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Abstract

Rationale—There is an extensive literature showing that the CB1 cannabinoid receptor antagonist
rimonabant (SR141716) decreases alcohol consumption in animals, but little is known about its
effects in human alcohol drinkers.

Methods—In this study, 49 nontreatment-seeking heavy alcohol drinkers participated in a 3-week
study. After a 1-week baseline, participants received either 20 mg/day of rimonabant or placebo for
2 weeks under double-blind conditions. During these 3 weeks, participants reported their daily
alcohol consumption by telephone. Subsequently, they participated in an alcohol self-administration
paradigm in which they received a priming dose of alcohol followed by the option of consuming
either eight alcohol drinks or receiving $3.00 for each nonconsumed drink. Endocrine measures and
self-rating scales were also obtained.

Results—Rimonabant did not change alcohol consumption during the 2 weeks of daily call-ins.
Similarly, the drug did not change either alcohol self-administration or endocrine measures during
the laboratory session.

Conclusion—We conclude that the daily administration of 20 mg of rimonabant for 2 weeks has
no effect on alcohol consumption in nontreatment-seeking heavy alcohol drinkers.

Keywords

Rimonabant (SR141716); Alcohol; Heavy drinkers; CB; receptor antagonist; Alcohol self-
administration; Endocannabinoids

Introduction

Endocannabinoids act at CB receptors which are expressed in both the brain (i.e.,
hypothalamus, cingulate, amygdala nuclei, nucleus accumbens, septum, and cerebellum), as
well as in the periphery (i.e., adipose tissue, liver, and gastrointestinal tract; Pacher et al.
2006). Given the association of endocannabinoids with brain-reward circuits (DiMarzo and
Matias 2005), there is a great deal of interest in examining how endocannabinoids might
influence alcohol consumption.

Psychopharmacology (Berl). Author manuscript; available in PMC 2010 October 25.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

George et al.

Page 3

Animal studies show that voluntary alcohol drinking in rats is increased following the acute
(Colombo et al. 2002; Gallate et al. 1999) as well as chronic administration of CB; receptor
agonists (Lopez-Moreno et al. 2004), whereas treatment with rimonabant (SR141716)
decreases voluntary alcohol intake (Arnone et al. 1997; Colombo et al. 1998). Animal models
designed to approximate human alcohol consumption show that rimonabant administration is
effective in decreasing the operant self-administration of alcohol by rodents, where the
animals’ motivation to drink is assessed by the amount of work they are willing to perform to
receive alcohol (Economidou et al. 2006; Freedland et al. 2001; Hansson et al. 2007). The
rebound increase in alcohol consumption typically seen in animals following alcohol
deprivation is also attenuated by rimonabant treatment, and the administration of rimonabant
to Wistar rats, prior to being exposed to alcohol cues that had been previously associated with
alcohol, reduces alcohol-seeking behavior (Cippitelli et al. 2005). Conversely, potentiation of
endocannabinoid transmission within the prefrontal cortex increases alcohol self-
administration and preference (Hansson et al. 2007).

Similar to the effects of pharmacological blockade of CB; receptors, the genetic deletion of
the CB; receptor in mice also results in reduced preference for and intake of alcohol (Hungund
et al. 2003; Naassila et al. 2004; Poncelet et al. 2003; Thanos et al. 2005; Wang et al. 2003).
In the study by Wang et al. (2003), the high ethanol preference of the wild-type mice declined
with age such that the older mice drank no more than their CB receptor deficient littermates.
In the old wild-type mice, rimonabant no longer affected ethanol intake. CB receptor densities
and endocannabinoid levels in different brain regions were similar in young and old wild-type
mice. However, there was a selective reduction in CB1 receptor coupling in the limbic forebrain
of old versus young mice (Wang et al. 2003). Since the limbic forebrain contains reward
centers, such as the nucleus accumbens and the anterior cingulate cortex, these findings suggest
that endocannabinoids could be involved in mediating the rewarding effects of ethanol. These
findings are in agreement with an independent study in wild-type C57B1/6J mice showing that
the ethanol-induced increase in dopamine release in the nucleus accumbens can be blocked by
rimonabant and is absent in the CB; knockout mice (Hungund et al. 2003). Rimonabant also
inhibited transient dopamine surges in the nucleus accumbens of freely moving rats, elicited
not only by ethanol but also by nicotine and cocaine (Cheer et al. 2007) suggesting an obligatory
role for endocannabinoids in the activation of the dopaminergic reward pathway by addictive
substances.

Although there is an extensive literature showing that the CB; cannabinoid receptor antagonist
rimonabant decreases alcohol consumption in animals, there is only one recently published
study (Soyka et al. 2008) examining the effect of rimonabant (20 mg/day for 12 weeks) on the
rate of relapse among recently detoxified alcohol-dependent individuals. Of interest, this study
failed to find a significant difference between rimonabant and placebo for the time to first drink
and relapse to heavy drinking. Potential confounds of this study included the fact that the study
had a high placebo response rate and was conducted at multinational sites. In order to expand
upon the effect of rimonabant in humans, we conducted a phase I/11 clinical trial to test the
hypothesis that nontreatment-seeking heavy alcohol drinkers taking rimonabant, compared
with those taking placebo, would consume fewer drinks in a naturalistic outpatient setting as
well as during an alcohol self-administration paradigm (ASA).

A secondary objective of the study was to examine the effect of chronic CB4 antagonism on
plasma endocrine measures prior to and during the ASA. A previous study (O’Malley et al.
2002) employed a similar alcohol self-administration paradigm as used here to study the effects
of naltrexone on alcohol craving and on neuroendocrine measures following alcohol self-
administration. That study found that naltrexone increased plasma adrenal corticotropic
hormone (ACTH)/cortisol levels relative to placebo both under baseline conditions and
following alcohol. Cortisol levels were inversely related to urge to drink, leading the authors
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to conclude that a naltrexone-induced increase in hypothalamic—pituitary—adrenal (HPA)
activity may mediate, or be a marker for, its ability to reduce alcohol craving (O’Malley et al.
2002). Pharmacological blockade or genetic ablation of CB; receptors also leads to increased
HPA activity in rodents (Steiner and Wotjak 2008). This led us to hypothesize that participants
taking rimonabant would have elevated plasma ACTH/cortisol levels compared to placebo.

Materials and methods

Participants

Men and women, between 21 and 45 years of age who consumed 20-50 drinks per week, were
recruited from the greater Washington, D.C. area to participate in a pharmacological study
examining the efficacy of rimonabant to decrease alcohol consumption. Because the effect of
rimonabant on alcohol consumption in mice is related to age (Wang et al. 2003), we excluded
older participants. The study protocol was approved by the National Institute of Mental Health
Institutional Review Board. Initial assessment included a comprehensive medical and
psychiatric examination. For ethical reasons, all participants were not seeking treatment for
their alcohol consumption. Participants were required to have a body mass index (BMI) of 18-
30, not be taking any medications, and have a negative urine drug screen for illicit drugs. All
participants tested negative for hepatitis and HIV; minor elevations in liver functions (i.e.,
twice normal) were permitted. Participants agreed to abstain from the use of illicit drugs for
the duration of the study. Participants were required to have a normal 12-lead electrocardiogram
(EKG) with the following parameters (PR <210 ms, QRS <120 ms, QTcB males <430 ms,
QTcB females <450 ms). Participants with major psychiatric illnesses such as bipolar,
schizophrenia, or severe depression associated with suicide attempts were excluded.
Participants who had a history of withdrawal symptoms which resulted in a score of 8 or above
on the Clinical Institute Withdrawal Assessment (Sullivan et al. 1989) instrument were also
excluded.

Study design

Prior to entering the study, each participant was extensively queried about their alcohol
consumption to ascertain eligibility for the study. Their alcohol consumption over the past 3
months was assessed using timeline follow-back (TLFB; Sobell and Sobell 1992). Diagnostic
and statistical manual of mental disorders, fourth edition (DSM-1V) diagnoses (American
Psychiatric Association 1994) were also determined. Participants received no feedback about
their alcohol consumption, except to inform them that they fulfilled the requirements for the
study. Participants were asked to call the clinic every day for 21 days prior to the ASA and
report their alcohol consumption for the previous day on an answering machine. The daily call-
ins were intended to capture the participants’ alcohol consumption in a naturalistic setting.

Following a 1-week baseline evaluation, participants were randomized according to a double-
blind design to receive either 20 mg/day of rimonabant or placebo for 2 weeks. Participants
were evaluated regularly for medication side effects, changes in laboratory values and EKG,
and illicit drugs. After being on rimonabant or placebo for 14 days, the ASA was performed.
On the day of the ASA, participants were asked to take their medication at 8:00 awm. in the
morning before coming to the National Institute on Alcohol Abuse and Alcoholism (NIAAA)
outpatient clinic. Patients were required to return their study medication bottle for a pill count.
At 12:00 noon, blood for rimonabant levels and routine laboratory measures including urine
drug screen were obtained. Participants then had a light lunch.

Alcohol self-administration paradigm

The ASA session was initiated at 3:45 »m. Using the self-administration paradigm previously
used to demonstrate effects of naltrexone on alcohol drinking (O’Malley et al. 2002),
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participants received an oral priming dose of ethanol designed to raise the blood alcohol level
(BAL) to an average of 0.03 g/dl and to elicit a desire to consume alcohol. This priming dose
was given 50 min before the participants entered into the self-administration period of the
paradigm. Participants were seated in a comfortable lounge chair located in a private patient
care room devoid of a bed. Participants had access to selected magazines and music options.
An intravenous catheter was inserted to provide venous access for blood sampling with minimal
disturbance to the participant. Researchers only interacted with the participant to obtain rating
scales, blood samples, and to administer the trays of alcoholic beverages.

During the self-administration period, participants were presented with a tray containing four
drinks (each drink was designed to increase the BAL by 0.015 g/dl). The participant was given
the opportunity of consuming each drink or receiving $3 for each drink not consumed. At the
end of 1 h, the tray was removed. Following a 10-min break, a second tray identical to the first
tray was given to the participant. By giving two separate trays, we prevented the rapid
consumption of eight drinks in a short period of time. The Biphasic Alcohol Effects Scale
(BAES) and Alcohol Urge Questionnaire (AUQ) rating scales as well as blood for alcohol,
ACTH, and cortisol plasma concentrations were obtained prior to the priming drink and at 10,
20, 30, 40, 50, 80, 110, 120, 150, and 180 min after the priming drink. Following the ASA, the
participants spent the night on the NIAAA inpatient unit and were discharged the following
morning.

Each participant returned to the NIAAA outpatient clinic for two follow-up visits (7 days post-
ASA and 29 days post-ASA) to assess any negative sequelae from their participation in the
study. If indicated, participants were counseled about their alcohol consumption and offered
referrals for alcohol treatment. Routine laboratory measures including urine drug screens were
also obtained.

Study medication, rimonabant (SR141716)

Participants received 20 mg of rimonabant or placebo once a day for 14 days. This dose was
safe and effective in previous studies in obese patients (see Investigator brochure). The plasma
terminal half-life is between 6 to 9 days in young normal weight adult subjects; maximum
plasma concentrations of the drug are reached 1 to 3 h after drug administration. Once a day,
dosing was instituted because of the prolonged plasma half-life and animal studies showing
that food intake is altered by rimonabant for up to 15 h (McLaughlin et al. 2003). Rimonabant
was administered for 14 days to obtain meaningful data on outpatient alcohol consumption. In
a study of rimonabant in obesity (PDY3255), the drug had a significant effect on body weight
after just 7 days.

Results and statistical analysis

Forty-four participants were randomized (35 males, nine females). Five participants were
excluded from analysis due to abnormal electrocardiogram (i.e., prolonged QTC),
noncompliance, positive urinalysis for illicit drugs, and fainting during the alcohol self-
administration study. Participant characteristics are described in Tables 1 and 2. Statistical
analyses were performed using Statistica (Statsoft | 2005). The level of significance was set at
0.05. There were no significant differences between treatment groups for age (F(1, 37)=0.00,
p=0.96), BMI (F(1, 37)=0.48, p=0.49), baseline weight (F, 37y=1.6, p=0.21), and TLFB
monthly drinks (Fy, 37)=3.22, p=0.08). There was also no difference between the groups for
weight loss from baseline to ASA (F (1, 36)=0.05, p=0.82).
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Daily call-ins

The self-reported daily number of drinks were averaged for the baseline period (days 1-8), for
the first week on rimonabant or placebo (days 9-15), and for the second week on rimonabant
or placebo (days 16-21; see Tables 1 and 2). A repeated-measures analysis with an adjustment
for the average number of the drinks per day for the baseline period (prior to randomization)
was performed with the dependent variables being the weekly average number of drinks (days
9-15, and 16-21) and treatment group (rimonabant or placebo) as the grouping variable. There
was no significance treatment effect (F(y, 35=0.05, p=0.83), time effect (F(;, 36)=0.36, p=0.55),
or interaction (F(y, 35=0.46, p=0.50).

Rimonabant drug levels

All of the participants assigned to receive rimonabant had a positive drug level ranging from
138 to 350 ng/ml measured on the day of the ASA session. Returned medication bottles
indicated that all of the patients had taken their study medication.

Side effects

The Visual Analog Scale (VAS) was utilized to monitor drug side effects each time the patient
came to the outpatient clinic. T tests performed on the VAS scores obtained on the day of the
ASA session showed no significant differences for drug side effects. Throughout the study,
none of the participants reported feelings of depression or suicidal thoughts. One of the
participants taking rimonabant had an angry outburst, and one of the participants taking placebo
had a panic attack several days after the medication phase was completed.

Alcohol self-administration paradigm

Priming dose period—Repeated-measures analysis of variance was performed using times
(in minutes) 10 through 50 as the repeated-measures and baseline values (prior to the priming
drink) as the covariates. The BALs showed a significant time effect (F (4, 140)=16.21, p<0.0001)
and no treatment or interaction effect (Fq, 35=0.02, p=0.90; F(4, 140)=0.83, p=0.51,
respectively). There was no significant treatment, time, or interaction effect for ACTH or
cortisol (see Fig. 1).

The Alcohol Urge Questionnaire and Biphasic Alcohol Effects Scale stimulant and sedative
subscales showed no significant treatment or interaction effect. A significant time effect was
found for the BAES stimulant subscale (F (4, 128)=2.49, p=0.046). The time effect was not found
for the BAES sedative subscale or the AUQ.

Alcohol self-administration period—We performed a repeated-measures analysis of
variance with the number of drinks consumed on tray 1 and tray 2 as the repeated measure and
treatment as the between-groups measure. There was no difference in the number of drinks
consumed between those taking rimonabant or placebo (F(y, 37=1.98, p=0.17). There was also
no time or interaction effect (F(y, 37)=2.18, p=0.15; F(1, 37)=0.55, p=0.46, respectively; see Fig.
2).

A repeated-measures analysis of variance was performed with the repeated measure factor
being time points 80 through 180 min. To reduce the error of variance in our analysis, the 50-
min time point (the start of tray 1) was used as the covariate for all other measures obtained
during the alcohol self-administration period. There were no significant treatment effects or
interactions for the measures BAL, ACTH, cortisol, AUQ, BAES stimulant subscale, or BAES
sedative subscale. BAL (F(4, 144=3.87, p=0.005; see Fig. 3) and ACTH (F(4, 136)=5.18,
p<0.001) showed a significant time effect (see Fig. 1).
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Additional analyses were performed to examine correlations (using Spearman’s rank
correlation coefficients) within our data using the maximum value determined for each of the
repeated measure variables utilized in this study. There was no significant correlation between
age or any of the endocrine measures and number of drinks consumed during the ASA. Total
number of drinks during the ASA was not correlated (r=—0.01) with the blood level of
rimonabant of participants in the drug treatment group. The total number of drinks during the
ASA was not significantly correlated (r=0.13) with the TLFB monthly drinks. The total number
of drinks consumed during the ASA was not significantly correlated with blood endocrine
measures during the ASA.

The average AUQ score during priming was significantly correlated (Spearman’s rank
correlation, r=0.65 in rimonabant group and r=0.57 in the placebo group, p<0.01) with the total
number of drinks during the ASA. The average BAES stimulant and sedation subscale scores
during priming were not significantly correlated with the total number of drinks during the
ASA.

Discussion

The goal of this study was to test, in a controlled hospital environment as well as in an outpatient
setting, the ability of a novel compound to reduce alcohol consumption. Since numerous animal
studies have shown that antagonism at the CB; receptor site reduces voluntary alcohol
consumption (Colombo et al. 1998; Wang et al. 2003), motivation to consume alcohol
(Economidou et al. 2006), and the amount of alcohol consumed following periods of abstinence
(Cippitelli et al. 2005), rimonabant was judged to be an excellent candidate compound. The
primary measure to assess drug efficacy was the total number of drinks consumed during the
ASA. This paradigm was previously proven successful in detecting a difference in alcohol
consumption between naltrexone and placebo (O’Malley et al. 2002).

The ASA failed to detect a significant difference between rimonabant and placebo for any of
the outcome measures. These measures included the number of drinks consumed following
the priming drink, alcohol-induced changes in ACTH, cortisol, and peak alcohol
concentrations, as well as self-reported ratings on the BAES and AUQ. The positive correlation
between the average AUQ scores following the priming drink and the total number of drinks
consumed during the ASA substantiates the validity of the drinking paradigm. However, it is
possible that the priming drink obscured our ability to determine if rimonabant influenced the
likelihood of the participant taking the first drink.

The study also included an outpatient component which would approximate drug efficacy in
the participant’s natural setting, i.e., number of drinks consumed during the 2 weeks on study
medication. Results showed that there was no significant difference in the number of drinks
consumed between treatment groups. After their participation in the daily call-ins and the ASA,
some participants reported that performing the TLFB and calling into the clinic every day
affected their alcohol consumption. Of interest, approximately 50% of the participants reported
that at the end of the study, they realized they had an alcohol problem and desired to decrease
their consumption. None of the measures obtained in the protocol predicted which of the
participants would be motivated to change their drinking behaviors.

It is unlikely that the lack of drug effect is due to inadequate compliance. The drug levels
measured in the rimonabant treatment group are consistent with levels found in normal
volunteers and obese patients following 20 mg/day of rimonabant in other studies (Turpault et
al. 2006). Given that the effect size (D) was only 0.28, it is possible that a larger number of
participants could result in sufficient power to yield a significant drug effect. Given the small
sample size, itis not possible to determine whether sex had any effect on the treatment outcome.
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The fact that a number of animal studies showed a significant effect of rimonabant on alcohol
consumption is consistent with the fact that laboratory studies tend to yield larger effect sizes
than clinical treatment trials. For example, a number of animal studies showed efficacy of
naltrexone and acamprosate, yet not all human studies showed clinical efficacy (Rosner et al.
2008). Also, the dose of rimonabant used in this study (20 mg) causes incomplete blockade of
CB1 receptors (Huestis et al. 2001). In contrast, the higher doses used in animal studies (3-10
mg/kg), which resulted in reduced alcohol intake, caused near-complete receptor occupancy.
Therefore, it is possible that at a higher dose, rimonabant may significantly reduce the desire
to drink. Unfortunately, the psychiatric profile of rimonabant makes the use of higher doses
problematic in humans.

This limitation may also be the main reason of the differential effectiveness of naltrexone and
rimonabant on reducing alcohol intake, even when tested in the same laboratory drinking
paradigm (O’Malley et al. 2002). Both compounds are believed to inhibit reward-related
signaling in the mesolimbic reward pathway, and in animal models, both were found to reduce
drinking in the same dose range (1-10 mg/kg). In human studies, naltrexone has been found
effective in reducing drinking at doses of 50 to 150 mg, and there is evidence that u opioid
receptor occupancy is near maximal even at the 50 mg dose (Weerts et al. 2008), which is
different from the partial CB receptor blockade achieved by 20-mg rimonabant. This could
suggest that for reducing the motivation to drink, one may need to maximally inhibit reward-
related signaling by either opioid peptides or endocannabinoids.

It should be noted that the results of this study were obtained in heavy alcohol drinkers who
had no desire to decrease their alcohol consumption. It is possible that rimonabant may have
had a significant effect in treatment-seeking alcoholics. However, this seems unlikely given
the results of a recent study by Soyka et al. (2008), showing that rimonabant did not have a
significant effect on relapse rate in recently detoxified alcoholics.

In summary, we found no effect on alcohol consumption in nontreatment-seeking heavy
alcohol drinkers when rimonabant was administered at a dosage of 20 mg/day for 14 days. This
resultis particularly important since the endocannabinoid system has been viewed as a potential
target for the pharmacological treatment of patients with alcohol dependence (Heilig and Egli
2006).
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Fig. 1.

Hormone levels obtained during the alcohol self-administration paradigm. a Plasma cortisol

levels for both the priming dose period and the alcohol self-administration period showed no
significant treatment, time, or interaction effect. b Plasma ACTH levels showed no treatment,
time, or interaction effect for the priming dose period; the alcohol self-administration period

showed a significant time effect (F4, 135)=5.18, p<0.001) but no treatment or interaction effect
(vertical bars denote *standard errors)

Psychopharmacology (Berl). Author manuscript; available in PMC 2010 October 25.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

George et al. Page 12

w

N

—

=&= placebo
=fl= rimonabant

Number of drinks consumed

o

1 2
Tray number

Fig. 2.
Number of drinks consumed during alcohol self-administration period: number of drinks
consumed from tray 1 and tray 2 show no significant treatment, time, or interaction effect
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Fig. 3.

BALSs obtained during the alcohol self-administration period: BALSs showed a significant time
effect (F(4, 144)=3.87, p=0.005) but no treatment or interaction effect. The BAL at time 50 min
(start of tray 1) was used as the covariate for the time points 80 through 180 min (covariate
mean BAL was 17.7 ng/dl)
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Participant characteristics

Table 1

Placebo (n=21)

Rimonabant(n=18)

Age (years+SE)

Males

Females

Participants meeting (DSM-1V) criteria for
Alcohol dependence

Alcohol abuse

Number of smokers

Weight at baseline (kg+SE)

Weight loss (baseline to ASA; kg+SE)

90 days timeline follow-back

Number of drinking days prior to enrollment

Average number of drinks per drinking day

31.5+1.75
16
5

15

3

11
75.4%25
0.59+0.4

64.5+4.4
6.5+0.4

31.6+1.92
15
3

15

1

6
80.4+3.1
0.47+0.4

69.8+3.8
7.3+0.7
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