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Abstract
Baclofen, a GABAB receptor agonist, is currently under investigation as a potential treatment to
prevent relapse to drinking in alcohol dependent persons. In the current study, two groups of
baboons were trained under a chained schedule of reinforcement (CSR), with 3 linked
components, which were each correlated with different response requirements and cues. Fulfilling
the requirement in the 2nd link initiated the 3rd link where either alcohol (n=4) or a preferred non-
alcoholic beverage (Tang, n=5) was available for self-administration; failure to complete the
response requirement in Link 2 ended the session (no access to alcohol or Tang). Seeking
responses in Link 2 were used as indices of the motivational processes thought to be involved in
relapse. The effects of baclofen (0.1 – 2.4 mg/kg) were examined under conditions with alcohol or
Tang access and under extinction. Under the CSR baclofen (1.8 and 2.4 mg/kg) significantly
decreased (p<0.05) alcohol self-administration responses and total g/kg alcohol intake. In contrast,
only the highest dose of baclofen (2.4 mg/kg) reduced Tang self-administration and consumption.
Under within-session extinction conditions, baclofen (1.8 and 2.4 mg/kg) facilitated extinction of
responding for both alcohol and Tang, particularly during the first 10 min of extinction. Baclofen
may be effective in reducing craving and alcohol drinking, although the facilitation of extinction
and suppression of both alcohol and Tang self-administration by baclofen suggests these effects
may be related to a more general suppression of consummatory and conditioned behaviors.
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INTRODUCTION
It has been estimated that 30% of American adults meet DSM-IV criteria for lifetime
alcohol use disorder (Hasin et al., 2007). Currently, three medications, disulfiram,
naltrexone, and acamprosate, which have been shown to be effective in reducing alcohol
craving, relapse and heavy drinking, are approved to treat alcohol dependence (Soyka and
Rosner, 2010). However, since these medications exhibit a small to moderate treatment
efficacy, with variable individual response, development of new medications is critical.

In contrast to other drugs of abuse, alcohol has no specific target or receptor in the brain, but
exerts non-specific widespread effects on multiple systems. Gamma-aminobutyric acid
(GABA) is the major inhibitory neurotransmitter in the brain. It has been hypothesized that
the rewarding effects of alcohol may be partly due to an increased activation of the
mesolimbic dopamine pathway (Swift, 2010). Alcohol increases the release of endogenous
opioids, which inhibit GABAergic neurons (Doyon et al., 2006). Inhibition of GABAergic
neurons increases the extracellular levels of dopamine in the ventral tegmental area (VTA)
and the nucleus accumbens (NAc), and such dopamine release is implicated in the
reinforcing effects of alcohol (Heilig and Egli, 2006; Engleman et al., 2011). GABAB
receptors are co-localized with dopamine receptors in mesolimbic regions and directly and
indirectly modulate dopaminergic neurons. Baclofen, a GABAB receptor agonist, increases
GABAergic neurotransmission and attenuates alcohol-induced dopamine release in the VTA
(Theile et al., 2008). Given that baclofen may compensate for alcohol-induced alterations in
dopamine transmission (Theile et al., 2008), is safe and well tolerated in heavy drinkers
(Evans and Bisaga, 2009), and has a low abuse liability profile (Griffiths et al., 1991), it is a
good candidate pharmacotherapy for alcohol abuse and dependence.

The preclinical data examining baclofen effects on alcohol drinking have been conducted
exclusively in rodent drinking models. When alcohol was freely available, baclofen reduced
alcohol intake (Daoust et al., 1987; Colombo et al., 2000; Czachowski et al., 2006) and
blocked the acquisition of alcohol drinking in rats (Colombo et al., 2002; but cf. Smith et al.,
1992). Baclofen reduced alcohol intake under operant alcohol self-administration procedures
(Anstrom et al., 2003; Maccioni et al., 2005; 2008; Liang et al., 2006, Walker and Koob,
2007). Baclofen also attenuated the conditioned effects of alcohol as evidenced by decreased
cue-induced reinstatement of responding previously maintained by alcohol seeking
(Murschall and Hauber, 2006; Maccioni et al., 2008) and alcohol-induced conditioned place
preference (Bechtholt and Cunningham, 2005).

More recently, baclofen has been tested in human laboratory studies and clinical trials (see
Leggio et al., 2010). In a laboratory study assessing the effects of baclofen in combination
with intoxicating doses of alcohol (>80 mg/dL breath alcohol concentrations), baclofen
failed to attenuate behavioral effects (e.g., increased ratings of feeling high, drug liking,
good effects) often associated with the reinforcing properties of alcohol (Evans and Bisaga,
2009). Baclofen has been shown to reduce alcohol craving and drinking levels in small,
open-label trials in alcoholics (Addolorato et al., 2000; Flannery et al., 2004). However,
three randomized double-blind placebo controlled laboratory studies have reported
conflicting results. Addolorato and colleagues (2002) reported that 14 of 17 patients treated
with 30 mg/day baclofen maintained alcohol abstinence for the duration of the 4-week study
and reduced alcohol craving compared to 4 of 11 placebo treated volunteers. In alcohol-
dependent patients with liver cirrhosis, baclofen increased the average number of days
abstinent compared to placebo (62 and 30 days, respectively; Addolorato et al., 2007).
Garbutt and colleagues (2010) reported that no differences were found between 30 mg/day
baclofen and placebo treated volunteers (n=80) in percentage of days abstinent, time to first
drink, or time to relapse. These authors concluded that given the inconsistency of the data, it
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is important to further investigate the effect of baclofen on alcohol drinking and relapse and
to determine what factors are predictive of response.

The current study extends previous preclinical work by examining the efficacy of baclofen
on alcohol-maintained behaviors and consumption in large nonhuman primates (baboons)
that self-administer alcohol under a chained schedule of reinforcement (CSR) operant
procedure. A CSR consists of a sequence of separate behavioral contingencies (i.e., schedule
requirements), each of which is correlated with unique stimuli (‘‘cues’’) that represent links
or “components” of a chain of responses that ultimately result in alcohol reinforcement.
Fulfilling the schedule requirement in each successive component is necessary to progress to
the next component with alcohol available only in the final component of the chain. The
extent to which cues come to control behaviors directed towards obtaining alcohol (i.e.,
seeking) in the earlier links of the chain as well as behaviors related to alcohol intake (self-
administration) can be used as indices of the incentive-motivational processes involved in
the maintenance of drinking and relapse. Previously we have shown that alcohol-seeking
responses under the CSR were maintained by alcohol cues, and seeking and alcohol intake
were augmented by alcohol abstinence (Weerts et al., 2006; Kaminski et al., 2008).
Examination of baclofen effects on alcohol seeking and self-administration using the CSR
allowed us to examine how baclofen altered each of these behaviors and the relationship
between seeking and consumption within a single experimental session. In addition, the non-
specific effects of baclofen were examined in a second group of baboons that self-
administered a preferred non-alcoholic beverage (Tang) under the CSR.

While the efficacy of baclofen in reducing alcohol intake in rodent models has been
characterized (see Leggio et al., 2010 for review), there are no data in nonhuman primates.
Nonhuman primates are closely related to humans in terms of phylogeny, physiology,
neurochemistry, and behavior. In addition, alcohol absorption and metabolism in nonhuman
primates is similar to what is observed in humans. The addition of baclofen data in
nonhuman primates bridges the translational research gap between rodents and humans.
Moreover, the observation of similar effects across multiple species provides greater
confidence in the generalization of knowledge from animal models to the human condition.

METHODS AND MATERIALS
Subjects

Nine adult male baboons (Papio anubis; Southwest Foundation for Biomedical Research,
San Antonio, TX) weighting 27.8 kg (± 5.3 SD) served as subjects. Baboons were housed
singly in customized baboon cages (see below) in two rooms that were maintained under a
12-hour light/dark cycle (lights on at 6:00 AM). Windows in the laboratory provided natural
light. All baboons had extensive histories of self-administration under the chained schedule
of reinforcement (CSR), but the reinforcer delivered was 4% alcohol w/v for one group
(N=4) and 25% or 50% orange-flavored sugar-free Tang for the second group (N=5; Weerts
et al., 2006, Kaminski et al., 2008, Weerts et al., submitted). The baboons assigned to the
alcohol group only received alcohol and the baboons assigned to the Tang group only
received Tang throughout the entire study. Baboons received standard primate chow (e.g.,
50–73 kcals/kg) to maintain sufficient caloric intake for normal baboons of their size, age,
and weight. They also received daily food supplements [2 pieces of fresh fruit or vegetables
(70–120g each) and a children’s chewable multivitamin]. Using these procedures, baboons
maintain relatively stable weights but do slowly gain weight as they age. Drinking water was
available ad libitum except during experimental sessions. The facilities were maintained in
accordance with the 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).
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Apparatus
During the experiments, baboons were housed in modified standard primate cages as
described in detail previously (Weerts et al., 2006, Kaminski et al., 2008). Briefly, the
intelligence panel contained 2 vertically operated levers (Med Associates, Georgia, VT), 2
different colored “jewel” lights mounted above each lever, and a “drinkometer” (Kandota
Instruments, Sauk Center, MN) with 2 white and 2 green lights which surrounded a
protruding drink spout. Contact with the drink spout operated a solenoid valve that delivered
fluid for up to 5 seconds (i.e., 1 drink ~30 mL). All solutions were delivered from a
calibrated 1000-ml bottle connected to the drinkometer with tygon tubing. A separate panel
on the back of the cage contained three colored “cue” lights (red, yellow and blue). A
speaker was mounted above the cages for presentation of auditory stimuli (e.g., tones).
Experimental conditions and data collection were controlled remotely using computers
interfaced with MED Associates hardware and software.

Drugs
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% w/v alcohol. Orange-flavored, sugar-free, Tang powder (Kraft Foods) was
dissolved in RO water following package instructions and then diluted from full strength to
concentrations of 25% or 50%. Baclofen (Sigma-Aldrich) was dissolved in physiological
saline. Baclofen doses (0.1–2.4 mg/kg) or vehicle were administered via intramuscular (IM)
route (2 ml volume/injection).

Chained Schedule of Reinforcement (CSR) Procedure
The drinking water spout was disabled immediately before the session. Fluids were available
only via the drinkometer for the duration of the session, then the drinking water spout was
reactivated and water was again freely available for the rest of the day. The CSR procedures
used in the current study were the same as those described by Kaminski and colleagues
(2008) and were identical for the alcohol and Tang groups. The CSR consisted of 3 separate
sequential components, each of which was associated with distinct stimuli and behavioral
contingencies. Fulfilling the schedule requirement(s) in each component was necessary to
proceed to the next. Briefly, daily sessions for all baboons were initiated at the same time
(0830 hr) and were signaled by a 3-sec tone. Component 1 began with the illumination of a
red cue light for 20-min. All instrumental responses (i.e., lever presses and drinkometer
spout contacts) were recorded but had no consequence. At the onset of Component 2 the
yellow cue light was illuminated and a 2-link chained fixed interval (FI 10-min) fixed ratio
(FR 10) schedule was in effect. During the first link, 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. The second link of Component 2 was
initiated after either a) the first response on the left lever after 10 min elapsed or b) 20 min,
whichever occurred first. In the second link of Component 2, the jewel light over the lever
flashed and a fixed ratio (FR 10) schedule was in effect on the left lever. Completion of the
FR10 response requirement ended Component 2; the yellow cue light and the yellow jewel
light over the left lever were turned off and Component 3 was initiated. If the FR10
requirement was not completed the session terminated without transitioning to Component 3
(i.e., no alcohol or no Tang access for the day). Component 3 began with the illumination of
the blue cue light. During Component 3, a blue jewel light over the right lever was
illuminated, and the opportunity to orally self-administer alcohol or Tang was available
under a fixed ratio (FR10) schedule on the right lever. Completion of the response
requirement on the right lever turned off the jewel light and illuminated the white stimulus
lights on the drinkometer faceplate indicating the availability of a ‘drink.’ A drink was
operationally defined as fluid delivery that was contingent on contact with the drinkometer
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spout; contact with the drinkometer spout turned off the white lights, illuminated the green
lights on the drinkometer faceplate, and fluid was delivered for the duration of spout contact
or for a programmed duration (5 sec), whichever came first. After 120 min, Component 3
ended and all programmed stimuli (e.g., the blue cue light, jewel light) were terminated. The
CSR sessions were conducted daily (7d/week) for both alcohol and Tang groups.

Before baclofen tests were initiated, the maximum amount of work to gain access to alcohol
or Tang was determined using a progressive ratio procedure during Component 2, Link 2 of
the CSR as described previously (Kaminski et al., 2008). Specifically, breaking points (BP)
to obtain alcohol or Tang were determined in the alcohol and Tang groups, respectively. The
concentration of Tang was titrated so that the BPs for Tang in the Tang group (mean ± SEM:
665.6 ± 91.9) were similar to BPs obtained with 4% w/v alcohol (mean ± SEM: 636 ±
171.6) in the Alcohol group of baboons (i.e., functioned as equivalent reinforcers). The
concentration of Tang maintained for all baclofen tests was 50% Tang for three baboons and
25% Tang for the other two baboons.

Baclofen Test Procedures
Acute doses of baclofen (0.1–2.4 mg/kg) or vehicle were administered 30 min before CSR
tests and 60 min prior to within-session extinction tests to target peak baclofen effects
during the different components of the CSR. The two pretreatment times allowed evaluation
of Component 2 (seeking) and Component 3 (self-administration) responding with a similar
dosing time frame [i.e., 80 min before the onset of Component 2 (60 min pretreatment) and
onset of Component 3 (30 min pretreatment)]. Doses and pretreatment times were based on
our previous studies with baclofen (Weerts et al., 2005; 2007). Before baclofen tests were
conducted, the CSR baseline criterion for alcohol or Tang was met. The CSR baseline
criterion was defined as stable self-administration of alcohol or Tang (i.e., ± 20%) for three
consecutive CSR sessions. The CSR was re-established and CSR baseline criterion met
before the next dose of baclofen or its vehicle was administered.

Within-Session Extinction Procedure
A within-session extinction procedure was used to examine the extinction of seeking
behavior within a single daily session. The stimuli and behavioral contingencies in effect
during the within-session extinction procedure were the same as the baseline CSR sessions
for Component 1 and for Link 1 of Component 2. During Link 2 of within-session
extinction, the FR10 schedule was not in effect and responses did not initiate Component 3;
responses were recorded until no left lever responses occurred for 30 consecutive minutes
(criterion for extinction), and then the session terminated (i.e., no access to alcohol or Tang
for the day). Following each within-session extinction test, the CSR was reinstated and
baseline criterion was met. Next, a modified progressive ratio schedule, based on the PR
procedures described by Kaminski and colleagues (2008), was implemented, in which the
starting ratio was 160 and progressively increased by a factor of 2 until a BP was reached.
The purpose of the abbreviated PR sessions was to reduce habituation to repeated extinction
testing (Bullock 1960, Bullock and Smith 1953, Clark and Taylor 1960, Zarcone and Ator
2000), and thus maintain a more stable extinction baseline for testing baclofen. Baclofen
testing was not done in the context of the abbreviated PR. After a BP was reached under the
abbreviated progressive ratio procedure, the CSR baseline was established. The next within-
session extinction test with baclofen was only conducted after the CSR baseline criterion
was again met. That is, the sequence of conditions was 1) criterion performance under the
CSR baseline, 2) abbreviated progressive ratio until BP, 3) criterion performance under CSR
baseline, and 4) within-session extinction test. Conditions 1–4 were repeated until all
baclofen doses plus vehicle were tested.
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Data Analysis
For the CSR, variables of interest were left and right lever presses, drink contacts for
Components 2 and 3, as well as the latency to complete the FI requirement in Component 2
and total volume (mL) of fluid (water, alcohol, or Tang) consumed in Component 3. In
addition, total g/kg of alcohol was calculated based on individual body weights and total
volume of alcohol consumed. For the within-session extinction tests, the primary variables
of interest were number of seeking responses on the left lever and time (min) to reach
extinction criterion. For each baboon, the mean of the 3 days that preceded each test
condition was used as the baseline for comparison with administration of vehicle and doses
of baclofen.

Data were analyzed (SigmaPlot 11.0 or Prism 5.0) with separate statistical analysis of
variance (ANOVA) for each group (alcohol or Tang) with baclofen dose (0–2.4 mg/kg) as a
repeated measure. The 1.8 mg/kg baclofen dose was tested twice in each alcohol-trained
animal and the average was used in all analyses. Bonferroni tests were used for pairwise
comparisons (i.e., doses vs. vehicle). Patterning of drinks under the CSR and seeking
responses during within-session extinction tests were analyzed using a two-way repeated
measures ANOVA (Time × Dose) for each group. Pairwise comparisons using Bonferroni
tests examined statistical differences between vehicle and doses of baclofen. The alpha level
was set at p < 0.05 for all analyses. Due to adverse effects of baclofen observed at 1.8 mg/kg
baclofen, one baboon in the Tang group and one baboon in the alcohol group did not receive
the 2.4 mg/kg dose (also see results), and data were treated as missing values in the analysis.

RESULTS
Effects of Baclofen on Operant Responses and Intake of Alcohol and Tang Under the CSR

Group means (± SEM) and significant effects (F ratio, df, and Bonferroni pairwise
comparisons) of baclofen on operant responses during Components 2 and 3 of the CSR for
a) alcohol and b) Tang groups are shown in Table 1. Under the CSR, alcohol and Tang
maintained similar levels of responding on the left lever during both Link 1 (FI schedule)
and Link 2 (FR schedule) of Component 2. The minimum latency to complete the FI was
600 seconds and the mean (±SEM) latency to complete the FI schedule was 611 (±3.8)
seconds for alcohol and 613 (±2.4) for Tang under baseline conditions. Under baseline and
vehicle test conditions, baboons always completed the Link 2 FR10 schedule on the left
lever with little or no responding on the inactive operanda (right lever and drinkometer)
during Component 2 and gained access to alcohol or Tang in Component 3. Baseline self-
administration responses [t(7)=8.1, p<0.0001] were significantly greater for Tang than for
alcohol resulting in different intake volumes for alcohol and Tang in Component 3 [t(7)=8.6,
p<0.0001].

Baclofen did not significantly alter response latency or the number of left lever seeking
responses during the FI Link1 in Component 2 directed towards obtaining access to alcohol
(Table 1A) or Tang (Table 1B), although one baboon in the Tang group did not complete the
FR10 in Link 2 of Component 2 following the 2.4 mg/kg dose of baclofen and thus did not
transition to Component 3 (i.e., no Tang self-administration). Both reinforcers maintained
self-administration responses (right lever responses and drink contacts) and high volumes of
consumption in Component 3 of the CSR. Each completion of 10 right lever responses
produced an opportunity to drink, and the number of drink contacts was directly
proportional to the number of right lever responses (i.e., all drinks earned were consumed).
As shown in Table 1, there were significant main effects of baclofen on the self-
administration of a) alcohol and b) Tang, and these effects were dose-related. Bonferroni
pairwise comparisons indicated that the number of drinks and total volume of alcohol intake
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(ml) were significantly decreased at 1.8 and 2.4 mg/kg baclofen for the alcohol group when
compared to vehicle. Only the 2.4 mg/kg dose significantly decreased volume of Tang
intake (ml) in the Tang group. Both groups showed an overall significant decrease in self-
administration responses (right lever responses, Table 1). Bonferroni pairwise comparisons
indicated significance at 2.4 mg/kg baclofen only in the alcohol group. The observed
increase in alcohol intake and number of drink contacts at the intermediate doses of baclofen
was not significant when compared to vehicle. As shown in Figure 1, at least 80% of drink
contacts occurred in the first 20 minutes of alcohol or Tang availability; then a low number
of drinks was distributed over the remainder of the 120-min drinking period. Baclofen did
not alter this general pattern of drinking behavior. Instead, doses of baclofen (1.8–2.4 mg/
kg) significantly decreased the number of drink contacts during the initial drinking bout (i.e.,
first 20 min of alcohol self-administration, Figure 1A). Only the highest dose of baclofen
(2.4 mg/kg) significantly decreased drink contacts during Tang self-administration, and this
effect also occurred in the first drinking bout (Figure 1B). During baseline conditions,
baboons consumed a mean of 1.0 g/kg (± 0.1 SEM) of alcohol under the CSR. Consistent
with the decrease in alcohol volume consumed (Table 1), doses of 1.8 and 2.4 mg/kg
baclofen produced a significant decrease in total g/kg alcohol intake. When compared to
baseline intake, baclofen doses of 1.8 and 2.4 m/kg reduced alcohol intake by an average of
0.4 g/kg.

Effects of Baclofen on Within-Session Extinction
During within-session extinction tests, the same stimuli were presented as during the CSR,
but lever presses during Link 2 of Component 2 were only counted and had no consequence.
In both groups, responses on the right lever and drinkometer in Component 2 emerged
during within-session extinction tests (Table 2), even though responses on these operandum
were previously never reinforced under the CSR. As shown in Table 1, responses on the
right lever and drinkometer (Component 2 Link 2) were virtually non-existent under
baseline conditions for the CSR. Total seeking responses (sum of left lever and right lever
responses, and drink contacts) are thus also shown in Table 2. One animal in the alcohol
group and one animal in the Tang group did not receive the 2.4 mg/kg baclofen dose due to
adverse effects at the 1.8 mg/kg dose; adverse effects included marked suppressed food
intake, retching and vomiting, and lying on the cage floor.

In the alcohol group, the overall ANOVA revealed a significant main effect of baclofen on
left lever responses and total seeking responses emitted during Link 2 of Component 2;
although pairwise comparisons did not isolate a significant difference for specific doses
when compared to vehicle (Bonferroni test; Table 2A). In the alcohol group, baclofen (1.8
mg/kg) significantly decreased overall response rate when compared to vehicle (mean ±
SEM: 0.17 ± 0.06, 0.47 ± 0.14, respectively), but did not affect response latency in Link 2 of
Component 2. These same doses of baclofen were also examined during within-session
extinction tests in the Tang group. Baclofen did not significantly affect seeking responses,
response rate, or response latency when doses were compared to vehicle (Table 2B).

Baclofen reduced the total number of left lever responses during the within-session
extinction tests in both alcohol and Tang groups, but this effect was not significant in the
Tang group (Table 2). Similarly, the time to meet extinction criterion was variable in both
groups, and baclofen did not significantly reduce time to meet extinction criterion (Table 2).
However, since extinction responding is not constant over time, but progressively declines,
we examined whether baclofen altered the pattern of responses. The number of responses
was greatest in the first 10 min of extinction and progressively decreased over successive
10-min bins. As shown in Figure 2, baclofen (1.8–2.4 mg/kg) significantly decreased the
number of extinction responses emitted on the left lever during the first 10 min bin in the
alcohol and Tang groups compared to vehicle.
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DISCUSSION
Previous studies in our laboratory demonstrated that alcohol functioned as a reliable
reinforcer (i.e., self-administered alcohol greater than its vehicle) under the CSR (Weerts et
al., 2006; Kaminski et al., 2008). The current findings showed that baclofen produced
biphasic effects on alcohol intake in baboons in the context of ongoing alcohol self-
administration. Low baclofen doses (0.3–0.56 mg/kg) engendered moderate non-significant
increases, while high dose (1.8–2.4 mg/kg) significantly decreased alcohol intake, lever
responses, and drink contacts when compared to vehicle, suggesting an attenuation of the
reinforcing effects of alcohol. While the majority of rodent studies have focused on
baclofen-induced decreases in alcohol intake, the biphasic effects of baclofen on total
alcohol consumed are consistent with some studies in rodents. Baclofen can both increase
and decrease alcohol intake, depending on the dose of baclofen administered (Daoust et al.,
1987; Smith et al., 1992; 1999; Colombo et al., 2000; Czachowski et al., 2006). The current
study further augments rodent data with new data on the effects of baclofen on the pattern of
alcohol self-administration across the session and on the patterning of extinction responses.
Baclofen reduced total alcohol intake by decreasing the magnitude of the initial drinking
bout. The highest dose of baclofen (2.4 mg/kg) tested also decreased Tang intake (ml).
Similar to the alcohol group, these decreases occurred in the first drinking bout of the CSR
session. These data suggest baclofen alters alcohol intake by reducing the first bout of
drinking. With regard to total intake, baclofen may decrease alcohol and Tang similarly, but
targeted doses of baclofen may be efficacious in suppressing alcohol consumption without
affecting other appetitive behaviors (i.e., a narrow therapeutic window).

The current study has a number of strengths. First, we examined the effects of baclofen on a
range of alcohol-related behaviors using a CSR in large nonhuman primates (Baboon, Papio
anubis). Alcohol maintained extended sequences of behaviors to gain access to the daily
supply of alcohol. These baboons were long-term heavy alcohol drinkers that consumed
alcohol daily at levels we have shown sufficient to produce intoxication (i.e., BALs
exceeding 0.08%; Kaminski et al., 2008). Second, the specificity of baclofen effects on
alcohol behaviors were compared by testing the same doses of baclofen in a separate group
of baboons with a similar history of drinking a preferred non-alcoholic beverage (Tang)
under the CSR. Third, alcohol and Tang were established as reinforcers prior to baclofen
testing. Fourth, alcohol and Tang self-administration stability criterion was reestablished
before each test dose of baclofen.

The current study also assessed the effects of baclofen on extinction of conditioned seeking
responses associated with alcohol or Tang consumption. Seeking responses in the CSR are
strongly linked to alcohol drinking behaviors and the drinking environment, and are thus
quite resistant to extinction. Baclofen facilitated extinction of seeking responses; however,
decreases in responses observed in the early phase of extinction (first 10 min) at higher
doses of baclofen were similar for both alcohol and Tang groups. The effects of baclofen on
conditioned behaviors associated with alcohol have been examined in some rodent models.
In the context of abstinence, baclofen attenuated cue-induced reinstatement of alcohol
seeking behavior in alcohol-preferring rats (Maccioni et al., 2008), and modestly decreased
alcohol seeking in an appetitive-consummatory operant procedure (Czachowski et al., 2006).
Baclofen also produced a dose-dependent decrease in breaking points for alcohol (Walker
and Koob, 2007), although alcohol-dependent rats showed greater sensitivity to baclofen
(leftward shift in the dose effect curve), when compared to non-dependent rats. It has been
suggested that baclofen may be most effective for blocking conditioned effects of alcohol.
When injected into the VTA, baclofen blocked alcohol-induced conditioned place
preference (Bechtholt and Cunningham, 2005) and cue-induced reinstatement of operant
responding (Murschall and Hauber, 2006).
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Studies examining the specificity of baclofen effects on alcohol self-administration and
consumption when compared with those of a non-alcohol reinforcer or with water intake and
have reported different results in various rodent models. For example, baclofen-induced
changes in alcohol self-administration and consumption have been associated with increased
total fluid intake (Smith et al., 1992), decreased sucrose or food intake (Petry, 1997; Smith
et al., 1999; Anstrom et al., 2003; Janak and Gill, 2003; Maccioni et al., 2005; Czachowski
et al., 2006; Tanchuck et al., 2011), and no change in total fluid intake (Daoust et al., 1987).
In the present study, baclofen decreased alcohol seeking during within-session extinction
tests, although the effects were not specific to alcohol. Similarly, studies have consistently
reported that naltrexone, an FDA approved treatment to promote alcohol abstinence, reduces
alcohol intake in animals and this reduction is frequently non-selective (Egli 2005).

Baclofen is safe and well tolerated in heavy drinkers and alcohol dependent subjects with
liver damage (Addolorato et al., 2007; Evans and Bisaga, 2009; but see Addolorato et al.,
2002; 2007 for side effects including headache, vertigo, and sedation), but treatment efficacy
in clinical trials have been mixed. In two double blind placebo controlled clinical trials in
Europe, baclofen was more effective than placebo for maintenance of total alcohol
abstinence and reduction of craving during treatment (Addolorato et al., 2002; 2007). A
third double blind placebo controlled trial in the US failed to find differences between
baclofen (30 mg/d) and placebo-treated groups (Garbutt et al., 2010). The source of
discrepancy between these studies in unclear, but the differences between the patient
populations with regard to severity of alcohol dependence, treatment goals and concurrent
behavioral therapy have been suggested.

In summary, this initial study in nonhuman primates showed that baclofen reduced both
alcohol and Tang seeking and consumption, although baclofen effects on the pattern of
drinking at lower doses differed for the two reinforcers. When examining drug effects,
typically higher rate behavior is suppressed more readily than low rate behavior, so one
would anticipate that the effects of baclofen on self-administration would be greater in the
Tang group. This, however, was not the case, as baclofen reduced alcohol self-
administration to an equal or greater extent when compared to Tang. Baclofen decreased
alcohol intake (g/kg) at one dose that did not significantly affect Tang consumption,
suggesting targeted doses of baclofen may be an efficacious treatment, but with a narrow
therapeutic window. Baclofen also appeared to facilitate extinction of seeking responses,
regardless of the reinforcer that first established the behavior. These initial results suggest
that targeted doses of baclofen may be a useful treatment to promote abstinence and reduce
heavy drinking if it occurs, but effects may not be specific to alcohol related behaviors.
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Figure 1.
The effects of baclofen on the number of drink contacts (Component 3) during alcohol (A)
and Tang (B) self-administration. Data shown are mean drink contacts (+ SEM) recorded in
20 min bins during the 120-min period of alcohol or Tang availability (Component 3).
*p<0.05 pairwise comparison for each dose vs. vehicle within each time bin.
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Figure 2.
Effects of baclofen on left lever responses emitted during Component 2, Link 2 of the
within-session extinction tests for alcohol (A) and Tang (B). Data shown are mean (+ SEM)
left lever responses in 10 min bins for the first 60 min of the within-session extinction test
session. *p<0.05 for pairwise comparison for each dose vs. vehicle within each time bin.
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