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Abstract
Background—Repeated exposures to forced ethanol diets (EDs) or restraint stress sensitize
anxiety-like behavior during a future ethanol withdrawal. The present investigation assessed whether
pretreatment of rats with agents targeting receptor systems thought to be important in treating relapse
in alcoholic patients would prevent sensitization of anxiety-like behavior.

Methods—Groups of rats were exposed to either (1) three 5-day cycles of ED with 2 days of
withdrawal between cycles, (2) continuous ED, or (3) 5 days of ED in a single cycle preceded by 2
episodes of restraint stress 6 days apart. Drugs [baclofen, acamprosate, naloxone, lamotrigine,
ifenprodil, dizocilpine (MK-801), CGS19755, diazepam, flumazenil, or 6-methyl-2-(phenylethynyl)
pyridine] were given prophylactically during the first and second withdrawal periods only or, in
separate baclofen experiments, acutely during the third withdrawal or during withdrawal from
continuous ED. Baclofen administration preceded each stress session in the stress-withdrawal
protocols. Anxiety-like behavior was assessed in the social interaction (SI) test 5 hours after the
ethanol was removed or after 3 days of abstinence.

Results—Baclofen (1.25, 2.5, and 5 mg/kg), flumazenil (5 mg/kg), and diazepam (1 mg/kg) blocked
the reduction in SI induced by ethanol withdrawal. Among the drugs that alter glutamate function,
only acamprosate (300 mg/kg) was effective. In the stress protocols, baclofen (5 mg/kg) given before
each of the 2 restraint stress sessions before ethanol exposure or before stress during abstinence also
attenuated SI deficits.

Conclusions—These findings suggest that GABAB and GABAA, but not glutamate or opioid
mechanisms, are involved in adaptive changes associated with anxiety-like behavior induced by these
repeated ethanol-withdrawal and stress-withdrawal paradigms. The lack of action of agents
attenuating different aspects of glutamate function suggests that acamprosate’s action is related to
some other, as yet undetermined, mechanism.
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RATS REPEATEDLY EXPOSED to 5-day cycles of ethanol in a liquid diet exhibit anxiety-
like behavior following withdrawal from the third of 3 cycles (Overstreet et al., 2002).
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Furthermore, restraint stress substitutes for the first 2 cycles to sensitize anxiety during
withdrawal from a future single cycle and elicits anxiety during abstinence (Breese et al.,
2004, 2005a, 2005b). These protocols extend work with sensitized or “kindled” seizures in rats
(e.g., McCown and Breese, 1990) and model sensitization of symptoms in human alcoholic
individuals (Ballenger and Post, 1978; Malcolm et al., 2000; Sinha, 2001). This anxiety-like
behavior (“anxiety”) in rats is manifest as a reduction in time spent in social interaction (SI),
a deficit that can be prevented by pretreatment of the first 2 withdrawals by such drugs as the
benzodiazepine (BZD) receptor antagonist flumazenil, the 5-HT1A receptor agonist buspirone,
the 5-HT2C receptor antagonist SB242084, and the Type 1 corticotropin-releasing factor (CRF)
antagonist CRA1000 (Knapp et al., 2005; Overstreet et al., 2003, 2004). These results suggest
that such drugs may be useful for modifying emotional factors that may contribute to the
development and/or maintenance of alcoholism.

In the present investigation, several agents from drug classes with demonstrated clinical utility
in human alcoholism or potential anxiety-modulating effects in animal models were tested for
effects in the repeated ethanol sensitization protocol. Acamprosate, baclofen, and naloxone
were selected in part because they or closely related compounds have been used clinically in
alcoholic patients. Acamprosate has been widely used in Europe (and more recently the United
States) to reduce relapse in alcoholic subjects, and some studies show it to be modestly effective
(e.g., Garbutt et al., 1999; Pelc et al., 1997; Verheul et al., 2005; Wilde and Wagstaff, 1997).
Baclofen, a GABAB receptor agonist, has shown promise in early, limited clinical trials
(Addolorato et al., 2002; Flannery et al., 2004) and appears to have anxiolytic properties (e.g.,
Drake et al., 2003; Flannery et al., 2004). Initial studies of withdrawal from relatively intense
and/or extended ethanol treatment regimens suggest acute actions of baclofen against
withdrawal anxiety and accompanying physical symptoms as well (Colombo et al., 2000; File
et al., 1991, 1992). Naloxone, an opiate antagonist, suppresses ethanol intake in rats (e.g.,
Overstreet et al., 1999). The related compound naltrexone has been widely used in the United
States and is also modestly successful in reducing relapse/drinking in many studies (reviewed
in Anton and Swift, 2003) but not others (Krystal et al., 2001).

To explore possible mechanisms of an effect of acamprosate in this paradigm, several other
compounds with actions against glutamate and/or N-methyl-D-aspartate (NMDA) receptors
were investigated in the repeated ethanol sensitization protocol. While the mechanisms
mediating acamprosate’s action in animal models and patients are not yet clear, it has been
suggested that acamprosate may inhibit glutamatergic function (Harris et al., 2003; Littleton
and Zieglgansberger, 2003; Mayer et al., 2002). Ifenprodil, lamotrigine, dizocilpine,
CGS19755, and 6-methyl-2-(phenylethynyl)pyridine (MPEP) were selected for the current
studies because each antagonizes glutamatergic activity in a unique manner. Ifenprodil has a
novel indirect inhibitor mechanism at the NMDA receptor (Snell et al., 2000). Lamotrigine is
a novel antiseizure drug that regulates the release of glutamate (Messenheimer, 1995), while
dizocilpine and CGS19755 are noncompetitive and competitive blockers, respectively, of the
NMDA receptor. 6-Methyl-2-(phenylethynyl)pyridine is an antagonist at the mGluR5
metabotropic glutamate receptor (Gasparini et al., 1999) and reportedly reduces ethanol
drinking (Olive et al., 2005), cocaine reward (McGeehan and Olive, 2003) and anxiety in some
models (Busse et al., 2004). If glutamatergic mechanisms participate in the adaptive changes
associated with withdrawal from chronic ethanol and in the efficacy of acamprosate observed
in the current experimental series and in clinical populations, then one would predict that 1 or
more of these agents would counteract the reduced SI in ethanol-withdrawn rats. Diazepam
and flumazenil were included in some experiments as positive controls based on previously
reported results (Knapp et al., 2004, 2005).
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METHODS
Animals

Sprague–Dawley rats (Charles-River, Raleigh, NC) were obtained at about 7 weeks of age
(160–180 g) and housed in groups of 3 or 4 for several days with rat chow (LabDiet, Prolab
3000; Granville Milling Co., Creedmoor, NC) to adapt to the local conditions (a light:dark
cycle of 12 hours:12 hours, with lights on between 09:00 and 21:00 hours). Thereafter, rats
were housed individually with food and fluids presented as described below. All animal use
was approved by the Institutional Animal Care and Use Committee at the University of North
Carolina as per the Guide for the Care and Use of Laboratory Animals (National Research
Council, Institute of Laboratory Animal Resources, Commission on Life Sciences, 1996).

Ethanol and Control Diets (CDs)
Rats were placed on nutritionally complete liquid diets similar to those used previously (e.g.,
Knapp et al., 2004; Moy et al., 1997, 2000; Overstreet et al., 2002, 2003). Briefly, the diet was
lactalbumin/dextrose based and nutritionally complete (with concentrations of vitamins,
minerals, and other nutrients derived from ICN Research Diets). Dextrose calories in the CD
were equated with ethanol calories in the ethanol diet (ED). After 3 days on the CD, 4 subgroups
(n = 8) of these rats were placed on a diet containing ethanol (4.5 or 7%), w/v either continuously
for 23 days or for 1 or three 5-day cycles of ED. Cycles were separated by 2 days of CD.

A modified pair-feeding design was used, whereby rats maintained on CD were given a volume
equivalent to the average volume consumed the previous day by the rats maintained on ED.
The rats were weighed at weekly intervals, and volumes of diet were adjusted to ensure that
the groups readily gained weight and had similar body weights. In general, behavioral
assessments were conducted after 15 combined days of exposure to the ED between 5 and 6
hours after the removal of the ethanol. This time point was selected on the basis of previous
observations of substantial anxiety-like behavior and zero blood ethanol levels in rats at this
time (e.g., Breese et al., 2004; Knapp et al., 1998, Moy et al., 2000; Overstreet et al., 2002).

Restraint Stress
Groups of rats were exposed to two 60-minute restraint stress sessions (6 days apart) in plastic
conical decapicones before ethanol exposure (Breese et al., 2004). Thus, these 2 stress sessions
substituted for the first 2 cycles of ED exposure and withdrawal. Another group received 45
minutes of restraint stress 3 days into abstinence 30 minutes before SI testing (Breese et al.,
2005b).

SI Test
The SI test, a validated index of anxiety-like behavior (File and Seth, 2003), involves placing
a pair of animals in an arena and measuring the amount of time engaged in such behaviors as
grooming, sniffing, and boxing. Locomotor activity is simultaneously recorded and provides
a measure that is independent of SI (File and Seth, 2003; Overstreet et al., 2003, 2004). A
modification of the standard SI test was used to reduce the number of animals needed for
experiments. According to File and Seth (2003), the most sensitive procedure is to match up
pairs of rats that have the same treatment on the basis of their body weights and then treat the
total number of interactions by the pair as the unit of measure. In the present studies, pairs of
rats with the same treatment were placed in the arena and the SI initiated by each member of
the pair was recorded, thereby requiring fewer rats. Statistical analyses of several data sets
revealed that this approach provided the same statistical outcome as treating the scores of the
pair as a unit (Overstreet et al., 2003, 2004).
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Experienced observers who were blind to the experimental condition carried out the SI test in
a square open field (60 cm × 59 cm, with 16 squares marked out on the floor). The rats were
unfamiliar with the open field, and the lighting conditions were low to generate an intermediate
level of anxiety-related behavior. Rat pairs were matched on the basis of body weights and
treatment conditions and placed simultaneously in the open field between hours 5 and 6 of
ethanol withdrawal. During the 5-minute session, line crossings (by 2 forepaws) and time spent
in SI (grooming, sniffing, following) were scored individually for each rat.

Drugs
Drugs were prepared in saline for soluble compounds or 0.5% carboxymethylcellulose (Sigma,
St. Louis, MO) for suspensions (2 mL/kg). Drugs tested included acamprosate (Lipha
Pharmaceuticals Inc., Lyon, France; 300 mg/kg), (+/−) baclofen (Sigma; 1.25, 2.5, or 5 mg/
kg), naloxone HCl (RBI, Natick, MA; 5 or 20 mg/kg), ifenprodil tartrate (Sigma; 10 mg/kg),
dizocilpine [(1)-MK-801; 0.3 mg/kg], CGS19755 (cis-4-phosphonomethyl-2-piperidine
carboxylic acid; Ciba Geigy, Summit, NJ; 10 mg/kg), lamotrigine (GlaxoWellcome, Harlow,
U.K.; 30 mg/kg), and MPEP (Sigma; 10 mg/kg). Diazepam (Research Biochemicals Inc.,
Natick, MA; 1 mg/kg) and flumazenil (Hoffman La Roche, Nutley, NJ; 5 mg/kg) were included
in some experiments as positive controls based on previously reported results (Knapp et al.,
2004, 2005). It is particularly important to note that, except for acute drug administration in
Experiments 1, 6, and the abstinence portion of Experiment 10 below, drug injections were
performed during the first and second withdrawals of the 3-withdrawal protocol, with animals
thus being tested in a drug-free state. Similarly, drug injections in the stress studies were
performed either prophylactically before each of the stress sessions preceding exposure to ED
(Experiments 8 and 9) or acutely before the stress exposure on the SI testing day during
abstinence (Experiment 10).

Experiment 1. Acute Baclofen Action Against Ethanol Withdrawal-Induced Anxiety
Baclofen was first examined in a dose range expected to be effective as acute treatment in
counteracting the reduced SI during withdrawal from a single, long (23-day) exposure to 7%
ED. It was expected that, should these doses of baclofen be effective acutely, they might lie
within the effective range for subsequent prophylactic studies (Experiment 2). Diazepam and
flumazenil were included as positive controls (Knapp et al., 2005). On the final day of ED
exposure, approximately 4.5 hours after the ED was removed, the rats were injected with
vehicle, 1 mg/kg diazepam, 5 mg/kg flumazenil, or 1.25 or 2.5 mg/kg baclofen and examined
in the SI test. Rat pairs with similar body weights and the same treatment were placed in the
SI arena 30 minutes (10 minutes for flumazenil) after the injections.

Experiments 2–4. Prophylactic Actions of Glutamate Inhibition on Multiple Withdrawal-
Sensitized Anxiety

In these experiments, rats were exposed to CD throughout or to 15 days of 7% ED, in 3 cycles
of 5 days, with a 2-day break between cycles 1 and 2 and cycles 2 and 3 (15 days of ED in
total). This design also served to limit the magnitude of obvious physical withdrawal signs.
Rats were injected i.p. 4 hours into the first and second withdrawals with saline vehicle, 300
mg/kg acamprosate, or 10 mg/kg ifenprodil (Experiment 2). Additional groups were exposed
to three 5-day cycles of 7% ED and injected with vehicle, 30 mg/kg lamotrigine, 0.3 mg/kg
dizocilpine, 10 mg/kg CGS19755 (Experiment 3), or MPEP (10 mg/kg, Experiment 4), at 4
hours into the first and second withdrawals.
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Experiment 5. Prophylactic Naloxone and Flumazenil Actions Against Cycled 4.5% ED-
Induced Anxiety

In this experiment, the focus was on the effects of naloxone against multiple withdrawal-
sensitized anxiety. In addition, the intensity of the ethanol treatment was reduced by lowering
the concentration of the ethanol in the diet from 7 to 4.5% to limit the locomotor effects of the
cycling procedure (Overstreet et al., 2002). Flumazenil was included as a positive control.
There were 4 treatment groups: 1 group on CD and 3 groups on 4.5% ED that received saline
vehicle, 20 mg/kg naloxone (Overstreet et al., 1999), or 5 mg/kg flumazenil at 4 hours into the
first and second withdrawals.

Experiment 6. Acute and Prophylactic Baclofen Actions Against Cycled 4.5% ED-Induced
Anxiety

As cycled or continuous 7% EDs can have actions on SI as well as locomotor activity (e.g.,
Experiment 1), a follow-on experiment was conducted with acute or prophylactic baclofen
treatments with ethanol treatments that elicited SI deficits during withdrawal in the absence of
concomitant deficits in locomotor behavior. Rats were exposed to CD or to 15 days of 4.5%
ED in three 5-day cycles because this protocol does not typically produce large changes in
loco-motor activity (Overstreet et al., 2002). Thus, rats were exposed to the 4.5% ED and
subjected to 1 of 3 treatments: prophylactic treatment with saline vehicle or 2.5 mg/kg baclofen
during the first and second withdrawals, or acute treatment with 1.25 mg/kg baclofen during
the third withdrawal, 30 minutes before being placed in the SI arena.

Experiment 7. Baclofen and Naloxone Actions Against Cycled 4.5% ED-Induced Anxiety:
Additional Doses

Rats had 3 cycles of 4.5% alcohol with injections after the first and second cycles. The
treatments were CD and 4 ED groups given injections of either vehicle, naloxone (5 mg/kg),
or baclofen (1.25 or 5 mg/kg) 4 hours into the first and second withdrawals.

Experiment 8. Drug Actions Against Stress-Sensitized Ethanol Withdrawal Anxiety
While on CD, rats were exposed to restraint stress twice (6 days apart; 60 minutes each session)
and then given 4.5% ED for 5 days before behavioral testing 5 hours into withdrawal. Ten
(flumazenil) or 30 minutes (naloxone or baclofen) before each stress, rats were treated with
vehicle, flumazenil (5 mg/kg), naloxone (20 mg/kg), or baclofen (2.5 mg/kg), respectively.

Experiment 9. Baclofen Actions Against Stress-Sensitized Ethanol Withdrawal Anxiety:
Additional Doses

While on CD, rats were exposed to restraint stress and chronic ethanol as in Experiment 8 with
treatments of vehicle or additional doses of baclofen (1.25 and 5.0 mg/kg) 30 minutes before
stress. A fourth ED group was not subjected to stress.

Experiment 10. Actions of Baclofen in Controls and in Abstinent-Stressed Rats
This experiment had 2 goals. First, the effects of 2 baclofen (5 mg/kg) injections (5 days apart)
were assessed in CD-treated animals and in CD-treated animals that received 1 subsequent 5-
day cycle of 4.5% ED withdrawal. Second, the prophylactic actions of baclofen were assessed
in animals that were multiply withdrawn and stressed during abstinence. It was previously
demonstrated that restraint stress for 45 minutes has an anxiogenic effect only in rats previously
exposed to repeated cycles of ED (Breese et al., 2005b). Two groups of animals (n = 8 each)
were given 3 repeated cycles of 5 days of 4.5% ED, while another group remained on CD
throughout the study. Five hours after ethanol was removed, the rats were tested for SI, a time
when blood ethanol levels have returned to zero in this model (Breese et al., 2004) and SI
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deficits are readily measured. Three days later while still consuming CD, these 2 repeatedly
ethanol-cycled groups of rats were tested in the SI test again with different partners, but they
were first subjected to 45 minutes of restraint stress 30 minutes before the test and were
pretreated with vehicle or baclofen (5 mg/kg) 15 minutes before stress exposure.

Data Analysis
Rats were generally tested in batches of 40, with 5 treatment groups of 8 rats each. When more
than 5 treatment groups were needed, data from 2 batches of rats were combined only if the
control groups were not significantly different. Statistical analyses of SI, locomotor activity,
alcohol intake, and body weights were carried out using the GBStat software package. The
data were initially analyzed by 1-way ANOVAs. If the F values were statistically significant,
post hoc analyses were performed using Tukey’s protected t-tests. A t-test was used to assess
the effects of stress on multiply withdrawn rats in Experiment 10 and the ethanol intake in
Experiment 4. Significance was set at p<0.05.

RESULTS
Experiment 1. Acute Baclofen Action Against Ethanol Withdrawal-Induced Anxiety

The acute effects of baclofen, diazepam, and flumazenil on withdrawal-induced anxiety are
illustrated in Fig. 1. As expected, there were significant differences for time spent in SI [F(5,
34) = 4.51, p<0.01], with the ethanol-withdrawn rats spending less time in SI than the rats
exposed to CD. There were also obvious signs of acute withdrawal syndrome including body/
tail tremor. Nonetheless, acute treatment with either diazepam or flumazenil counteracted the
deficit in SI, as expected, and so did both doses of baclofen. Ethanol-withdrawn rats also
exhibited substantial deficits in line crossings [F(5, 34) = 11.71, p<0.0001], but none of the
treatments counteracted this deficit in locomotor activity (Fig. 1). Indeed, there was a tendency
for the higher dose of baclofen (2.5 mg/kg) to reduce activity even further. Thus, under the
conditions used in this experiment, the drugs had selective anxiolytic-like effects.

Experiments 2–4. Prophylactic Actions of Glutamate Inhibition on Multiple Withdrawal-
Sensitized Anxiety

The effects of prophylactic treatment with acamprosate or ifenprodil on SI and locomotor
activity are illustrated in Fig. 2. The differences in SI are quite substantial [F(3, 35) = 15.77,
p<0.0001]; however, only acamprosate pretreatment (during first and second withdrawals)
significantly counteracted the deficit in SI induced by repeated ethanol withdrawal. Repeated
withdrawal also reduced line crossings [F(3, 35) = 6.78, p<0.001], but none of the treatments
blocked this deficit. The effects of prophylactic treatment with lamotrigine, dizocilpine,
CGS19755, or MPEP are illustrated in Figs. 3 and 4 for time spent in SI and locomotor activity.
There were substantial differences in both time spent in SI [Fig. 3, F(4, 37) = 20.95, p<0.0001;
Fig. 4, F(2, 21) = 20.00, p<0.0001] and line crossings [Fig. 3, F(4, 37) = 5.90, p<0.001; Fig.
4, F(2, 21) = 17.54, p<0.0001], but neither lamotrigine, dizocilpine, CGS19755, nor MPEP
counteracted these effects (Figs. 3 and 4).

Experiment 5. Prophylactic Actions of Naloxone and Flumazenil Against Cycled 4.5% ED-
Induced Anxiety

Figure 5 shows the effects of prophylactic treatment with naloxone or flumazenil on time spent
in SI and locomotor activity. Once again, there were substantial differences in time spent in SI
[F(3, 28) = 7.16, p<0.001], with the rats repeatedly withdrawn from ethanol (ED-Veh) spending
significantly less time in SI than the rats exposed to CD. Pretreatment with naloxone during
the first and second withdrawals did not counteract the deficit in SI whereas flumazenil, the
positive control, did. In contrast to the large differences in time spent in SI, there were no
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differences in line crossings [F(3, 28) = 0.36, NS], probably because the rats were exposed to
4.5% ED (Overstreet et al., 2002).

Experiment 6. Acute and Prophylactic Baclofen Actions Against Cycled 4.5% ED-Induced
Anxiety

Initially, a dose of 2.5 mg/kg baclofen was given 4 hours into the first and second withdrawals
from 4.5% ED. Because this dose had possible locomotor effects when given acutely, the 1.25
dose was selected for the acute-dose comparison. The remaining treatments were a control
group exposed to CD and an experimental group exposed to 4.5% ED and given vehicle at 4
hours into the first and second withdrawals. As illustrated in Fig. 6, there were substantial
differences for time spent in SI [F(3, 27) = 7.44, p<0.001], with the ethanol-withdrawn rats
exhibiting the least amount. Baclofen was effective in counteracting this deficit in SI after
either acute treatment (1.25 mg/kg) or prophylactic treatment (2.5 mg/kg). Differences in line
crosses were slight [F(3, 27) = 2.65, p = 0.06], with only the 2 baclofen-treated groups being
significantly different from each other (Fig. 5).

Experiment 7. Baclofen and Naloxone Actions Against Cycled 4.5% ED-Induced Anxiety:
Additional Doses

In this experiment, additional doses of baclofen and naloxone were assessed in multiply
withdrawn rats. As shown in Fig. 7, there were significant differences for time spent in SI [F
(4, 35) = 21.28, p<0.0001], with withdrawn groups showing the least SI. Whereas SI deficits
were not blocked by prophylactic treatments with the lowest dose of baclofen (1.25 mg/kg), 5
mg/kg (much like 2.5 mg/kg in the previous study) was effective. The cycled ED also reduced
locomotor behavior somewhat [F(4, 35) = 5.74, p<0.001], and neither drug reversed this effect.
As with the 20 mg/kg naloxone dose in the previous study, the 5 mg/kg dose of naloxone was
inactive in this experiment.

Experiment 8. Drug Actions Against Stress-Sensitized Ethanol Withdrawal Anxiety
In the first stress experiment, rats received 2 stress episodes in lieu of the first 2 of the 3
withdrawal experiences. As shown in Fig. 8, there were significant differences for time spent
in SI [F(4, 35) = 7.75, p<0.001], with withdrawn groups showing the least SI. While
prophylactic naloxone (20 mg/kg) was inactive, flumazenil (5 mg/kg), and baclofen (2.5 mg/
kg) both reversed the SI deficits of the stressed/withdrawn rats. A difference was found for
locomotor activity [F(4, 35) = 5.52, p<0.01], whereby withdrawn rats tended to have somewhat
lower locomotor behavior, an effect that was somewhat worsened by naloxone.

Experiment 9. Baclofen Actions Against Stress-Sensitized Ethanol Withdrawal Anxiety:
Additional Doses

As with Experiment 8, rats in this experiment were exposed to 2 stresses in lieu of the first 2
of the 3 withdrawal experiences in the standard multiple withdrawal protocol. Before each
stress, rats were administered vehicle or 1 of 2 additional doses of baclofen (1.25 or 5 mg/kg).
As shown in Fig. 9, there were significant differences for time spent in SI [F(4, 35) = 6.76,
p<0.001], with animals experiencing 1 withdrawal exhibiting no significant decline in SI as
expected and rats experiencing stress and withdrawal appearing as if they had received multiple
withdrawals. The high dose of prophylactically administered baclofen reversed this effect.
Groups did not differ for locomotor behavior.

Experiment 10. Actions of Baclofen in Controls and in Abstinent Stressed Rats
In this experiment, differences among the groups on the SI variable were significant [F(4, 35)
= 11.75, p<0.0001]. Of these groups, rats maintained on CD showed no behavioral response
to baclofen despite having been injected twice during the 2 weeks before testing (Fig. 10).
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However, other rats also treated with baclofen during the CD exposure period but then
behaviorally tested following a subsequent 5-day cycle of 4.5% ED had significantly reduced
SI scores. The greatest SI deficits appeared, as expected, in the 2 groups of rats given 3 cycles
of chronic ethanol. When 1 of these groups was subsequently stressed 3 days into abstinence
(a time frame during which SI behavior normally recovers; Overstreet et al., 2002) these
animals maintained these deficits. In contrast, treatment of the second multiply withdrawn
group acutely with baclofen before the stress completely reversed this SI deficit [t(14) = 6.94,
p<0.0001]. Overall, locomotor activity among the groups was not different, although the
baclofen-treated cycled animals tended to have reduced locomotor scores.

Ethanol Intakes and Body Weights
Good control over body weights was achieved, as illustrated in Table 1. There were no
differences in the body weights of the various groups in all experiments. In addition, there were
no significant differences in ethanol intakes among the groups receiving the ED. Therefore,
the prophylactic drug treatments did not influence ethanol intake, and hence this variable could
not account for their effects on SI behavior.

DISCUSSION
The results of these experiments demonstrate that 2 medications with demonstrated utility in
alcoholic patients, baclofen, and acamprosate, also have the capacity to limit the development
of an emotional response to repeated withdrawals from ethanol in rats and suggest that these
agents modulate underlying sensitization. Further, whereas these drugs and the positive
controls flumazenil and diazepam (Knapp et al., 2004, 2005) were active, MPEP, dizocilpine,
CGS19755, lamotrigine, ifenprodil, and naloxone were not. While it is conceivable that doses
of these drugs other than the often-reported ones that were also chosen here could demonstrate
differential efficacy, the aggregate profile of these drug actions (or lack thereof) suggests that
potentially important events related to acamprosate and baclofen mechanisms occurred in this
model and deserve further study. Baclofen was active acutely against the expression and
prophylactically against the sensitization of the emotional response. In the stress/withdrawal
sensitization studies, baclofen was active against both stress sensitization of a future
withdrawal and the acute consequences of stress during abstinence after a history of repeated
withdrawals. As with its acute and prophylactic actions against the behavioral expression and
sensitization in the withdrawal-only studies, baclofen exerted analogous acute actions against
stress-elicited anxiety-like behavior during abstinence as well as prophylactic actions against
stress-sensitized withdrawal anxiety-like behavior.

As reported previously (Overstreet et al., 2003, 2004), SI was largely independent of locomotor
activity in these tests. Progressive increases in control over locomotor deficits were obtained
through successive modifications of the intensity of ethanol treatments across Experiments 1–
5. Although SI deficits and locomotor deficits were not wholly dissociable in the current
studies, the observation of SI deficits with little or no effects on locomotion or other physical
signs of withdrawal (mostly seen with the 4.5% cycled withdrawal experiments) in the studies
reported here and in previous studies is a noteworthy feature of the model. Furthermore, the
behavior of 1 member of a SI pair is largely independent of the other (Overstreet et al.,
2002).

Several considerations should be borne in mind in assessing the potential relevance of these
results to withdrawal symptoms in human alcoholic subjects. First, while the phenomenon of
progressive worsening of withdrawal severity with increasing duration of alcoholism is widely
acknowledged, there are relatively few reports that directly demonstrate this phenomenon in
humans, and fewer still for the anxiety phenotype. In fact, data from small studies have been
mixed on this point (Duka et al., 2002; Malcolm et al, 2000). While Malcolm et al. did in fact
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provide evidence for Ballenger and Post’s (1978) idea that symptoms other than seizures might
be sensitized in multiply detoxed individuals (based on the CIWA-Ar), little other systematic
clinical investigation has been reported. Similarly, in the animal literature, Borlikova et al.
(2006) failed to find a sensitized anxiety-like response in rats following repeated withdrawal.
Thus, careful consideration must be given to the conditions under which these assessments
were carried out and the potential relevance of the models to the human condition. For the
model versus the clinic, many alcoholic patients may potentially already be sensitized by the
time they enter a trial. The model presented here might best be applied to studying the
development of sensitization in early phases of alcoholism or the possible progression of
anxiety between detoxes instead of being applied across the entire alcoholic spectrum. The
putative sensitization of emotional symptoms in alcoholic subjects over decades (e.g., 15–23
years of problem drinking/alcoholism in the Duka et al., 2002; Malcolm et al., 2000 reports,
for example) might not be modeled optimally by 3 weeks of cycled ethanol exposure in rats.
The repeated alcohol exposures and “withdrawals” accomplished in these rat studies may be
more relevant to shorter periods of alcoholic progression that may occur between detoxes.
Studies addressing the early phases of multiple-withdrawal sensitization in humans may be
completely absent in that no clinical investigators have addressed the relevant early stage in
alcoholic development or progression between detoxifications. The practice in clinical studies
of selecting subjects according to whether they meet DSM-IV or similar criteria likely excludes
patients experiencing this early stage of multiple-withdrawal sensitization that studies in the
present report may best model.

Between-study differences in methodology also make it difficult to compare results from
human and animal studies such as the current experiments. For example, all of the data in the
Duka et al. (2002) and Malcolm et al. (2000) reports were from detoxed individuals (after at
least 2 weeks of abstinence), while all the data from rats in the current studies were collected
during acute withdrawal. In the Borlikova et al. (2006) report, the rats in that study had alcohol
intakes nearly twice (up to 20 g/kg/d) that of the present report for nearly twice as many days,
inconsistencies that make between-study comparisons difficult. With such intense alcohol
exposure, sensitization may well have been masked.

These considerations notwithstanding, anxiety disorders are widely and excessively
represented in alcoholic subjects, more than 40% of whom have a comorbid anxiety-related
disorder (Schneider et al., 2001). This anxiety generally develops over time, and it both is
affected by and affects the course of alcoholism. The model in the present experiments is
applicable to studying withdrawal-associated anxiety and has shown some promise in
generating data relevant to alcoholism. For example, recent results of human trials with
baclofen (Addolorato et al., 2000, 2002; Flannery et al., 2004) are predicted from the acute and
prophylactic studies reported here. Overall, it seems clear that more work is warranted to firm
up the models and to understand their generalizability and applicability to predicting
pharmacological efficacy in alcoholic subjects.

These results complement and extend a number of related studies reported previously. Among
them are comparable studies in which drug actions on serotonin, GABA/BZD, or CRF
receptors were found to exert prophylactic effects on the withdrawal-sensitized anxiety
phenotype (Knapp et al., 2005; Overstreet et al., 2003, 2004) and/or to block the sensitizing
effect of stress on future exposure to ethanol and withdrawal (Breese et al., 2004). These
observations suggest that the mechanisms of action of these drugs at least partially mediate the
process of sensitization due to repeated withdrawals and stress. Although the mechanisms and
pathways that mediate these actions are not fully understood, the results here support the idea
that the process engaged by these agents has multiple access points that provide a promising
variety of targets for continued drug development.
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Naloxone, while capable of reducing drinking in some animal models (Overstreet et al.,
1999; Wegelius et al., 1994) and widely used clinically (e.g., in opioid overdose), did not appear
to engage mechanisms associated with anxiety in this experimental paradigm or others (Alvarez
et al., 1998). The lack of action in either the multiple-withdrawal or multiple stress-enhanced
withdrawal designs suggests this interpretation. This dissociation indicates that systems
medicating the rewarding effects of ethanol and the adaptive changes associated with ethanol
exposure and withdrawal may be different. There is good evidence for opiates being involved
in the rewarding effects of ethanol (Anton and Swift, 2003; Overstreet et al., 1999; Wegelius
et al., 1994), but the present findings suggest that they are not involved in the adaptive changes.

Acamprosate showed an anxiolytic effect in these studies. While the effect of acamprosate was
observed in the context of an accumulating effect of chronic ethanol, whether cycling per se
accounted for the effect cannot be determined from this research. The anxiolytic effect of
acamprosate in this model is fairly novel in that little direct other evidence for its anxiolytic
action has appeared to date. Further, clinical reports have failed to strongly associate anxiety
dimensions with the efficacy of acamprosate in relapse (Tempesta et al., 2000; Verheul et al.,
2005). The current results suggest that if acamprosate is acting to antagonize withdrawal-
induced actions of glutamate on anxiety, then it likely does so in ways not shared by the
competitive and noncompetitive NMDA receptor blockers CGS19755 and dizocilpine, the
glutamate release blocker lamotrigine, or the indirect NMDA receptor antagonist, ifenprodil.
It should be cautioned, though, that despite the negative results of various repeated attempts
to find a glutamate connection with reasonable drug doses, ruling out glutamate would be
premature based on the single-dose design of the studies. Furthermore, although another
suggested mechanism for acamprosate action is at mGLuR5 metabotropic glutamate receptors
(Harris et al., 2003), the mGluR5 receptor antagonist MPEP was not active in the repeated
withdrawal model, and thus this mechanism too may not be central to the sensitized anxiety
effect. Alternatively, the relevant actions of acamprosate may be elsewhere, perhaps through
influences on known anxiomodulatory systems through an unknown mechanism. One
candidate mechanism proposed by Berton et al. (1998) involves blockade of presynaptic
GABAB receptor-mediated inhibition of GABA release; however, this mechanism would seem
contrary to the antianxiety-like action of acamprosate found here.

As a GABAB autoreceptor agonist, 1 action of baclofen should be to limit neurotransmitter
release (see Ariwodola and Weiner, 2004; Yamada et al., 1999). Indeed, evidence suggests
that, for example, GABAB receptors on dopamine neurons in the ventral tegmental area may
function to limit dopamine release from these neurons in projection sites such as the accumbens
(e.g., Kalivas et al., 1990). However, the physiology of these receptors is quite complicated as
suggested by their presynaptic and postsynaptic location, multiple effector mechanisms and
receptor subtypes, and widespread distribution in the brain (Bowery and Enna, 2000). For
example, Yamada et al. (1999) showed that synaptic activation of GABAB hetero-receptors
elicits presynaptic inhibition of glutamatergic excitatory transmission in sites such as the
basolateral amygdala—a finding that might predict results on anxiety other than those found
with a number of glutamate inhibitors in the present report. If presynaptic regulation of
neurotransmitter release is mediating the action of baclofen on anxiety in the present report,
then one might presume that it is limiting the release of known proanxiety neurotransmission
in brain regions known to regulate anxiety. One candidate scenario would be GABAB receptor
inhibition of CRF or 5-HT release in the amygdala [e.g., a demonstrated mechanism within
the raphe (Bagdy et al., 2000) and cortex (Gray and Green, 1987; see also Menzaghi et al.,
1994)], which might explain the 5-HT and CRF influence over development of sensitized
anxiety in the repeated withdrawal model (Overstreet et al., 2003, 2004). A report linking all
3 of these anxiomodulatory receptor systems found that baclofen inhibited 5-HT-induced CRH
secretion, at least in the hypothalamus (Calogero et al., 1988). Further study of baclofen and
GABAB receptor antagonists in the amygdala and other sites relevant to anxiety resulting from
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ethanol withdrawal cycling and/or ethanol withdrawal/stress cycling might help to address this
question.

As recently reported experiments demonstrated, two 60-minute periods of stress can substitute
for withdrawal experiences to sensitize anxiety, while a single 45-minute period of stress re-
elicited anxiety in animals during abstinence (Breese et al., 2004, 2005a, 2005b). In contrast,
such stress exposure did not sensitize anxiety in rats not exposed to ethanol (Breese et al.,
2004). Further, stress is arguably a critical factor in alcoholic relapse (e.g., Breese et al.,
2005a; Sinha, 2001). Thus, given the consistently strong action of baclofen against the repeated
withdrawal effect reported here, baclofen was further assessed for its potential action to block
stress/withdrawal interactions. First, baclofen was administered before each stress, which in
turn preceded exposure to ethanol and withdrawal. Second, baclofen was administered after
cycled chronic ethanol had ceased (i.e., during abstinence) to ascertain the action of the drug
against stress effects at this time of relative vulnerability in alcoholic subjects. The results show
that baclofen was active in both designs; therefore, it appears that baclofen exerts fairly broad
actions against sensitization regardless of whether it is caused by multiple withdrawals or
stress-enhanced withdrawal.

In addition to its acute and prophylactic actions against withdrawal and stress-sensitized
anxiety reported here and in other models (Colombo et al., 2000; File et al., 1991, 1992),
baclofen reportedly alters a number of alcohol-related phenotypes that underscore its potential
utility in treating alcoholism. For example, baclofen reduced behavioral activation induced by
acute alcohol injections (Broadbent and Harless, 1999; Chester and Cunningham, 1999) and
reduced ethanol intake (Colombo et al., 2003), particularly in limited access paradigms
(Anstrom et al., 2003) and in dependent rats (Walker and Koob, 2007). The suppression of
alcohol self-administration by baclofen is consistent with other preclinical literature in which
the drug reduced self-administration of cocaine (Campbell et al., 1999), amphetamines (Phillis
et al., 2001), heroin (Xi and Stein, 1999), and nicotine (Corrigall et al., 2001). Because baclofen
inhibits dopaminergic neurons (Erhardt et al., 2002; Olpe et al., 1977) and inhibits cocaine self-
administration after intrategmental injections (Brebner et al., 2000), it is possible that
baclofen’s effects on self-administration are mediated by its inhibition of dopaminergic
activity. However, Anstrom et al. (2003) have suggested an interesting alternative: that
baclofen disrupts the corticothalamic circuits that mediate the compulsive drive to drink. For
withdrawal syndromes, baclofen attenuated the severity of ethanol withdrawal (Colombo et
al., 2000; File et al., 1991, 1992) and ethanol withdrawal sensitization (data herein),
demonstrated efficacy in humans that rivaled that of the gold standard diazepam (Addolorato
et al., 2006), and may demonstrate anxiolytic effects during ethanol withdrawal as well
(Flannery et al., 2004). Baclofen also attenuates opiate withdrawal in humans (Akhondzadeh
et al., 2000), rats (Bexis et al., 2001) and mice (Diaz et al., 2001), and attenuates BZD
withdrawal in rats (File et al., 1991). Overall, these effects suggest that baclofen directly and
broadly interacts with the reward systems and withdrawal-related processes associated with
drugs of abuse.

The mechanisms that mediate these various actions of baclofen may be distinct for each action.
However, a clearly important consideration is that baclofen is an agonist at GABAB receptors,
which are distributed throughout the brain (e.g., Charles et al., 2003) and function to inhibit
chemical signaling both presynaptically and postsynaptically (Luscher et al., 1997; Thompson
and Gahwiler, 1992). This inhibition is likely responsible for its muscle-relaxing properties
(Roussan et al., 1985). There have also been suggestions that these inhibitory properties of
baclofen may contribute to its beneficial effects on self-administration of cocaine (Ling et al.,
1998) and alcohol (Addolorato et al., 2002). Regardless of the mechanism(s) that underlie its
effects, it is clear that baclofen suppresses responding for and withdrawal from drugs of abuse
including alcohol. The fact that baclofen was previously shown to reduce the positive rewarding
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effects of alcohol, and was found here to reduce acutely the expression of aversive effects of
alcohol withdrawal or stress during abstinence, and to prevent the sensitization of withdrawal
anxiety caused by either multiple withdrawals or multiple stresses before withdrawal, all
support the view that baclofen might be a useful therapeutic agent in the treatment of
alcoholism. Initial clinical efforts are promising (Addolorato et al., 2002, 2006; Flannery et
al., 2004).
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Fig. 1.
Acute actions of baclofen, flumazenil, and diazepam on social interaction (SI) during
withdrawal from prolonged 7% ethanol diet (ED). Rats were exposed to control diet (CD)
throughout or 23 days of 7% ED before withdrawal. Rats exposed to ED were injected with 1
mg/kg diazepam (ED-Diaz), 5 mg/kg flumazenil (ED-Flu), or 1.25 or 2.5 mg/kg baclofen (ED-
Bac1.25 or ED-Bac5.0) 30 min (10 for Flu) before the SI test. SI behavior and line crossings
were recorded 5 h after withdrawal. Bars represent the means ± SEM. Groups with different
letters are significantly different from each other (Tukey’s protected t-tests).
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Fig. 2.
Prophylactic actions of acamprosate but not ifenprodil on the reduced social interaction (SI)
time induced by repeated chronic exposures to 7% ethanol diet (ED). Rats were exposed to
control diet (CD) throughout or 3 cycles of 5 days’ exposure to 7% ED. Rats exposed to ED
were treated with vehicle (ED-Veh), 300 mg/kg acamprosate (ED-Acamp), or 10 mg/kg
ifenprodil (ED-Ifen) 4 h into the first and second withdrawals. Social interaction behavior and
line crossings were recorded 5 h after the last withdrawal. Data represent the means ± SEM.
Groups with different letters are significantly different from each other (Tukey’s protected t-
tests).
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Fig. 3.
Failure of lamotrigine, dizocilpine (MK-801), or CGS19755 to prevent reduced social
interaction (SI) time induced by repeated chronic exposures to 7% ethanol diet (ED). Rats were
exposed to control diet (CD) throughout or 3 cycles of 5 days’ exposure to 7% ED. Rats exposed
to ED were injected with vehicle (ED-V), 30 mg/kg lamotrigine (ED-Lamot), 0.3 mg/kg
dizocilpine (ED-MK), or 10 mg/kg CGS19755 (ED-CGS) at 4 h into the first and second
withdrawals. Social interaction behavior and line crossings were recorded 5 h into withdrawal
after the third ethanol exposure was stopped. Bars represent the means ± SEM. Groups with
different letters are significantly different from each other (Tukey’s protected t-tests).
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Fig. 4.
Inactivity of 6-methyl-2-(phenylethynyl)pyridine (MPEP) against reduced social interaction
(SI) time in rats repeatedly withdrawn from chronic 4.5% ethanol diet (ED). Rats were exposed
to control diet (CD) throughout or 3 cycles of 5 days’ exposure to 4.5% ED. The rats exposed
to ED were injected with vehicle (ED-Veh) or 10 mg/kg MPEP 4 h into the first and second
withdrawal. Social interaction behavior and line crossings were recorded 5 h after the last
ethanol exposure was stopped. Bars represent the means ± SEM. Groups with different letters
are significantly different from each other (Tukey’s protected t-tests).
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Fig. 5.
Prophylactic effects of flumazenil but not naloxone on reduced social interaction (SI) behavior
in rats repeatedly withdrawn from 4.5% ethanol diet (ED). Rats were exposed to control diet
(CD) throughout or 3 cycles of 5 days’ exposure to 4.5% ED. Rats exposed to ED were injected
with vehicle (ED-Veh), 20 mg/kg naloxone (ED-NLX), or 5 mg/kg flumazenil (ED-Flu) 4 h
into the first and second withdrawals. Social interaction behavior and line crossings were
recorded 5 h after the third ethanol exposure was stopped. Bars represent the means ± SEM.
Groups with different letters are significantly different from each other (Tukey’s protected t-
tests).
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Fig. 6.
Acute and prophylactic effects of baclofen on reduced social interaction (SI) in rats repeatedly
withdrawn from chronic 4.5% ethanol diet (ED). Rats were exposed to control diet (CD)
throughout or 3 cycles of 5 days’ exposure to 4.5% ED. The rats exposed to ED were injected
with vehicle (ED-Veh) or 2.5 mg/kg baclofen (ED-Bac2.5) 4 h into the first and second
withdrawal or with 1.25 mg/kg baclofen (ED-Bac1.25) 4.5 h into the third withdrawal. Social
interaction behavior and line crossings were recorded 5 h into withdrawal after the third ethanol
exposure was stopped. Bars represent the means ± SEM. Groups with different letters are
significantly different from each other (Tukey’s protected t-tests).
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Fig. 7.
Prophylactic effects of baclofen against reduced social interaction (SI) in rats repeatedly
withdrawn from 4.5% ethanol diet (ED). Rats were exposed to control diet (CD) throughout
or 3 cycles of 5 days’ exposure to 4.5% ED. The rats exposed to ED were injected with vehicle
(ED-Veh) or 1.25 or 5 mg/kg baclofen, or 5 mg/kg naloxone 4 h into the first and second
withdrawal periods. Social interaction behavior and line crossings were recorded 5 h after the
last ethanol exposure was stopped. Bars represent the means ± SEM. Groups with different
letters are significantly different from each other (Tukey’s protected t-tests).
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Fig. 8.
Actions of flumazenil and baclofen, but not naloxone, against stress-enhanced ethanol
withdrawal anxiety. Rats were exposed to control diet (CD), restraint stressed twice (6 days
apart; 45 min each session), and then given 4.5% ED for 5 days before social interaction (SI)
testing. Thirty minutes before each stress (10 min for flumazenil), rats were treated with either
vehicle, flumazenil (5 mg/kg), naloxone (20 mg/kg), or baclofen (2.5 mg/kg), respectively.
Social interaction testing was carried out 5 h after ethanol exposure was stopped. Bars represent
the means ± SEM. Groups with different letters are significantly different from each other
(Tukey’s protected t-tests).

Knapp et al. Page 24

Alcohol Clin Exp Res. Author manuscript; available in PMC 2010 May 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 9.
Baclofen (1.25 and 5 mg/kg) actions against stress-enhanced ethanol withdrawal anxiety:
additional doses. Rats were treated as in Fig. 8, except that subgroups received either 1.25 or
5.0 mg/kg baclofen 30 min before the stress sessions. An additional group was not subjected
to stress. Bars represent the means ± SEM. Groups with different letters are significantly
different from each other (Tukey’s protected t-tests). CD, control diet.
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Fig. 10.
Acute actions of baclofen against stress-elicited social interaction (SI) deficits during
abstinence from ethanol diet (ED) but no effects of prophylactic baclofen in animals not
exposed to ED. Groups of rats were exposed to control diet (CD) and given either vehicle (CD-
Veh) or baclofen (Bac-CD) twice or were similarly exposed to CD and baclofen, followed by
one 5-day cycle of 4.5% ED (Bac-ED). Two additional groups were exposed to ED for 3 cycles,
behaviorally tested to confirm the sensitization of anxiety (ED-Pre Veh stress and ED-Pre Bac
stress) during withdrawal, and then retested immediately after administration of a single
restraint stress (45 min) 3 days into abstinence. Baclofen had no effect on rats given only CD,
tended to increase anxiety in animals subsequently exposed to 1 ED cycle (Bac-ED), and
completely reversed stress-elicited anxiety in the multiply withdrawn abstinent rats (ED-Post
Bac stress). Bars represent the means ± SEM. Groups with different letters are significantly
different from each other (Tukey’s protected t-tests). *Significantly different from the stressed
Veh-treated group (ED-Post Veh stress).
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Table 1

Body Weights and Ethanol Intakes in the Drug Treatment Groups Do Not Differa

Treatment group Ethanol intake (g/kg/d) Body weight (g)

Experiment 1

 CD-Veh NA 271 ± 6

 ED-Veh 13.0 ± 0.5 261 ± 8

 ED-Diaz 13.2 ± 0.3 275 ± 10

 ED-Flu 12.4 ± 0.7 241 ± 14

 ED-Bac1.25 13.3 ± 0.3 283 ± 9

 ED-Bac2.5 12.7 ± 0.3 274 ± 10

F(4, 25) = 0.99; NS F(5, 34) = 2.24; NS

Experiment 2

 CD-Veh NA 302 ± 2

 ED-Veh 11.2 ± 0.3 312 ± 10

 ED-Acamprosate 11.1 ± 0.3 300 ± 6

 ED-Ifenprodil 11.6 ± 0.4 308 ± 6

F(2, 20) = 0.45; NS F(3, 35) = 0.80; NS

Experiment 3

 CD-Veh NA 302 ± 3

 ED-Veh 11.3 ± 0.3 301 ± 6

 ED-Lamot 11.3 ± 0.3 309 ± 5

 ED-Dizocilpine (MK-801) 10.9 ± 0.3 294 ± 3

 ED-CGS 10.8 ± 0.3 296 ± 2

F(3, 30) = 0.95; NS F(4, 37) = 2.03; NS

Experiment 4

 CD-Veh NA 288 ± 5

 ED-Veh 10.6 ± 0.5 299 ± 7

 ED-MPEP 10.6 ± 0.3 298 ± 8

t(14) = 0.02; NS F[2, 21] = 0.83; NS

Experiment 5

 CD-Veh NA 331 ± 2

 ED-Veh 9.2 ± 0.1 328 ± 7

 ED-NLX 8.9 ± 0.2 336 ± 5

 ED-Flu 9.2 ± 0.9 333 ± 5

F(2, 20) = 0.94; NS F(3, 28) = 0.47; NS

Experiment 6

 CD-Veh NA 325 ± 3

 ED-Vehicle 8.6 ± 0.3 351 ± 8

 ED-BacA 9.0 ± 0.3 350 ± 9

 ED-BacP 9.2 ± 0.2 332 ± 12

F(2, 20) = 0.64; NS F(3, 27) 2.24; NS

Experiment 7

 CD-Veh NA 312 ± 4.4
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Treatment group Ethanol intake (g/kg/d) Body weight (g)

 ED-Veh 8.8 ± 0.2 307 ± 2.8

 ED-Bac1.25 9.4 ± 0.3 313 ± 3.4

 ED-Bac5 8.6 ± 0.5 302 ± 6.5

 ED-NLX 8.7 ± 0.4 309 ± 6.7

F(3, 28) = 1.15; NS F(4, 35) = 0.78; NS

Experiment 8

 CD-Veh NA 301 ± 4.6

 ED-Veh 10.1 ± 0.5 286 ± 5.3

 ED-Flum 9.9 ± 0.4 289 ± 5.0

 ED-NLX 9.7 ± 0.4 289 ± 4.5

 ED-Bac 9.7 ± 0.3 290 ± 4.2

F(3, 28) = 0.15; NS F(4, 35) = 1.56; NS

Experiment 9

 CD-Veh NA 305 ± 2.5

 ED-Veh 9.2 ± 0.2 305 ± 6.1

 Stress-ED-Veh 9.7 ± 0.2 307 ± 3.4

 Stress-ED-Bac1.25 8.8 ± 0.2 290 ± 6.7

 Stress-ED-Bac5 9.0 ± 0.3 307 ± 6.7

F(3, 25) = 2.64; NS F(4, 35) = 1.99; NS

Experiment 10

 CD-Veh NA 309 ± 4.7

 Bac-CD NA 305 ± 3.4

 Bac-ED 10.5 ± 0.3 307 ± 7.6

 ED-Pre Veh stressb 9.6 ± 0.3 316 ± 6.1

 ED-Pre Bac stressb 9.8 ± 0.2 314 ± 3.1

F(2, 21) = 3.34, p<0.06 F(4, 35) = 1.14; NS

NA, not applicable; NS, not significant; Bac, baclofen; BacA, acute baclofen; BacP, prophylactic baclofen; CGS, CGS19755; Diaz, diazepam; NLX,
naloxone; Veh, vehicle; CD, control diet; ED, ethanol diet; Flum, flumazenil; Lamot, lamotrigine; MK, MK-801.

a
Rats consumed ethanol or control diets for three 5-d cycles with prophylactic drug treatments during periods of withdrawal at the end of the first 2

of 3 cycles or acute treatments at the conclusion of a continuous 23-d ethanol exposure.

b
Note, after their first social interaction test, animals in these 2 groups were abstinent for 3 d, and then treated with Baclofen for the first time 30 min

before administering 45 min of restraint stress and testing with a new partner for social interaction (SI) 30 min later. Social interaction and locomotor
data from both the behavioral tests are shown in Fig. 10.
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