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Abstract

Rationale—The various a subtypes of GABAA receptors have been strongly implicated in
alcohol reinforcement and consumption.

Objectives—The effects of the GABA al-preferring ligand, 3-propoxy-B-carboline
hydrochloride (3-PBC), on seeking and self-administration responses were evaluated in two
groups of baboons trained under a 3 component chained schedule of reinforcement (CSR).

Methods—Alcohol (4% wi/v; n=5; alcohol group) or a preferred non-alcoholic beverage (n=4;
control group) was available for self-administration only in component 3 of the CSR. Responses in
component 2 provided indices of motivation to drink (seeking). 3-PBC (1.0 — 30.0 mg/kg) and
saline were administered before drinking sessions under both acute and 5-day dosing conditions.

Results—Repeated, and not acute, doses of 3-PBC significantly decreased total self-
administration responses (p<0.05), volume consumed (p<0.05) and g/kg of alcohol (p<0.05) in the
alcohol group. In the control group, 5-day administration of 3-PBC significantly decreased total
self-administration responses (p<0.05) but produced nonsignificant decreases in volume
consumed. Within-session pattern of drinking was characterized by a high level of drinking in the
first 20 min of the session for both groups, which was significantly (p<0.05) decreased by all
doses of 3-PBC (1.0-18.0 mg/kg) only in the alcohol group. In contrast, the first drinking bout in
the control group was only reduced at the highest doses of 3-PBC (10.0 and 18.0 mg/kg).

Conclusions—The results support the involvement of the GABAA a1 subtype receptor in
alcohol reinforcement and consumption.
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Introduction

Gamma-aminobutyric acid (GABA) is the major inhibitory neurotransmitter and a primary
inhibitor of dopamine (DA) neuronal activity in mesolimbic regions (Enoch 2008). The
actions of GABA in the central nervous system are mediated by at least two receptors,
GABA, and GABAg, which have different distributions in the brain (Chu 1990). The
GABA system has been implicated in the maintenance of and relapse to chronic alcohol
drinking (for recent reviews see Enoch 2008; Heilig et al. 2011; Lobo and Harris 2008).
Alcohol modulates the GABA receptor complex allosterically to open the coupled chloride
(CL-) channel and either hyperpolarize cells or potentiate the hyperpolarization produced by
GABA (Blair et al. 1998; Koob 2004), subsequently modulating release of DA. GABAA
receptors are important therapeutic targets given their involvement in many of the direct
behavioral effects of alcohol including motor incoordination, sedation, tolerance, and
withdrawal in laboratory animals (for reviews see Davies 2003; Korpi 1994; Nevo and
Haman 1995) as well as alcohol reinforcement and consumption (for reviews see Chester
and Cunningham 2002; Davies 2003).

GABA receptors have a pentameric structure: five subunits, which form an ionophore.
There are seven classes of subunits of GABA receptors and multiple isoforms (e.g., a1-6,
B1-3, y1-3, §, e, =, B) (for a review see D'Hulst et al. 2009). Co-expression of the a, B, and
v subunits is required for the formation of a GABA, receptor that has a benzodiazepine
(BZ) binding site (Richter et al. 2012); and this basic combination, with variations in subunit
isoform, is most prevalent in brain (Olsen and Sieghart 2008). In addition to their primary
uses are anxiolytics and sleep aides, BZs are the standard treatment to alleviate alcohol
withdrawal symptoms (Amato et al. 2011) which are thought to be due, in part, to a
compensatory decrease in GABAergic inhibitory function that occurs after discontinuation
of the chronic activation of GABA receptors by alcohol (Malcolm 2003). Activation of
GABA/BZ receptor complex seems to play an important role in modulating alcohol
reinforcing effects, as evidenced by reduction in alcohol self-administration (under limited
access conditions) following acute pretreatment with GABA/BZ antagonists and inverse
agonists (Chester and Cunningham 2002; Koob 2004).

GABA/BZ receptors containing al, a2, a3, or a5 subunits appear to be especially relevant
to inherited risks of alcohol. In humans, genetic variations in GABAA a1l and a2 subunits
have been associated with alcohol dependence (Ittiwut et al. 2011; Johnson et al. 1992;
Lydall et al. 2011) and with differences in the subjective effects of alcohol intoxication (Roh
et al., 2010; Uhart et al. 2012) suggesting that these subunits may be particularly important
in alcohol abuse and dependence. Rat strains specifically bred to for high alcohol drinking
(HAD) and for alcohol preference (P) show elevations of GABA, receptors in the nucleus
accumbens (Murphy et al. 2002) and recent studies in these inbred rat lines suggest that the
GABAA, al subunit is involved in modulation of a variety of alcohol-related behaviors
including binge drinking (Yang et al. 2011), alcohol reinforcement (Harvey et al. 2002; June
et al. 2003), and alcohol-induced loss of righting reflex (Boehm et al. 2006).

Isolation of the precise roles of the specific GABA receptor subtypes is currently being
investigated using a series of p-carboline ligands that bind preferentially to the a1 receptor
subtype (Yin et al. 2010; Namjoshi et al. 2011). One promising ligand, 3-propoxy-p-
carboline hydrochloride (3-PBC), displays 10-fold selectivity for the a1 subtype over the a2
and a3 receptors, as well as over 150-fold selectivity for the a1 subtype over the a5 subtype
(Harvey et al. 2002). Further, it shows a higher binding affinity (5.3 nM) than the
prototypical -preferring BZ agonist zolpidem (29.6 nM). In behavioral studies, 3-PBC
typically displays a GABA competitive antagonist profile (Gourley et al. 2005; Lelas et al.
2002; Rowlett et al. 2003) while an in vitro study has reported low partial agonist efficacy at
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recombinant diazepam-sensitive receptors (i.e., BZ receptors containing al, a2, or a3
subunits; Harvey et al. 2002), leading to a classification as a mixed BZ partial agonist/
antagonist (Yin et al. 2010). In P rats, both systemic administration (parenteral, IP) and
bilateral microinfusion of 3-PBC in the anterior and medial ventral palladium selectively
produced marked reductions in alcohol-maintained responding (Harvey et al. 2002).

GABA/BZ a1-preferring antagonists have been proposed as potential pharmacotherapies for
treatment of human alcohol abuse disorders, based largely on data in rodents (Yin et al.
2010). While the studies in rodents are highly informative and provide a basis for the current
studies, it is important to recognize that these studies were done in rodent lines selectively
bred for alcohol preference and/or high alcohol consumption and genetics is only one factor
in alcoholism risk. Chronic alcohol exposure induces compensatory adaptations in the
GABA system, including decreases in a1l subunits in rats (Grobin et al. 1998; Ortiz et al.
1995) and nonhuman primate (Floyd et al 2004). Thus, it is important to examine the effects
of potential treatment medications in outbred subjects, particularly in nonhuman primates
who are closer in phylogenetic origin than rodents and will consume high levels of alcohol
daily and over prolonged periods. Self-administration of alcohol over long periods (i.e.,
years) more closely models the long-term use characteristics of alcohol abuse in humans.
The current study augments the data collected in rodents to provide cross-species validation
and bridge the translational research gap between rodents and humans.

In the current studies, 3-PBC was administered before sessions consisting of a chained
schedule of reinforcement (CSR) composed of distinct, sequential contingencies
(“components™), each of which is correlated with a different stimulus (Kaminski et al. 2008;
Weerts et al. 2006). The use of the chain schedule allows examination of drug effects on
responding in the presence of alcohol-related stimuli that is maintained by conditioned
reinforcement (i.e., responding that produces access to alcohol or “seeking™), as well as
alcohol self-administration (consumption) within the same session. This study is the first to
examine the effects of 3-PC on alcohol seeking behaviors. 3-PBC was administered under
acute and repeated administration (5-days). In order to determine the specificity of effects on
alcohol-related behaviors, repeated treatment with 3-PBC was also administered to baboons
that self-administered a preferred, non-alcoholic beverage.

Methods and Materials

Subjects

Apparatus

Nine singly-housed adult male baboons (Papio anubis, Southwest Foundation for
Biomedical Research, San Antonio, TX) weighing 27.2 kg kg (+ 4.6 SD) served as subjects.
Baboons were housed under conditions previously described (Kaminski et al. 2012). For the
alcohol group (N=5), the reinforcer delivered was 4% alcohol w/v. For the control group
(N=4), the reinforcer delivered was a preferred non-alcohol beverage (orange-flavored,
sugar-free Tang®), diluted to a concentration that functioned as a comparable reinforcer
(Duke et al. 2012). All baboons had extensive histories of self-administration of the
reinforcer under the CSR. Baboons received standard primate chow (50-73 kcals/kg), fresh
fruit or vegetables, and a children's chewable multivitamin daily. Drinking water was
available ad libitum except during sessions. Facilities were maintained in accordance with
USDA and AAALAC standards. The protocol was approved by the JHU Animal Care and
Use Committee and followed the Guide for the Care and Use of Laboratory Animals (1996).

Each baboon's cage was modified to also function as the experimental chamber (for details,
see Weerts et al. 2006) and contained (1) a panel with three colored “cue” lights, (2) an
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intelligence panel with 2 vertically operated levers, 2 different colored “jewel” lights, (3) a
“drinkometer” connected to a calibrated 1000-ml bottle, and (4) a speaker, mounted above
the cage, that presented auditory tones. A computer interfaced with Med Associates
hardware and software remotely controlled the experimental conditions and data collection.

All solutions for oral consumption were mixed using reverse osmosis (RO) purified drinking
water. Ethyl alcohol (190 Proof, Pharmco-AAPER, Brookville CT) was diluted with RO
water to 4% wi/v alcohol. Orange-flavored, sugar-free, Tang® powder (Kraft Foods) was
dissolved in RO water as described previously (Kaminski et al. 2012). 3-propoxy-p-
carboline hydrochloride (3-PBC) was synthesized in the laboratory of Dr. James Cook
(University of Wisconsin-Milwaukee; Yin et al. 2010). Doses of 3-PBC (1.0-32.0 mg/kg)
were dissolved in a vehicle of 50% propylene glycol and 50% saline and administered via
the intramuscular (IM) route (2-4 mls/injection). 3-PBC vehicle tests were completed using
the same volume and procedures as detailed below.

Chained Schedule of Reinforcement (CSR) Procedure

For all sessions, fluids were available only via the drinkometer. The CSR procedures have
been described in detail previously (Kaminski et al. 2008; Kaminski et al. 2012) and were
identical for the alcohol and control groups. Daily sessions (7 d/week for both groups) were
initiated at the same time (8:30 AM) and were signaled by a 3-sec tone. During component 1
(C1), a red cue light was illuminated and all instrumental responses were recorded but had
no consequence. After 20 min, C1 was terminated and component 2 (C2) was initiated, as
signaled by illumination of the yellow cue light. During the first link of C2 (C2-Link 1), the
yellow jewel light over the left lever was continuously illuminated, and a concurrent fixed
interval 10 min, fixed time 20 min (FI 10-min FT 20-min) schedule was in effect. In C2-
Link 2, the jewel light over the lever flashed and a fixed ratio (FR 10) schedule was in effect
on the left lever for transition to Component 3 (C3). If the FR 10 requirement was not
completed, the session terminated without transitioning to C3 (i.e., no access to alcohol or
the non-alcoholic beverage for the day). C3 began with the illumination of the blue cue light.
A blue jewel light over the right lever was also illuminated, and drinks of the alcohol or the
non-alcoholic beverage were available under an FR 10 schedule on the right lever followed
by contact with the drinkometer spout. Fluid was delivered for the duration of spout contact
or for a programmed duration (5 sec), whichever came first. C3 (and the session) ended after
120 min. Previously, we have demonstrated the Tang and alcohol concentrations used in the
current study maintained similar breakpoints (i.e., functioned as equivalent reinforcers (see
Duke et al 2012).

3-PBC Test Procedures

The CSR baseline criterion was defined as stable self-administration of alcohol or non-
alcoholic beverage (i.e., + 20%) for three consecutive CSR sessions. To evaluate acute
effects of 3-PBC on alcohol-related behaviors and to verify the safety of the dose range, in
experiment 1, doses of 3-PBC (1.0-30.0 mg/kg) or its vehicle were administered acutely in
the alcohol group only. The CSR was established and CSR baseline criterion was met before
each test dose of 3-PBC. Doses were tested in mixed order, with active doses tested no more
than once per week. In addition, the results of experiment 1 were used to determine a safe
dose range for repeated administration. In experiment 2, doses of 3-PBC (1.0-18.0 mg/kg) or
vehicle were administered daily for 5 consecutive days to baboons in both groups. Only 4 of
the 5 baboons from the alcohol group participated in Experiment 2; one baboon had been
removed for health reasons unrelated to the study. For both experiments, doses of 3-PBC
were administered 10 min before CSR sessions. For both experiments, stable baseline intake
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was sometimes disrupted after drug treatments and required additional time to stabilize
before testing the next dose (e.g. 2 weeks).

Data Analysis

Results

The grand mean of the 3 days that preceded each test condition for each baboon was used as
the baseline (BL) for comparison with vehicle and doses of 3-PBC, except when otherwise
noted. In experiment 2, data analyzed were the last 3 of the 5 days of 3-PBC administration.
Data were analyzed using separate statistical analysis of variance (ANOVA) for each Group
(Alcohol or Control) with 3-PBC dose (BL, 0-30.0 mg/kg) as a repeated measure.
Bonferroni's t-tests were used for pair-wise comparisons of BL with vehicle and 3-PBC
doses. Total g/kg of alcohol was calculated based on individual body weights and total
volume of alcohol consumed. Change in g/kg of alcohol consumed was calculated as test
dose (vehicle or 3-PBC) — BL and doses of 3-PBC were compared to vehicle.

Temporal pattern of drinking was analyzed as number of drinks in sequential 20-min bins
using two-way repeated measures ANOVA (Time x Dose) for each group given 5 days of 3-
PBC dosing (experiment 2). Post hoc Bonferroni pairwise comparisons examined
differences between vehicle and doses of 3-PBC.

Stable, reliable drinking was observed in all baboons, in both groups. During criterion
baseline (BL) sessions preceding test sessions, baboons in both groups reliably completed
the CSR. The number of sessions required to satisfy the BL stability criterion varied.
Following drug treatment, baseline intake was sometimes unsystematically disrupted and
required 2 weeks or longer to meet the stability criterion. The volume of each drink, within
the constraints described above, was under the control of the baboon. Average ml/drink
(total volume consumed/number of drinks in the session) was approximately 30 ml/drink
and did not vary systematically as a function of 3-PBC administration (data not shown). Few
or no responses were recorded on the inactive operanda (all operanda in C1, right lever and
drinkometer in C2, left lever in C3).

To determine if there were any differences in BL responding in the alcohol and control
groups, BL session responding in experiment 2 was compared for the two groups (BL
sessions of the alcohol group in experiment 1 are not included because corresponding
control group sessions were not conducted). During BL sessions, systematic differences
between the groups were not observed for C1 and C2 measures. In C3, both alcohol and the
non-alcoholic beverage maintained self-administration responses (right lever responses;
drink contacts) and high intake (ml). During the BL sessions preceding tests, the grand mean
(= SEM) alcohol intake was 625.6 (31.2) ml and 1.13 (0.09) g/kg, comparable to intake
which has previously been reported to produce blood-alcohol levels (BAL) of >.08% in
baboons (Kaminski et al. 2008). The grand mean non-alcoholic beverage intake during BL
sessions was 1000.0 (0.0) ml. Despite having previously demonstrated comparable
reinforcement of 4% wi/v alcohol and the non-alcoholic beverage under BL conditions via a
progressive ratio procedure (Duke et al. 2012), volume of intake of the non-alcoholic
beverage was greater than volume of alcohol t(4)=24.6, p<.001 under BL conditions.

Experiment 1: Effects of Acutely Administered 3-PBC on Seeking and Self-Administration
Under the CSR

Acute administration of 3-PBC did not result in significant changes in any of the measures
of seeking (C2-Link 1: FI responses, latency to complete the FI requirement; C2-Link 2: FR
responses rate (r/s)) or self-administration (C3: FR responses, volume consumed, g/kg
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consumed) (Table 1). The data and unsystematic observation by laboratory personnel
confirmed that administration of doses up to and including 30.0 mg/kg was safe and did not
produce severe adverse effects. The highest dose (30.0 mg/kg) did, however, suppress daily
food intake (i.e., technicians reported that a large proportion of daily free food ration was
not consumed). As a result, this dose was not tested under 5-day administration conditions
(experiment 2). Because 3-PBC did not systematically reduce seeking and self-
administration in the alcohol group, it was not tested in the control group under acute
administration conditions.

Experiment 2: Effects of Repeated Administration of 3-PBC on Seeking and Self-
Administration Under the CSR

In the alcohol group, significant changes in C2 seeking measures (left lever responses) were
not observed as a function of repeated administration of 3-PBC (Table 2). However, in the
control group, the C2-L2 response rate was significantly decreased as a function of dose,
with both 10.0 and 18.0 mg/kg differing significantly from BL. Although the number of C2-
L1 FI responses was significantly increased in the control group, because this effect was also
observed during vehicle administration; it does not appear to be directly related to 3-PBC
effects, but may be related to the procedure for injections per se.

As shown in Fig 1a, in the alcohol group, 3-PBC dose-dependently decreased the number of
right lever responses (i.e., self-administration responses) in C3 (F(4,12)=4.98, p<0.05), with
a significant decrease relative to BL at 18.0 mg/kg. Both volume of alcohol consumed and g/
kg consumed decreased as a function of 3-PBC dose (Table 2). Similarly, change in g/kg
alcohol consumed (compared to BL) was significantly decreased as a function of dose
(F(4,12)=3.53, p<0.05), with 18.0 mg/kg differing significantly from vehicle (Fig 1b).

In the control group, 3-PBC produced a significant decrease in the number of right lever
operant responses during C3 (F(4,12)=6.18, p<0.05) with a significant decrease relative to
BL at 10 mg/kg (Fig 1a). A nonsignificant decrease in the volume consumed (Table 1) was
also obtained in the control group. Individual data showed that 3-PBC decreased volume
consumed for all 4 baboons at 10.0 and 18.0 mg/kg, while lower doses (1.0 & 3.0 mg/kg)
produced a decrease in only one of the baboons.

During BL, in both the alcohol and control groups, the majority of drinks occurred in the
first 20 min of availability, followed by a lower rate across the subsequent 20-min bins.
Despite this general similarity, a greater proportion of drinks occurred during the first 20-
min bin in the control group (> 95%) compared to the alcohol group (> 75%) (fig 2). All
doses (1.0-18.0 mg/kg) of 3-PBC significantly (p < .05) decreased the number of drinks
during the first 20 min in the alcohol group, with larger decreases observed at the higher
(10.0 and 18.0 mg/kg) doses. In the control group, only the highest doses (10 and 18.0 mg/
kg) significantly decreased drinking during the first 20 min of drinking.

Discussion

Targets for therapeutic agents to treat alcohol abuse and dependence include the reduction of
alcohol intake and attenuation of the motivation or desire to consume alcohol. In the current
model, this would be reflected in decreases in alcohol self-administration responses and g/kg
intake (consumption in C3), and disruption of responses directed towards obtaining the
opportunity to drink (seeking in C2). Several important findings were identified in the
current study. First, repeated (5 day), but not acute, administration of the GABAA al-
preferring ligand 3-PBC reduced ongoing alcohol self-administration in baboons with long-
term alcohol self-administration experience. Second, 3-PBC did not disrupt the established
pattern of alcohol seeking and self-administration, but reduced the magnitude of intake,
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particularly during the initial drinking bout. Third, 3-PBC also suppressed responding
maintained by a non-alcoholic beverage, albeit at higher doses than required to suppress
alcohol. Each of these findings is discussed below.

The finding that 3-PBC decreased alcohol-maintained responding and consumption in
primates provides further evidence of a role of a1 GABA, subtype in alcohol abuse and
dependence. The involvement of the GABAA receptor in the behavioral actions of alcohol is
complex, with a different subtypes differentially involved in the various effects of alcohol.
Studies with subtype-preferring compounds and in modified mouse models have shown that
several of the subtypes (a1, a2, a3, a5) may have involvement in alcohol reinforcement
(Atack 2003; Cook et al. 2005; Stephens et al 2005; for a review see Kumar et al 2008). 3-
PBC exhibits binding preference for the GABAA a1 receptor (Cox et al. 1999; Huang et al.
2000). The current findings are consistent with studies in rats selectively bred for high
alcohol preference (P) or high alcohol drinking (HAD). Specifically, administration of the
al-preferring ligands 3-PBC or B-carboline-3-carboxlate-t-butylester (BCCt) decreased
ongoing alcohol consumption in P rats when administered systemically or via microinfusion
into the ventral palladium (Harvey et al 2002; June et al 2002). Taken together with the
current findings, the a1l GABA subtype-preferring ligand 3-PBC reduces alcohol-
maintained behaviors and daily alcohol intake in both genetically predisposed animals and
outbred animals with long-term drinking experience.

In the present study, high doses of 3-PBC also produced a decrease in self-administration of
a palatable non-alcoholic beverage, which suggests that 3-PBC effects may not be specific
to alcohol. Although 3-PBC typically displays a BZ antagonist-like profile in most
behavioral tasks, in an in vitro analysis 3-PBC exhibited a low partial agonist efficacy at
recombinant diazepam-sensitive receptors (Harvey et al 2002). The decreased component 2
FR (C2-L2) response rate in the control group is consistent with a rate-suppressing agonist
effect. However responding was not also suppressed during the FI link of C2 in the control
group (and, in fact, was increased at lower doses), suggesting that a general rate-decreasing
effect cannot account for the non-specific effects obtained.

Non-specific effects have also been reported in other studies. For example, a1 receptor
knockout mice consumed less ethanol in a two-bottle choice procedure, but also less
saccharin, when compared to wild-type mice (Blednov et al. 2003; June et al. 2007). a1-
GABA receptor knockout mice also showed decreased operant responding for both ethanol
and sucrose (June et al. 2007). However, Harvey et al. (2002) reported that only the highest
dose IP administered dose (20 mg/kg) of 3-PBC significantly suppressed saccharin
maintained responding and did so throughout the drinking period. As 3-PBC does bind to
other a-receptor subtypes to some degree, the authors suggested there may be a saturation of
all a-receptor subtypes following the highest dose. Similarly, in the present study, acute
administration of the highest dose of 3-PBC (30 mg/kg) in the alcohol group disrupted daily
food intake and repeated administration of the highest doses (10 and 18 mg/kg) suppressed
responding for a highly preferred beverage during the initial 20 minutes of the session in the
control group. The highest dose tested under the 5-day dosing conditions in the present study
(18 mg/kg) is roughly equivalent (via interspecies conversion, Dews 1976; Mordenti and
Chappell 1989) to 78 mg/kg in the rat, a dose that is substantially higher than that evaluated
by Harvey et al. (2002). Thus, it is possible that receptor saturation may account for the
decrease in non-alcohol beverage in the present study.

This is the first study to examine the effects of 3-PBC on responses to gain access to alcohol
(seeking). 3-PBC did not significantly decrease seeking during either C2 link in the alcohol
group. Alcohol-related cues maintain seeking behavior even under conditions of alcohol
abstinence and are highly resistant to change. For example, studies in rats have shown that
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stimuli previously paired with alcohol continue to maintain responding for many sessions
(e.g., Ciccocioppo et al. 2001; Zironi et al. 2006). Likewise, in Kaminski et al. (2008),
presentation of alcohol-related cues in the CSR maintained C2 responding for an extended
period (i.e., 30 consecutive sessions) after water was substituted for alcohol in C3 (i.e.,
during extinction). In addition, when alcohol was available for consumption in C3, high
levels of seeking responses were maintained (> 600 responses in C2 Link 2) under
conditions in which the response requirement was progressively increased to obtain the daily
supply of alcohol (Kaminski et al. 2008). In the alcohol group, then, the strength of C2
seeking responding, which is maintained by transition to C3 where alcohol is available for
consumption, appears to have mitigated the C2 (seeking) response suppression observed in
the control group. This suggests that 3-PBC suppression of alcohol-maintained responding
obtained in C3 is a function of changes in the reinforcing effects of alcohol upon
consumption.

Within each daily session, in both the alcohol and control groups, the majority of baseline
drinking occurred within the first 20 min of the 2 h of availability. Drinks in the first 20-min
was tightly clustered (i.e., a single drinking bout). 3-PBC did not disrupt this pattern of
intake, but dose-dependently decreased the number of drinks in this initial drinking bout in
the alcohol group. Consistent with the results of Harvey et al. (2002), after the initial
suppression of intake, 3-PBC, did not reduce the low levels of alcohol drinking during later
portions of the session. As a result, the effects of 3-PBC on self-administration measures for
the entire 2-hr drinking period differed from BL only at the highest doses of 3-PBC. The
suppression of alcohol intake during the first drinking bout of the CSR, with baseline levels
of alcohol intake later in the session, is similar to that previously reported for naltrexone
(Kaminski et al. 2012). Naltrexone is one of the current FDA-approved treatments to reduce
drinking and promote abstinence in alcohol dependent persons and numerous clinical trials
have demonstrated its effectiveness for treatment of alcohol dependence (Johnson 2008).
Studies have suggested that naltrexone's clinical effective is due, in part, to preventing
drinking episodes from becoming a full-fledged relapse to heavy drinking (Anton et al.
1999; O'Malley and Froehlich 2003; Pettinatti et al. 2006).

There are a number of strengths of the current study that increase the translational value of
these findings. First, recent reviews have emphasized the importance of animal models with
sufficient alcohol intake to achieve a biologically-relevant blood alcohol level (BAL) of 0.08
mg/dL or more for better medications development (Egli 2005; Grant and Bennett 2003). In
the alcohol group, baboons drank approximately 1 g/kg/day of alcohol. Mean BAL of 88.2
mg/dl (>0.08%) were previously determined in these same baboons after comparable
alcohol intake (mean volume 0.93 g/kg) (Kaminski et al. 2008). A BAL of 0.08% is defined
as intoxication with regard to NIAAA definitions and for driving violations in most of the
USA. Second, the current procedure models key elements of human problematic drinking. In
humans, drinking to intoxication (e.g., 0.8 to 1 g/kg, BAL > 0.08%) within a single drinking
period (binge) and regular drinking at this level across days (heavy drinking) is
characterized as problem drinking with higher risk for alcoholism (Rethinking Drinking,
NIH). The baboons in the current study had long-term self-administration experience (i.e.,
years) under the CSR with either alcohol or, for the control group, the non-alcoholic
beverage. Thus, based on NIAAA definitions, baboon drinking in the current study models
problem drinking in humans. Third, our study is the first to show that a GABAA al-
preferring ligand reduces alcohol self-administration behaviors and g/kg consumption in
long-term heavy drinking primates under a CSR. Use of the CSR is novel, as it allows
within the same session evaluation of drug effects on responding in the presence of alcohol-
related stimuli maintained by conditioned reinforcement, as well as alcohol self-
administration (consumption), and thus provides a measure of the motivation to drink.

Psychopharmacology (Berl). Author manuscript; available in PMC 2014 May 01.
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Fourth, the inclusion of the control group allowed the examination of specificity of 3-PBC
effects on alcohol-related behaviors.

Previously, we have shown that alcohol seeking behaviors maintained by alcohol-associated
cues are highly resistant to change, and are sensitive to duration of abstinence and alcohol
availability (Kaminski et al 2006; 2012; Weerts et al 2006). In the present study, 3-PBC did
not decrease C2 seeking measures, but did produce time-dependent changes in alcohol self-
administration behaviors in C3. As indicated previously, ideal therapeutic agents for alcohol
abuse and dependence would reduce alcohol seeking and self-administration in the current
model. Thus, the present results suggest that, like naltrexone, GABAA al-preferring
ligands, such as 3-PBC, may have clinical utility in reducing the severity of drinking
episodes when they do occur, but are less likely to affect the motivation or desire to
consume alcohol. With the recent development of ligands selective for each of the a
subtypes, future research can further clarify the role of the GABA receptors in alcohol abuse
and dependence.
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Experiment 2: The effects of repeated (5 day) administration of 3-PBC on self-
administration in C3 of the CSR in (a) the Alcohol Group and (b) the Control Group. Data
shown are the group means (£ SEM) of right (self-administration) responses (left panels)
and for the alcohol group, change in g/kg of alcohol consumed (right panel). * indicates
p<0.05 for pairwise comparison for each dose vs. baseline
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Experiment 2: The effects of repeated (5 day) administration of 3-PBC on the pattern and
number of drinks per 20-min interval of the 120-min self-administration period (C3) in the
(@) Alcohol Group and (b) the Control Group. Data shown are group mean drinks (+ SEM)
for each successive time bin of availability of alcohol or the non-alcoholic beverage, and *
indicates p<0.05 for pairwise comparison for each 3-PBC dose vs. vehicle within each time
bin

Psychopharmacology (Berl). Author manuscript; available in PMC 2014 May 01.



Page 15

Kaminski et al.

"|0Yod|Y ‘1Y ‘asuodsay ‘dsay ‘1anaT ‘A9 ‘oney paxi4 H4 (leAsaiu] paxi4 ‘|4 *(Bx/6w) asop Dgd-€ yoes pue (1g) aurjaseq Joj (WIS pue) sueaw dnoib are umoys ereq

T0 20 10 10 €0 T0 N3S
pawnsuo) 91y 6x/6
G9T | SL0 | OTT | 880 | 880 | 2T | €0T | uesw
6L | ces | ¥09 | TS | 7T | OT9 N3S
€0
16T | 09ev | TT€9 | 0087 | O¥8F | 0229 | ¢¥SS | uesn (jw) swnjop
€0c | 6ve | Ter | 8ve | LT | TST N3S
dsay ¥4 e Wby
87T | 00T | 0°06T | O%8T | 0°Z8T | 0°96T | ¥'¥6T | uesn
90 S0 70 60 80 €0 N3S
(s/1) arey dsoy ¥4 Aoy | 21-20
88T ze € 0T LT e T uesiy
6Ty | 602 | ve LT | €T | 64T N3S
(s) Aouare] dsay |4 A9 U8
G680 | T0/9 | 6669 | G€T9 | 98Y9 | €Te9 | LL¥9 | uesn
11-20
0GST | 6902 | 08T | Siv | 208 | Giv N3S
dsay 14 Aa YT
150 | 80z | 295z | 98¢ | 999 | 90T | ¥'z6 | ues
(st'9)4 | ooe | ooT | 0€ 0T €0 14
8500 09d-€

NIH-PA Author Manuscript

T alqel

‘uoneasiuIwpe ainde yoea Buipadaid sAep auiljaseq € ayl Jo ueaw puelh
3Y1 SI 19 "YSD 3yl J3pun Joyoafe 10} sasuodsal (£D) uonensiulwpe-§as pue (z7-z2d pue T1-z2J) Buiyass uo (quawieanald uiw-0T) Dgd-E 91nde Jo s19343

NIH-PA Author Manuscript

T Wwawliedxg

NIH-PA Author Manuscript

Psychopharmacology (Berl). Author manuscript; available in PMC 2014 May 01.



Page 16

Kaminski et al.

"3[91yaA 0} paedwiod 159} 20U-1s0d s, JUOTIBJUOE (G0°0>d JuedLIUBIS € aealpul siaqWINU PaP|og {(YAONY G0"0>d) JUBdIIUBIS € Sajedlpul Olfe) 4 paulliapun Uy

1009V ‘01 ‘asuodsay ‘dsay ‘1anaT ‘A9 ‘oney paxid ‘d4 ‘[eAsdiu] paxid ‘14 “(By/6w) asop Dgd-€ yoea pue (79) auljaseq 4oy (IS pue) suesw dnoib ate umoys ereq

¢'SeT | ¢'88 0'S.T | 8'0C 00 00 W3S

8’1 0'G.. | 6'¢/L | 0'G¢8 | ¢'6/6 | 000T | 000T | uesN (Jw) awnjop €0

¥'0 €0 [\ [y ¥'0 €0 W3S

(s/4) are dsay ¥4 A8 e
8re | 27 ST 12 4 6C 1€ uesiy 21-20

1oL 8'/8 99 et [4<x4 60 W3S

(s) Aousre] dsay |4 Ao UaT]
960 6929 | OTTL | TOTZ | ¥'9T9 | L'0T9 | 8909 | UesiN

171-¢0
9'¢L v'6v vy T'6¢T | 8€L §'T¢ W3S

dsay 4 AsT 18
0cS | €10T | 2¥. | ¥STT | 2'90€ | G¥EC | ¥'e6 | uesin

dnoio jonuo)

T0 20 10 4] T0 T0 W3S
pawnsuod o1y Bx'6

G8't 8y'0 190 06°0 00T 1% ETT uealN

€0
ZTL | s92 | 9otT | 0STT | TS8 | 2TE N3S
98v | €€e8¢ | v'see | 968y | 292G | 879 | 9629 | uesin (jw) awnjop
L0 10 €0 ) G0 €0 N3S
(s/1) arey dsoy Hd A9 Yol
orT | T2 T2 FAr4 L ze Te uesiy| 2120
9.5 | €2e |ose | ves | T¢ L€l N3S
(s) Aouare] dsay |4 Ao U8
09T | o6eL | 8269 | €212 | 8569 | 2909 | 20€9 | uesiy
11-20
€05 | 2€c | ov8 | T09 | 820T | 88 N3S
dsay 14 NS Yol
870 | €9TT | 89¢ | G'STT | 6'90T | ¥'69T | L'¥¥T | uesiy
(Gt'9)4 | ost |oo0T | oO¢€ 0T A 14 dnou9 joyooly

8500 09d-€

"UOIIIPUOI 21U0JYD Yoes Bulpasaid sAep auljaseq
€ 3Y) Jo ueaw puelh ay1 s1 19 "UONIPUOI YIea JO G-& sAep JO ueaLl Ayl aJe elep ||V "dSD 8y Jepun (dnoio jonuo)) abeianaq joyosje-uou e pue (dnoio
[0409]V) |0yoje 10} (271-20 ‘T71-¢0) Buryess uo (uawiesnaid uiw-0T) OGd-€ 40 S3sop pue (A) 3191yaA 40 (Aep-G) uonensiulipe pajesdal Jo s)0a13

Z Wi edxg
¢ 9|gel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Psychopharmacology (Berl). Author manuscript; available in PMC 2014 May 01.




