little
concern that the medication may actually increase drinking.

In a scenario where you have a two-tailed medication hypothesis re-
garding medication (i.e., hypothesize that the medication may increase
or decrease heavy drinking), it would be desirable for your placebo
group to be consuming ~50% of the alcohol and ~50% meeting cri-
teria for heavy drinking behavior in the paradigm. In our smoking lapse
models, we have termed this happy middle ‘target model behavior’
(McKee, 2009). In the latter scenario, using the de-escalating sched-
ule of reinforcement would achieve this goal. This scenario would be
most appropriate for testing a novel medication, where you would have
the ability to determine whether a medication increased or decreased
drinking behavior.

A limitation of the current paper is the lack of a within-subject com-
parison for the de-escalating schedule. For this initial model develop-
ment paper, we utilized subjects from two ongoing studies with identi-
cal methods, but one with a de-escalating schedule and one without. We
are continuing work to refine the parameters of this model (e.g., testing
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other reinforcement schedules), investigate additional primes of drink-
ing (e.g., context effects), and to use the models to study individual
difference variables (e.g., sex differences, psychiatric co-morbidities).
We are currently using the stress-prime version of this model to test
noradrenergic medications (NCT03764098), which are hypothesized to
target stress-reactivity. As with our smoking models, we have begun
to disseminate the procedure to other research groups (e.g., IV alcohol
paradigm). While this line of work is still at a very nascent stage, we
are hopeful that this novel paradigm will facilitate translational work in
alcohol medication development.
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