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Background: A dysregulation of the corticotropin-releasing hormone (CRH) system has been implicated in the
development of excessive alcohol consumption and dependence. The aim of the present study was to evalu-
ate whether the CRH system is also recruited when non-dependent Wistar rats escalate to high alcohol intake
in the intermittent (alternate days) model of drinking.
Methods: We compared intermittent and continuous access to 20% (v/v) alcohol in a two-bottle free choice
drinking paradigm. Following a total of twenty 24-hour exposures for every experimental group, we assessed
signs of alcohol withdrawal, including anxiety-like behavior and sensitivity to stress. The selective CRH1 re-
ceptor (CRH1R) antagonist antalarmin (0, 10, 20 mg/kg, i.p.) was tested on alcohol consumption.
Results: Intermittent access to 20% alcohol led non-selected Wistar rats to escalate their voluntary intake to a
high and stable level, whereas continuously exposed animals maintained a lower consumption. These groups
did not differ in physical withdrawal signs. In addition, no differences were found when anxiogenic-like be-
havior was studied, neither under basal conditions or following restraint stress. Nevertheless, sensitivity to

the treatment with the CRH1R antalarmin was observed since a reduction of 20% alcohol intake was found
in both groups of animals regardless of the regimen of alcohol exposure. In addition, antalarmin was effective
when injected to animals exposed to intermittent 10% (v/v) alcohol whereas it failed to suppress 10% contin-
uous alcohol intake.
Conclusions: Pharmacological blockade of CRH1R reduced alcohol drinking when sustained high levels of in-
take were achieved suggesting that the CRH system plays a key role when high doses of ethanol are con-
sumed by non-dependent subjects. This supports the notion that CRH system not only maintains the
dependent state but also engages the transition to dependence.
Published by Elsevier Inc.
1. Introduction

Reduction of heavy drinking and relapse prevention are main thera-
peutic objectives in alcoholism treatment. These aspects of alcoholism
can be modeled in animals. For example, to assess excessive alcohol
consumption, rodent lines obtained by selective breeding for high and
low alcohol consumption and other rodent strains exhibiting innately
high alcohol drinking characteristics have been extensively used
(McBride and Li, 1998). However, a procedure that leads to escalation
of alcohol consumption in unselected Wistar rats has also been de-
scribed (Wise, 1973). When alcohol solutions were made available on
CRH1R, corticotropin-releasing
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alternate days, voluntary ethanol intake was much greater than with
continuous availability. Motivation to consume alcohol in this model
was dissociated from physical dependence (Wise, 1975), while subse-
quent behavioral studies have established that in order to reach a de-
pendent state, intermittent exposure to repeated cycles of forced
intoxication and withdrawal are more effective than constant exposure
(Breese et al., 2005; O'Dell et al., 2004; Rimondini et al., 2002; Sommer
et al., 2008).

The past decade has seen an expansion of research aimed at devel-
oping pharmacotherapy for alcoholism. Two agents, acamprosate and
naltrexone, have been approved for the treatment of alcoholism,
while baclofen, topiramate and ondansetron have shown promise in
clinical trials (Egli, 2005; Heilig and Egli, 2006; Johnson, 2008). In
addition, other drugmechanisms are under evaluation for the develop-
ment of novel alcohol addiction treatment. One of the target systems
that preclinical pharmacology has recently pointed out as a candidate
for new medications is the corticotropin-releasing hormone (CRH)
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system (Ciccocioppo et al., 2009; Heilig et al., 2010; Lowery and Thiele,
2010). CRH integratesmany of the endocrine, behavioral, and autonom-
ic responses to stress and has been implicated in alcohol addiction in
part because stress is a key factor that contributes to the vulnerability
to relapse to alcohol seeking (Sarnyai et al., 2001; Shaham et al., 2003;
Sinha, 2001), and in part because there is evidence that neuroadaptive
changes triggered by a prolonged history of alcohol exposure lead to a
persistent dysregulation of the CRH system. That, in turn may drive ex-
cessive and uncontrolled alcohol consumption and would motivate
subjects to continue drinking despite detrimental consequences (Heilig
and Koob, 2007; Koob, 2003, 2010). Compelling evidence supports a
role of the brain stress system in core symptoms of alcohol dependence
such as excessive alcohol self-administration, stress-induced relapse to
alcohol seeking, dependence andwithdrawal (Breese et al., 2011). Con-
sistent with this notion, CRH1R antagonists have been shown to be par-
ticularly efficacious in blocking alcohol abuse-related behaviors in
animals with a history of alcohol dependence, while little effect was ob-
served in non-dependent subjects (Funk et al., 2006; Gehlert et al.,
2007; Hansson et al., 2006). In recent studies, however, it was shown
that CRHR signaling may also modulate alcohol intake in non-
dependent rodents when the level of alcohol intake is high. For exam-
ple, in the “drinking in the dark” procedure in mice, treatment with
CRH1R antagonists significantly attenuated binge-like drinking where-
as it was ineffective in altering consumption ofmoderate amounts of al-
cohol (Lowery et al., 2010; Sparta et al., 2008).

The intermittent model of 20% alcohol drinking has been pharma-
cologically validated as both naltrexone and acamprosate were dem-
onstrated to decrease alcohol consumption of high alcohol drinking
rats subjected to the alternate days exposure (Simms et al., 2008).
Given the important role of brain stress system following intermittent
exposure to alcohol (Breese et al., 2005; Breese et al., 2011; Sommer
et al., 2008; Zhang et al., 2007) and other drugs of abuse including
morphine (Houshyar et al., 2003), the aim of the present study was
to examine whether the CRH system is engaged when non-
dependent Wistar rats escalate to high alcohol intake following a pro-
longed exposure to different alcohol concentrations in the intermit-
tent (alternate days) model of drinking. To this end, we first studied
alcohol drinking in animals exposed to a 20-day two-bottle free
choice procedure in which a 20% solution was offered under intermit-
tent or continuous regimen. Then, these drinking patterns were com-
pared to those resulting from an identical intermittent or continuous
exposure to a lower, 10% alcohol concentration. Third, we assessed
the presence of physical and emotional signs of withdrawal in ani-
mals drinking higher alcohol concentrations. Lastly, we tested the ef-
fect of the selective CRH1R antagonist antalarmin on both 20% and
10% intermittent versus continuous alcohol access.

2. Material and methods

2.1. Animals

Male Wistar rats, purchased from Charles River Laboratories
(Wilmington, MA), were used. Animals were single housed in a tem-
perature and humidity controlled vivarium and maintained on a re-
verse 12 h light/dark cycle, with the light switched off at 8:00 A.M.
Food and water were available ad libitum. Prior to initiating experi-
ments, animals (body weight 325–350 g) were repeatedly handled.
Experiments were conducted during the dark cycle. All experiments
were conducted according to the National Institutes of Health Guide-
lines for Care and Use of Laboratory Animals, and were approved by
the Animal Care and Use Committee of the National Institute on Alco-
hol Abuse and Alcoholism. All animals were only used once except
where specified. Two batches of naïve Wistar animals were used in
the present study. The first batch underwent the 20-day exposure
to 20% alcohol as described below. Of these animals one group
(N=16) was used to test the effects of antalarmin on 20% alcohol
drinking under the intermittent (8 rats) vs continuous regimen
(8 rats). The second group (N=20) was used to assess differences be-
tween intermittent (N=10) and continuous (N=10) access in so-
matic and emotional (anxiety) symptoms of alcohol withdrawal as
well as in sensitivity to stress. A second batch of rats (N=16) was
also divided into continuous (N=8) and intermittent (N=8) access
but exposed to 10% alcohol concentration. In these animals the effect
of antalarmin was also evaluated.

2.2. Drugs

Both 20% (v/v) and 10% (v/v) alcohol solutions was prepared
by diluting 95% alcohol in tap water. The selective CRH1 receptor
antagonist antalarmin (N-butyl-N-ethyl-[2,5,6-trimethyl-7-(2,4,6-
trimethylphenyl)-7H-pyrrolo[2,3-d]pyrimidin4-yl]-amine (Webster
et al., 1996)) was suspended in a vehicle composed by 10% Tween 80
and distilled water and given intraperitoneally (i.p.) at the doses of 10
and 20 mg/kg in a volume of 1 ml/kg.

2.3. 20% (v/v) alcohol: intermittent vs continuous access to two-bottle
choice drinking paradigm

All fluids were presented in 100 ml graduated plastic cylinders
equipped with a stainless-steel drinking spouts inserted through
two grommets in front of the cage. Fluids were changed daily at 3 h
into the dark period of the light/dark cycle. According to the method
described by Wise (1973) animals were trained to drink 20% (v/v) al-
cohol on alternate days. Briefly, after 1 week acclimatization period,
all the animals were provided with two bottles of water for 3 days.
The fourth day, rats were divided into two groups. In one of them
(intermittent access group), one bottle of 20% ethanol solution
replaced one bottle of water and was available for the next 24 h.
The next day, the 20% alcohol bottle was removed and replaced
with a bottle of water. This procedure took place across 40 days for
a total of 20 days of alcohol exposure. Meanwhile, a second group of
rats (continuous access group) had access to water only (2 bottles
of water) until the intermittent group reached ten exposures. At
that point, one bottle of 20% alcohol replaced one of the water bottles,
and exposure to one bottle of alcohol and one of water was main-
tained for 20 consecutive days. The placement of the alcohol bottle
was alternated daily to control for side preferences in continuous ex-
posed animals whereas it was alternated every other day in the inter-
mittent exposed rats.

2.4. Blood alcohol concentrations (BACs)

Blood samples (N=8 per group) were taken from the rat tail vein
one, four, and twenty-four hours following the onset of the last day of
20% ethanol exposure and assayed as previously described (Cippitelli
et al., 2010). Blood was collected in 300 μl vials containing EDTA dipo-
tassium salt (Sarstedt, Nümbrecht, Germany) and stored at −20 °C.
Quantitative gas chromatography was used to assess blood alcohol
concentrations.

2.5. Effect of antalarmin on 20% alcohol consumption in intermittent vs
continuous access drinking rats

At the end of 20 alcohol exposures, 8 animals subjected to inter-
mittent 20% alcohol access and 8 belonging to the continuous group
were tested with the selective CRH1R antagonist antalarmin (0, 10,
20 mg/kg) given i.p. 30 min prior to alcohol exposure of the intermit-
tent access group. Each rat received all doses with a four-day wash-
out period between injections using a counter-balanced Latin square
design. Alcohol was provided every day or every other day between
drug testing days. The effect of the treatment was evaluated at the 6



Fig. 1. Intermittent access to 20% (v/v) alcohol in a two-bottle free choice drinking par-
adigm produces a robust escalation in alcohol intake. The values are expressed asmean±
SEM alcohol intake (g/kg/day).Statistical difference from the first drinking session: In
the intermittent access group *pb0.05 and **pb0.01; in the continuous access group
#pb0.05.
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and 24 h time points. Water and total fluid intake were also measured
throughout the experiment.

2.6. Measurement of physical alcohol withdrawal signs

Following 20 alcohol exposures, the remaining 20 animals (10 of
the intermittent group and 10 of the continuous group) were given
only water. Animals were, then, examined for physical signs of with-
drawal right before and 12 h following removal of alcohol by an ex-
perimenter blind to treatment conditions. Using a withdrawal rating
scale adapted from Macey et al. (1996) and described by Braconi et
al. (2010), ethanol withdrawal signs, including ventro-medial limb
retraction, irritability to touch (vocalization), tail rigidity, and body
tremors, were scored. To each sign was assigned a score of 0 to 2,
based on the following severity scale: 0 = no sign, 1 = moderate,
2 = severe. The sum of the 4 observation scores (0 to 8) was used as
a quantitative measure of withdrawal severity. For these behavioral ob-
servations, animals were individually transferred from their home
cages to a quiet observation room to avoid excessive stimulation.

2.7. Elevated plus-maze (EPM)

This experiment was conducted as described previously (Cippitelli
et al., 2011). The apparatus was elevated 50 cm above the floor and
consisted of two black plastic open arms (50×10 cm) and two
enclosed arms (50×10×45 cm), which were arranged so that the
similar arms were opposite to each other. The arms were connected
by a central area measuring 10×10 cm where the animal was placed
facing a closed arm when the 5-min test procedure began. The maze
was cleaned with water and dried after each trial. Behavior was
scored by the EthoVision video tracking system for automation of be-
havioral studies. The percent of time spent in open arms and the per-
cent of open arm entries were used as measures of anxiety-like
behavior, while the number of entries into the closed arms was
used as an indicator of general motor activity (Cruz et al., 1994). An-
imals (N=10 intermittently and 9 continuously exposed) were test-
ed under dim red light 30 h following the removal of the bottles
corresponding to the time at which animals drinking under the inter-
mittent regimen would have resumed access to alcohol. To further
examine the possible difference in anxiety-like behavior under more
stressful conditions, the same animals (N=9 intermittently and 9
continuously exposed) were subjected to an additional 20-day long
20% alcohol exposure and then again tested for the EPM performance
following the completion of a 15 min restraint stress (Valdez et al.,
2003). This time EPM was conducted under 120 lx 30 h following re-
moval of the bottles.

2.8. Effect of antalarmin on 10% alcohol consumption in intermittent vs
continuous access drinking rats

A separate group (N=16, 8 intermittently and 8 continuously ex-
posed) of rats were subjected to a 20-day exposure to 10% alcohol in-
stead of 20%. At this point in a counter-balanced Latin square design
with a four day wash-out period between each drug administration
antalarmin (0, 10, 20 mg/kg) was tested. The drug was given i.p.
30 min prior alcohol exposure to the intermittent access group. The
effect of the treatment was evaluated at 6 and 24 h time points.
Water and total fluid intake were also measured.

2.9. Statistics

Statistical analyses were performed using analysis of variance
(ANOVA). When appropriate, analyses were followed by Newman
Keuls post hoc tests. Drinking patterns of the 20-day intermittent vs.
continuous exposure to both 20% and 10% ethanol were conducted
separately by using a two-way ANOVA with days of exposure
(“day”) as the within subject variable and groups (“group”) as the
between factor. Two-way ANOVA was also used for assessment of
the overall physical withdrawal sign score. Here one between factor
(exposure group) and one within factor (time, T=0 and T=12 h)
were used. Analysis of EPM-related variables was carried out by
one-way ANOVA, which also was used to determine the average in
the intake of 20% and 10% intermittent vs. continuous access groups.
To analyze the effects of antalarmin on alcohol drinking, water and
total fluid intake a three-way ANOVA was used separately for the
two concentrations. Factors for the three-way ANOVA were 2 within
subjects (time point, “time” and antalarmin doses, “treatment”) and
one between factor (intermittent vs. continuous, “group”). Determi-
nation of BACs was carried out by a linear regression analysis.

3. Results

3.1. The 20% intermittent access group escalated whereas the continuously
exposed group decreased alcohol consumption across the 20-day exposure

Fig. 1 shows patterns of alcohol intake for intermittent and contin-
uous 20% alcohol exposure groups. Overall ANOVA revealed a main
effect of “group” [F(1,14)=10.3, pb0.01] as well as a main effect of
“day” [F(19,266)=1.9, pb0.05], accompanied by a group×day interac-
tion [F(19,266)=4.9, pb0.001] to suggest different drinking patterns
between groups across the 20-day exposure. Post hoc analysis showed
escalation of alcohol consumption for the intermittent access group,
as a significantly different intake was found on day 5 and from days
9 to 20 (with the exception of days 14 and 20) compared with the in-
take of the first exposure. In contrast, the continuous access group
showed attenuated consumption, as intake on days 6, 8, 10, 18 and
20 were decreased when compared to the first day of exposure.

3.2. Antalarmin attenuated 20% alcohol consumption in both
intermittent and continuous access groups

In agreement with the increased intake of rats exposed to inter-
mittent access shown in Fig. 1, ANOVA revealed a main effect of
“group” [F(1,14)=35.5, pb0.001] to suggest that difference in baseline
of consumption was maintained between groups during the
drug testing. Treatment with the CRH1R antagonist antalarmin had
an overall main effect on alcohol consumption (main effect of
“treatment” [F(2,28)=10.9, pb0.001]), which did not differ between
groups (interaction “treatment×group” [F(2,28)=0.1, NS]), to indicate



Table 1
Water intake following administration of the CRH1 receptor antagonist antalarmin (0,
10, 20 mg/kg, i.p.) in unselected Wistar rats subjected to intermittent (alternate days)
and continuous exposure to (A) 20% (v/v) alcohol or (B) 10% (v/v) alcohol in a two-
bottle free choice procedure.

A

Antalarmin
(mg/kg)

Water intake (g/kg)

20% intermittent 20% continuous

6 h 24 h 6 h 24 h

0 14.5±3.3 33.1±4.4 30.7±3.5 65.2±6.9
10 21.9±2.6⁎ 46.0±5.9⁎⁎⁎ 28.9±5.2 66.6±8.7
20 23.4±3.1⁎ 44.4±6.0⁎⁎ 35.5±6.7 77.6±11.0⁎⁎⁎

B

Antalarmin
(mg/kg)

Water intake (g/kg)

10% intermittent 10% continuous

6 h 24 h 6 h 24 h

0 18.1±6.7 40.2±11.3 29.1±7.2 73.2±13.3
10 23.6±6.0 48.2±10.8⁎ 32.6±3.0 81.4±10.2⁎⁎

20 23.5±4.0 52.0±7.3⁎⁎ 41.2±3.9 87.3±10.5⁎⁎⁎

Significant difference from controls (0).
⁎ pb0.05.

⁎⁎⁎ pb0.001.
⁎⁎ pb0.01.
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that the drug was effective in both intermittent and continuous 20%
alcohol exposed rats. Finally, as shown by the significant interaction
“treatment×time” [F(2,28)=4.2, pb0.05], this reduction in alcohol in-
take was greater at the 24-hour time point. Post hoc analysis revealed
significant difference when antalarmin was given at the dose of
20 mg/kg in the intermittent as well as in the continuous access groups
(pb0.001) at 24 h. In the intermittent group a significant (pb0.05) re-
ductionof alcohol intakewas observed also following higher antalarmin
at the 6-hour time point (Fig. 2A–B).

ANOVA revealed that basal water intake was higher in continuous
compared to intermittent group [F(1,14)=7.2, pb0.05]. In addition, re-
duction of alcohol intake was accompanied by an increased water
consumption following treatment with antalarmin [F(2,28)=6.8,
pb0.01] regardless of the regimen of alcohol exposure [F(2,28)=2.5,
NS]. Post hoc comparisons revealed that the heightened water intake
was generally observed in the experimental groups where 20% alco-
hol consumption was shown to decrease (Table 1A). Conversely, the
overall total fluid intake was not altered by the drug treatment
([F(2,28)=2.2, NS], Table 2A).

3.3. Intermittent exposure to 20% alcohol did not produce overt signs of
alcohol withdrawal

Blood alcohol concentrations were markedly below the threshold
(~150 mg/dl) that is thought to induce alcohol dependence (Rimondini
et al., 2002). Highest peaks were reached 1 h following the onset of
drinking by rats given access to 20% alcohol under the intermittent
procedure. The amount of alcohol consumed after 1 h significantly
Fig. 2. Antalarmin (0, 10, 20 mg/kg, i.p.) decreases alcohol consumption in both inter-
mittent (N=8) and continuous (N=8) groups with access to 20% (v/v) alcohol drink-
ing. The values are expressed as mean±SEM alcohol intake (g/kg) at (A) 6 h and
(B) 24 h. Statistical difference from controls (0):*pb0.05 and ***pb0.001.
correlated with the measured BACs in the intermittent group
(r2=0.85; p=0.001) whereas correlation was weak in the continuous
access group (r2=0.48, p=0.05; Fig. 3A). Correlation between alcohol
consumed and BACs decreased over time in the group exposed every
other day (4 h: r2=0.01, Fig. 3B; 24 h: r2=0.001, Fig. 3C) to suggest
that these rats voluntarily drank ethanol in bouts of sufficient size and
frequency particularly during the first hour following exposure.

Intermittently and continuously exposed rats were examined for
expression of physical signs of withdrawal at 12 h (T=12) following
the removal of alcohol bottles. Somatic symptoms were compared
with those shown right before removing the bottles (T=0). The
sum of the 4 observation scores (vocalization, ventromedial limb re-
traction, tail rigidity and body tremor) were 2.6±0.5 and 2.3±0.4
on T=0 and 1.9±0.3 and 2.1±0.3 on T=12 for intermittent and
continuous access groups, respectively. ANOVA revealed a significant
effect of “time” [F(1,18)=4.4, pb0.05] with no effect of the exposure
(“group”, intermittent vs. continuous [F(1,18)=0.0, NS]) or interaction
Table 2
Total fluid intake following administration of the CRH1 receptor antagonist antalarmin
(0, 10, 20 mg/kg, i.p.) in unselected Wistar rats subjected to intermittent or continuous
exposure to (A) 20% alcohol or (B) 10% alcohol in a two-bottle free choice procedure.

A

Antalarmin
(mg/kg)

Total fluid intake (ml)

20% intermittent 20% continuous

6 h 24 h 6 h 24 h

0 16.0±1.8 34.7±2.0 20.6±1.6 42.6±2.1
10 18.2±1.7 42.0±2.7 18.4±2.4 43.2±3.1
20 19.4±2.0 37.2±2.3 21.8±2.9 46.4±3.8

B

Antalarmin
(mg/kg)

Total fluid intake (ml)

10% intermittent 10% continuous

6 h 24 h 6 h 24 h

0 20.2±3.9 42.7±5.8 18.5±3.2 45.1±6.5
10 21.5±3.1 43.5±4.6 20.1±2.3 49.8±6.3
20 19.1±1.8 40.9±2.9 23.4±2.9 51.8±6.6

No significant differences were detected between groups.

image of Fig.�2


Fig. 3. Rats subjected to intermittent drinking consumed alcohol in bouts which were markedly below the threshold known to produce dependence. Blood ethanol concentrations
(BACs, mg/dl) were monitored at (A) 1, (B) 4 and (C) 24 h of the last 20% alcohol exposure in both the intermittent (N=8) and the continuous access (N=8) groups. (D) Absence
of physical signs of withdrawal in the intermittent group (N=10) compared with the continuous one (N=10) measured at 12 h (T=12 h) following the removal of the alcohol
bottles (T=0 h). The affective component (anxiety) of withdrawal was also absent. Elevated plus maze (EPM)-related variables, including (E) percent (%) open arm time and (F) %
open arm entries did not differ between the intermittent and the continuous exposed groups.
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“time×group” ([F(1,18)=1.2, NS], Fig. 3D). These results clearly ruled
out the presence of significant withdrawal signs attributable to the in-
termittent or the continuous procedure.

Intermittently and continuously exposed rats showed comparable
EPM performance under basal conditions (% open arm time [F(1,17)=
0.8, NS], % open arm entries [F(1,17)=0.1, NS]) as well as following a
restraint stress (% open arm time [F(1,16)=0.2, NS], % open arm en-
tries [F(1,16)=0.0, NS], Fig. 3E–F) to suggest absence of emotional
signs of alcohol withdrawal.

3.4. The 10% intermittent access group escalated alcohol consumption
across the 20-day exposure

Fig. 4 shows patterns of intake for both groups of the intermittent
and continuous 10% alcohol exposure. Similar to the 20% alcohol pro-
cedure, overall ANOVA revealed a main effect of “group” [F(1,14)=
13.4, pb0.01] and a main effect of “day” [F(19,266)=2.4, pb0.01],
accompanied by group×day interaction [F(19,266)=5.2, pb0.001]
to suggest different drinking patterns between groups across the
20-day exposure. Post hoc analysis showed escalation of alcohol con-
sumption for the intermittent access group as a significantly different
intake was found between the first exposure and day 5 as well as days
11 to 15 and day 19. On the other hand, the continuous access group
showed daily fluctuations throughout the procedure so that con-
sumption did not change significantly over time.

3.5. Antalarmin attenuated 10% alcohol consumption in the intermittent
but not in continuous group

Baseline of alcohol consumption for both intermittent and contin-
uous access to 10% alcohol were different, as shown by a main effect
of “group” [F(1,14)=11.1, pb0.01]. Treatment with the CRH1R antag-
onist antalarmin had an overall main effect on alcohol consumption
(main effect of “treatment” [F(2,28)=8.1, pb0.01]). Importantly,
there was a significant treatment×group interaction [F(2,28)=9.0,
pb0.001] to suggest a change in the intake occurring selectively in
the intermittent but not in the continuous group. As shown by a sig-
nificant treatment×time interaction [F(2,28)=4.8, pb0.05], the effect

image of Fig.�3


Fig. 4. The intermittent access to 10% (v/v) alcohol in a two-bottle free choice drinking
paradigm produces a robust escalation in alcohol intake. The values are expressed as
mean±SEM alcohol intake (g/kg/day) at each drinking session. Statistical difference
from the first drinking session: In the intermittent access group (N=8) *pb0.05 and
**pb0.01; in the continuous access group (N=8) ##pb0.01.
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of the CRH1R antagonist was greater at the 24-hour time point. In the
intermittent group post hoc analysis revealed significant reduction of
drinking by antalarmin 20 mg/kg at both time points (6 h: pb0.01;
24 h: pb0.001). At the low dose (10 mg/kg) antalarmin decreased
10% alcohol intake only at the 24-hour time point. Intake of the
continuous access group was not affected by antalarmin (Fig. 5A–B).
Fig. 5. Antalarmin (0, 10, 20 mg/kg, i.p.) decreases alcohol consumption in rats with in-
termittent (N=8) but not with continuous (N=8) exposure to 10% alcohol. The values
are expressed as mean±SEM alcohol intake (g/kg) at (A) 6 h and (B) 24 h. Statistical
difference from controls (0): **pb0.01 and ***pb0.001.
A significant difference in basal water intake was found between
the intermittent and the continuous groups [F(1,14)=5.5, pb0.05].
Treatment with antalarmin increased water intake (main effect of
“treatment” [F(2,28)=3.4, pb0.05]) whereas interaction “treatment×
group” did not reach significance [F(2,28)=0.2, NS]. Post hoc compari-
sons revealed a robust increment of the intake at all doses examined,
particularly at the 24-hour time point (Table 1B). Furthermore, overall
consumption of fluids was not altered following drug treatment
([F(2,28)=0.8, NS], Table 2B).

3.6. The continuous access to 10% alcohol group showed the lowest
intake

Further analysis of alcohol drinking was carried out to evaluate
differences between rats exposed to 20% and 10% under both inter-
mittent and continuous condition. As shown in Fig. 6 in the 20%
groups the mean ethanol intake per day were 4.7±0.7 and 2.7±
0.5 g/kg in the intermittent and continuous access groups, respective-
ly. ANOVA revealed a significant overall difference in alcohol con-
sumption between groups [F(1,14)=10.3, pb0.01]. In the 10% groups
the average daily alcohol intake were 3.8±0.6 and 1.8±0.5 g/kg/
day in the intermittent and continuous groups, respectively. ANOVA
revealed a significant overall difference in alcohol consumption
between groups [F(1,14)=13.4, pb0.01]. Of note, ANOVA also revealed
no difference in average alcohol intake between 20% and 10% inter-
mittent groups [F(1,14)=1.7, NS]; while a significant lower level of
alcohol consumption was observed in rats taking continuous 10% al-
cohol as opposed to the group of animals taking continuous 20%
[F(1,14)=4.4, p=0.05].

4. Discussion

We show here that Wistar rats given intermittent access to 20% and
10% alcohol in a two-bottle choice drinking paradigm consume higher
levels than animals exposed continuously. As shown by the absence of
physical withdrawal signs and unaltered anxiety-like responses this es-
calation in alcohol intake is not associatedwith a dependence-like state,
but is attenuated by the selective CRH1R antagonist antalarmin. In addi-
tion, antalarmin decreases drinking in the continuous group exposed to
20% alcohol while it failed to affect consumption of 10% alcohol under
an unlimited 20-day alcohol access.

Our drinking data obtained allowing intermittent access to a 20%
alcohol solution closely parallel those reported in previous studies
where an escalation of alcohol intake was observed both in rats
(Hopf et al., 2010; Loi et al., 2010; Simms et al., 2010; Simms et al.,
2008; Wise, 1973) and mice (Melendez, 2011). Indeed, in the pre-
sent study five 24-hour exposures to 20% alcohol led Wistar rats to
escalate their intake up to 5–6 g/kg/day. This high consumption
then persisted for most of the remaining exposures period raising
the possibility that neuroadaptive changes occurred to maintain sus-
tained high amounts of intake. Notably, this amount almost doubled
that of animals exposed to 20% alcohol under a continuous regimen,
which instead decreased their consumption across the 20-day proce-
dure. The time course of BACs analyzed during the last 24-h exposure
of the procedure suggested that correlation between alcohol con-
sumed and BACs just occurred following the first hour of exposure,
to indicate that rats intermittently exposed to the 20% alcohol solu-
tion voluntarily drank in bouts of sufficient size and frequency par-
ticularly during the first hour following the onset of the exposure.
Then, BACs were maintained at lower levels throughout the remain-
ing period of alcohol access. Animals continuously exposed to 20% al-
cohol showed a weak correlation between alcohol consumption and
BACs that remained substantially low. However, it should be also
pointed out that peaks of blood alcohol concentrations observed in
the present study were generally lower than those showed byWistar
rats intermittently exposed to 20% alcohol in the study conducted by
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Fig. 6. Both 20% and 10% intermittent access groups showed higher average alcohol intake compared to 20% and 10% continuous access groups. The intake values are reported as average
of 20 daily exposures. Statistical difference between intermittent and continuous groups exposed to 20 or 10% alcohol respectively, **pb0.01. Statistical difference between groups ex-
posed to 20% and 10% continuous access #p=0.05.
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Simms et al. (2008). This discrepancy may be due to the decreased
amount of alcohol intake observed in our experiment on the last
day of alcohol access (see Fig. 1), possibly as a consequence of the
three sampling collections carried out across 24-h of that day. Alter-
natively, it is possible that blood samples for BAC analysis were here
collected one hour following the onset of alcohol access, a time point
which may not reflect the maximal peak of alcohol absorption in this
alcohol drinking paradigm whereas a 30 min time appears to be
more appropriate for blood sampling.

Following 20 daily exposures to this alternate 20% alcohol access,
Wistar rats failed to show physical symptoms of alcohol withdrawal
(Braconi et al., 2010; Economidou et al., 2011). Similarly, no increase
in anxiety-like behavior, another marker of alcohol withdrawal
(Breese et al., 2011; Heilig and Koob, 2007) was observed in the
20% intermittent access group when their elevated plus-maze perfor-
mance was assessed under basal conditions or following a restraint
stress (Valdez et al., 2003) and compared with that of the control
group (20% continuous alcohol access). These findings are consistent
with data on BACs which remained markedly below the threshold (~
150 mg/dl) that is thought to induce alcohol dependence (Rimondini
et al., 2002; Rimondini et al., 2003; Roberts et al., 2000; Spanagel,
2003). Hence, results clearly suggest that despite an elevated alcohol
intake associated to intermittent 20% alcohol exposure unlikely ani-
mals develop dependence.

Activation of the brain stress system is thought to play a pivotal
role in alcohol dependence (Heilig and Koob, 2007; Koob, 2008,
2010) as a long-term upregulation of CRH1 receptors has been ob-
served in structures of the extended amygdala of animals with a pre-
vious history of dependence and in rats genetically selected for high
alcohol intake and preference (Ciccocioppo et al., 2006; Hansson
et al., 2007; Hansson et al., 2006; Merlo Pich et al., 1995; Olive et al.,
2002; Sommer et al., 2008). Consistently, dependence-induced exces-
sive drinking was showed to be attenuated by treatment with CRH1R
antagonists in alcohol dependent subjects at doses that had no effects
in non-dependent Wistar rats (Funk et al., 2006; Gehlert et al., 2007)
suggesting that such neuroadaptations may drive core symptoms of
alcoholism including the increased motivation to take alcohol. How-
ever, the understanding of whether or not the CRH1R signaling is
also engaged when non-dependent rats escalate their levels of drink-
ing has received less attention. Our data clearly demonstrate that
pretreatment with the selective CRH1R antagonist antalarmin, at
doses previously shown to be selective for alcohol-related behaviors
(Hansson et al., 2006; Lodge and Lawrence, 2003; Marinelli et al.,
2007), decreased consumption of a 20% alcohol solution at both
time points examined (6 and 24 h). Importantly, this reduction oc-
curred regardless of the regimen of exposure (intermittent vs. contin-
uous) and amounts of alcohol consumed. Indeed, despite the fact that
the average intake markedly differed between the groups, antalarmin
attenuated both the elevated intake in 20% intermittent access as well
as the modest intake of 20% continuous alcohol access group. The ob-
servation that antalarmin decreased intake of 20% alcohol both in the
intermittent and continuous access groups may indicate that both
groups managed to drink enough alcohol in the first hour of exposure
to produce an engagement of the CRH system. This would be in accor-
dance with the positive correlation observed at 1 hour time point be-
tween alcohol consumed and BACs in both experimental groups. At a
minimum, these data indicate that CRH1R signaling can modulate al-
cohol drinking in Wistar rats even in the absence of dependence.
However, when the 20% alcohol solution was replaced with a lower
concentration, antalarmin selectively reduced the elevated intake of
the intermittent access group in a dose–dependent manner, while
leaving the lower intake of the continuous access 10% alcohol group
unaltered. Therefore, with 10% alcohol, the escalation seems to recruit
CRH-dependence, presumably because of the increased amount of al-
cohol taken. Notably, the observation that the continuous access to
10% alcohol group showed a lower intake (expressed as average in-
take of 20 exposures) than that of the continuous access to 20% alco-
hol group may account for the described differential effects of
antalarmin. Altogether these data indicate that inactivation at CRH1
receptors generally modulates alcohol drinking in Wistar rats even
in the absence of dependence if sufficiently high doses of alcohol
are consumed. Our data are, therefore, consistent with recent work
showing that CRH1R antagonists reduce binge-like alcohol consump-
tion in non-dependent C57BL/6J mice subjected to the “Drinking in
the Dark” procedure (Lowery et al., 2010; Lowery and Thiele, 2010;
Sparta et al., 2008) where high amounts of alcohol are consumed in
a limited period of time (Crabbe et al., 2011). Conversely, CRH1R an-
tagonists were shown to be ineffective in altering alcohol consump-
tion in mice drinking moderate amounts (Sparta et al., 2008).
Altogether these observations may suggest that CRH system does
not only play a role in maintaining the dependence state but it is
also engaged during the transition to dependence.
5. Conclusions

We replicate here prior findings showing that intermittent 20% al-
cohol exposure leads to escalation of drinking and lead to high alco-
hol consumption in Wistar rats. We then extend these findings by
presenting novel data demonstrating that neither 20 cycles of inter-
mittent nor continuous access is followed by development of an
overt dependence-like state. By evaluating the effects of the CRH1R
antagonist antalarmin we also provided pharmacological evidence
that CRH system may modulate consumption in non-dependent
subjects, thus indicating that stress system may be engaged during
the transition to dependence. Finally, these results strengthen the
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evidence that CRH1R antagonismmay have pharmacotherapeutic po-
tential in the treatment of alcohol addiction.
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