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Abstract
Rationale—Exposure to stressors promotes ethanol (EtOH) consumption and enhances drug
craving during abstinence. Corticotropin-releasing factor (CRF), and in particular, CRF actions via
type 1 CRF receptors (CRF1) are critical in behavioral responses to stressors. CRF1 play a role in
EtOH-induced behavioral neuroadaptation, in binge-like EtOH consumption, and in heightened
EtOH consumption in dependent animals.
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Objectives—We investigated the involvement of CRF1 in swim-stress-induced changes in EtOH
consumption and in baseline consumption as a function of EtOH concentration. The role of CRF2
in adapting to effects of the stressor was also examined.

Methods—Wild-type mice and knockout mice lacking CRF1 were tested for two-bottle choice
EtOH consumption at concentrations of 3–20%. Also, intake of 10% EtOH was examined in wild-
type mice and knockout mice lacking CRF1, or lacking both CRF1 and CRF2, before and after
acute or repeated swim stress exposures.

Results—EtOH intake was reduced in CRF1 compared with wild-type mice when presented at a
concentration of 20% but not when presented at lower concentrations. No genotype-dependent
effects were found for saccharin or quinine drinking. Acute swim stress had no effect, but repeated
swim stress resulted in higher levels of EtOH consumption in wild-type mice, compared with both
types of knockout mice. Stress effects on EtOH drinking were longer lasting in double knockout
mice.

Conclusions—These data suggest a prominent role of CRF1 in stressor-induced changes in
EtOH consumption, with involvement of CRF2 in recovery from stressor effects.
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Introduction
Preclinical research results indicate that the 41-amino acid polypeptide corticotropin-
releasing factor (CRF) is a key neurobiological mediator of stress responses and stressor-
induced effects on alcohol (ethanol) consumption (Heilig and Koob 2007; Lowery et al.
2008; Lowery and Thiele 2010; Martin-Fardon et al. 2010). Ethanol (EtOH) and classical
stressors produce neuroendocrine and behavioral outcomes that are mediated by activation
of CRF signaling (Bale and Vale 2004; Heinrichs and Koob 2004; Pastor et al. 2008;
Pautassi et al. 2010; Rivier 1996). CRF interacts with two G-protein-coupled CRF receptors,
type 1 (CRF1) and type 2 (CRF2), that are both positively coupled to adenylate cyclase
through stimulatory G proteins (Binder and Nemeroff 2010; Hauger et al. 2009; Zorrilla and
Koob 2004). CRF, which shows greater affinity for CRF1, has been described to exert
actions at central and peripheral levels (Hauger et al. 2006; Heinrichs and Koob 2004). It is
the main initiator of stressor-induced responses via activation of the hypothalamic–
pituitary–adrenal (HPA) axis. Release of CRF from the hypothalamus produces CRF1
binding-induced secretion of adrenocorticotropic hormone, which subsequently stimulates
glucocorticoid release from the adrenal gland cortices (Bale and Vale 2004). Extra-
hypothalamic functions of CRF include CRF1-mediated cell activation at the level of
structures such as the bed nucleus of the stria terminalis, the amygdala, and the ventral
tegmental area (Chalmers et al. 1995; Lovenberg et al. 1995). Central CRF signaling,
therefore, is critically involved in the neurobiology that mediates emotional responses and
motivated behavior (Koob 2010; Rodaros et al. 2007; Rotzinger et al. 2010; Ungless et al.
2003).

In rodent research, various procedures have been used to demonstrate stressor-induced
changes in EtOH intake. Increases in EtOH consumption have been seen subsequent to the
application of restraint stress (Chester et al. 2004), swim stress (Lowery et al. 2008), and
social defeat-induced stress (Croft et al. 2005). EtOH withdrawal, which induces an
anxiogenic/stress response, also increased EtOH intake (Funk et al. 2007). Additionally,
stressful stimuli such as foot-shock can promote reinstatement of an extinguished EtOH-
seeking behavior (Liu and Weiss 2002). CRF1 antagonists or CRF1 genetic deletion
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attenuated stressor-induced increases in EtOH intake (Lowery et al. 2008), reduced EtOH
withdrawal-dependent anxiogenic effects (Breese et al. 2004; Rassnick et al. 1993), blocked
increased EtOH drinking in dependent animals (Chu et al. 2007; Funk et al. 2007), and
prevented foot-shock-induced reinstatement of EtOH-seeking behavior (Liu and Weiss
2002). However, stressors have also been found to decrease EtOH intake (Brunell and Spear
2005; van Erp and Miczek 2001).

The influence of CRF-mediated systems on EtOH intake may be dependent upon level of
intake. Most of the studies cited above involved application of a stressor to heighten intake.
In addition, increased responding for EtOH, often seen after a period of alcohol deprivation,
was reduced by administration of a CRF1 antagonist (Sparta et al. 2009), and high levels of
EtOH drinking observed with “Drinking-in-the-Dark” (DID) procedures were reduced by
CRF1 antagonists (Sparta et al. 2008). One characteristic of protocols used for induction of
excessive or binge-like drinking is the use of high concentrations of EtOH (Crabbe et al.
2009; Rhodes et al. 2007). This factor might facilitate increased per-bout blood EtOH
concentrations and, perhaps, the activation of CRF signaling.

The present study evaluated baseline EtOH drinking in CRF1-deficient mice as a function of
EtOH concentration. This experiment was complemented with the measurement of
preference for tastants (saccharin and quinine) to eliminate a role for CRF1 in taste
reactivity/preference. CRF1 knockout (KO) and wild-type (WT) mice were also evaluated
for sensitivity to the sedative/hypnotic effects of EtOH (measured by evaluation of loss of
the righting reflex (LORR)). Finally, the effects of acute and repeated swim stress on EtOH
consumption were investigated in CRF1 KO and WT mice, as well as in mice lacking both
CRF type 1 and 2 receptors (CRF1/2). Single CRF2-deficient mice on a similar genetic
background were not available for use in this study. However, the double KO mice were
tested to answer the question of whether elimination of CRF2 would have a more profound
effect than elimination of CRF1 alone, given evidence that CRF2 have a more significant
role in stress adaptation, than in initiation of the stress response (Coste et al. 2001; de Kloet
2004).

Materials and methods
Animals

Male and female WT and KO mice (C57BL/6J × 129SV/J background) were used in the
present experiments. Mice heterozygous for the mutant allele(s) were mated to generate the
animals used here (a total of 125). Single gene mutant mice were generated using now
standard gene inactivation methods (Smith et al. 1998; Timpl et al. 1998; Coste et al. 2000),
and the double mutant was created by crossing the single gene mutants. Mutant mice were
backcrossed onto the C57BL/6J (B6) strain for four (CRF1) or six (CRF1/2) generations to
generate the mice for heterozygous mating. Mice were weaned at 21+2 days of age and
housed in like-sex groups of two to four mice under standard laboratory conditions until
assignment to experiments. Colony rooms were maintained at 21±1°C on a 12:12-h light/
dark cycle (lights on at 0600 h). Sex-balanced groups of animals (68 to 127 days old) were
used in these experiments. For drinking experiments, mice were individually housed 4 days
before drinking experiment initiation in standard, acrylic plastic mouse cages with corncob
bedding and food and water available ad libitum. Individual housing was necessary for
measurement of individual drinking levels. All procedures were approved by the Portland
VA and Oregon Health & Science University animal care and use committees and followed
the NIH Guidelines for the Care and Use of Laboratory Animals.
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Drugs
EtOH used for drinking (100%; Pharmco Products, Brookfield, CT) was diluted to a 3%,
6%, 10%, or 20% (v/v) solution in tap water. For intraperitoneal (ip) injection, 20% (v/v)
EtOH was prepared in saline (0.9%; Baxter Healthcare, Deerfield, IL). Saccharin sodium
salt (Sigma, St. Louis, MO) for drinking was prepared as a 0.033% or 0.066% (w/v) solution
in tap water. Quinine hemisulfate salt (Sigma) was prepared as a 0.015 or 0.03 mM solution
in tap water.

Twenty-four-hour, two-bottle choice baseline EtOH drinking
Procedures for measuring 24-h EtOH intake and preference have been described in detail
previously (Palmer et al. 2004; Phillips et al. 1994). Mice were first acclimated to
consuming tap water for four consecutive days from two glass graduated cylinders fitted
with stoppers and sipper tubes. Food was dispersed around both tubes to avoid food-
associated preference for one tube over the other. On day 1 of EtOH access, one water tube
was replaced with a tube containing 3% EtOH. This EtOH concentration was offered for
four consecutive days, and then increased to 6%, then 10% and finally 20% at 4-day
intervals. The position of the water and EtOH tubes was alternated every 2 days. Mice were
weighed every 4 days. The volume of fluid remaining in each tube (recorded at 24-h
intervals and read to 0.2 ml) was adjusted for potential leakage and evaporation by using the
average volume lost from identical tubes placed on two empty cages on the same racks as
the experimental animals. Body weight was used to determine EtOH consumption in grams
per kilogram per 24 h. EtOH consumption values from the second day after a tube position
switch (days 2 and 4 for each concentration) were averaged to index intake. This allowed
stabilization of drinking after the animals had identified the new location of the EtOH-
containing tube.

Twenty-four-hour, two-bottle choice saccharin and quinine drinking
Saccharin and quinine consumption and preference were measured in the same mice, 1 week
after measurement of baseline EtOH drinking. During the intervening week, the animals
were left undisturbed with ad libitum water access. Methods were as described for EtOH
drinking and two concentrations of each tastant were evaluated (0.033% and 0.066% for
saccharin; 0.015 and 0.03 mM for quinine) in ascending and counterbalanced order,
consistent with our previous similar studies (Palmer et al. 2004; Wheeler et al. 2009).

Loss of the righting reflex
EtOH-induced LORR was used to investigate potential differences in sensitivity to the
sedative–hypnotic effects of EtOH in CRF1 KO and WT mice. Experimentally naïve mice
were moved to the procedure room and weighed 1 h before testing began. At time zero, mice
were injected ip with 3.6 g/kg EtOH, and then tested for latency to LORR and for LORR
duration. Latency to LORR was defined as time from EtOH injection to time when the
mouse was unable to right itself from a supine position in a V-shaped trough for at least 30 s
(T1). Any mouse that did not lose the righting reflex within 5 min from the time of injection
had a 20-μl periorbital blood sample taken. This sample was processed to determine blood
EtOH concentration (BEC) and verify low BEC, which would suggest that absence of
LORR was due to a misplaced EtOH injection. Mice that showed LORR remained
undisturbed in a supine position until they could right themselves onto all four paws, twice
within a 30-s period. Time of the first righting was scored as regain of the righting reflex
(T2). Duration of LORR was calculated by subtraction (T2–T1). A 20-μl periorbital blood
sample was taken at regain of the righting reflex and used to determine BEC at righting.
BEC was determined using standard gas chromatographic methods, as described in Boehm
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et al. (2000), and these data were examined to identify neurosensitivity differences between
genotypes.

Effects of swim stress on two-bottle choice EtOH drinking
Experimentally naïve WT and KO animals were first introduced to 3%, 6%, and 10% EtOH
drinking, following the same protocol described for 24-h baseline EtOH drinking. This
phase was followed by periods of EtOH deprivation, periods when 10% EtOH was offered
for 21 h/day, and periods when swim stress application occurred prior to the 21-h period of
EtOH access. The temporal features of the study are detailed in Table 1. EtOH was available
for 21 h instead of 24 h during later phases of the study to allow time needed for swim stress
application. Independent non-stressed groups were not included in the within-groups design
based on preliminary studies (data not shown) revealing no time- or strain-dependent
changes between WT and CRF1 KO mice in EtOH consumption, and due to limited
availability of animals.

Swim stress sessions
Mice were placed individually into 1,000 ml Pyrex beakers containing 800 ml of 25°C
water. Forced swim stress sessions were 5-min long. After the 5-min period, mice were
removed from the water and gently dried with a cloth towel before being returned to their
home cages. It took approximately 2 h and 30 min to run all animals through the swim stress
procedure and forced swim sessions were undertaken during the light cycle between 1400
and 1700 h. EtOH was placed on cages beginning at about 3 h after swim stress initiation.
Genotypes were distributed equally across time for stress exposure so that differences in
time between forced swim and EtOH availability were similar.

Statistical analysis
Baseline EtOH or tastant consumption (grams or milligrams per kilogram), preference (ratio
of milliliters consumed from EtOH or tastant tube to total milliliters consumed) and total
volume (milliliters) were analyzed using two-way analysis of variance (ANOVA) with
repeated measures (genotype×EtOH/tastant concentration). LORR data (latency and
duration) and BEC (milligrams per milliliter) were analyzed using one-way ANOVAs with
genotype as the independent variable. Each phase (week) of the swim stress experiment was
analyzed with a two-way ANOVA with repeated measures (genotype×day). Significant
interactions were examined for simple main effects, and the Newman–Keuls test was used
for individual mean comparisons. Statistica 6.1 software (StatSoft, Inc., Tulsa, OK) was
used for all analyses.

Results
Sex was included as a factor in all initial analyses. Main effects of sex were found for
sensitivity to the sedative–hypnotic effects of EtOH (latency to LORR; male>female; no
difference for duration) and in some experiments, for amount of EtOH consumed
(female>male). However, there were no significant interactions of sex and genotype;
therefore, data were subsequently examined with the sexes combined.

Consumption of EtOH is reduced in CRF1 KO compared with WT mice when offered in a
high concentration

Figure 1 shows EtOH consumption (grams per kilogram; Fig. 1a) and preference (Fig. 1b)
for CRF1 KO and WT mice across four different EtOH concentrations. A two-way ANOVA
with repeated measures revealed a significant interaction of genotype and EtOH
concentration for grams per kilogram EtOH consumed [F(3, 66)=8.3, p<0.01]. Simple main
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effects analyses showed that KO mice consumed less EtOH than WT mice only when it was
offered as a 20% solution (p<0.01). A similar pattern of results was found for EtOH
preference (Fig. 1b). Again, there was a significant interaction of genotype and EtOH
concentration [F(3, 66)= 5.7, p<0.01] and KO mice showed reduced preference for the 20%
EtOH concentration (p<0.01). WT and KO mice did not differ in their total fluid intake (data
not shown).

CRF1 KO and WT mice do not show differences in tastant intake and preference
Figure 2 shows consumption (milligrams per kilogram) and preference for saccharin (Fig.
2a, b) and quinine (Fig. 2c, d) in CRF1 KO and WT mice. Two-way ANOVAs with repeated
measures identified significant effects of concentration for both saccharin [F(1, 22)= 12.6,
p<0.01] and quinine consumption [F(1, 22)=14.3, p < 0.01], but no effect of genotype or
significant interaction of genotype and concentration. There were no differences between
genotypes in preference for either saccharin or quinine or in total volume of fluid consumed
during the tastant study.

CRF1 KO and WT mice do not show differences in EtOH-induced LORR or in
neurosensitivity to EtOH

One KO and one WT mouse did not lose the righting reflex within 5 min and low BEC
values were found, suggesting that EtOH injections may have been misplaced (e.g., into the
intestine or bladder, rather than intraperitoneal cavity). Latency to and duration of LORR
(Fig. 3) were not significantly different between CRF1 KO and WT mice. There were also
no differences in BEC at the time of regain of the righting reflex. This indicates similar
neurosensitivity to EtOH for the two genotypes.

EtOH consumption is differentially affected by swim stress exposure in CRF1 and CRF1/2-
deficient, compared with WT, mice

Figure 4 shows EtOH intake and preference, and the effects of swim stress, in CRF1 (Fig.
4a, b) and CRF1/2 (Fig. 4c, d) mice. Consistent with data shown in Fig. 1, no baseline
genotype effects were found for CRF1 versus WT mice for EtOH consumption, preference
or total fluid intake (data not shown). When drinking was assessed in 21-h periods prior to
stress exposure, no effects of genotype were found (Fig. 4, days 17–19). Analysis of data
from this phase revealed an effect of day for grams per kilogram, preference and total fluid
consumed [F(2, 80)=20.3, 19.3 and 22.6, respectively; all p<0.01], but no genotype or
interaction effects. At the beginning of week 1, increased EtOH consumption was apparent
after 2 days of EtOH deprivation (see day 22 of the 22–26-day period). This increased EtOH
consumption was not seen after additional periods of deprivation. For week 1, a significant
effect of day was found for grams per kilogram, preference and total fluid consumed [F(4,
160)=61.4, 71.5 and 77.9, respectively; all p<0.01]; however, no genotype or interaction
effects were found. An acute swim stress session did not significantly alter EtOH
consumption or preference, but a different conclusion was reached after exposure to
repeated episodes of swim stress in week 2 (days 29–33). Analysis of these data identified a
significant genotype×day interaction for grams per kilogram and preference [F(4, 160)=8.2
and 9.9, respectively; both p<0.01]. Further analysis of these interactions showed significant
differences between CRF1 KO and WT mice on days 31, 32, and 33 after forced swim stress
(all p<0.01). No effects of genotype or day were found on total fluid consumed in week 2.
Although there was an effect of day on grams per kilogram and preference (but not total
fluid intake) for week 3 [F(4, 160)=3.8 and 5.4 for grams per kilogram and preference,
respectively; both p<0.01] and week 4 [F(4, 160)=3.6 and 4.4 for grams per kilogram and
preference, respectively; both p<0.01], there were no significant genotype or interaction
effects.
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Similar results were found for the double KO mice, although the effects of stress were more
protracted (Fig. 4c, d). There were no differences between CRF1/2 KO and WT mice in
grams per kilogram EtOH consumed or EtOH preference during the introduction to EtOH
(data not shown) or during baseline assessment of 21-h 10% EtOH drinking (days 17–19).
At the beginning of week 1 (days 22–26), after 2 days of EtOH deprivation, increased EtOH
consumption was seen. An effect of day was found for week 1 for grams per kilogram,
preference and total fluid consumed [F (4, 128)=20.1, 25.5, and 26.6, respectively; all
p<0.01]. However, there was no significant effect of acute swim stress exposure. There was
no EtOH deprivation effect seen between weeks 1 and 2. As a whole, analysis of week 2
data (the repeated stress week) did not identify a main effect of genotype or a genotype by
day interaction. However, we had a priori reason to examine differences specifically on
stressor exposure days. Mean comparisons identified significant differences in both EtOH
consumption and preference between WT and CRF1/2 KO mice only on day 31, after the
first of the three swim stress exposures (both p<0.01). EtOH consumption was elevated in
the initial part of week 3, after 2 days of EtOH deprivation. Also, different from what was
found with CRF1 KO versus WT mice, an effect of genotype was found in week 3 for
CRF1/2 KO versus WT mice for EtOH consumption and preference [F(1, 32)=4.3 and 4.5,
respectively; both p< 0.05] but not for total fluid consumed. A trend for relatively increased
EtOH consumption (p=0.08) and preference (p=0.09) remained in WT mice during week 4.

Discussion
The present data suggest that CRF1 play a role in voluntary, 24-h, two-bottle choice EtOH
drinking, but only when EtOH is offered at a high concentration. Mice lacking CRF1
showed reduced 20% EtOH consumption and preference, compared with WT mice.
Saccharin and quinine consumption and preference were not affected by CRF1 deficiency.
These data, together with results showing comparable EtOH neurosensitivity, indicate that
the difference between CRF1 KO and WT mice in EtOH consumption and preference cannot
be explained by differential taste reactivity/preference or differential sensitivity to the
sedative–hypnotic effects of EtOH.

There is considerable consensus that CRF, via CRF1, plays a pivotal role in voluntary EtOH
drinking only when there is a history of stress or EtOH dependency (Funk et al. 2007;
Gehlert et al. 2007; Heilig and Koob 2007). Nonselective CRF receptor antagonists and
CRF1 antagonism or genetic deletion reduced EtOH intake (Chu et al. 2007; Finn et al.
2009; Funk et al. 2006; Lowery et al. 2008; Valdez et al. 2002), when intake was measured
after stressor exposure or in EtOH-dependent animals. However, recently, a CRF1
antagonist was also found to reduce EtOH drinking, when measured after a period of EtOH
deprivation (Sparta et al. 2009). Also, DID EtOH drinking, which has been previously
shown to be sufficient to induce intoxication (Crabbe et al. 2009), was reduced by CRF1
antagonism (Sparta et al. 2008). This effect, moreover, appears to be mediated by central,
HPA-independent, CRF1 mechanisms (Lowery et al. 2010). Our present results are
consistent with the hypothesis that CRF1 play a role in EtOH drinking when experimental
conditions facilitate higher levels of EtOH intake. EtOH concentration is among those
facilitating conditions. Previous research using EtOH DID procedures in B6 mice found that
CRF1 antagonism reduced EtOH intake in a 4-h, but not 2-h, period of restricted 20% EtOH
availability (Sparta et al. 2008). Therefore, duration of access to a high concentration of
EtOH may also be an important factor. One speculation about why this may be the case is
that a longer period of time may be needed for a sufficient amount of EtOH to be consumed
to stimulate stress-relevant pathways. Similar to CRF1 KO mice, CRF1/2 double KO mice
did not differ from WT in consumption of EtOH, when EtOH was offered in concentrations
of up to 10%. At the time we performed the study examining EtOH intake for concentrations
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up to 20%, the double KO mice were not available; thus, we do not have data for the high
concentration in the double KO mice.

Our data are consistent for the single and double KO mice in showing that an acute exposure
to forced swim stress did not induce genotype-dependent changes in EtOH intake. Repeated
swim stress, however, resulted in higher levels of EtOH consumption and preference in WT,
compared with CRF1 KO, mice. This genotype-dependent difference associated with
repeated stress exposure was also present in CRF1/2 mice. Although in their case an effect
was seen only in the first of the three stress-exposure sessions, longer lasting residual effects
were present when EtOH intake was measured during the 2 weeks following stress
exposure. Data shown here (Fig. 1), as well as data in a preliminary study of longer duration
(data not shown), determined that WT and CRF1 KO mice, after a 3%, 6%, then 10%
introduction to EtOH did not differ in their 10% EtOH drinking across a 50-day period in
which no stress was applied. This suggests that genotype-dependent differences in EtOH
consumption over time are unlikely to have contributed to the genotype-specific effects we
observed following swim stress. Our data are consistent with previous results showing
delayed effects on EtOH consumption after stress exposure (Chester et al. 2004; Croft et al.
2005; Lowery et al. 2008; Sillaber et al. 2002). In addition, the results of several studies
have suggested that CRF2 play a role in stress coping and recovery (Coste et al. 2000; 2001),
compared with the primary function of CRF1 in stress response. Our data, showing a
prolonged effect of swim stress exposure in animals with the combined CRF1/2 deletion, are
consistent with this suggestion.

A previous study using a CRF1 antagonist also indicated that swim stress-induced effects in
EtOH drinking involve CRF1 (Lowery et al. 2008). This convergence is important as it
suggests that potential developmental compensations in our constitutive CRF1 KO mice may
not explain the present results. However, our data, and those of Lowery et al. (2008) are not
consistent with a previous report (Sillaber et al. 2002). In that study, CRF1 KO mice on a
mixed B6×129 background, not backcrossed to the EtOH-preferring B6 strain, exhibited a
stress-induced increase in EtOH drinking that was higher than in WT mice. Levels of EtOH
intake were lower in mice of their mixed genetic background compared with those used in
our studies, and this could have played a role in the discrepant findings. The double CRF1/2
KO and WT mice used in our study were backcrossed to B6 for two more generations than
our CRF1 KO and WT mice. The higher basal levels of EtOH intake in our double KO and
associated WT are likely due to increased alleles from the preferring B6 strain in these mice,
due to the extra generations of backcrossing. Evidence suggests that the effects of stress on
EtOH consumption may depend on basal EtOH preference (Chester et al. 2004; Lowery et
al. 2008). Increases in EtOH intake in response to swim stress have been seen in BALB/cJ
mice, which have a lower EtOH preference, but not in the higher preference strain, C57BL/
6N (Lowery et al. 2008). Level of initial EtOH consumption could be one explanation for
variation in results across studies.

In conclusion, the present data are consistent with the current literature indicating that
voluntary EtOH intake can be mediated by CRF signaling. CRF1 play an important role in
acquisition of EtOH drinking when higher levels of intake are achieved. A previous study
showed no difference between CRF2 and WT mice in EtOH consumption or preference for
3%, 6%, 10%, and 20% EtOH, using the acquisition methods used here (Sharpe et al. 2005).
EtOH concentration can be an important factor in facilitating elevated intake, as can
exposure to stressful events. The present results are consistent with pharmacological data
indicating that the enhancing effects of stress on EtOH drinking are mediated by CRF1.
Clinical data suggest that exposure to stressors has an important impact on alcohol abuse
and relapse. Thus, pharmacological tools aimed at blocking CRF1 might be helpful for
preventing stress-induced relapse or excessive drinking. Studies in CRF1 and CRF1/2 KO
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and WT mice examining stress-induced reinstatement of drinking or the effects of repeated
withdrawal in dependent animals on EtOH drinking might further elucidate the roles of these
receptors.
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Fig. 1.
Twenty-four-hour, two-bottle choice EtOH consumption (a; mean ± SEM) and preference
(b; mean ± SEM) in CRF1 KO and WT mice (n=12 per genotype). Means for each
concentration of EtOH represent the average of days 2 and 4. Increasing concentrations of
EtOH (3% to 20%) were offered at 4-day intervals. *p<0.01 for the difference between WT
and KO mice at the 20% concentration

Pastor et al. Page 12

Psychopharmacology (Berl). Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Twenty-four-hour, two-bottle choice saccharin and quinine intake (a, c; mean ± SEM) and
preference (b, d; mean ± SEM) in CRF1 KO and WT mice (n=12 per genotype). Each bar
represents average intake and preference for days 2 and 4 of each 4-day period
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Fig. 3.
EtOH-induced LORR latency (in seconds (s); mean ± SEM), duration (in minutes (min);
mean ± SEM), and BEC (milligrams per milliliter (mg/ml); inset) at recovery of the righting
reflex in CRF1 and WT mice (n=11 per genotype). The EtOH dose was 3.6 g/kg. No
genotype differences were seen for any of the measures using the same animals shown in
Fig. 1 (EtOH baseline experiment). For saccharin and quinine intake (a, c), there was a main
effect of concentration (p<0.01); however, no effects of genotype were found for either
consumption or preference
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Fig. 4.
Twenty-one-hour, two-bottle choice EtOH consumption (a, b; mean ± SEM) and preference
(b, d; mean ± SEM) in CRF1 KO and WT mice (n=21–22 per genotype) and CRF1/2 KO and
WT mice (n = 15–19 per genotype). Days 17–19 represent baseline values, and days 22–26,
29–33, 36–40, and 43–47 represent post-baseline weeks 1–4, respectively. Arrows indicate
forced swim exposure. *p<0.01 WT different from KO mice on the indicated days. +p<0.05
for the main effect of genotype for post-baseline week 3 (days 36–40)
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Table 1

Sequence of events for the experiment examining the effects of swim stress on two-bottle choice EtOH
drinking in CRF1, CRF1/2, and WT mice

Day Swim stress exposure and solutions offered

1–4 3% EtOH vs water; 24-h/day EtOH access

5–8 6% EtOH vs water; 24-h/day EtOH access

9–12 10% EtOH vs water; 24-h/day EtOH access

13–16 Water only

17–19 10% EtOH vs water; 21-h/day EtOH access

20–21 Water only

22–23 10% EtOH vs water; 21-h/day EtOH access

24 Swim stress (5 min) then 10% EtOH vs water; 21-h EtOH access

25–26 10% EtOH vs water; 21-h/day EtOH access

27–28 Water only

29–30 10% EtOH vs water; 21-h/day EtOH access

31–33 Daily swim stress (5 min) then 10% EtOH vs water; 21-h/day EtOH access

34–35 Water only

36–40 10% EtOH vs water; 21-h/day EtOH access

41–42 Water only

43–47 10% EtOH vs water; 21-h/d EtOH access
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