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Abstract
This study investigated the role of CRF in the dysphoria-like state associated with alcohol
withdrawal in rats. The intracranial self-stimulation procedure was used to assess brain reward
thresholds. Cessation of chronic alcohol administration lead to an elevation in brain reward
thresholds in the alcohol dependent rats. The CRF receptor antagonist D-Phe CRF(12-41) dose-
dependently prevented the elevations in brain reward thresholds associated with alcohol
withdrawal. This indicates that the dysphoria associated with alcohol withdrawal is at least partly
mediated by the activation of central CRF receptors.

Keywords
Alcohol; CRF; withdrawal; ICSS; brain reward function; dysphoria; rats

1. Introduction
Alcohol addiction is a chronic disorder that is characterized by loss of control over alcohol
intake, withdrawal symptoms upon cessation of alcohol use, and relapse after periods of
abstinence [1]. Abrupt cessation of chronic excessive alcohol intake in humans is associated
with negative mood states as well as somatic signs such as tremors and convulsions [10].
The negative emotional state of alcohol withdrawal has been suggested to play an important
role in the maintenance of alcohol addiction (i.e., alcohol self-administration to prevent
withdrawal) [3,13]. Benzodiazepines are the treatment of choice for acute and protracted
alcohol withdrawal. However, new treatments for alcohol withdrawal are needed because
recovering alcoholics are a high-risk group for benzodiazepine abuse and for developing a
benzodiazepine addiction [6].

Extensive evidence indicates that a hyperactivity of brain corticotropin-releasing factor
(CRF) systems contributes to negative mood states. This is supported by the observation that
CRF levels are elevated in patients with depression and CRF levels decrease upon successful
treatment with antidepressants [7,20]. In addition, specific CRF1 receptor antagonists have
been shown to decrease immobility in the rodent forced swim test, which is indicative of an
antidepressant-like effect [9]. Drug withdrawal is characterized by a severe negative mood
state that may lead to drug craving and relapse [13]. In recent studies it has been
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demonstrated that the negative mood state associated with nicotine withdrawal is at least
party mediated by the activation of central CRF receptors. The intraventricular
administration of the nonspecific CRF1/CRF2 receptor antagonist D-Phe CRF(12-41) or the
specific CRF1 receptor antagonist R278995/CRA0450 diminishes the dysphoria-like state
associated with nicotine withdrawal in rats [4,5].

Increased CRF transmission systems may also play a role in alcohol addiction. CRF receptor
antagonists have been reported to decrease alcohol intake in alcohol dependent rats but do
not affect alcohol intake in nondependent animals [8]. Funk and colleagues hypothesized
that CRF receptor antagonists decrease alcohol intake in alcohol dependent animals by
attenuating the negative emotional state associated with alcohol withdrawal [8]. The aim of
the present study was to investigate if a hyperactivity of brain CRF systems mediates the
dysphoria-like state associated with alcohol withdrawal in rats. The effect of alcohol
withdrawal on brain reward function was investigated with a discrete trial intracranial self-
stimulation (ICSS) procedure. Elevations in brain reward thresholds are indicative of a
decreased sensitivity to rewarding electrical stimuli and reflect a dysphoric state [2].
Previous research has demonstrated that withdrawal from an alcohol liquid diet or alcohol
vapor leads to elevations in brain reward thresholds in alcohol dependent animals [24,25].
The present experiment investigated whether blockade of CRF receptors with the
nonspecific CRF1/CRF2 receptor antagonist D-Phe CRF(12-41) prevents the elevations in
brain reward thresholds associated with alcohol withdrawal. It was hypothesized that
blockade of CRF receptors prevents the elevations in brain reward thresholds associated
with alcohol withdrawal. The present study may lead to a better understanding of the
neuronal mechanisms that mediate the negative mood state associated with alcohol
withdrawal in humans.

2. Materials and Methods
2.1 Animals

Male Wistar rats (Charles River, Raleigh, NC, n = 40), weighing 150-175 grams at the
beginning of the experiment, were used. Animals were single-housed in a temperature and
humidity controlled vivarium and maintained on a 12-hour reversed light/dark cycle (lights
off 9 AM). All animals were treated in accordance with the NIH guidelines regarding the
principles of animal care. The experiments were approved by the University of Florida
IACUC committee.

2.2 Liquid Diet Procedure
After the rats were habituated to the vivarium for one week, regular lab chow was gradually
replaced with the Lieber-DeCarli liquid diet [15]. The alcohol (ethanol) liquid-diet
(LD-101A, TestDiet, Richmond, IN) had an energy density of 1 Kcal/g and 40% of the
calories were derived from alcohol (5.7% weight/volume [w/v]). Prior to the onset of the
liquid-diet procedures the control rats and alcohol rats were pair-matched by weight. The
control animals were pair-fed an identical amount of an alcohol-free isocaloric liquid diet. In
the control diet, maltodextrin was isocalorically substituted for alcohol. The amount of
liquid diet that the control rats received was based on the liquid diet intake of the alcohol
rats during the previous day. Fresh diet was provided daily at the onset of the dark cycle.
The body weights of the rats and the amount of liquid diet consumed were recorded daily.

2.3 Blood alcohol levels
Tail blood (200 μl) was collected from anesthetized animals (1-3% isoflurane)
approximately four hours after the onset of the dark cycle. Samples were centrifuged at 3000
rpm for 5 min and plasma was collected. The plasma samples were then frozen at -70 °C
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until further processing. Alcohol levels were determined using an NAD-Alcohol
dehydrogenase kit (Sigma, St Louis, MO), 200 mg/dl ethanol standards (Analox
Instruments, Lunenburg, MA), and a Genesys 20 spectrophotometer (Thermo Scientific,
Waltham, MA). For each time point, one sample per rat was analyzed.

2.4 Surgical procedures
The rats were prepared with an 11 mm electrode in the medial forebrain bundle and an 11
mm cannula above the lateral ventricle during the same surgery [5]. At the beginning of the
intracranial surgeries, the rats were anesthetized with an isoflurane/oxygen vapor mixture
(1-3% isoflurane) and placed in a Kopf stereotaxic frame (David Kopf Instruments,
Tujunga, CA) with the incisor bar set 3.3 mm below the interaural line (flat skull). The
cannulae were implanted above the lateral ventricle using the following coordinates: anterior
posterior (AP) -0.9 mm, medial lateral (ML) ±1.4 mm, dorsal ventral (DV) -3.0 mm from
skull. Then the incisor bar was set 5 mm above the interaural line and the rats were prepared
with stainless steel bipolar electrodes (model MS303/2 Plastics One, Roanoke, VA) in the
medial forebrain bundle (AP -0.5 mm; ML ±1.7 mm; DV -8.3 mm from dura). The cannulae
and electrodes were permanently secured to the skull using dental cement anchored with
four skull screws.

2.5 Intracranial self-stimulation
The experimental apparatus consisted of twelve Plexiglas chambers (30.5 × 30 × 17 cm;
Med Associates, Georgia, VT), each housed in a sound-attenuating melamine chamber (Med
Associates, Georgia, VT). The operant conditioning chambers consisted of a metal grid floor
and a metal wheel (5 cm wide) centered on a sidewall. A photobeam detector was attached
next to the response wheel and recorded every 90 degrees of rotation. Brain stimulation was
delivered by constant current stimulators (Model 1200C, Stimtek, Acton, MA). Subjects
were connected to the stimulation circuit through bipolar leads (Plastics One, Roanoke, VA)
attached to gold-contact swivel commutators (model SL2C Plastics One, Roanoke, VA). A
computer controlled the stimulation parameters, data collection, and all test session
functions. Rats were trained on a modified discrete-trial ICSS procedure [14] as described
previously [17]. First the rats were trained to turn the response wheel on a fixed ratio 1
(FR1) schedule of reinforcement. Each quarter turn resulted in the delivery of a 0.5 second
train of 0.1 millisecond cathodal square-wave pulses at a frequency of 100 Hz. After the
successful acquisition of responding, the rats were gradually trained on a discrete-trial
current-threshold procedure. The rats were subsequently tested on a current-threshold
procedure in which stimulation intensities varied according to the classical psychophysical
method of limits. A test session consisted of four alternating series of descending and
ascending current intensities starting with a descending series. Each test session typically
lasted 30 minutes and provided two variables: brain reward thresholds and response
latencies. The brain reward threshold was defined as the midpoint between stimulation
intensities that supported responding and current intensities that failed to support
responding. The response latency was defined as the time interval between the beginning of
the non-contingent stimulus and a positive response.

2.6 Experimental design
At the beginning of the experiment the rats were divided into 2 groups; an alcohol group (n
= 20) and a control group (n = 20). See Fig. 1 for a timeline of the experimental procedures.
During the experiment, 2 of the alcohol rats died from seizures and 2 alcohol rats had to be
excluded because of dysfunctional electrodes. After the rats had been fed the liquid diets for
about one month, they were prepared with an electrode in the medial forebrain bundle. The
ICSS training and test sessions were conducted 2 hours after the onset of the dark cycle. The
alcohol diet was introduced prior to the onset of the ICSS training sessions because high
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levels of alcohol intake per unit of body weight can be more easily obtained in young
animals than in older animals. In order to determine blood alcohol levels, tail blood samples
were collected 4 hours after the onset of the dark cycle during week 4, 7, 10, and 12 of
alcohol intake. The alcohol withdrawal sessions started after the rats had been exposed to the
alcohol liquid diet for 12 weeks. During each withdrawal session, the alcohol diet was
replaced with the control diet at the onset of the dark cycle and the animals were tested in
the ICSS procedure 8 hours after alcohol removal. The alcohol liquid diet was reintroduced
immediately after the ICSS test sessions. Therefore, the rats were about 9 hours without
alcohol. The control animals remained on the control liquid diet during withdrawal testing.
Three withdrawal sessions were conducted and there were at least 7 days between
subsequent withdrawal sessions. The CRF receptor antagonist D-Phe CRF(12-41) (0, 10, 20
μg, icv) was dissolved in distilled water and administered in a volume of 5 μl according to a
Latin-square design 15 minutes before the rats were placed in the ICSS test chambers. The
doses of D-Phe CRF(12-41) were based on a previous study in which the role of CRF in
nicotine withdrawal and stress-induced relapse was investigated [5,26]

2.7 Statistical analyses
ICSS parameters were analyzed by two-way repeated-measures ANOVA with the dose of
D-Phe CRF(12-41) as the within-subjects factor and liquid diet content (alcohol vs. control)
as the between-subjects factor. One-way ANOVA’s were used to compare the ICSS
parameters between control rats and alcohol rats on pretest days. Body weight gain during
the liquid diet exposure period was analyzed by two-way repeated-measures ANOVA with
time as the within-subjects factor and liquid diet content as the between-subjects factor. The
average weekly body weight of each rat was used for the statistical analysis. Statistically
significant results in the ANOVA’s were followed by the Newman-Keuls post-hoc test.

3. Results
The average blood alcohol concentrations varied between 198 and 256 mg/dl (Table 1).
These blood alcohol concentrations are in line with previous studies in which rats were
exposed to alcohol vapor or an alcohol liquid diet (7.9% w/v) [24,25]. The rats that were
exposed to the alcohol diet gained less weight than the control rats during the 16-week liquid
diet exposure period (Time: F15,510=1563.78, P<0.0001; Treatment: F1,34=23.92,
P<0.0001; Time × Treatment: F15,510=40.05, P<0.0001). The body weights of the control
rats prior to the onset of the liquid diet procedure and prior to the last withdrawal session
were 158 ± 3 and 432 ± 6 grams, respectively. The body weights of the alcohol rats prior to
the onset of the liquid diet procedure and prior to the last withdrawal session were 157 ± 3
and 370 ± 9 grams, respectively. There were no significant differences in absolute brain
reward thresholds of the alcohol dependent rats and the control rats on the test days prior to
any of the withdrawal sessions. The absolute response latencies of the alcohol rats were
slightly, but significantly, longer than those of the control rats on the test day prior to the
first withdrawal session (alcohol 3.3 ± 0.10 vs. control 3.0 ± 0.07 seconds, F1,35= 6.30,
P<0.02). There were no significant differences in response latencies between the alcohol
group and the control group on the test-day prior to the second or third withdrawal session.
Discontinuation of alcohol administration lead to an elevation in brain reward thresholds in
the alcohol rats (Fig. 2A; Treatment: F1,34=26.84, P<0.0001). Pretreatment with D-Phe
CRF(12-41) dose-dependently attenuated the elevations in brain reward thresholds associated
with alcohol withdrawal and did not affect the brain reward thresholds of the control rats
(Dose × Treatment: F2,68=5.27, P<0.007). Post hoc analysis indicated that 10 μg (P<0.05)
and 20 μg of D-Phe CRF(12-41) (P<0.01) attenuated the elevations in brain reward thresholds
associated with alcohol withdrawal. Furthermore, the 20 μg dose was more effective in
attenuating the elevations in brain reward thresholds associated with alcohol withdrawal
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than the 10 μg dose (P<0.01). Alcohol withdrawal also lead to a small but significant
increase in the response latencies (Fig. 2B; Treatment: F1,34=35.49, P<0.0001).
Pretreatment with D-Phe CRF(12-41) did not affect the response latencies of the control rats
or the alcohol withdrawing rats.

4. Discussion
This study demonstrates that blockade of central CRF receptors with the nonspecific CRF1/
CRF2 receptor antagonist D-Phe CRF(12-41) prevents the elevations in brain reward
thresholds associated with alcohol withdrawal. This study provides support for the
hypothesis that a hyperactivity of brain CRF systems mediates the dysphoria associated with
alcohol withdrawal in humans [11]. To our knowledge, this is the first study to report that
the endogenous release of CRF mediates the deficit in brain reward function associated with
alcohol withdrawal. Although the peptide CRF receptor antagonist D-Phe CRF(12-41) does
not cross the blood brain barrier, numerous nonpeptide CRF receptor antagonists have been
developed that readily cross the blood brain barrier [18]. Therefore, CRF receptor
antagonists may be potential novel, non-addictive, treatments for the dysphoric state
associated with alcohol withdrawal in humans. Drugs that attenuate the dysphoria associated
with alcohol withdrawal may diminish alcohol craving and prevent relapse to alcohol abuse.

Alcohol withdrawal was associated with a small, but significant, increase in response
latencies and D-Phe CRF(12-41) did not prevent the withdrawal-induced increase in response
latencies. Alcohol withdrawal increased the response latencies by approximately 15%. The
average response latency of the alcohol rats was 3.3 seconds and therefore the alcohol
withdrawal-induced increase in response latencies was less than 1 second. This indicates that
alcohol withdrawal did not lead to major motor impairments, but alcohol withdrawal may
have caused minor performance deficits. This is in line with a previous study that reported
that mice withdrawing from alcohol performed slightly less well than control mice on an
accelerating rotarod test [22]. Alcohol withdrawal is associated with tremors and rigidity
which may have contributed to the increase in response latencies.

In the present study, D-Phe CRF(12-41) was administered into the lateral ventricles and
therefore it can only be speculated via which brain sites the CRF receptor antagonist
mediated its effects. Experimental evidence points toward a pivotal role for CRF in the
central nucleus of the amygdala and the lateral bed nucleus of the stria terminalis in the
dysphoria-like state associated with alcohol withdrawal. Withdrawal from alcohol has been
shown to elevate extracellular CRF levels in the central nucleus of the amygdala and the bed
nucleus of the stria terminalis [19,21]. In addition, CRF levels in the bed nucleus of the stria
terminalis return to baseline levels after the resumption of alcohol intake [21]. At this point
in time, only a few studies have investigated the role of increased CRF transmission in the
central nucleus of the amygdala and the bed nucleus of the stria terminalis in the behavioral
changes associated with drug withdrawal. The administration of CRF receptor antagonists
into the central nucleus of the amygdala has been reported to decrease the anxiety-like
effects of alcohol withdrawal and morphine withdrawal-induced place aversion [12,23].
Furthermore, in a recent study we reported that blockade of CRF receptors in the central
nucleus of the amygdala, but not in the bed nucleus of the stria terminalis, prevents the
elevations in brain reward thresholds associated with nicotine withdrawal [16]. Thus, these
studies suggest that in the present study D-Phe CRF(12-41) may have prevented the
elevations in brain reward thresholds associated with alcohol withdrawal by blockade of
CRF transmission in the central nucleus of the amygdala. Future studies are needed to test
the hypothesis that increased CRF transmission in the central nucleus of the amygdala and
the bed nucleus of the stria terminalis mediates the dysphoria-like state associated with
alcohol withdrawal.
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Fig. 1. Timeline experimental procedures
Experimental protocol. Rats were exposed to the alcohol diet from week 0 to week 15 with
the exception of the 9-hour withdrawal sessions. Abbreviations: Alc, alcohol; Conc.,
concentration; ICSS, intracranial self-stimulation; Introd., introduction; W, week; With,
withdrawal session. Asterisks (*) indicate when blood samples were collected to determine
blood alcohol levels.
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Fig. 2.
Effect of the CRF receptor antagonist D-Phe CRF(12-41) (control, n = 20; alcohol, n = 16) on
the elevations in brain reward thresholds (A) and increased response latencies (B) associated
with alcohol withdrawal. Brain reward thresholds and response latencies are expressed as a
percentage of the pretest day values. Crosses (# P<0.05, ## P<0.01) indicate elevations in
brain reward thresholds or increased response latencies compared to those of the
corresponding control group. Plus signs (+ P<0.05, ++ P<0.01) indicate lower brain reward
thresholds compared to those of rats withdrawing from alcohol and acutely treated with
vehicle. Asterisks (** P<0.01) indicate lower brain reward thresholds compared to those of
rats withdrawing from alcohol and acutely treated with 10 μg of D-Phe CRF(12-41).
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Table 1

Effect of the alcohol liquid diet (5.7% weight/volume) on blood alcohol levels.

Time Blood alcohol (mg/dl)

Week 4 229.8 ± 8.7

Week 7 256.3 ± 16.5

Week 10 198.0 ± 10.0

Week 12 234.7 ± 8.3
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