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Abstract
Background—There is controversy over whether exposure to stress precipitates relapse and/or
increases alcohol (ethanol) intake. Our laboratory has demonstrated that repeated stress prior to
withdrawal from a brief forced exposure to alcohol results in withdrawal-induced anxiety-like
behavior. Because anxiety is often regarded as a precipitating factor in relapsing alcoholics, we
decided to examine the consequences of stressing alcohol-preferring P rats on both voluntary
alcohol drinking and withdrawal-induced anxiety.

Methods—P rats were subjected to 3 cycles of 5 days of voluntary alcohol drinking and 2 days
of deprivation. Restraint stress (60 min) was applied to some animals during the first and second
deprivations/withdrawals (at 4 h). Drugs (flumazenil, buspirone, SB242,084, CP154,526,
CRA1000, naloxone, haloperidol, olanzapine, naloxone, and haloperidol) were given to some rats
30 min prior to restraint stress.

Results—Stressed, deprived P rats exhibited both a longer duration of elevated alcohol drinking
and anxiety-like behavior in the social interaction test upon withdrawal after the third cycle of
voluntary alcohol drinking. When given prior to each of the restraint stresses, the benzodiazepine
receptor antagonist flumazenil (5 mg/kg), the corticotrophin releasing factor receptor antagonists
CRA1000 (3 mg/kg) and CP154,526 (10 mg/kg), the serotonin 5-HT1A receptor partial agonist
buspirone (0.6 mg/kg), and the mixed 5-HT2C/D2 receptor antagonist olanzapine were effective in
reducing the increased duration of elevated alcohol drinking and the withdrawal-induced anxiety-
like behavior. In contrast, while the opiate receptor antagonist naloxone (20 mg/kg), the 5-HT2C
receptor antagonist SB242084 (3 mg/kg), and the dopamine receptor antagonist haloperidol (0.1
mg/kg) also reduced drinking, they did not significantly alter anxiety like behavior.

Conclusion—These results suggest that stress-induced facilitation of alcohol drinking and
withdrawal-induced anxiety-like behavior in P rats may be closely but imperfectly linked.
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Stress has been implicated in precipitating relapse in alcoholics (Breese et al., 2005; Sinha,
2001), but the relationship between stress and alcohol intake in both animals and humans
has been and remains controversial (e.g., Champagne and Kirouac, 1987; Lynch et al., 1999;
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Pohorecky, 1990, 1991) despite the apparent simplicity of the tension reduction hypothesis
(e.g., Kalodner et al., 1989; Young et al., 1990). Some of these discrepancies may relate to
differences in animal strains, types of stressors, or other procedural variables. For example,
Lynch et al. (1999) reported that restraint stress resulted in increased voluntary alcohol
consumption in Wistar rats, while Chester et al., 2004) reported a decrease in voluntary
alcohol drinking in the alcohol-preferring P rats or the high alcohol drinking (HAD) rats
during the application of stress. Both groups reported increased drinking after termination of
stress (Chester et al., 2004; Lynch et al., 1999). Thus, stress may have biphasic effects on
alcohol intake depending upon the time at which measurements are made.

Footshock-induced stress resulted in a reduction in alcohol drinking in adolescent Sprague–
Dawley (SD) rats (Brunell and Spear, 2005), but increased alcohol intake in a variety of
alcohol-preferring rat lines, including the alcohol-preferring (P) and HAD rats (Vengeliene
et al., 2003). On the other hand, repeated swim stress increased alcohol intake only in Wistar
rats, not the alcohol-preferring rat lines (Vengeliene et al., 2003). Of particular relevance to
the present study is the report by Funk et al. (2004). They applied repeated footshock or
social defeat during 2-week deprivation periods and reported that the elevated alcohol
drinking associated with the alcohol-deprivation effect (ADE) was enhanced in the stress
groups. The present study shows that acute restraint stress during withdrawal from alcohol
can have a similar effect in P rats.

Stress has also been implicated in the induction of anxiety-like behavior (Breese et al., 2004;
Valdez et al., 2002). Indeed, it has been shown that exposure to restraint stress for 60 min is
comparable to an episode of withdrawal from 5 days exposure to alcohol, with both
procedures sensitizing rats to the anxiety-like behavior observed during withdrawal from a
final episode of alcohol exposure (Breese et al., 2004; Overstreet et al., 2002). These studies
have been carried out in SD rats on a forced alcohol diet. Because these rats do not drink
substantial amounts of alcohol voluntarily, it was not possible to explore the relationship
between stress, voluntary alcohol drinking, and subsequent withdrawal-induced anxiety-like
behavior. By using a modified repeated withdrawal protocol (Overstreet et al., 2002, 2003,
2004) in the alcohol-preferring P rats, it was possible to explore the relationship between
these variables, as reported in the current communication and described briefly in a previous
report (Breese et al., 2004).

Another well-characterized phenomenon in the P rat is the ADE, where the rats exhibit
increased drinking of and preference for alcohol following a period of deprivation (Holter et
al., 1998; McKinzie et al., 1998; Rodd-Henricks et al., 2000a,b; Sinclair and Li, 1989;
Spanagel and Holter, 1999, 2000). These studies often employ long-term exposure to water
and alcohol solutions and have relatively long (2 weeks) deprivation periods. The present
communication includes P rats that have been subjected to quite brief (5-day) exposures to
water and alcohol and even briefer (2 days) deprivation (withdrawal) periods. The elevated
alcohol intake and withdrawal-induced anxiety under these conditions are quite remarkable
(see Breese et al., 2004). While others have reported both an increase in alcohol drinking
and anxiety-like behavior in out-bred rats, the rats had access to alcohol for nearly 1 year
(Holter et al., 1998; Spanagel and Holter, 1999), not just 15 days.

The increase in withdrawal-induced anxiety-like behavior in SD rats has been blocked or
reduced by treatments with specific pharmacological actions during the early withdrawal
periods (Breese et al., 2004; Knapp et al., 2005; Overstreet et al., 2003, 2004) despite the
fact that the drug treatments were given nearly a week before the behavioral test. Among the
compounds that counteracted the withdrawal-induced anxiety were flumazenil, a
benzodiazepine (BZD) receptor antagonist, buspirone, a 5-HT1A receptor partial agonist,
and CP154,526, a corticotropin-releasing factor type 1 (CRF1) receptor antagonist. These
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compounds were, therefore, examined in the P rats subjected to multiple cycles of alcohol
exposure and withdrawal/deprivation and stress. In addition, the following drugs known to
affect alcohol intake or the ADE were tested: naloxone, an opiate receptor antagonist,
reduces alcohol intake (Overstreet et al., 1999), while haloperidol, a dopamine receptor
antagonist, reduces the ADE (Salimov et al., 2000) and olanzapine, an atypical antipsychotic
that blocks both dopamine and serotonin receptors, reduces alcohol consumption and
craving in humans (Hutchison et al., 2006). The findings of this study, which greatly extend
the results previously reported (Breese et al., 2004), suggest a close but imperfect link
between the elevated voluntary drinking induced by stress and the withdrawal-induced
anxiety-like behavior.

METHODS
Animals

The alcohol-preferring P rats were selected from the breeding colonies in the Bowles Center
for Alcohol Studies at an initial weight of about 180 g (50 days of age). They were initially
housed in groups of 4 to adapt them to the experimental treatment room maintained at 50%
humidity, 22°C and a reversed light:dark cycle (lights off from 1000 to 2200). After the 1-
week adaptation period, the rats were transferred to special plastic cages fitted with 2 holes
for the placement of calibrated drinking tubes (Dyets, Inc., Bethlehem, PA). Rats had free
access to food throughout the study, but their access to fluids was restricted according to the
research design, as described below. Rats assigned to the various groups gained weight at
comparable rates.

Research Design
The experiment was divided into 4 primary treatment groups: Group 1 had access to water
only throughout the study and served as the control group. Group 2 was adapted to drink
alcohol voluntarily and was then provided with continuous, simultaneous access to water
and 10% alcohol solution. This group served as a control for the length of exposure to
alcohol in the groups that were cycled. Group 3 was adapted to drink alcohol voluntarily and
then subjected to 3 cycles of 5 days’ exposure to a choice between tap water and 10%
alcohol. Two 2-day periods of deprivation/withdrawal were interposed after the first and
second cycles. Group 4 was adapted to drink alcohol voluntarily and then was subjected to
the same conditions as Group 3, with an additional variable. At 4 h into the first and second
withdrawals, these rats were subjected to restraint stress for 1 h. Group 4 rats were also
divided into multiple subgroups based upon drug treatments that they received 30 min prior
to the application of restraint stress during the first and second deprivation/withdrawal
periods. Figure 1 illustrates the important aspects of this design.

Several (2 to 4) rats from Groups 1 to 3 were tested simultaneously with each group of drug-
treated rats in Group 4, so there were larger sample sizes in these groups at the end of the
study: 18 in Group 1, 24 in Group 2, and 20 in Group 3, while the individual subgroups of
drug-treated rats contained 7 to 10 rats.

Two-Bottle Choice
The two-bottle choice design for access to alcohol has been routinely used in our laboratory
(e.g., Overstreet et al., 1997; Kampov-Polevoy et al., 2000). The rats are adapted to the
procedure by giving them 1 day of access to water only and 3 days of access to alcohol
(10%, v/v) only. Then the choice between water and alcohol began and was present for 15
days. Some rats were on the choice procedure for 15 consecutive days while others received
3 cycles of 5 days’ exposure. During the deprivation/withdrawal periods these cycled rats
had access to water only.
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Drug Treatments
The following drug treatments were given:

1. Flumazenil (5 mg/kg), a BZD antagonist, was given because it prevents anxiety-
like behavior in rats subjected to repeated withdrawals (Knapp et al., 2005) and
stress (Breese et al., 2004).

2. CRA1000 (3 mg/kg) and CP154,526 (10 mg/kg), CRF1 receptor antagonists, were
given because they also have prophylactic effects against withdrawal- and stress-
induced anxiety-like behavior (Breese et al., 2004; Overstreet et al., 2004).

3. Buspirone (0.6 mg/kg), a 5-HT1A receptor partial agonist, was given because it has
prophylactic effects against withdrawal- and stress-induced anxiety-like behavior
(Breese et al., 2004; Overstreet et al., 2003).

4. SB242,084, a 5-HT2C receptor antagonist, was used because it prevented
withdrawal-induced anxiety-like behavior (Overstreet et al., 2003).

5. Naloxone (20 mg/kg) was used because the opiate antagonists are widely used to
prevent alcohol relapse (e.g, Anton et al., 1999) and reduce alcohol drinking in
rodents (e.g., Overstreet et al., 1999).

6. Haloperidol (0.1 mg/kg) was given because Salimov et al. (2000) reported that it
prevented the ADE in mice.

7. Olanzapine (5 mg/kg) was given because this atypical antipsychotic is an
antagonist at both dopamine D2 and 5-HT2C receptors and has been reported to
reduce alcohol craving and consumption in heavy drinkers (Hutchison et al., 2001,
2003, 2006).

Flumazenil, the CRF antagonists and SB242,084 were suspended in carboxymethylcellulose
(0.5%), naloxone and buspirone were dissolved in isotonic saline, and haloperidol and
olanzapine were dissolved in a small amount of 1 N HCl and the pH adjusted to 5. All
injections were i.p.

Social Interaction Test
To obtain an index of anxiety-like behavior during withdrawal from the third cycle of choice
between water and 10% alcohol (or 15th day of exposure), the rats were placed in a social
interaction arena 5 h after removal of alcohol. The arena was 60 × 60 cm, with sixteen 10 ×
10 cm squares marked out on the floor. Rats with similar weights and treatments were
placed in the arena and time spent in social interaction (grooming, sniffing, crawling over or
under) and line crosses was recorded during the 5-min session (File and Seth, 2003). The
scores for individual animals were taken, as previous reports indicated that analyses of
individual scores were similar to those for pairs (Overstreet et al., 2002, 2003).

Statistical Analysis
The voluntary drinking data was averaged over days for the basic 3 cycles and the data
subjected to mixed two-way ANOVAs, with cycle as the repeated factor and treatment as
the independent factor. If there were significant main or interaction effects, follow-up tests
were carried out with Tukey’s protected t-tests. For analysis of drug effects on drinking, the
cumulative alcohol intake over the last 5 days (Days 11 to 15) was compared to the amount
over the first 5 days. These cumulative alcohol intake data were analyzed by one-way
ANOVA and Tukey’s protected t-tests. Measures from the social interaction test (seconds
spent in social interaction and line crosses) were also analyzed by one-way ANOVA and
Tukey’s tests. Significance was set at p < 0.05.
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RESULTS
Effects of Deprivation and Stress

The effects of 2 periods of 2 days’ alcohol deprivation with and without restraint stress on
subsequent alcohol intake in the alcohol-preferring P rats are illustrated in Fig. 2. As
expected, the rats given continuous access to a choice between alcohol and water do not
increase their alcohol intake, while the rats subjected to deprivation or deprivation and
restraint stress exhibited short-term increases in alcohol intake [F(2,21) = 4.50, p = 0.02 for
treatment]. The two-way ANOVA also confirmed that the amount of alcohol intake was
different over days [F(5,105) = 7.45, p < 0.0001]. However, an important aspect of Fig. 2
was that the alcohol intake of the group that received restraint stress during deprivation had
a prolonged increase in alcohol intake during the third cycle of exposure, a result supported
by the significant group × day interaction effect [F(10,105) = 2.31, p < 0.02].

To illustrate this effect more clearly, cumulative alcohol intake during first cycle was
subtracted from that for the third cycle to obtain increase in cumulative alcohol intake. There
were dramatic differences, as described initially and briefly in Breese et al. (2004). The rats
that had continuous access to alcohol exhibited almost no change in drinking, while the
deprived rats exhibited a modest increase and the deprived, restrained rats exhibited a
significantly larger increase. Alcohol was withdrawn from these groups of rats after their
15th session of access to alcohol and water and the social interaction test was carried out to
assess anxiety-like behavior.

A group that was maintained on water throughout was used as a reference control group. As
illustrated in the upper panel of Fig. 3, those rats that were subjected to stress during the 2
deprivation periods exhibited the least amount of time spent in social interaction, while the
rats that had access to water only exhibited the most. A one-way ANOVA confirmed that
there were significant group differences [F(3,32) = 25.25, p < 0.0001] and Tukey’s protected
t-tests established that deprived and stressed group was significantly different from all of the
others. Importantly, the rats that were deprived only were not different from the control
group (Fig. 3, upper panel. In contrast, there were no differences in line crosses among the 4
groups [F(3,32) = 1.07, NS], as illustrated in the lower panel of Fig. 3. These findings
replicate those of Breese et al., 2004).

Thus, restraint stress applied during deprivation from alcohol both increased the amount of
alcohol intake during the third cycle (Fig. 2) and induced anxiety-like behavior upon
withdrawal from alcohol (Fig. 3). Deprivation alone also increased alcohol drinking
somewhat, but did not induce anxiety-like behavior.

Drug Effects on Alcohol Drinking
The one-way ANOVA indicated that there were significant differences among the drug-
treated rats for increase in cumulative alcohol intake [F(11,145) = 9.45, p < 0.001] and
Tukey’s protected t-tests established which groups differed from each other. Because of the
large number of drugs tested, it was decided to present the data in 2 figures, with the key
control and experimental groups being repeated to permit easy comparison. As shown in
Fig. 4, flumazenil, the BZD receptor antagonist, CRA1000 and CP154,526, CRF1 receptor
antagonists, and buspirone, 5-HT1A receptor partial agonist, all reduced the elevated
drinking induced by restraint stress but only flumazenil and CRA1000 also appeared to
reduce the drinking stimulated by deprivation only. The groups cannot be directly compared
statistically because of multiple differences in treatment, but these 2 groups were not
significantly different from the rats drinking alcohol and water continuously. A similar
pattern of effects was seen (Fig. 5) for naloxone, the opiate receptor antagonist, SB242,084,
the 5-HT2C receptor antagonist, and 5-HT2C and dopamine D2 receptor antagonist
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olanzapine (the atypical antipsychotic). However, haloperidol, the selective dopamine
receptor antagonist, reduced alcohol drinking to a greater extent, so that the value was not
significantly different from that of the rats exposed continuously to alcohol and water.

Drug Effects on Anxiety-Like Behavior
A one-way ANOVA comparing all 13 experimental groups revealed significant differences
for time spent in social interaction, an index of anxiety-like behavior [F(12,155) = 11.08, p
< 0.0001]. As was found above (Fig. 3), the rats subjected to both deprivation and restraint
stress exhibited the lowest amount of time spent in social interaction and the rats exposed to
water only exhibited the greatest. The groups that were continuously exposed to alcohol and
water or repeatedly deprived of alcohol were not significantly different from the control
group exposed to water only, as illustrated in Fig. 6. Flumazenil, CP154,526, CRA1000 and
buspirone all completely counteracted the anxiety-like behavior induced by restraint stress
and deprivation, such that their times spent in social interaction were not significantly
different from the control rats exposed only to water. In contrast, as illustrated in Fig. 7,
naloxone, SB242,084, and haloperidol failed to counteract the anxiety-like behavior at all,
while olanzapine was effective.

The effects of the drug treatments on locomotor activity were quite different from their
effects on time spent in social interaction. Although there were significant group differences
[F(12,155) = 3.96, p < 0.001], almost all treatments were not significantly different from the
control group or from each other. Virtually all of the significance could be attributed to the
fact that rats given CP154,526 or olanzapine were about 40% more active (148 ± 6 and 141
± 8 lines crossed, respectively) than the other groups (about 110 ± 7).

DISCUSSION
Neither the rats continuously exposed to alcohol and water nor those repeatedly deprived of
alcohol spent less time in social interaction than the rats exposed to water only. Thus, P rats
that are exposed to alcohol voluntarily for 15 days do not exhibit anxiety-like behavior upon
withdrawal. This finding is consistent with a previous report indicating that anxiety-like
behavior and seizure susceptibility can be observed in P rats after 6 weeks of voluntary
drinking but not after 2 or 4 weeks (Kampov-Polevoy et al., 2000). The likely reason for the
rats in this study to exhibit normal behavior is that their alcohol intakes (4 to 6 g/kg) are
much lower than those of rats exposed to alcohol (8 to 13 g/kg) in liquid diets (Breese et al.,
2004; Overstreet et al., 2002, 2003, 2005).

The data for time spent in social interaction in the untreated P rats provide support for a key
role of stress as a risk factor for anxiety-like behavior during alcohol withdrawal. It must be
emphasized that the restraint stress was employed twice, 7 and 14 days prior to the conduct
of the social interaction test. The fact that the deprived rats that were stressed exhibited
significantly lower time spent in social interaction confirms our previous finding in SD rats
that were forced to drink alcohol in a liquid diet (Breese et al., 2004). However, these P rats
were drinking the alcohol voluntarily and their alcohol intakes (4 to 6 g/kg) were
substantially lower than those of the SD rats maintained on forced 4.5 (8 to 10 g/kg) or 7%
(11 to 13 g/kg) alcohol diets. Even the alcohol intake obtained on the first day of the third
cycle (Fig. 2) is less than the level normally obtained by rats forced to drink alcohol in liquid
diets or in P rats maintained on 2 bottle choice for long periods (Kampov-Polevoy et al.,
2000). Therefore, the increased anxiety-like behavior of the stressed and deprived rats
cannot be due exclusively to the fact that they drink more alcohol than the rats that were
continuously exposed to alcohol and water or were repeatedly deprived of alcohol.
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These experiments also confirm the existence of an ADE in the alcohol-preferring P rats.
Although the increase in alcohol intake after a period of deprivation has been observed on
numerous occasions by others (Holter et al., 1998; McKinzie et al., 1998; Rodd-Henricks et
al., 2000a,b; Sinclair and Li, 1989; Vengeliene et al., 2003), they normally use much longer
alcohol exposures (e.g., 2 to 4 weeks) and deprivation (e.g., 1 to 2 weeks) periods. These P
rats exhibited small short-term increases in alcohol intake after only 5 days of exposure to
alcohol and with only a 2-day deprivation period (Fig. 2). When restraint stress was applied
to the deprived rats 4 h after removal of the alcohol during the first and second cycles of
deprivation/withdrawal, there was also a short-term increase in alcohol intake. This increase
was similar in magnitude to that observed for the deprived only group, but the elevated
drinking persisted for a longer time (Fig. 2). Indeed, the stressed P rats exhibited a pattern of
drinking during the third cycle that was reminiscent of P rats subjected to multiple
deprivations (Rodd-Henricks et al., 2000a,b). To the extent that this elevated drinking during
the ADE represents an index of craving (e.g., McKinzie et al., 1998; Spanagel and Holter,
1999, 2000) or positive rewarding effects of alcohol (Funk et al., 2004), it may be suggested
that restraint stress applied during alcohol deprivation periods increases craving (See Funk
et al., 2004; Sinha, 2001).

The present findings on the facilitated alcohol drinking in the P rats subjected to restraint
stress are consistent with much of the previous literature on stress and alcohol drinking.
Although Chester et al. (2004) and Lynch et al. (1999) reported opposite changes in drinking
during the application of stress, both reported increases in drinking after termination of
stress. Access to alcohol in this study began approximately 48 h after termination of the
stress. Funk et al. (2004) also reported an increase in the ADE when stressors were applied
during the deprivation period. In addition, they reported that the aversive effects of alcohol,
as assessed by place conditioning, was reduced by the application of stress. However, few
investigators examined the possibility of withdrawal-induced anxiety in their stress-treated
rats. The one study that looked for withdrawal effects did not see them in adolescent rats
whose alcohol drinking was increased by stress (Brunell and Spear, 2005).

Thus, restraint stress in alcohol-deprived P rats both increased the duration of the elevated
drinking and induced anxiety-like behavior upon the final withdrawal from alcohol at the
end. Whether these 2 effects represent separate phenomena controlled by independent
mechanisms or are mutually controlled by the same mechanisms cannot be determined on
the basis of these data alone. However, the present experiments included a variety of
pharmacological treatments that will permit a more definitive conclusion. Before these
individual treatments are discussed, it is important to emphasize the treatment protocol used.
The drugs were given 30 min before the application of restraint stress or 3.5 h after the
alcohol was removed at the first and second cycles. There was no drug in the rats when the
alcohol intakes or social interaction behavior were being measured. Therefore, any effects of
the drugs on these measures must be due to a modification of an adaptive process that
contributes to the elevated drinking and/or anxiety-like behavior.

Flumazenil, a BZD receptor antagonist, the CRF1 receptor antagonists CRA1000 and
CP154,526, and buspirone, a 5-HT1A partial agonist, have been reported to counteract
alcohol withdrawal-induced anxiety-like behavior when given shortly before the behavior
task (File et al., 1989; Knapp et al., 1998, 2004; Moy et al., 1997, 2000), during repeated
withdrawals from alcohol (Knapp et al., 2005; Overstreet et al., 2003, 2004, 2006), or prior
to repeated stresses (Breese et al., 2004). Thus, the fact that the anxiety-like behavior of the
stressed, alcohol-deprived rats is also blocked by these compounds was expected. However,
they also counteracted the elevation in drinking induced by stress exposure, suggesting that
these 2 key behavioral changes may both be mediated, in part, by BZD, CRF1, and 5-HT1A
receptor mechanisms. There have been previous reports of these compounds suppressing
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voluntary alcohol intake (June et al., 1998; Lodge and Lawrence, 2003; Schmitt et al.,
2002), but the designs were quite different from that used in this study. The fact that all 3
systems (BZD, CRF, and 5-HT1A) counteracted both behaviors supports the contention that
the rats may be drinking alcohol to relieve the anxiety-like behavior and not because it is
intrinsically more rewarding.

Before discussing other pharmacological agents, a more detailed consideration of the effects
of flumazenil and the CRF1 receptor antagonist, CRA1000, on alcohol drinking would be
informative. As shown in Fig. 2 and in other studies, the ADE is characterized by an initial
elevation of drinking followed by a gradual decline. As shown in Fig. 8, neither flumazenil
nor CRA1000 have any discernible effect on the alcohol intake during the first day (neither
does stress). However, while the stressed, deprived group continues to exhibit elevated
drinking, the rats treated with flumazenil or CRA1000 show a decrease. Thus, the drugs
counteract the effects of stress on the duration of drinking, not the effects of deprivation on
the peak drinking.

A consideration of other drug effects suggests that these 2 behaviors may indeed be at least
partially mediated by separate neurochemical mechanisms. Naloxone, the opiate receptor
antagonist, counteracted the stress-induced increase in alcohol drinking, but did not affect
withdrawal-induced anxiety. Thus, the 2 behaviors can be distinctly modulated. SB242,084,
the 5-HT2C antagonist, produced a pattern similar to that for naloxone. The failure to block
the anxiety-like behavior in the stressed, deprived P rats is consistent with its lack of effect
in preventing the sensitizing effects of stress on SD rats exposed to forced alcohol diets
(Breese et al., 2004). Haloperidol, the dopamine D2 receptor antagonist, was even more
effective in reducing alcohol drinking in the P rats, a result that supports the findings of
Salimov et al. (2000) in mice. However, haloperidol-treated rats exhibited as much anxiety-
like behavior in the social interaction test as did rats treated with Vehicle. Thus, it appears
that opioid, 5-HT2C, and D2 mechanisms are not involved in the anxiety-like behavior
resulting from multiple stresses and deprivations, but they may contribute to the elevated
drinking.

The atypical antispsychotic olanzapine, which blocks both D2 and 5-HT2C receptors,
counteracted the stress-induced elevation in alcohol drinking and anxiety-like behavior even
though the more select compounds, haloperidol and SB242,084, did not alter the anxiety-
like behavior. The reduction in alcohol drinking is consistent with clinical reports that found
that olanzapine reduces craving for alcohol (Hutchison et al., 2001). A recent report
suggested that this effect may be related to the dopamine D4 receptor because it varied with
polymorphic differences in the D4 receptor and because cyproheptadine, a 5-HT2C
antagonist, did not mimic the effects of olanzapine (Hutchison et al., 2003). More recently it
was shown that olanzapine may also reduce alcohol consumption (Hutchison et al., 2006).

In general, the drugs had little effect on locomotor activity in the social interaction test, a
finding consistent with the results from rats repeatedly exposed to alcohol diets and/or
stresses (Breese et al., 2004; Knapp et al., 2005; Overstreet et al., 2002, 2003, 2004).
However, both olanzapine and CP154,526 increased locomotor activity. It must be
emphasized that the drugs were administered 1 week prior to the behavioral test, so their
effects on activity must be the consequence of an interaction with the adaptive processes
underlying alcohol withdrawal. What these processes are cannot be specified at this time,
particularly since haloperidol, SB242,084, and CRA1000, which share some of the
properties of olanzapine and CP154,526, did not affect activity.

An assessment of the utility and validity of this paradigm can be attempted by comparing the
effects of the drugs used in these experiments with clinical and preclinical reports on these
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agents under other conditions. For example, the BZD antagonist flumazenil inhibited both
the increased alcohol drinking and anxiety-like behaviors in the present study and there are
reports that it has both a suppressing effect on alcohol drinking (June et al., 1998; Schmitt et
al., 2002) as well as anxiolytic effects (File et al., 1989; Knapp et al., 1998; Moy et al., 1997,
2000). The anxiolytic properties of CRF1 antagonists are also well known (Okuyama et al.,
1999; Overstreet et al., 2004; Seymour et al., 2003) and recent studies suggest that these
antagonists may also reduce alcohol drinking in anxious or alcohol-dependent rats (Lodge
and Lawrence, 2003; Valdez et al., 2002). However, neither of this class of compound has
been used in the treatment of alcoholics. In contrast, buspirone, a 5-HT1A receptor partial
agonist, has well-known anxiolytic properties in humans but a mixed history in treating
alcoholics (Fawcett et al., 1999; George et al., 1999; Kranzler and Meyer, 1992; Malcolm et
al., 1992; Malec et al., 1996; Tollefson et al., 1992). There is stronger evidence that 5-HT1A
receptor agonists and 5-HT2C receptor antagonists reduce alcohol drinking in animals
(Hedlund and Wahlstrom, 1996; Knapp et al., 1993; McKenzie-Quirk and Miczek, 2003;
Tomkins et al., 2002). Although olanzapine has been reported to decrease craving and
alcohol consumption (Hutchison et al., 2001, 2003, 2006), the only clinical trial published to
date has been negative (Guardia et al., 2004). Based upon these observations, it would be
unwise to predict that drugs which reduced both alcohol drinking and anxiety-like behavior
in stressed, deprived P rats will necessarily be useful treatments for alcoholism.

In conclusion, adding restraint stress to deprivation periods in P rats having voluntary access
to alcohol both increases the duration of postdeprivation alcohol drinking and decreases time
spent in social interaction behavior. Flumazenil, CRF1 receptor antagonists, buspirone, and
olanzapine reduce the effects of stress on both alcohol drinking and social interaction.
However, naloxone, haloperidol, and SB242,084 affected only the increase in alcohol
drinking. These results suggest that the 2 behaviors are modulated by multiple systems,
some of which are involved in both behaviors.
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Fig. 1.
Research design for drug treatment and stress application in P rats repeatedly withdrawn
from alcohol.
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Fig. 2.
Daily alcohol intake (g/kg/d) in P rats continuously exposed to alcohol, deprived of alcohol,
or deprived and stressed. Average intake for the first 5 days is presented as Treatment Day
0. The data represent the means ± SEM for n = 8 animals in each of the 3 groups. There was
a 2-day break between Days 0 and 1 and between Days 5 and 6 of postdeprivation alcohol
exposure during which time the rats had water only. SI, social interaction.
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Fig. 3.
Social interaction behavior in alcohol-withdrawn P rats continuously exposed to alcohol,
deprived twice from alcohol, or deprived and stressed twice. The test was carried out 5 h
after the last alcohol session. Data represent the mean s ± SEM time spent in social
interaction for 16 to 24 rats in the upper panel and line crosses in the lower panel.
*Significantly different from the Continuous Alcohol Group.
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Fig. 4.
Cumulative alcohol intake of P rats after treatment with flumazenil, CRA1000, CP154,526,
and buspirone. Drug-treated rats were injected 30 min before the application of 1 h of
restraint stress during the first and second withdrawal/deprivation periods. Values represent
the mean increase in cumulative alcohol intake between the first and third cycles for 7 to 10
rats. *Significantly different from Continuous Alcohol; +significantly different from
Deprivation alone; #significantly different from Vehicle.
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Fig. 5.
Cumulative alcohol intake of P rats after treatment with naloxone, SB242084, haloperidol,
and olanzapine. Drug-treated rats were injected 30 min before the application of 1 h of
restraint stress during the first and second withdrawal/deprivation periods. Values represent
the mean increase in cumulative alcohol intake between the first and third cycles for 7 to 10
rats. The bars for Continuous Alcohol, Deprivation only and Vehicle groups are repeated
from Fig. 4. *Significantly different from Continuous Alcohol, +significantly different from
Deprivation alone; #significantly different from Vehicle.
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Fig. 6.
Social interaction behavior in alcohol-withdrawn P rats after prior treatment with
flumazenil, CRA1000, CP154,516, and buspirone. Drug-treated rats were injected 30 min
before the application of 1 h of restraint stress during the first and second withdrawal/
deprivation periods. Social interaction behavior was tested approximately 5 h after the
removal of the alcohol tube at the end of the third cycle. Data represent the s + SEM for 7 to
10 rats. *Significantly different from Continuous Alcohol; #significantly different from
Vehicle.
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Fig. 7.
Social interaction in alcohol-withdrawn P rats after prior treatment with naloxone,
SB242084, haloperidol, or olanzapine. Drug-treated rats were injected 30 min before the
application of 1 h of restraint stress during the first and second withdrawal/deprivation
periods. Social interaction behavior was tested approximately 5 h after the removal of the
alcohol tube at the end of the third cycle. Data represent the s + SEM for 7 to 8 rats. The first
3 bars are repeated from Fig. 6. *Significantly different from Continuous Alcohol;
#significantly different from Vehicle.
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Fig. 8.
Effects of Flumazenil and CRA1000 on the daily pattern of drinking in stressed, alcohol
deprived P rats. Rats were subjected to the protocol illustrated in Fig. 1, with flumazenil, and
CRA1000 being injected 30 min prior to the application of stress. Animals with continuous
access to alcohol and water were compared to: (1) those with cycled exposure to alcohol
with two 2-day deprivation periods interspersed between three 5-day cycles of exposure to
water and alcohol and (2) those with cycled exposure to alcohol with stress added during the
deprivation periods with and without flumazenil or CRA1000.
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