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Abstract
Background—Several recent studies implementing the standard “drinking-in-the-dark” (DID)
model of short-term binge-like ethanol (EtOH) intake in C57BL/6J mice highlighted a role for the
stress-related neuropeptide corticotropin-releasing factor (CRF) and its primary binding partner,
the CRF type-1 receptor (CRF1).

Methods—We evaluated the selectivity of CRF1 involvement in binge-like EtOH intake by
interrupting CRF1 function via pharmacological and genetic methods in a slightly modified two-
bottle choice DID model that allowed calculation of an EtOH preference ratio. In addition to
determining EtOH intake and preference, we also measured consumption of food and H2O during
the DID period, both in the presence and absence of EtOH and sweet tastant solutions.

Results—Treatment with either of the CRF1-selective antagonists CP-376,395 (10–20 mg/kg,
i.p.) or NBI-27914 (10–30 mg/kg, i.p.) decreased intake of 15% EtOH in male C57BL/6J mice,
but did so in the absence of a concomitant decrease in EtOH preference. These findings were
replicated genetically in a CRF1 knockout mouse model (also on a C57BL/6J background). In
contrast to effects on EtOH intake, pharmacological blockade of CRF1 with CP-376,395 increased
intake of 10% sucrose, consistent with previous findings in CRF1 knockout mice. Finally,
pharmacological and genetic disruption of CRF1 activity significantly reduced feeding and/or total
caloric intake in all experiments, confirming the existence of non-specific effects.

Conclusions—Our findings indicate that blockade of CRF1 receptors does not exert specific
effects on EtOH intake in the DID paradigm, and that slight modifications to this procedure, as
well as additional consummatory control experiments, may be useful when evaluating the
selectivity of pharmacological and genetic manipulations on binge-like EtOH intake.
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INTRODUCTION
In 2004, the National Institute on Alcohol Abuse and Alcoholism defined “binge drinking”
as a pattern of ethanol (EtOH) consumption leading to blood EtOH concentrations (BECs)
of 80 mg/dL or above (NIH-NIAAA, 2004). Binge drinking is associated with numerous
risk factors (Conover and Jones, 2012; Courtney and Polich, 2009; van de Wiel and de
Lange, 2008), and is prevalent even in populations that do not otherwise meet the criteria for
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an alcohol use disorder (Deas and Brown, 2006; Lai et al., 2012). Given these observations,
there has been substantial interest in unraveling the neurobiological contributions to binge-
like EtOH consumption (Crabbe et al., 2011). To address this need for an animal model of
binge drinking, several attempts were made to develop a procedure in which rodents would
consume large quantities of EtOH during a brief time window in the circadian dark period,
when consummatory behaviors are at their peak (Ryabinin et al., 2003; Sharpe et al., 2005).
Ultimately, the “drinking-in-the-dark” (DID) method emerged as a favorable model for
elucidating the neural and genetic substrates of binge-like drinking (Rhodes et al., 2005). A
standard DID experiment lasts four days, during which C57BL/6J mice are given daily
access to a single bottle of 20% EtOH for 2–4 hours in the dark cycle. Importantly, this
procedure results in levels of EtOH intake that are sufficient to produce behavioral
intoxication and binge-like BECs (Rhodes et al., 2007).

Stress-related neuropeptide circuits are thought to play an essential role in the adaptations
that occur following exposure to drugs of abuse, including EtOH (Koob, 2008; Koob, 2009).
Specifically, the corticotropin-releasing factor (CRF) system has been identified as a critical
mediator of EtOH consumption under various conditions, including dependence-induced
drinking and binge-like drinking (Heilig and Koob, 2007; Lowery and Thiele, 2010).
Examination of the CRF system, which includes four endogenous ligands (CRF and the
three urocortin peptides: Ucn1, Ucn2 Ucn3), the CRF binding protein (CRF-BP), and two
G-protein-coupled receptors (CRF1, CRF2), has been complicated by the intricate
pharmacological and anatomical relationships between these different components (Giardino
and Ryabinin, 2012). Nevertheless, converging lines of evidence support the conclusion that
binge-like EtOH intake in the standard DID procedure is dependent on activation of the
CRF1 receptor by endogenous CRF (Kaur et al., 2012; Lowery et al., 2010).

A potential drawback of the standard DID model is that mice do not receive access to EtOH
in the presence of an additional bottle containing H2O. Providing concurrent access to H2O
during the EtOH consumption period would allow for the calculation of an EtOH preference
ratio, which can be useful in determining whether manipulations selectively alter EtOH
consumption vs. overall fluid consumption. Previous studies examining the role of the CRF1
receptor in DID EtOH consumption attempted to control for this possibility by replacing
20% EtOH with 3% or 10% sucrose, a highly-palatable solution that is also readily
consumed in the dark period (Kaur et al., 2012; Lowery et al., 2010; Lowery-Gionta et al.,
2012). In these experiments, EtOH intake was decreased by disruption of CRF1 signaling,
whereas sucrose intake was either unaltered or increased by disruption of CRF1 signaling.
Again, these studies implemented the single-bottle configuration that is standard for the DID
procedure, preventing the calculation of a sucrose preference ratio. Therefore, the selectivity
of CRF1 effects on binge-like EtOH consumption vs. overall fluid consumption remained
largely unresolved.

We considered the possibility that the addition of a second bottle containing H2O during
access to EtOH or other solutions might be helpful in determining the selectivity of CRF1
effects (via calculation of a preference ratio for each solution). Indeed, two-bottle choice
configuations have long been implemented in tests for fluid preference. Therefore, we
slightly modified the DID procedure (as others have in the past) so that mice received
concurrent access to H2O while solutions of 15% EtOH, 10% sucrose, or 0.015% saccharin
were available, and then examined the effects of interrupted CRF1 signaling under these
conditions. In addition, we considered the possibility that sweet tastant solutions might not
be ideal control fluids for examining whether CRF1 signaling modulates general
consummatory behavior in the DID model. Therefore, we simply evaluated the impact of
disrupted CRF1 signaling on food and H2O intake in the absence of additional fluids.
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MATERIALS AND METHODS
Animals

For the pharmacological experiments, male C57BL/6J (B6) mice were used. Mice were
delivered from The Jackson Laboratory (Sacramento, CA) at 8 weeks of age, housed 5 per
cage, and spent one week acclimating to our colony room (12/12 schedule; lights on 0600h)
before being single-housed and transferred to the experimental room (12/12 schedule; lights
off at 0600h) for an additional ten-day acclimation period prior to the initiation of the
experiment.

For the experiment using male and female CRF1 genetic knockout (KO) and wild-type
(WT) littermate animals, we used single-gene mutant mice derived from embryonic stem
cells that had undergone targeted gene deletion, as previously described in detail (Giardino
et al., 2011b; Timpl et al., 1998). These mice have now been backcrossed onto the B6 strain
for twelve generations. Mice were bred in our colony, weaned at 28–32 days of age, and
isosexually housed 2–5 per cage. At 7–14 weeks of age, mice were single-housed and
transferred to the experimental room (12/12 schedule; lights off at 0600h) for an additional
ten-day acclimation period prior to the initiation of the experiment. Eleven separate litters of
mice contributed to the KO and WT animals used in these experiments.

For all experiments, mice were housed in a temperature- and humidity-controlled
environment with ad libitum access to food (LabDiet 5001; LabDiet, Richmond, IN, USA)
and H2O. During the ten-day acclimation period, mice received 24h access to two 25 mL
glass cylinder bottles with metal sipper tubes (both containing H2O) on either side of the
cage, with food evenly distributed along the cage top. All protocols were approved by the
Oregon Health & Science University animal care and use committee, and performed within
the National Institutes for Health Guidelines for the Care and Use of Laboratory Animals, as
well as the Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral
Research.

Drugs and Solutions
For the pharmacological experiments, we used the brain-penetrable CRF1 antagonists
CP-376,395 and NBI-27914 (CP and NBI; Tocris, Ellisville, MO, USA). CP was dissolved
in 0.9% NaCl (saline) and administered intraperitoneally (i.p.) at a dose of either 0.0, 10.0,
or 20.0 mg/kg (CP-0, CP-10, CP-20). NBI was dissolved in 10% Cremophor EL in saline
and administered i.p. at a dose of either 0.0, 10.0, or 30.0 mg/kg (NBI-0, NBI-10, NBI-30).
Vehicles, doses, and timepoint of injection (30 min prior to the start of the experiment) were
chosen based on previous experiments from our laboratory (Giardino et al., 2012b) and
others (Lowery-Gionta et al., 2012). All i.p. injections were given at a volume of 10 mL/kg
body weight. Sucrose was dissolved in H2O at a concentration of 10% (weight/volume),
saccharin was dissolved in H2O at a concentration of 0.015% (weight/volume), and 95%
EtOH was diluted in H2O to reach a final concentration of 15% (volume/volume).

Procedure
Experiments were based on the “drinking-in-the-dark” (DID) paradigm, which has been
described elsewhere in detail (Rhodes et al., 2005). This procedure resulted from efforts to
identify a limited time window in the circadian dark period during which mice would
consume quantities of EtOH capable of producing behavioral intoxication and
pharmacologically-relevant BECs (Ryabinin et al., 2003; Sharpe et al., 2005). Indeed, naïve
B6 mice in the standard DID paradigm display behavioral intoxication, and achieve BECs
that surpass the 80 mg/dL criterion used by National Institute on Alcohol Abuse and
Alcoholism to define an episode of binge-drinking (Rhodes et al., 2007). Instead of offering
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mice a single bottle of EtOH (as is standard for the DID procedure), we modeled our studies
after earlier experiments that slightly modified this protocol by giving mice access to an
additional bottle containing H2O (Kaur and Ryabinin, 2010; Rhodes et al., 2007). In
addition, we adopted this two-bottle configuration for studies of sucrose-DID and saccharin-
DID. Giving the mice concurrent access to H2O during the EtOH, sucrose, and saccharin
drinking sessions allowed the calculation of preference ratios (based on the relative volumes
of fluid consumed from each of the bottles).

Effects of CP-376,395 on food and fluid consumption
Male B6 mice (n=8–9 per group) were weighed at the beginning of each phase of the
experiment (H2O phase, sucrose phase, EtOH phase). Each phase was separated by 1–3
days in which H2O was the only available solution.

In an effort to habituate mice to brief handling and i.p. drug administration, mice received
injections of vehicle at 2.5h into the dark cycle during the final three days of the acclimation
period. Over the next three days (Days 1–3 of the H2O phase), all mice continued to receive
i.p. vehicle at 2.5h into the dark cycle. Thirty minutes after injection on Days 1–3, the two
25 mL H2O bottles on each cage top were replaced with two 10 mL plastic bottles
containing H2O (for more precise measurement of small volumes). After 2h, the 10 mL
bottles were removed and replaced with the original 25 mL H2O bottles. On Day 4, mice
received i.p. injection of either 0.0, 10.0, or 20.0 mg/kg CP at 2.5h into the dark cycle, and
food was collected and weighed from each subject’s cage. Thirty minutes later, 25 mL H2O
bottles were replaced with 10 mL H2O bottles. After 4h, 10 mL bottles were replaced with
25 mL bottles, and food was again collected from cage tops and weighed. With each
exchange of 25 mL and 10 mL bottles, volumes were recorded to the nearest 0.1 mL. In
addition, volumes were read and recorded halfway through the 4h session on Day 4, in order
to analyze the timecourse of CP’s effects on fluid intake. To avoid disturbing the mice
halfway through the session, food consumption was only calculated for the entire four hour
session.

During the next phase of the experiment (sucrose phase), CP dose groups were
counterbalanced such that mice received a dose of CP distinct from that given during the
H2O phase. Days 1–4 of the sucrose phase were identical to Days 1–4 of the H2O phase,
with the exception that one of the two 10 mL bottles was filled with 10% sucrose instead of
H2O.

During the final phase of the experiment (EtOH phase), CP dose groups were again
counterbalanced such that mice received a dose of CP distinct from that given during the
H2O and sucrose phases. Days 1–4 of the EtOH phase were identical to Days 1–4 of the
H2O and sucrose phases, with the exception that one of the 10 mL bottles was instead filled
with 15% EtOH. Following the end of the 4h session on Day 4 of the EtOH phase, mice
were euthanized by CO2 asphyxiation, and trunk blood was collected for later analysis of
BECs, as previously reported by our laboratory (Kaur and Ryabinin, 2010).

Effects of NBI-27914 on food and fluid consumption
Male B6 mice (n=12 per group) were weighed at the beginning of each phase of each
experiment (EtOH phase, saccharin phase). The general protocol was identical to the
CP-376,395 experiment, with the exceptions that there was not a H2O phase, that an EtOH
phase preceded a saccharin phase (rather than a sucrose phase preceding an EtOH phase),
and that NBI-27914 was administered rather than CP-376,395. Dose groups (NBI-0,
NBI-10, NBI-30) were counterbalanced between the phases such that each animal received a
different dose of NBI during each phase.
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Effects of genetic deletion of CRF1 on food and fluid consumption
Male and female CRF1 KO and WT mice (n=9–18 per genotype) were weighed at the
beginning of each phase of the experiment (H2O phase, EtOH phase). The general
procedure was nearly identical to that of the pharmacological experiments, with the
exceptions that mice did not receive i.p. injections of vehicle or drug, that fluid consumption
was not measured at the halfway point during the 4h session, and that there were only two
phases: a H2O phase followed by an EtOH phase.

Calculations of Food, Fluid, and Caloric Intake
Intakes of H2O, sucrose, and saccharin are expressed as mL consumed per kg body weight
(mL/kg). EtOH intakes were calculated by multiplying the volume of EtOH consumed (mL)
by the density of 15% EtOH (0.11835 g/mL), and are expressed as g consumed per kg body
weight (g/kg). Food intakes are also expressed as g/kg. Total caloric intakes for the sucrose
and EtOH phases were calculated using the caloric contents of sucrose (3.87 kcal/g; 10%
sucrose density = 0.1587 g/mL), EtOH (7.1 kcal/g; 15% EtOH density = 0.11835 g/mL), and
the 5001 LabDiet mouse chow (4.07 kcal/g). Total kcal from combined food and sucrose or
food and EtOH intakes were expressed relative to mouse body weights (kcal/kg). Sucrose,
saccharin, and EtOH preference ratios were calculated by dividing the mL of sucrose,
saccharin, or EtOH consumed by the total mL of fluid consumed during the given
timeperiod. All intake values were normalized to body weight, and no significant differences
in body weight were identified between treatment groups or genotypes in any of the phases
of any of the experiments.

Statistical Analyses
For experiments in male B6 mice receiving the CRF1 antagonists, we used repeated
measures analysis of variance (RM-ANOVA) with CRF1 antagonist treatment (vehicle, low
dose, high dose) as the between-subjects factor, and Time (First two hours, Last two hours)
as the repeated measure. We also used one-way ANOVA where appropriate to analyze
effects of CRF1 antagonist treatment. Significant main or interacting effects of CRF1
antagonist treatment were followed up by Bonferroni-corrected (RM-ANOVA) or Newman-
Keuls (one-way ANOVA) post-hoc comparisons.

For experiments performed in male and female CRF1 genetic KO and WT littermate mice,
preliminary analyses uncovered no statistically significant interactions with sex. Therefore,
sexes were combined for all analyses. We used RM-ANOVA with genotype (KO, WT) as
the between-subjects factor and Day (Days 1, 2, 3) as the repeated measure. We also
performed t-tests on data from Day 4 in order to make direct comparisons between
genotypes. Analyses for each phase were performed separately. All data are presented as
mean ± SEM, and effects were considered statistically significant at p < 0.05.

RESULTS
CP-376,395 attenuates H2O intake

On Day 4 of the H2O phase, administration of the CRF1 antagonist CP-376,395 (CP)
reduced H2O intake (F2,22 = 5.62; p < .05) and food intake (F2,22 = 15.19; p < .0001)
during the 4h period corresponding to the DID time window. Post-hoc comparisons
confirmed that CP dose-dependently attenuated intake of H2O (Figure 1A) and food (Figure
1B), with H2O intake affected specifically during the first half of the session.
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CP-376,395 increases sucrose intake
On Day 4 of the sucrose phase, CP differentially altered intake of 10% sucrose over the
course of the session (time x CP treatment interaction; F2,22 = 7.84; p < .005). Post-hoc
comparisons revealed that CP administration significantly increased sucrose intake during
the second half of the session (Figure 2A). Analysis of the sucrose preference ratio identified
a main effect of CP treatment (F2,22 = 8.16; p < .005), and post-hoc comparisons showed
that high-dose CP administration slightly decreased sucrose preference during the first half
of the session (Figure 2B). CP treatment on Day 4 also significantly decreased food
consumption (F2,22 = 10.73; p < .001; Figure 2C), and decreased total caloric intake from
food and sucrose combined (F2,22 = 8.93; p < .005; Figure 2D).

CP-376,395 attenuates EtOH intake but not EtOH preference
On Day 4 of the EtOH phase, CP reduced intake of 15% EtOH (main effect of CP treatment;
F2,22 = 5.33; p < .05). Post-hoc comparisons confirmed that high-dose CP administration
significantly decreased EtOH intake during the first half of the session (Figure 3A). CP
treatment also altered total fluid consumption on Day 4 (F1,22 = 11.00; p = .0005),
specifically during the first half of the session (Figure 3B).

Analysis of the EtOH preference ratio revealed a significant main effect of time (F1,22 =
9.03; p < .01), but no significant main or interacting effects of CP treatment (Figure 3C).
Similar to the effects on EtOH intake, mice that received CP-20 displayed significantly
reduced blood ethanol concentrations (BECs) at the end of the EtOH drinking session
(Figure 3D).

Consistent with our findings from the H2O and sucrose phases, CP treatment on Day 4
significantly decreased food consumption (F2,22 = 4.23; p < .05; Figure 3E), and decreased
the total number of calories consumed from food and EtOH combined (F2,22 = 5.09; p < .
05; Figure 3F).

NBI-27914 attenuates EtOH intake but not EtOH preference
On Day 4 of the EtOH phase, the CRF1 antagonist NBI-27914 (NBI) differentially altered
intake of 15% EtOH over the course of the 4hr DID session (NBI x time interaction; F2,33 =
3.77; p < .05). Post-hoc comparisons confirmed that high-dose NBI significantly decreased
EtOH intake during the first half of the session (Figure 4A). NBI also altered total fluid
consumption on Day 4, specifically during the first half of the session (NBI x time
interaction; F2,33 = 4.00; p < .05; Figure 4B).

Analysis of the EtOH preference ratio revealed no significant main or interacting effects
(Figure 4C). Consistent with our findings from the CP experiments, NBI significantly
reduced food intake (F2,33 = 5.52; p < .005; Figure 4D), and total caloric intake from food
and EtOH combined (F2,33 = 6.75; p < .005; Figure 4E).

NBI-27914 attenuates saccharin intake and preference
On Day 4 of the saccharin phase, NBI differentially altered intake of 0.015% saccharin over
the course of the 4hr DID session (NBI x time interaction; F2,33 = 6.95; p < .005). Post-hoc
comparisons confirmed that high-dose NBI significantly decreased saccharin intake during
the first half of the session (Figure 5A). NBI treatment also altered total fluid consumption
on Day 4 (F2,33 = 3.62; p < .05), specifically during the first half of the session (Figure 5B).

CRF1 blockade with NBI reduced the saccharin preference ratio (main effect of NBI
treatment; F2,33 = 5.85; p < .005), although post-hoc comparisons did not quite reach
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significance (Figure 5C). Consistent with our findings from the previous experiments, NBI
also significantly decreased food consumption (F2,33 = 5.41; p < .005; Figure 5D).

Genetic deletion of CRF1 attenuates H2O intake
Data collected during the final two days of habituation to the reverse dark/light cycle
revealed that daily baseline H2O intakes were lower among CRF1 KO mice, relative to WT
littermate mice (main effect of genotype; F1,25 = 9.75; p < .005; Figure 6A). In order to
determine whether these reduced H2O intakes were also present during the 2hr time window
used for DID experiments, we measured H2O consumption on Days 1–3 of the H2O phase,
revealing that CRF1 KO mice indeed drank less H2O than WT littermate mice (main effect
of genotype; F1,25 = 5.44; p < .05; Figure 6B).

During the 4h session on Day 4, H2O intakes were also lower among KO mice, as compared
to WT mice (t25 = 2.56; p < .05; Figure 6C). Despite a 29% decrease in food intake among
KO mice relative to WT mice, this genotypic difference did not reach significance (p > 0.2;
Figure 6D).

Genetic deletion of CRF1 dampens EtOH intake but not EtOH preference
During the 2h DID time window on Days 1–3 of the EtOH phase, CRF1 KO mice consumed
less EtOH (F1,25 = 6.90; p < .05; Figure 7A), and also consumed less fluid overall (F1,25 =
14.22; p < .001; Figure 7B). Surprisingly, the reduction in EtOH intake among CRF1 KO
mice on Days 1–3 was accompanied by an overall enhancement in EtOH preference (F1,25
= 6.75; p < .05; Figure 7C), indicating that the effects of CRF1 deletion on H2O intake were
more pronounced than those on EtOH intake.

During the 4h session on Day 4, KO mice consumed less EtOH (t25 = 2.29; p < .05; Figure
7D). Total fluid consumption on Day 4 was also decreased in CRF1 KO mice (t25 = 2.55; p
< .05; Figure 7E), but the difference in EtOH preference did not reach significance (p > 0.1;
Figure 7F). Although the genotypic difference in food intake also failed to reach
significance (p > 0.2; Figure 7G), the total caloric intake from EtOH and food combined was
significantly lower among KO mice, relative to WT mice (t25 = 3.20; p < .005; Figure 7H).

DISCUSSION
In this study, we provide evidence against a selective role for CRF1 signaling in short-term,
binge-like EtOH drinking in mice on a B6 genetic background. Although pharmacological
blockade of CRF1 with two chemically distinct antagonists (and constitutive genetic
knockout of CRF1) reduced the g/kg dose of EtOH consumed in all experiments, the two
bottle-choice modification of the standard DID paradigm revealed that these manipulations
did so in the absence of a concomitant decrease in the EtOH preference ratio. Moreover,
these treatments also decreased overall consumption of fluid and calories (both in the
presence and absence of EtOH), and had complex effects on consumption of sweet tastant
control solutions.

Clearly, our findings hold immediate relevance to several publications that aimed to identify
the CRF-related neural substrates of short-term binge-like drinking (Kaur et al., 2012;
Lowery et al., 2010; Lowery-Gionta et al., 2012; Ryabinin et al., 2008; Sparta et al., 2008).
However, we are aware that multiple lines of converging evidence strongly implicate a
selective role for the CRF system in a number of alcohol-related phenotypes (Giardino et al.,
2011a; Heilig et al., 2011; Heilig and Koob, 2007), and our data do not refute the well-
established role for CRF and CRF-related urocortin peptides in the neural processes
underlying addiction (Koob, 2010; Ryabinin et al., 2012; Schank et al., 2012). Rather, they
suggest that the ability of some manipulations of the CRF system to affect intake of

Giardino and Ryabinin Page 7

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



addictive drugs may rest on the innate contribution of the CRF system to regulation of food
and/or H2O consumption. It is important to note that components of the CRF system are
differentially expressed between mouse genotypes that differ in EtOH-related phenotypes
(Giardino et al., 2012a; Ryabinin and Weitemier, 2006), and our findings in B6 mice await
replication in other genetic backgrounds.

Within the greater context of the CRF literature on feeding and homeostatic processes, our
data may at first appear contradictory. Several early reports found that food and fluid
consumption were decreased by activation of CRF1 via intracranial infusions of its two
endogenous ligands, CRF and urocortin-1 (Ucn1) (Gosnell et al., 1983; Negri et al., 1985;
Spina et al., 1996). Yet in the present experiments, a state of dampened or absent CRF1
signaling also reduced consummatory behavior. This apparent inconsistency can be
explained by the fact that CRF and Ucn1 also bind to the CRF type-2 receptor (CRF2)
(Fekete and Zorrilla, 2007), which has well-documented anorectic properties (Inoue et al.,
2003; Pelleymounter et al., 2000; Smagin et al., 1998). Indeed, two separate research groups
demonstrated that the anorectic properties of endogenous CRF1-binding ligands likely occur
via their actions at CRF2 rather than CRF1 (Bradbury et al., 2000; Contarino et al., 2000).
Thus, our series of findings using both pharmacological and genetic methods suggest that,
unlike CRF2, activation of CRF1 may in fact promote overall consumptive processes under
conditions of low or moderate stress (i.e., isolate housing). Indeed, we are aware of earlier
studies in which two different CRF1 antagonists also decreased food intake in other
mammalian species (Hope et al., 2000; Sabino et al., 2006).

One alternative possibility is that blockade of CRF1 resulted in a non-selective decrease in
behavior, and that reduced consumption was an indirect effect of reduced locomotor activity
levels. However, the doses that reduced intake of food, H2O, and EtOH also increased
intake of sucrose, suggesting that these outcomes are unlikely to be mediated via drug-
induced sedation. Furthermore, we previously demonstrated that CRF1 KO and WT mice
did not differ in baseline locomotor activity levels, and that the 10 mg/kg dose of CP did not
produce locomotor depression in drug-naïve B6 mice (Giardino et al., 2012b). Thus, our
findings cannot be explained by effects of drug treatments or genetic manipulation on
general activity levels.

An additional alternative explanation is that CP-376,395 failed to reduce EtOH preference
because of carryover effects from drug treatment or sweet tastant experience during the prior
experimental phases. However, we carefully counterbalanced the dose groups in each phase
of the pharmacological experiments, and kept at least five days between treatments,
minimizing the potential of residual drug effects. Moreover, although mice treated with CP
had experienced sucrose drinking prior to EtOH drinking, our experiment with NBI reversed
the order of the EtOH and sweet tastant phases, illustrating that CRF1 blockade also failed
to reduce EtOH preference in tastant- and antagonist-naïve mice. Furthermore, in relation to
their WT counterparts, CRF1 KO mice displayed reduced consumption of food and fluids in
the absence of any pharmacological manipulations or experience with sweet tastant
solutions. Therefore, our data are highly unlikely to be confounded by experiential drug or
tastant effects, and more likely reflect the direct outcome of CRF1 blockade or deletion on
homeostatic or consummatory processes.

In this regard, our studies highlight how simple measures of consummatory behavior can be
used to calculate combined total caloric intakes from food and EtOH, or food and sucrose.
These additional control variables may be of use to investigators attempting to parse the
effects of their manipulations on motivation for the pharmacological vs. caloric properties of
EtOH (especially those examining stress- and feeding-related neuropeptide systems).
Although a series of experiments from the Thiele group showed that B6 mice do not
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consume binge-like doses of EtOH in the DID paradigm primarily for caloric reasons
(Lyons et al., 2008), this conclusion may vary depending on the neural substrates and
manipulations of interest, and should be reevaluated on a case-by-case basis. Aside from
issues of caloric need, our decision to provide mice with access to H2O during all drinking
sessions highlights the advantage of using preference ratios and total fluid intake values as
additional variables for evaluating selectivity.

Although the CP-induced increase in sucrose consumption appears to contrast with the
effects of CRF1 blockade on consumption of food and other solutions, our lab previously
reported elevated consumption of 10% sucrose in CRF1 KO mice (Kaur et al., 2012),
consistent with the present findings. CRF produces behavioral avoidance (Land et al., 2008),
and has pro-depressant effects that are associated with decreased sucrose consumption, a
proxy of anhedonia (Chen et al., 2012). Therefore, it is reasonable to hypothesize that
blockade of CRF1 signaling potentiated the hedonic properties of a 10% sucrose solution,
leading to the increased intake observed in our study (Fig. 2A). Although we reported in the
same experiment that CP-20 reduced sucrose preference during the first half of the session
(1.000 ± 0.000 vs. 0.980 ± 0.008), this minute difference is unlikely to be biologically
meaningful, and more likely reflects the large variability in exceptionally low volumes of
H2O that were consumed during this time period (0.02 ± 0.01 mL/2hr). The opposite effects
of CRF1 blockade on sucrose intake vs. food intake may be explained by the bi-phasic,
time-dependent effects of these manipulations, as we observed effects on sucrose intake
specifically during the second half of the 4hr drinking session. Unfortunately, because
measuring food consumption in the midst of the session would have been a major
disturbance to the mice, we could not directly compare the timecourse of CP-376,395 effects
on intake of sucrose vs. food.

It is important to note that the rates of sucrose drinking in our study were substantially
higher than rates of intake of EtOH, water or saccharin. CRF1 blockade decreased intake of
these fluids, but increased intake of sucrose. One cannot exclude the possibility that CRF1
blockade differentially affects self-administration of reinforcers with different motivational
valence. While testing this idea is beyond the scope of the current study, it underscores our
finding that 10% sucrose is not an appropriate control for specificity of EtOH self-
administration. Interestingly, this idea also suggests that the effect of CRF1 on intake of a
reinforcer can change direction depending on the motivational valence of a reinforcer. Thus,
while CRF1 blockade non-specifically decreased EtOH intake in the present study, this
manipulation could increase intake of EtOH if the motivational valence of EtOH were
increased. In agreement with this possibility, increased self-administration of EtOH has been
observed in CRF1 KO mice following prolonged exposure to EtOH and repeated stress
(Molander et al., 2012; Sillaber et al., 2002).

Taken together, our findings indicate that CRF1 blockade produces non-specific effects on
consummatory behaviors, and argue against a specific involvement of CRF1 signaling in
regulation of binge alcohol consumption. Finally, we acknowledge that CRF/CRF1
adaptations occurring in the central nucleus of the amygdala are critical for the binge-like
drinking phenotype (Lowery-Gionta et al., 2012), and our systemic manipulations cannot
address CRF1 actions at the site-specific level within the brain. Nevertheless, human
alcoholics enrolled in clinical trials are currently undergoing systemic treatments with CRF1
antagonists, exemplifying the relevance of our current findings to pharmacotherapeutic
treatment of addiction-related disorders.
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Figure 1. CP-376,395 attenuates H2O and food intake
(A) Administration of CP on Day 4 dose-dependently decreased H2O intake during the first
half of the 4h DID time window. (B) CP also dose-dependently decreased food intake. *p < .
05 vs. CP-0; **p < .005 vs. CP-0; ***p < .0005 vs. CP-0.
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Figure 2. CP-376,395 increases sucrose intake
(A) Administration of CP on Day 4 increased sucrose intake during the second half of the 4h
DID session. (B) High-dose CP administration on Day 4 decreased sucrose preference
during the first half of the 4hr DID session. (C) CP decreased both food intake and (D) total
caloric intake. *p < .05 vs. CP-0; **p < .005 vs. CP-0; ***p < .0005 vs. CP-0.
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Figure 3. CP-376,395 attenuates EtOH intake but not EtOH preference
(A) High-dose CP administration on Day 4 decreased EtOH intake during the first half of
the 4h DID session. (B) High-dose CP also decreased total fluid intake during the first half
of the session. (C) Administration of CP on Day 4 did not alter EtOH preference. (D) High-
dose CP administration decreased BECs. (E) CP decreased both food intake and (F) total
caloric intake. *p < .05 vs. CP-0.
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Figure 4. NBI-27914 attenuates EtOH intake but not EtOH preference
(A) Administration of high-dose NBI on Day 4 decreased EtOH intake during the first half
of the 4h DID session. (B) High-dose NBI also decreased total fluid intake during the first
half of the session. (C) Administration of NBI did not alter EtOH preference. (D) High-dose
NBI administration decreased both food intake and (E) total caloric intake. ***p < .0005 vs.
NBI-0, *p < .05 vs. NBI-0.
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Figure 5. NBI-27914 attenuates saccharin intake and preference
(A) High-dose NBI administration on Day 4 decreased saccharin intake during the first half
of the 4h DID session. (B) High-dose NBI also decreased total fluid intake during the first
half of the session. (C) Administration of NBI decreased saccharin preference. (D) High-
dose NBI administration decreased food intake. **p < .005 vs. NBI-0, ## main effect of NBI
treatment, p < .005.

Giardino and Ryabinin Page 17

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6. Genetic deletion of CRF1 attenuates H2O intake
(A) Genetic deletion of CRF1 resulted in decreased H2O intake during two baseline days
prior to the start of the experiment. (B) CRF1 KO mice also showed lower H2O intakes
during the 2hr DID time window on Days 1–3. (C) H2O intake during the 4hr DID time
window on Day 4 was also decreased in KO mice, relative to WT littermates. (D) Food
intake on Day 4 was not different between genotypes. ## main effect of genotype p < .005; #
main effect of genotype p < .05. * p < .05 vs. CRF1 WT.
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Figure 7. Genetic deletion of CRF1 attenuates EtOH intake but not EtOH preference
During the 2hr sessions on Days 1–3, CRF1 KO mice displayed (A) reduced EtOH intakes,
(B) reduced total fluid intakes, and (C) increased EtOH preference, relative to WT mice. On
Day 4, EtOH (D) and total fluid (E) intakes were also reduced in KO mice, but EtOH
preference did not significantly differ between the genotypes (F). Deletion of CRF1 had no
effect on (G) food intake, but significantly decreased (H) total caloric intake from food and
ethanol combined (**p < .005, t-test).
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