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Alcohol in Heavy Social Drinkers

Suzette M. Evans and Adam Bisaga

Background: There is growing evidence that gamma-amino butyric acid-B receptor agonists
may be effective in the treatment of alcohol abuse or dependence. The primary goal of this study
was to determine the safety of baclofen in combination with alcohol consumption in heavy drink-
ers. In addition, the effects of baclofen alone, and in combination with alcohol, on subjective
effects, cognitive performance effects, as well as alcohol craving, were assessed.

Methods: Eighteen non-treatment-seeking heavy social drinkers (mean of 28 drinks per week),
who did not meet the criteria for alcohol dependence participated. All individuals were tested
using a double-blind double-dummy design with six 2-day inpatient phases. Baclofen (0, 40, and
80 mg) was administered 2.5 hours before alcohol (1.5 g/1 body water or approximately
0.75 g/kg) or placebo beverages, given in 4 divided doses every 20 minutes.

Results: Baclofen, either alone or in combination with alcohol, produced only modest increases
in heart rate and blood pressure and no adverse effects were reported. Baclofen did not increase
positive subjective effects (e.g., Stimulant effects, Drug Liking) but did increase sedation and
impair performance. Even though both baclofen and alcohol impaired performance, for the most
part performance was not impaired to a greater extent when baclofen was combined with alcohol.
Among this population of nondependent drinkers, baclofen did not alter alcohol craving or
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alcohol-induced positive subjective effects.

Conclusions: Baclofen alone has minimal abuse liability in heavy social drinkers, and baclofen
is relatively well tolerated and safe when given in combination with intoxicating doses of alcohol.
Key Words: Baclofen, GABA, Alcohol, Medication development, Heavy Social Drinkers.

LCOHOLISM IS A major public health problem in

the United States, such that approximately 15.6 million
people meet the criteria for alcohol abuse or dependence, and
over 800,000 received treatment for alcohol abuse or depen-
dence in 2006 (SAMHSA, 2007). Despite the enormous
impact of this disease on society, there are only 3 medications
(disulfiram, naltrexone, and acamprosate) currently approved
by the FDA for the treatment of alcohol dependence
(e.g., Bouza et al., 2004; Heilig and Egli, 2006; Kiefer and
Mann, 2005; Kranzler and Van Kirk, 2001), and given their
limited efficacy there is a need for additional pharmacothera-
pies for alcohol dependence.

The interaction of alcohol with the gamma-amino butyric
acid (GABA)-ergic neurotransmitter system is well known
(Grant and Lovinger, 1995) and targeting GABA-ergic neu-
rotransmission has been considered as a potential treatment
strategy for alcohol dependence (Heilig and Egli, 2006;
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Johnson et al., 2005). Baclofen, a GABA-B receptor agonist,
has attracted considerable attention as a potential medication
not only for alcoholism (Addolorato et al., 2006a; Colombo
et al., 2004; Heilig and Egli, 2006; Johnson et al., 2005;
Kranzler, 2000), but also for other addictive disorders
(Cousins et al., 2002).

There is encouraging preclinical evidence in laboratory
rodents that baclofen decreases the following: (1) alcohol
withdrawal symptoms (Colombo et al., 2000; Knapp et al.,
2007), (2) acquisition and maintenance of voluntary alcohol
consumption (Colombo et al., 2000, 2002; Daoust et al.,
1987), (3) alcohol consumption associated with alcohol depri-
vation (Colombo et al., 2003a, 2006), (4) alcohol self-adminis-
tration (Anstrom et al., 2003; Besheer et al., 2004; Liang
et al., 2006; Walker and Koob, 2007), and (5) responding for
alcohol during extinction, suggestive of decreased motivation
to obtain alcohol (Colombo et al., 2003b; Maccioni et al.,
2008). However, not all preclinical studies have reported that
baclofen produces a reduction in alcohol consumption or self-
administration (e.g., Colombo et al., 2005; Czachowski et al.,
2006; Moore et al., 2007; Petry, 1997; Smith et al., 1999;
Tomkins and Fletcher, 1996). Nonetheless, the preclinical
literature suggests that baclofen may have therapeutic efficacy
for alcoholism.

Several studies have been conducted in humans to evalu-
ate the efficacy of baclofen for the treatment of patients
with alcohol problems. One of the first studies used an

19



20

open-label design in 10 alcohol-dependent patients
(Addolorato et al., 2000) and found that maintenance on
30 mg/d of baclofen for 4 weeks decreased alcohol craving
in the 9 patients who completed the study, with 7 patients
maintaining total abstinence. Similar positive findings were
obtained in 2 subsequent studies, both of which main-
tained alcohol-dependent patients on 30 mg/d of baclofen
(Addolorato et al., 2002a; Flannery et al., 2004). These
findings were recently extended and confirmed in a larger
randomized clinical trial among alcohol-dependent patients
with liver cirrhosis who were treated with either baclofen
(30 mg/d) or placebo for 12 weeks (Addolorato et al.,
2007). In all of these studies, side effects of baclofen were
minimal and retention was excellent. Furthermore, there
have been 2 case reports showing that high doses of baclo-
fen (100 to 140 mg/d) were effective in reducing alcohol
craving and consumption (Ameisen, 2005; Bucknam, 2007).
Lastly, several small pilot studies have reported that baclo-
fen (30 mg/d) reduces alcohol withdrawal symptoms in
alcohol-dependent patients (Addolorato et al., 2002b, 2003,
2006b).

Despite the promising preclinical and clinical findings to
date suggesting that baclofen may be effective for treating
alcohol dependence, there is a paucity of human laboratory
studies assessing the interaction of baclofen and alcohol.
Human behavioral laboratory studies can play an important
role in the early stages of the medication development process
for drug and alcohol abuse (Cousins et al., 2002; O’Brien and
Gardner, 2005), particularly for assessing the safety of a can-
didate medication when administered alone and in combina-
tion with alcohol, as well as to elucidate the therapeutic
mechanism. Baclofen is a centrally acting muscle relaxant
approved by the FDA for the alleviation of signs and symp-
toms of spasticity; while the usual dose range is between 40
and 80 mg daily in divided doses, much higher doses have
been used for the treatment of spasticity with a good safety
profile (Aisen et al., 1992). Baclofen is also known to have
anxiolytic effects (Breslow et al., 1989; Drake et al., 2003;
Jamous et al., 1994), even among a population of alcoholic
patients (Krupitsky et al.,1993), and these anxiolytic effects
have been hypothesized to reduce alcohol craving and drink-
ing. In fact, several studies have observed a reduction in
anxiety in baclofen-treated alcohol-dependent patients
(Addolorato et al., 2002a, 2006b, 2007; Flannery et al., 2004).
Alternatively, baclofen may reduce alcohol craving and drink-
ing by reducing the positive effects of alcohol, including
the stimulant effects (Cousins et al., 2002), or by enhancing
the negative effects of alcohol, including sedation. Despite
these potential benefits, the sedative and anxiolytic effects of
baclofen also raise concerns about the safety of baclofen in
combination with alcohol and its abuse liability (Heilig and
Egli, 2006).

The purpose of the present study was to comprehensively
assess the acute behavioral and physiological effects of baclo-
fen (0, 40, 80 mg) alone, and in combination with an intoxi-
cating dose of alcohol (0.75 g/kg) in non-treatment-seeking
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heavy social drinkers. Specifically, we wanted to address the
issues related to the safety profile of baclofen alone and in
combination with alcohol, as well as the behavioral effects of
baclofen that might elucidate the nature of its putative
pharmacotherapeutic effect.

SUBJECTS AND METHODS
Participant Selection

Research participants were recruited via advertisements in newspa-
pers. All eligible participants received a detailed medical, psychologi-
cal, and psychiatric evaluation. Laboratory testing included blood
and urine analysis, urine drug toxicologies (opioids, cocaine,
benzodiazepines, cannabinoids, and amphetamines), and an electro-
cardiogram. Participants were excluded from the study if they had
any current physical disorder, were taking any prescription medica-
tion, had an Axis I psychiatric disorder other than alcohol abuse or
nicotine dependence, or were pregnant. In order to be eligible for the
study, participants were required to be regular drinkers of alcoholic
beverages, consuming between 20 and 60 drinks per week based on
standard drink units. They were not eligible if they met the criteria
for alcohol dependence or were seeking treatment for alcohol-related
problems.

Participants signed a consent form describing the potential risks of
participation including the side effects of alcohol intoxication, the
side effects of baclofen, and the unknown interaction of alcohol and
baclofen. Volunteers were paid for their participation. This study was
approved by the Institutional Review Board of the New York State
Psychiatric Institute. Of the 24 participants who started the study,
data from 6 individuals were not used (3 due to schedule or noncom-
pliance problems, 1 due to nausea and vomiting, 1 due to data collec-
tion problems); thus, a total of 18 completers were included in the
data analyses. Table 1 shows the demographic characteristics of the
18 participants who completed the study, as well as their current pat-
tern of alcohol use.

Study Design and Procedures

Prior to admission, participants completed a training session and
an alcohol predose session, when they received a test dose of alcohol
under conditions identical to the actual study. The study itself con-
sisted of 6 inpatient experimental phases separated by at least 5 days
to prevent carryover effects. Three doses of baclofen (0, 40, and

Table 1. Demographic Characteristics of Participants

n or mean (range)

Age (years) 28.9 (21-44)
Gender (M = male, F = female) 12M/6F
Race (White/Black/Hispanic/Asian) 8/4/5/1
Education (years) 14.2 (12-18)
BMI (kg/m?) 24.0 (19-30)
Alcohol use

Drinks® (week) 28.2 (20-52)

Number of drinks per occasion 5.4 (4-9)

Frequency of drinking (d/wk) 5.1 (4-7)

Diagnosis of alcohol abuse 4

SMAST score 4.3 (0-16)
Current other drug use

Cigarettes (no. of smokers) 10

Marijuana (no. of users) 7

BMI, body mass index; SMAST, Short Michigan Alcohol Screening
Test.
@Drinks are based on standard drink units.
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80 mg) were tested in combination with beverages containing either
placebo or alcohol, and a double-dummy design was used. The
sequence of experimental phases was randomized and counter-
balanced across participants, with participants and raters blinded to
the treatment conditions.

Participants were instructed to refrain from alcohol and drug use
the day before the session. This was verified by urine and breathalyzer
testing on arrival at the laboratory on the morning of each inpatient
phase. Participants remained in private rooms equipped with a com-
puter station, recliner chair, bed, and a TV/VCR unit. Audio and
video equipment were used to permit continuous monitoring of par-
ticipants by research staff located in the control room. Upon arrival to
the laboratory at 09:00 hours, participants had a standard breakfast,
and completed baseline measures and tasks at 10:00 hours. An acute
oral dose of baclofen (0, 40, or 80 mg) and a placebo beverage (double
dummy design) were administered at 11:30 hours. At 14:00 hours,
2.5 hours after drug administration, at the estimated time of peak
baclofen blood levels, participants began consuming the study bever-
ages. Alcohol or placebo beverages were administered as 4 150 ml bev-
erages, spaced 20 minutes apart. Participants were given 30 seconds
to consume each beverage. Breath alcohol concentration (BAC) was
measured using a breathalyzer (Alcosensor III Intoximeter, St. Louis,
MO), before the first beverage and at 20, 40, 60, 90, 120, 180, 240, 300,
and 360 minutes after the initiation of drinking. Participants spent the
night at the laboratory and were released the next morning.

Physiologic Measures

A blood pressure monitor (NBS Medical Services, Costa Mesa,
CA) was used for the measurement of heart rate (HR), systolic and
diastolic blood pressure (SBP and DBP). These measures were
obtained 60 minutes before medication was administered, 60 minutes
before drinking (90 minutes after medication), 10 minutes after each
beverage, as well as 90, 120, 180, 240, and 300 minutes after the initi-
ation of drinking.

Assessment Batteries

The Subjective-Effects Battery consisted of the following scales: (1)
The Alcohol Craving Scale (ACS) consists of 10 Likert-type state-
ments that were adapted for alcohol based on Tiffany’s subtypes of
craving for nicotine (Cox et al., 2001; Tiffany and Drobes, 1991). Par-
ticipants were asked to rate, on a scale from 1 to 7, how strongly they
agreed or disagreed with each statement. The ACS was scored to pro-
vide 2 factors: Factor 1 reflects intention and desire to drink, and
anticipation of pleasure from drinking, and factor 2 reflects anticipa-
tion of relief from negative affect and urgent and overwhelming desire
to drink. (2) The Visual Analog Scale (VAS) (Evans et al., 2000) is a
series of 43 lines presented on the computer screen 1 at a time. The
participants rated each statement by placing a mark on a 100 mm
point visual analog line, with the left extreme labeled “not at all” and
the right extreme labeled “‘extremely.” The statements presented
included items related to mood, drug effects, and physical symptoms.
Individual VAS items were grouped into 5 clusters and analyzed
separately. The clusters were: Personality Traits, Physical Symptoms,
Bad Effects, Elevated Mood, and Sedation (see Evans and Levin,
2002 for details). The ACS and the VAS were completed 60 minutes
before medication was administered, 60 minutes before drinking
(90 minutes after medication) and 60, 180, and 300 minutes after the
initiation of drinking. (3) The Drug Effects Questionnaire (DEQ) con-
sists of a series of 6 questions relating to drug effects (see Evans et al.,
2000 for details). The DEQ was administered 90 and 60 minutes
before drinking (i.e., 45 and 90 minutes after medication was admin-
istered) and 60, 180, and 300 minutes after the initiation of drinking.

The Alcohol-Effects Battery was completed immediately before
the first alcohol administration, 10 minutes after each beverage, every
half hour afterwards for the next 4 hours, and 6.5 hours after the
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completion of drinking. The battery consisted of the following:
(1) The Biphasic Alcohol Effects Scale (BAES) (Martin et al., 1993) is
a 14-item adjective rating scale that provides measures of alcohol’s
effects on an 11-point scale from “not at all” (0) to “extremely” (10).
The BAES contains 2 subscales measuring stimulant (BAES Stimu-
lant) and sedative (BAES Sedative) effects of alcohol. (2) The Brief
Version of the Visual Analog Scale (BVAS) consisted of the following
10 items: stimulated, anxious, high, tired, social, confused, dizzy, dif-
ficulty concentrating, nauseous, and mellow. Two additional VAS
questions asked the participants to rate how many drinks they
thought they had consumed from 0 (0 mm) to 10 drinks (100 mm)
and to rate the taste of the beverage from 0 (“no taste”) to 100 (“very
strong taste’’). The Alcohol Effects Battery was administered 60 min-
utes before drinking (i.e., 90 minutes after medication was adminis-
tered), 10 minutes after each beverage, as well as 120, 180, 240, and
300 minutes after the initiation of drinking.

The Performance Task Battery consisted of 4 computerized tasks
and 2 noncomputerized tasks to assess various aspects of learning,
memory, vigilance, and psychomotor ability. The computerized tasks
consisted of a 3-minutes Digit Symbol Substitution Test (DSST)
(McLeod et al., 1982), a 10-minute Divided-Attention Task (DAT)
(Miller et al., 1988), a 3-minute Digit Enter and Recall (Roache and
Griffiths, 1987), and a Time Estimation Task (TET) that requires par-
ticipants to estimate a single period of time by pressing the computer
key when they feel that 34 seconds have elapsed. This computerized
performance battery was completed 60 minutes before medication
was administered, 60 minutes before drinking (90 minutes after med-
ication), and 60, 180, and 300 minutes after the initiation of drinking.
In addition, to assess motor coordination, The Balance Task mea-
sured the participant’s ability to stand upright for a maximum of
30 seconds on each foot for a total of 60 seconds (Evans et al., 1990).
Balance was measured 60 minutes before medication was adminis-
tered, 60 minutes before drinking (90 minutes after medication),
10 minutes after the second and third beverages, as well as 90, 120,
and 240 minutes after the initiation of drinking. Lastly, the Word
Recall and Recognition Task (see Evans et al., 2000 for details) mea-
sured immediate word recall after the completion of drinking,
delayed word recall 2 and 4 hours after alcohol administration, and
delayed recognition 4 hours after alcohol administration.

Drugs

Baclofen (0, 40, and 80 mg, purchased as 20 mg Lisoresal® tablets)
tablets were prepared in colored gelatin capsules (size 0) with lactose
powder as filler; placebo capsules contained only lactose powder. Each
session at 11:30 hours, 4 identically appearing capsules were ingested
with a 150 ml placebo beverage (see below). Alcohol dose was calcu-
lated based on the estimated total body water (TBW) of each partici-
pant to eliminate differences in alcohol pharmacokinetics between
sexes (Watson et al., 1980). The volume of all beverages was held con-
stant at 150 ml to control for any alcohol expectancy effects. The pla-
cebo and active beverage for a given individual were isocaloric (no
more than a 10-calorie difference between beverages), using regular or
low calorie tonic and juice and dextrose or Equal® sweetener. The pla-
cebo beverage consisted of Canada Dry Tonic® water and Baja
Bob’s® original low-calorie margarita mix, in a 3:1ratio. The alcohol
beverage consisted of the same mixture, with 100 proof Absolute®
vodka added, as needed. Each beverage was topped with 1 ml of
vodka and 1 drop of lime oil. Alcohol was given in 4 doses of 0.375 g/1
body water each, spaced 20 minutes apart for a total of 1.5 g/1 or
approximately 0.75 g/kg of body weight. All capsules and beverages
were consumed under the supervision of one of the investigators.

Data Analyses

Data analyses were conducted using SuperANOVA software. In
the analyses 3 specific questions were addressed: (1) is baclofen safe



22

and does baclofen have any abuse liability, either alone or in combi-
nation with alcohol?; (2) does baclofen reduce alcohol craving and/or
the positive effects of alcohol?; (3) does baclofen enhance any of the
adverse effects of alcohol, including sedation and performance
impairment?

Despite using TBW to calculate alcohol doses, that were intended
to minimize sex differences on breath alcohol levels, breath alcohol
levels were actually lower in women than in men. Therefore, sex was
included as a factor in all the analyses. Specifically, 4-factor repeated
measures analyses of variance (ANOVA) were conducted with Drug
(0, 40, and 80 mg of baclofen), Alcohol (0 and 0.75 g/kg), and Time
(varied depending on the measure) as the within-subjects factors and
sex as the between-subjects factor. Planned contrasts were used to
test a priori hypotheses. Specifically, we hypothesized that baclofen
would (1) not increase measures related to abuse liability (e.g., Drug
Liking), (2) decrease ACS scores and increase BAES Stimulation
scores, and (3) increase sedation and impair performance. In all cases,
Huynh-Feldt adjustments were used to reduce type I error and results
were considered statistically significant at p < 0.05.

RESULTS
Breath Alcohol Levels and Physiological Effects

Figure 1 shows that alcohol administration significantly
increased breath alcohol levels as a function of time within
the session [F(10,160) = 216.89, p < 0.0001], with breath
alcohol levels reaching a peak of 90 mg/dl 30 minutes after
the completion of drinking. Pretreatment with baclofen did
not alter breath alcohol levels. However, despite using TBW
to calculate alcohol dose and control for sex differences in
alcohol pharmacokinetics, there was a significant Time x Sex
interaction [F(10,160) = 4.50, p < 0.008], such that women
had lower peak breath alcohol levels than men (84 and
94 mg/dl, respectively) and consequently breath alcohol levels
decreased more rapidly in women over time. Therefore, for all
other analyses, Sex was included as a factor.

Figure 2 shows HR for baclofen alone (left panel) and in
combination with alcohol (right panel) as a function of time
during the sessions. Baclofen alone increased HR [Baclofen x
Time interaction (F[18,288] = 2.02, p < 0.03)] and this
tended to increase as a function of dose [F(2,32) = 3.33,
p < 0.06], with a mean peak increase from 75 bpm following
placebo to 80 bpm following 80 mg baclofen. Similarly,
alcohol increased HR [Alcohol x Time interaction (F [9,144]
= 6.65, p < 0.0001)] and the combination of baclofen
with alcohol produced even greater increases in HR
[Baclofen x Alcohol x Time interaction (F[18,288] = 20.4,
p < 0.009)], particularly during the ascending limb of the
breath alcohol curve. Baclofen alone also produced small, but
statistically significant dose-related increases in systolic blood
pressure [F(2,32) = 10.21, p < 0.001]; mean peak systolic
blood pressure increased from 121 mmHg following placebo
to 125 mmHg following 80 mg baclofen. There were no signif-
icant effects of alcohol on systolic blood pressure or any other
interactions. The only significant effect for diastolic blood
pressure was an Alcohol x Time interaction [F (9,144) =
2.28, p < 0.05], with diastolic pressure ranging between 62
and 72 mmHg throughout the session.
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Breath Alcohol Level
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Fig. 1. Mean breath alcohol concentrations as a function of baclofen
dose and time after drinking 4 alcoholic beverages (approximately
0.75 g/kg body weight). Only active doses of alcohol are shown as all mea-
surements for placebo beverages were 0. Data points show mean values of
18 individuals; vertical bars show +1 SEM. Some error bars were omitted for
clarity and the absence of any bars indicates that 1 SEM fell within the area
of the data symbol. ALC Bev, alcohol beverage; min, minutes.

Alcohol Effects and Subjective Effects

Figure 3 shows the BAES Summary scores separately for
baclofen alone (top left panel) and in combination with alco-
hol (top right panel) as a function of time during the sessions.
While baclofen alone did not alter BAES Stimulation scores,
baclofen alone did significantly increase BAES Sedation
[F(2,32) = 5.11, p < 0.02] and Summary scores [F (2,32) =
541, p < 0.02; see upper left panel of Fig. 3] in a dose-related
manner. As expected, alcohol significantly increased BAES
Stimulation scores on the ascending limb of the breath alco-
hol curve [Alcohol X Time interaction (F[8,128] = 3.38,
p < 0.03)], whereas alcohol increased BAES Sedation scores
[Alcohol x Time interaction (F[8,128] = 10.98, p < 0.0001)]
on the descending limb. As shown in the upper right panel of
Fig. 3, baclofen in combination with alcohol significantly
increased BAES Summary scores [Baclofen x Alcohol x Time
interaction (F[16,256] = 2.20, p < 0.04)] and the com-
bination also tended to increase BAES Sedation scores
[Baclofen x Alcohol x Time interaction (F[16,256] = 1.99,
p < 0.00)], but not BAES Stimulation scores.

The lower panels of Fig. 3 also show total scores on the
Alcohol Craving Scale. Overall, participants reported rela-
tively low levels of alcohol craving throughout the study and
there were no significant changes on the Alcohol Craving
Scale total score, Factor 1 or Factor 2 as a function of time,
alcohol administration, baclofen dose or any interactions.
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Fig. 2. Mean heart rate after baclofen alone (left panel) or baclofen in combination with alcohol (right panel) as a function of baclofen dose and time. PBO
Bev, placebo beverage; ALC Beyv, alcohol beverage; Alc, alcohol; bpm, beats per minute; min, minutes. See Fig. 1 for details.
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Fig. 3. Mean Biphasic Alcohol Effects Scale (BAES) Summary Scores (range 0-70) and Alcohol Craving Scores (range 7-70) after baclofen alone (left
panels) or baclofen in combination with alcohol (right panels) as a function of baclofen dose and time. *Significant difference from 0 and 80 mg baclofen for
a given time point; **Significant difference from 0 and 40 mg baclofen for a given time point. See Figs. 1 and 2 for details.

There was only a slight trend for alcohol to increase Factor 1  Tired, and Stimulated [Alcohol x Time interactions
(anticipation of pleasurable effects of drinking) scores (F5[4,64] > 3.16, ps < 0.03)], and tended to increase ratings
[Alcohol x Time interaction (F[4,64] = 2.56, p < 0.08)]. of Social [Alcohol x Time interaction (F[4,64] = 2.69,

Based on the BVAS, alcohol increased ratings of High p < 0.07)]. Baclofen alone did not alter any items on the
[F(1,16) = 9.25, p < 0.008], as well as ratings of Nauseated, BVAS, and there were no significant interactions with
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alcohol, with 1 exception: ratings of High were increased
more when baclofen was combined with alcohol [Baclofen x
Alcohol x Time interaction (F[8,128] = 2.76, p < 0.04)].
There were no other main effects or interactions on any other
BVAS items, including Confused, Difficulty Concentrating,
Mellow, and Anxious. Alcohol increased ratings of “I had x
number of drinks” [Alcohol X Time interaction (F[8,128] =
493, p < 0.02)], with participants reporting a mean of 3.0
drinks 60 minutes after the onset of drinking; baclofen alone
or in combination with alcohol did not alter the reported
number of drinks. On the VAS cluster scores, alcohol
increased “Bad Effects,” “Elevated Mood,” and “‘Sedation”
cluster scores across the session [Alcohol x Time interactions
(Fs[4,64] > 3.55, ps < 0.02)]. Baclofen alone did not signifi-
cantly alter any VAS clusters, although “Elevated Mood”
cluster scores tended to increase as a function of baclofen
dose [F(2,32) = 3.16, p < 0.06]).

Figure 4 shows 2 items from the Drug Effect Questionnaire
(DEQ). Baclofen alone tended to produce dose-related
increases in ratings of Good Drug Effects [F(2,32) = 3.35,
p < 0.07]), whereas alcohol produced clear increases in Good
Drug Effects, particularly on the ascending limb of the breath
alcohol curve [Alcohol x Time interaction (F[4,64] = 7.79,
p < 0.0001)], but there were no interactions between alcohol
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and baclofen. As also shown in Fig. 4, ratings of Drug
Strength were increased by baclofen in a dose-related
manner [F(2,32) = 7.29, p < 0.005], as well as by alcohol
[Alcohol x Time interaction (F[2,64] = 2.54, p < 0.07)], but
there were no interactions between alcohol and baclofen.
Baclofen alone also produced significant, but small, dose-
related increases in Bad Drug Effects [Baclofen x Time inter-
action (F[8,128] = 2.37, p < 0.05)]. Ratings of Drug Liking
and Bad Drug Effects were both significantly increased after
alcohol administration [Alcohol x Time interactions (F5[4,64]
> 4.60, ps < 0.01)] and there was a similar trend for Willing
to Take Again [Alcohol X Time interaction (F[4,64] = 2.58,
p < 0.06)]. However, there were no interactions between
alcohol and baclofen on any of these measures.

Performance Effects

Figure 5 shows the results from measures on 3 different
performance tasks. Immediate digit recall (top panels) on the
Digit Enter and Recall Task showed no main effects of balco-
fen or alcohol, such that neither drug alone impaired perfor-
mance. However, when baclofen and alcohol were combined,
immediate digit recall was impaired, particularly towards
the end of the session following 80 mg of baclofen

Good Drug Effects
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Fig. 4. Mean ratings of Good Drug Effects and Drug Strength after baclofen alone (left panels) or baclofen in combination with alcohol (right panels) as a
function of baclofen dose and time. Ratings for Good Drug Effects and Drug Strength could range from 0 to 4. See Figs. 1 to 3 for details.
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Fig. 5. Mean scores on selected performance measures after baclofen alone (left panels) or baclofen in combination with alcohol (right panels) as a func-
tion of baclofen dose and time. DAT, divided attention task; DSST, digit symbol substitution task. See Figs. 1 to 3 for details.

[Baclofen x Alcohol x Time interaction (F[8,128] = 2.16,
p < 0.04)]. A similar interaction was observed for delayed
digit recall [Baclofen x Alcohol x Time interaction (F[8,128]
= 3.37, p < 0.002)], but baclofen alone also impaired
delayed digit recall in a dose-related manner [F(2,32) = 4.62,
p < 0.02].

All measures on the DAT were impaired by baclofen alone,
including speed (see middle panels of Fig. 5), tracking
distance, hit latency, as well as the number of hits, misses, and
false alarms (main effects of Baclofen or Baclofen x Time
interactions, Fs > 2.95, ps < 0.03). Alcohol also impaired
every measure on the DAT (main effects of Alcohol or

Alcohol x Time interactions, Fs > 3.63, ps < 0.04), except
for tracking distance. Despite this, only DAT speed (Fig. 5)
was impaired more when balcofen and alcohol were com-
bined [Baclofen x Alcohol x Time interaction (F[8,128] =
2.46,p < 0.02)].

As shown in the lower panels of Fig. 5, performance on the
DSST (total correct) was impaired by 80 mg baclofen
[Baclofen x Time interaction (F[8,128] = 4.29, p < 0.001)]
and by alcohol [Alcohol x Time interaction (F[4,64] = 3.01,
p < 0.03)]. Although there were no statistically significant
interactions between baclofen and alcohol, based on the
planned comparisons, DSST performance returned to
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baseline levels more slowly when baclofen and alcohol were
combined. This same pattern was observed for the number
attempted on the DSST. Similarly, performance on the bal-
ance task was significantly impaired by alcohol [Alcohol x
Time interaction (£]6,96] = 3.77, p < 0.02)] and margin-
ally impaired by balcofen [Baclofen x Time interaction
(F112,192] = 1.97, p < 0.06)], but there were no interactions
between baclofen and alcohol. On the Word Recall Task,
alcohol impaired immediate word recall, 2 and 4 hour
delayed recall, and delayed word recognition [F5(1,15) >
7.45, ps < 0.02], but there were no main effects of baclofen,
and no interactions of baclofen with alcohol. Lastly,
performance on the Time Estimation Task was not altered by
baclofen, alcohol or the combination.

Sex Differences

In addition to women having lower breath alcohol levels
than men, there were several other interactions with sex. For
systolic blood pressure, there was an overall effect of sex
(F[1,16) = 4.99, p < 0.05], with men having higher systolic
blood pressure than women (mean of 126 and 117 bpm,
respectively) and baclofen produced greater increases in
systolic blood pressure in men than in women [Baclofen x
Sex interaction (F[2,32] = 3.57, p < 0.05)]. On the BAES,
women had lower Stimulation scores than men when baclo-
fen was combined with alcohol [Baclofen x Alcohol x
Sex interaction (F[2,32] = 3.58, p < 0.04)]. For BAES
Sedation scores, women reported significantly higher levels
of sedation than men during the sessions [Sex x Time inter-
action (F[8,128] = 3.12, p < 0.02)] and women tended
to report higher levels of sedation than men following baclo-
fen [Baclofen x Sex interaction (F[2,32] = 3.17, p < 0.06)].
Correspondingly, there was a trend for women to have
higher BAES Summary scores than men [Sex x Time inter-
action (F[8,128] = 2.22, p < 0.08)]. On BVAS ratings, the
only significant interaction with sex was that women
reported higher ratings of Dizzy following alcohol than men
[Alcohol x Sex interaction (F[1,16] = 5.05, p < 0.04)],
although ratings of Dizzy overall were quite low. There were
several interactions with Sex on the VAS clusters. “Personal-
ity Traits™ cluster scores were higher after alcohol in women
compared to men [Alcohol X Time X Sex interaction
(F14,128] = 3.27, p < 0.03)], “Bad Effects” cluster scores
were higher after baclofen in women compared to men
[Baclofen x Time X Sex interaction (F[8,128] = 3.06,
p < 0.02)], and tended to be higher in women after alcohol
[Alcohol x Time x Sex interaction (F14,128] = 2.53,
p < 0.07)]. On the DEQ, there was a trend for women to
report higher ratings of Good Drug Effects than men
[Sex x Time interaction  (F[2,64] = 2.54, p < 0.07)],
although following baclofen, ratings of Drug Liking
tended to be lower in women [Baclofen X Sex interaction
(F[2,32] = 3.05, p < 0.07)]. In addition, women tended to
report higher ratings on Drug Strength after alcohol
[Alcohol x Sex interaction (F[1,16] = 4.14, p < 0.06)].
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There were no sex differences on most of the performance
tasks, with 1 exception: women tended to be more impaired
than men on the Digit Enter and Recall Task. When baclofen
and alcohol were combined, women were more impaired than
men on delayed digit recall [Baclofenx Alcohol x Sex x Time
interaction (F[8,128] = 4.15, p < 0.001)] and tended to be
more impaired on immediate digit recall [Baclofen x Alcohol
x Sex x Time interaction (F[8,128] = 2.00, p < 0.06)]. For
digit recognition, women tended to be more impaired than
men after baclofen alone [Baclofen x Sex x Time interaction
(F8,128] = 1.88, p < 0.08)] and when baclofen was com-
bined with alcohol [Baclofen x Alcohol x Sex interaction
(F12,32] = 3.09, p < 0.00)].

DISCUSSION

This is the first study to directly investigate the safety of
baclofen when combined with intoxicating doses of alcohol.
No adverse side effects were observed or reported despite the
fact that the doses of baclofen tested were higher than those
used in previous clinical trials. Therefore, in combination with
the results obtained in alcohol-dependent patients (Addolora-
to et al., 2002a; Flannery et al., 2004), including those with
alcohol-related liver damage (Addolorato et al., 2007), our
laboratory study suggests that baclofen has an acceptable
safety profile even among individuals who continue to drink.

Another goal of this study was to determine if baclofen has
any abuse liability in heavy drinkers, either alone or in combi-
nation with alcohol. Although baclofen tended to produce
dose-related increases on ratings of Good Drug Effect and
Elevated Mood, no comparable increases on BAES Stimula-
tion Scores and ratings of High or Drug Liking were
observed. In contrast, alcohol produced increases on many of
these ratings including High, Stimulated, Elevated Mood,
Drug Liking and Good Drug Effect, similar to previous stud-
ies among moderate to heavy drinkers (Bisaga and Evans,
2004, 2006; McCaul et al., 2000). When baclofen was com-
bined with alcohol, there were no significant interactions on
any measures of abuse liability, with the exception that ratings
of High were increased. Taken together, these results suggest
that baclofen has minimal abuse liability in this population,
even in the context of alcohol consumption. Similarly, other
laboratory studies that assessed the interaction of baclofen
with cocaine have not shown that baclofen has abuse poten-
tial among individuals who abuse cocaine (Haney et al., 2006;
Lile et al., 2004).

Given the promising preclinical and clinical literature
indicating that baclofen decreases alcohol intake and self-
administration (Addolorato et al., 2000, 2002a, 2007; Besheer
et al., 2004; Colombo et al., 2000, 2003a,b; Flannery et al.,
2004; Walker and Koob, 2007), we hypothesized that baclo-
fen would reduce many of the positive subjective effects
produced by alcohol drinking among heavy drinkers in the
laboratory. As described above, baclofen did not attenuate
any of the positive subjective effects produced by alcohol,
including ratings of High, Drug Liking, and Good Drug
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Effect or the alcohol-induced increases on BAES Stimulation
scores. The most promising clinical evidence to date among
alcohol-dependent patients (Addolorato et al., 2000, 2002a,
2007; Flannery et al., 2004) indicates that baclofen may
reduce alcohol consumption by reducing alcohol craving.
However, a recent study in baclofen-treated patients found
that a reduction in stress-related hormones, particularly aldo-
sterone, was correlated with a reduction in alcohol craving
(Leggio et al., 2008). In the present study, alcohol craving did
not vary either as a function of alcohol consumption, baclo-
fen administration, or the combination. There are several pos-
sible reasons why we failed to see any changes on alcohol
craving. First, alcohol craving scores were relatively low
throughout the study, making it difficult to detect reductions
in alcohol craving, although some studies have been able to
show reductions in alcohol craving even when baseline levels
were low (Bisaga and Evans, 2004). The low alcohol craving
was most likely due to the fact that participants in the present
study were social drinkers and not alcohol dependent. For
instance, previous laboratory studies have been able to show
that nontreatment-seeking alcohol-dependent individuals
report greater alcohol craving than social drinkers (Drobes
et al., 2004) and that medications like naltrexone can reduce
alcohol craving (e.g., Drobes et al., 2004) and alcohol self-
administration among alcohol-dependent participants (e.g.,
O’Malley et al., 2002). Further, the design of the present study
was to primarily assess safety, and only indirectly assess
efficacy measures. Laboratory studies that use other proce-
dures such as cue reactivity or behavioral economic proce-
dures for assessing the reinforcing effects of alcohol may
provide more useful information for understanding the rela-
tionship between alcohol craving and drinking behavior and
the mechanisms of potential medications that cannot be
obtained by simply measuring subjective craving (e.g., Drobes
et al., 2003; O’'Malley et al., 2002). Lastly, participants in this
study were psychologically healthy and were not experiencing
any anxiety. In contrast, alcohol-dependent patients in treat-
ment not only have higher rates of anxiety and other affective
disorders, but also they often experience heightened anxiety
and alcohol craving when attempting to reduce their alcohol
use. Thus, the anxiolytic effects of baclofen (Breslow et al.,
1989; Knapp et al., 2007; Krupitsky et al., 1993) may be more
effective at reducing alcohol craving in a treatment seeking
population by reducing anxiety. In fact, several clinical trials
with baclofen have observed a reduction both in alcohol
craving and in anxiety symptoms (Addolorato et al., 2002a;
Flannery et al., 2004).

In preclinical studies, baclofen has been shown to increase
the sedative and depressant effects of alcohol, as typically
indicated by greater impairment on motor behavior (Besheer
et al., 2004; Chester and Cunningham, 1999; Cott et al., 1976;
Martz et al., 1983). However, preclinical (Besheer et al., 2004)
and clinical evidence (Addolorato et al., 2000, 2007; Ameisen,
2005) also suggest that individuals tolerant to the effects of
alcohol are less sensitive to the sedative effects of GABA-B
receptor agonists. This is consistent with recent biochemical
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studies suggesting that presynaptic GABA-B receptor activity
may play a role in regulating behavioral sensitivity to ethanol
and stimulating GABA-B receptors decreases GABAergic
effects of alcohol (Ariwodola and Weiner, 2004; Boehm et al.,
2002). Therefore, another goal of this study was to determine
if baclofen enhances the sedation and performance impair-
ment produced by alcohol. Consistent with the sedative pro-
file of baclofen and alcohol, both drugs increased BAES
Sedation and BAES Summary scores when administered
alone. Moreover, these ratings were increased more when
baclofen and alcohol were combined. Other than BAES
scores, baclofen produced minimal changes on other subjec-
tive effects questions indicative of adverse or side effects, with
the exception that baclofen produced small increases on rat-
ings of Bad Drug Effects, but these effects were not increased
when combined with alcohol. With respect to performance
impairment, baclofen alone impaired performance on several
tasks requiring motor skills (DAT, DSST, balance), but did
not affect memory skills (digit or word recall) or time estima-
tion. Not surprisingly, alcohol alone impaired performance
on all of the tasks except for digit recall and time estimation.
In spite of the fact that both drugs impaired performance on
several tasks, only immediate digit recall and 1 measure on
the DAT (tracking speed) were significantly impaired to a
greater extent when baclofen was combined with alcohol.
Nevertheless, patients should be cautioned about taking
baclofen when driving or engaging in other hazardous jobs or
tasks because baclofen did impair performance and in some
cases when baclofen was combined with alcohol, the duration
of impairment was prolonged.

In the present study, one-third of the participants were
women, allowing us to explore potential sex differences.
Overall, minimal sex differences were observed in this
study. While men had higher systolic blood pressure than
women, these effects were small and consistent with previ-
ous studies (Reckelhoff, 2001). Despite having lower
breath alcohol levels, there was some evidence that
women were slightly more affected by both alcohol and
baclofen. Unfortunately, these differences are difficult to
interpret as women had lower breath alcohol levels than
men, despite the fact that alcohol doses were based on
TBW using anthropomorphic equations designed to mini-
mize differences between men and women (Watson et al.,
1980). However, these anthropomorphic equations were
not determined in heavy drinkers. In the present study,
women reported drinking at the same level as the men
(28 drinks per week) and therefore may have been more
tolerant to the effects of alcohol that could have resulted
in more rapid alcohol metabolism (Salaspuro and Lieber,
1978). Thus, if breath alcohol levels had been more simi-
lar between men and women, it is possible that greater
sex differences would have been observed, with women
being more affected.

The present study had a number of strengths, including an
inpatient setting, testing a range of doses of baclofen alone,
and in combination with alcohol in the same participants,



28

and the use of a double-dummy design with placebo bever-
ages to control for alcohol expectancy effects, and the use
of a cumulative dosing procedure (de Wit et al., 1989).
Additionally, a comprehensive assessment battery was con-
ducted multiple times each session to capture effects before
alcohol, on the ascending limb, peak, and descending limb
of the breath alcohol curve. Despite these strengths, there
were several limitations. The primary limitation is that the
participants were not alcohol dependent or seeking treat-
ment for their alcohol use. Second, the sample size was
relatively small. Third, the interaction of baclofen and
alcohol only involved acute administration and the effects
of baclofen may be different after chronic administration.
Fourth, the alcohol drinking was essentially experimenter-
administered as opposed to allowing participants to self-
administer alcohol beverages of their choice. Lastly, despite
the best intentions, there were sex differences in breath
alcohol levels, making it difficult to adequately interpret
potential sex differences of baclofen or the interaction of
baclofen with alcohol.

Taken together, the results of the present study suggest that
baclofen alone has minimal abuse liability in this population
and that baclofen is relatively well tolerated and safe when
given in combination with intoxicating doses of alcohol. With
respect to the potential efficacy of baclofen for reducing alco-
hol craving or other positive subjective effects of alcohol, no
definitive conclusions can be drawn from the present study
due to the design limitations and the participant population.
However, this study indicates that future laboratory studies
could be safety conducted to investigate whether baclofen
would alter alcohol craving and actual alcohol consumption
using self-administration or choice studies in alcohol-
dependent individuals.
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