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Abstract
Modulation of corticotropin-releasing factor (CRF) neural pathways and the opioid
system has been promising for reducing ethanol intake in alcohol-dependent rodents and
humans. Specifically, CRF receptor 1 (CRF-R1) antagonism in brain sites such as the dorsal
raphé nucleus (DRN) has been suggested to alter output involved in alcohol drinking.
Naltrexone, an opioid antagonist, is a drug that is currently being used in the treatment of

alcoholism. This research explores the role of antagonism of CRF-R1 and the opiate system in
the DRN as they affect ethanol consumption in C57BL/6J mice. In a series of experiments,
animals were given intermittent access to alcohol. After establishing stable drinking levels, mice
received systemic injections of naltrexone (0.1, 1.0, 10.0 mg/kg) and then were implanted with
guide cannulae into the DRN. Different doses of a CRF-R1 antagonist and naltrexone were
infused intra-DRN to test for a reduction of alcohol consumption. Measures of withdrawal and
blood ethanol concentration were taken to verify the alcoholism model in mice. Another batch
underwent surgery after achieving stable drinking levels, then received intra-DRN infusions
using different doses of CP-154,526, naltrexone, or a combination. Current findings indicate that
both CP 154,526 and naltrexone are effective in significantly reducing ethanol intake, but do not
affect water intake. The combination of both did not show an additive effect, but it did result in a
greater reduction in ethanol intake than each drug had individually. This could mean that CRF
and opioid receptors work independently on serotonin in the DRN. Future studies could
investigate other areas where CRF and opioid receptors are co-localized such as the central
amygdala or the locus coeruleus.

Effects of CRF-R1 and Opioid Antagonism on Alcohol Intake in Mice
Alcohol, Alcoholism and Society
Alcohol is a ubiquitous substance that can be found all over the world; however patterns
of its use and abuse vary by region and culture. Alcohol dependence extends beyond mere drug
use. Alcoholism involves the excessive consumption of alcohol and a shift from controlled to

uncontrolled heavy drinking with chronic cycles of abstinence and relapse (Funk et al. 2007).
The study of how alcohol affects the body is extremely important because of its tangible effects
on everyday life (Kamdar et al., 2007). The detrimental consequences of alcohol abuse range
from domestic violence, to crime, and tragic accidents. They affect the user, their family, friends,
and society (Mϋller et al., 2010). It continues to be a tenacious issue in many different countries.

Epidemiological data
According to the World Health Organization (WHO), global alcohol consumption has
increased in recent decades (WHO, 2010). Worldwide, alcohol causes 2.5 million deaths per year
and it ranks as the fifth highest risk factor for premature death and disease (WHO, 2010). The
WHO also estimates that about 55% of adults have consumed alcohol (WHO, 2010).
There are several factors that contribute to problems related to alcohol use and abuse.
Social, cultural, political, environmental, and genetic factors in addition to employment status
and socioeconomic standing all influence drinking behavior (Bloomfield et al., 2003). According
to the WHO, the worldwide total consumption of alcohol was equal to 6.13 liters of pure alcohol
per person (15 years and older) in 2005. They estimate that unrecorded consumption accounts for
nearly 30% of the worldwide total adult consumption. In terms of heavy drinking, about 1.5% of
drinkers across the world have weekly heavy episodic drinking occasions. On average, males
tend to consume more alcohol than females, and they drink more frequently (Chen et al., 2009).
Consumption levels vary such that middle and upper-middle classes typically consume more that
their working class counterparts. One of the main groups of concern is teenagers. The rates and
patterns of alcohol consumption for under-aged individuals are of critical importance. According
to a report by Eaton et al. (2008), 75% of high school students have tried alcohol. Previous

studies have shown that the age when one initially tries alcohol affects future use (Faden, 2006).
Since alcohol affects so many groups in society, determining the neurobiological basis of
alcoholism could provide an effective means to tackle alcohol-related problems.

Animal models of alcohol intake
Animal models attempt to understand alcoholism at the physiological, biochemical and
molecular levels (Tabakoff & Hoffman, 2000). Developing translational models of excessive
alcohol drinking could help better understand human alcohol drinking (Hwa, 2011). Animal
models allow for a systematic evaluation of potential pharmacotherapies to reduce ethanol intake
and reward (Middaugh et al., 1999). They allow us to screen new compounds for potential
efficacy and to explore the etiology of excessive alcohol drinking (Kamdar et al., 2007).
C57BL/6J is an inbred strain of mice that has a high avidity for ethanol solutions
(McClearn & Rodgers, 1959; Elmer et al., 1988; Lê et al., 1994; Phillips et al., 1994Phillips,
Wenger & Dorow, 1997; Middaugh et al., 1999). This strain has also been shown to respond to
ethanol reward (Elmer, Meisch, & George 1986; Elmer et al., 1988). It has been used in alcohol
research for more than five decades due to its high alcohol preference (Belknap et al., 1993;
Rodgers, 1966). In addition, several studies have demonstrated that C57BL/6J mice drink to
pharmacologically relevant levels (Becker & Lopez, 2004). For example, studies found that
C57BL/6J mice achieved blood ethanol levels of greater than 80 mg/dL following the drinking in
the dark procedure (Sparta et al., 2008). Other studies have found that these mice consume more
alcohol after repeated cycles of chronic ethanol exposure and withdrawal experiences (Becker &
Lopez, 2004). They exhibit clear signs of behavioral intoxication (Rhodes et al., 2005, 2007;

Lowery & Thiele, 2010), dependence (Becker & Lopez, 2004) and withdrawal (Becker & Lopez,
2004).

In order to gain a better understanding of alcoholism, different models of animal drinking
have evolved since 1940 (Spanagel, 2000). The following table presents a summary of the main
methods used to mimic human alcohol drinking in animals:
Intermittent Access Protocol
Over the past decades, different models have been developed to capture the cardinal
features of alcoholism in animals yet no procedure fully represents all aspects of human alcohol

disorders. Cultural and social aspects are especially difficult to attain, yet high levels of drinking
have been observed using the different methods described in the table above. It is therefore
important to use a model that mimics deliberate, free-choice, preferential alcohol drinking
compared to another fluid.
Escalated alcohol drinking tends to be highly episodic in both humans (WHO, 2010) and
animals (Breese et al., 2005). Dependence may be driven by repeated cycles of high ethanol
intake followed by deprivation, similar to electrophysiological kindling (Ballenger and Post,
1978). ‘Kindling’ was modeled after the increasingly heightened responses (sensitization) to
repeated electrical brain stimulation (Goddard et al., 1969). In the context of alcohol dependence,
it is hypothesized that each withdrawal-induced episode of central nervous system
hyperexcitability may serve as a stimulus, in a kindling-like process (Ballenger and Post, 1978).
A vicious cycle of escalated alcohol drinking and alcohol abstinence/withdrawal may develop
over time, where individuals drink increasing amounts to manage increasing numbers and
severity of stressors. According to this model, an increase in alcohol drinking is not due to
repeated alcohol exposures, but rather, repeated experiences of alcohol withdrawal and its
symptoms underlie the progression in drinking. The kindling-driven schedule of access to
alcohol may generate dependence over repeated cycles (Ballenger and Post, 1978).
In addition, the alcohol deprivation effect (ADE) could be an important factor in the
success of the intermittent access method. ADE comprises periods of ethanol access which
alternate with periods of deprivation in weekly cycles (Spanagel ,1996; Melendez, 2006). One of
the results of the alcohol deprivation effect includes a pronounced increase in ethanol
consumption and preference (after imposed abstinence). In line with the kindling hypothesis and
the alcohol deprivation effect; intermittent presentations of alcohol have been shown to

substantially elevate 2-bottle choice drinking in rats (Pinel and Huang, 1976; Wayner and
Greenberg, 1972; Wise, 1973). Recently, Simms and colleagues (2008, 2010) revived the method
that was used in the 1970s that pertains to intermittent access. The procedure demonstrated that
intermittent access to 20% ethanol in outbred rats induced high ethanol intake without the need
of sucrose fading (Samson, 1986) or water deprivation (Meisch & Thompson, 1972). In a study
by Li et al. (2009), intermittent access to 10% ethanol increased motivation for operant ethanol
self-administration in rats. Li et al. (2009) speculated that intermittent ethanol exposure is
involved in increasing motivation for ethanol responding by affecting neurotransmitter activity.
Neural mechanisms involved in excessive drinking
Alcohol has important pharmacological effects on different neurotransmitter systems
including the opioidergic, dopaminergic, serotonergic and GABAergic systems (Volpicelli et al.,
1995). This study will focus on the opioid system and corticotrophin-releasing factor as they
relate to alcohol drinking.
The Opioid System
a. Anatomy
The discovery of the opioid system is rooted in ancient history as a consequence of
opium use (Le Merrer et al., 2009). Opium, which is extracted from poppy seeds (Papaver
somniferum) has strong pain relieving properties and produces euphoria (Le Merrer et al., 2009).
Opioid binding sites in the brain were identified in 1973 by Pert and Snyder; Simon et al., and
Terenius almost simultaneously. Since then, endogenous ligands: enkephalin (Hughes et al.,
1975), dynorphin (Goldstein et al., 1979), and β

-endorphine (Bradbury et al., 1976), and

opioid peptides have been discovered. Research reveals that the opioid receptor gene family

includes four members encoding mu, delta, kappa and the non-opioid orphaninFQ/nociceptin
receptors (Le Merrer et al., 2009).
b. Receptors
Opioid receptor protein and mRNA distribution have been mapped extensively with
regard to brain region and opioid receptor subtype (Mansour et al., 1995). Opioid receptors are
membrane receptors with a 7-transmembrane topology (Le Merrer et al., 2009). They are Gprotein coupled receptors (Le Merrer et al., 2009). In terms of the distribution of the different
opioid receptors, previous studies have found that mu, delta, and kappa opioid receptors are
found in the nucleus accumbens (Wamsley et al., 1980; George et al., 1994; Tuchan et al., 1999;
Meshul and McGinty, 2000). The different receptors correspond to converging and diverging
roles in different brain areas.

c. Functions
The opioid system has a central role in nociception and analgesia as well as pain
regulation (Le Merrer et al., 2009). It is also involved in the regulation of responses to stress,
respiration, gastrointestinal transit, endocrine and immune functions, mood and well-being, and
addictive behaviors (Dickenson & Kiefer, 2005; Le Merrer et al., 2009; Zollner & Stein, 2007).

Opioids and Alcohol
Opioids play a key role in modulating addictive behaviors (Le Merrer et al., 2009). The
opioid system is a major component of brain reward pathways (Koob, 1992; Self and Nestler,
1995). One of the important pharmacological actions of ethanol includes increases in opioid
signaling (Froehlich and Li, 1994) possibly by stimulating the release of endogenous opioids,

which may produce the euphoric feelings associated with alcohol consumption (Volpicelli et al.,
2004). Volpicelli et al. (1994) explain that endogenous opioids (such as β-endorphin) are released
into the synapse and stimulate activity at opiate receptors, which produces a signal in the target
neuron. It has been hypothesized that this activates the dopamine reward pathway by inhibiting
GABAergic cells that normally disinhibit the dopamine system (Froehlich, 1996). The
neurochemical and behavioral effects of alcohol may be mediated by the opioid systems
(Middaugh et al., 1999). The blockade of central opioid receptors can inhibit ethanol-induced
increases in extracellular dopamine concentrations in brain areas associated with reinforcement
and reward such as the nucleus accumbens (Hodge et al., 1992, 1997; Weiss et al., 1993). This
mechanism could explain the suppressive effects of naltrexone, an opioid antagonist, on ethanol
intake (Gonzales and Weiss, 1998).
Opioid Antagonists
Opioid antagonists could be important therapeutic agents with regards to alcohol abuse
(Middaugh et al., 1999). Opioid receptor antagonists have been found to reduce ethanol
consumption or preference in mice, rats, monkeys and humans (Altshuler et al., 1980; De Witte,
1984; Samson & Doyle, 1985; Volpicelli et al., 1988, 1992; Weiss et al., 1990; Lê et al., 1993;
O’Malley et al., 1992). Different receptors may have different roles with regard to alcohol
consumption. However, research on the role of the mu receptor in alcohol intake is inconclusive.
One study found that blocking the receptor using the irreversible mu antagonist β-funaltrexamine
(β-FNA) had no effect on alcohol consumption (Lê et al., 1993). However, Hyytia (1993)
reported reductions in ethanol intake in AA rats (an alcohol preferring strain) (Gianoulakis, de
Waele & Kiianmaa, 1992) after the blockade of mu opiate receptors.
Froehlich et al. (1991) saw a substantial reduction in ethanol intake of rats after

peripheral administration of the delta opiate receptor antagonist ICI 174864. Pretreatment with
the delta opiate receptor antagonist, naltrindole, also resulted in a significant reduction in alcohol
intake in C57BL/6J mice (Lê et al., 1993). Both Froehlich et al. (1991) and Lê et al. (1993)
suggest that enkephalin systems may be the most important endogenous opioid ligands in the
regulation of ethanol reinforcement in rodents. It has been established that this system and its
different receptors play an important role in affecting alcohol intake. As such, one of the current
Food and Drug Association (FDA) treatments is an opioid antagonist, naltrexone.

Naltrexone
Naltrexone (N-cyclopropylmethyloroxymorphone, EN 1639A) was first synthesized by
Blumberg et al. (1965). It is a nonselective competitive opioid antagonist (Volpicelli et al., 1992;
Kiefer et al., 2003). It has a preferential affinity for mu opiate receptors but it can act on other
opiate receptors depending on the administered dose (Kosterlitz, Corbett & Paterson, 1989).
According to Verebey and Mule (1975), naltrexone does not have any addictive properties. A
review by Volipicelli at al. (1995) confirmed that naltrexone is safe and well tolerated by
humans. It has been FDA approved since 1995 (National Institutes of Health, 2010). It is used to
reduce the rate of relapse to uncontrolled alcohol intake in alcohol-depende

nt individuals

(Volpicelli et al., 1992; Phillips, Wenger & Dorrow, 1997). Moreover, naltrexone has been found
to be effective in reducing alcohol consumption in C57BL/6J mice even up to 50% relative to
baseline control groups (Lê et al., 1993). This strain has heightened opioid function (De Waele &
Gianoulakis, 1992, 1994), and they possess higher levels of β-endorphin (Gianoulakis & Gupta,
1986).
Naltrexone and Alcohol

In a study on the effects of naltrexone on ethanol drinking acquisition and established
ethanol consumption in C57BL/6J mice, Phillips, Wenger and Dorrow (1997) found that
naltrexone reduced ethanol preference in established drinkers. Higher doses showed diminished
effects on reducing alcohol intake (Phillips, Wenger & Dorrow, 1997). The reduced efficacy of
higher doses could be due to naltrexone-induced opiate receptor changes (Phillips, Wenger &
Dorrow, 1997) since naltrexone is thought to block opioids from activating opiate receptors
(Volpicelli at al., 1994). Lê et al. (1993) hypothesize that most of the effects of naltrexone on
ethanol drinking can be attributed to its ability to block delta opiate receptors. Naltrexone was
also found to slow the acquisition of ethanol drinking (Phillips, Wenger & Dorrow, 1997). This
effect however could not be replicated when naltrexone was re-administered after a phase when
ethanol was offered without any naltrexone treatment (Phillips, Wenger & Dorrow, 1997).
Chronic administration of naltrexone through naltrexone pellets resulted in greater amounts of
ethanol consumption possibly due to naltrexone-induced opioid receptor changes (Phillips,
Wenger & Dorrow, 1997). Importantly, the effects of naltrexone are specific to ethanol intake as
it does not affect water intake (Middaugh et al., 1999). It has also been suggested that opioid
signaling plays a specific role in ethanol drinking behaviors, not in 10% sugar-water drinking or
plain-water drinking (Kamdar et al, 2007). This may be evidence that supports a different
pathway for reward for ethanol than natural rewards such as sugar-water or plain-water (Kelley
and Berridge, 2002; Kamdar et al., 2007).
Naltrexone has been an effective treatment for alcoholism due to its ability to reduce
craving in abstinent, dependent individuals and because it reduces the pleasure associated with
subsequent alcohol intake (Phillips, Wenger & Dorrow, 1997). When ethanol is consumed,
dopamine levels transiently increase in extracellular spaces (Melendez et al., 2002). This increase

possibly contributes to ethanol’s reinforcement properties and to addiction (Melendez et al.,
2002). Since increases in opioid signaling are a consequence of alcohol drinking (Froehlich and
Li, 1994), these increases activate the dopamine reward pathway (Froehlich, 1996).
Consequently, it has been suggested that naltrexone may reduce ethanol drinking by blocking
ethanol-induced increases in dopamine signaling, thereby diminishing any rewards from ethanol
(Froehlich, 1996). Naltrexone patients reported reductions in the “high” experience when they
drank alcohol (Volpicelli et al., 1995; Phillips, Wenger & Dorrow, 1997). Other studies have also
reported that it reduces cravings for alcohol (O’Malley et al., 1992, 1996; Volpicelli et al., 1992).
Although reward properties of alcohol are very important, discriminative stimulus or cue
properties are also considered an important component of alcohol abuse (Middaugh et al., 1999).
Studies suggest that opioid antagonists have little influence on the interoceptive effects of
ethanol in operant ethanol discrimination experiments (Altshuler et al., 1981; Spanagel, 1996).
Summary adapted from substance abuse treatment advisory, 2005:
Name
Mechanism of Action

Possible Drug Interactions
Side Effects

Contraindications and
Cautions

Naltrexone (Revia)
•
Blocks brain opioid receptors
•
Eliminates euphoria associated with alcohol use
•
Makes alcohol use less rewarding
•
Does not cause sickness of alcohol is ingested
•
Reduces craving
Opioid containing medications, thioridazine, yohimbine and
oral hypoglycemic.
Most common: opioid withdrawal symptoms (insomnia, nausea,
vomiting, anxiety, headache, abdominal pain, muscle aches,
rash, dizziness, fatigue, constipation, and chills).
Less common but more serious: potential liver toxicity
(especially at high doses) and suicidal ideation.
Hypersensitivity to the drug, any use of narcotic analgesics,
liver disease, and acute opioid withdrawal, FDA pregnancy
category C (potential fetal risk or no conclusive results).

As noted above, alcohol is influenced by a variety of peptides and systems in the brain. In

addition to the opioid system, another important peptide that affects alcohol intake is
corticotrophin-releasing factor (CRF).
Corticptropin Releasing Factor (CRF)
a. Anatomy and Distribution
Corticotropin-releasing factor (CRF) is a peptide consisting of 41 amino acids (Vale et
al., 1981). It is a neuromodulator that is widely expressed throughout the central nervous system
(Sparta et al., 2008) and was first isolated from ovine hypothalamus (Vale et al., 1981).
According to Cooper, Bloom and Roth (2003) the cellular origin of mammalian CRF was traced
to the portion of the paraventricular nucleus that projects to the median eminence but not into the
posterior pituitary. CRF-containing circuits were identified as innervating an extensive group of
neurons in the pons, medulla, cortex and amygdala, possibly representing a stress-related
circuitry (Cooper, Bloom & Roth, 2003). It is a very potent adrenocorticotropic hormone
(ACTH) secretogogue (Cooper, Bloom & Roth, 2003). Its effects are significantly augmented by
vasopressin as well as norepinephrine and angiotensin (Cooper, Bloom & Roth, 2003). Initial
efforts to identify CRF receptors focused on ligand binding autoradiography which replicated the
tissue patterns of CRF immunoreactivity with highest binding in the cortex, amygdala,
hippocampus, and pons (Cooper, Bloom & Roth, 2003 as well as systems that regulate the output
of the pituitary and the autonomic nervous system (Koob, 2008). According to Koob (2008), the
longer central fibers course either ventrally through the medial forebrain bundle and its caudal
extension in the reticular formation, or dorsally through a periventricular system in the thalamus
and brainstem. It is also expressed in the projection from the inferior olive to the cerebellar
cortex containing CRF and glutamate (Cooper, Bloom & Roth, 2003).

b. Functions
CRF is involved in food intake, stress and anxiety-like behaviors as well as
neurobiological responses to ethanol (Sparta et al., 2008). One major role for CRF is to activate
the hypothalamic-pituitary-adrenal stress response (Vale et al., 1981). A second major role for
CRF is to act extra-hypothalamically. High concentrations of CRF can be found in the
hypothalamus, the bed nucleus of the stria terminalis (BNST), the hippocampus, and amygdala;
brain regions involved in mediating stress-related cognitive functions (Swanson et al., 1983;
Contarino & Papaleo, 2010). The functions of CRF are mediated by two receptor subtypes and
the binding protein.

c. Receptors
The CRF system has a complex role in affect regulation due to the presence of two Gprotein-coupled receptor subtypes: CRF1 receptor (CRF-R1) and CRF2 receptor (CRF-R2) as
well as the CRF binding protein (Risbrough et al., 2004; Contarino & Papaleo, 2010). In terms of
the expression of receptor subtypes, CRF-R1 is ubiquitous throughout the brain with high density
found in hypothalamic, cortical and limbic regions while CRF-R2 expression is limited to the
raphé nuclei, lateral septum and sub regions of the amygdala and hypothalamus (Hauger et al.,
2006; Lowery & Thiele, 2010).The two receptor subtypes may have opposite functions in their
role in affective-like behaviors (Contarino & Papaleo, 2010) or could be acting sequentially or in
concert (Risbrough et al., 2004). While CRF-R1 may be involved in increased anxiety-like
responses, CRF-R2 may be responsible for anxiolytic–like and anti-depressant like effects.
(Risbrough et al., 2004; Contarino & Papaleo, 2010).
d. Binding properties

CRF binds to both the CRF1 receptor (CRF-R1) and CRF2 receptor (CRF-R2) but has a
greater affinity to CRF-R1 (Ryabinin et al., 2002; Hauger et al., 2006; Pioszak et al., 2008;
Lowery & Thiele, 2010). Urocortin is a 40-amino acid peptide that is highly related to CRF as it
has 45% sequence identity (Vaughan et al., 1995; Cooper, Bloom & Roth, 2003; Lowery and
Thiele, 2010).The urocotrin family includes Urocortin 1 (Ucn1), Urocortin 2 (Ucn2), and
Urocortin 3 (Ucn3) (Lowery & Thiele, 2010). Urocortin is the endogenous ligand for CRF-R2
(Cooper, Bloom & Roth, 2003). Ucn1 displays equal affinity for both CRF receptor types while
Ucn2 and Ucn3 display affinity primarily for CRF-R2 (Ryabinin et al., 2002; Venihaki et al.,
2004; Hauger et al., 2006; Lowery & Thiele, 2010).
e. CRF and Alcohol
According to Contarino and Papaleo (2010), CRF and its pathways may mediate the
motivational effects of drug dependence. Previous studies have found that both acute and chronic
ethanol exposure activate central CRF pathways (Koob et al. 1993; Ramussen et al., 2000; Rivier
et al., 1984). Studies have also reported increased levels of CRF during ethanol withdrawal
(Merlo Pich et al., 1995).
Current pharmacological and genetic research provides evidence to support the
hypothesis that CRF exerts its effects on ethanol consumption through the activation of the CRFR1 rather than CRF-R2 or the CRF binding protein. In terms of pharmacological manipulations,
CRF receptor antagonists have been found to reverse the anxiogenic effects of ethanol
withdrawal in ethanol dependent rats (Breese et al., 2004; Knapp et al., 2004; Overstreet et al.,
2004; Rassnick et al., 1993). They have also been found to reduce voluntary alcohol drinking
after forced alcohol exposure (Rimondini et al., 2002; Valdez et al., 2002; Gehlert et al., 2007)
and reduce stress-related symptoms and affective states associated with acute ethanol withdrawal

(Baldwin et al., 1991; Valdez et al., 2003; Contarino & Papaleo, 2010).

In terms of genetic

manipulations, studies have shown that CRF-R1 deficient mice did not show increased levels of
ethanol consumption following the acquisition of ethanol dependence and a period of abstinence
as was observed in wild-type mice (Chu et al., 2007). In addition, a genetic polymorphism at the
Crhr1 locus was found to be significantly linked to alcoholism (Treutlein et al., 2006). Treutlein
et al. (2006) analyzed 14 genetic variations of the CRH-receptor 1 gene . Specific Crhf1
genotypes and both htSNPs were associated with higher amounts of binge drinking. Altered
availability of CRH-receptor1 could predispose juveniles to alcohol drinking when under stress.
This could be important if different CRF-related treatments for alcohol affect people differently.
Acute alcohol withdrawal induces anxiety-like responses that are correlated with
increased CRF levels in sites that mediate behavioral stress responses such as the central nucleus
of the amygdala and the BNST (Olive et al., 2002; Gehlert et al., 2007). Accordingly, anxiogenic
effects of alcohol withdrawal are reversed by CRF antagonism (Baldwin et al., 1991). Several
CRF-R1 antagonists have been used to alter ethanol consumption in rodents (Koob et al. 1993).
One of the prominent features of CRF-R1 antagonists is their selective action on alcohol
consumption in operant-conditioning for alcohol reinforcement or two-bottle choice alcohol
consumption in post-dependent animals (Funk et al., 2007; Gehlert et al., 2007). In their study,
Gehlert et al. (2007) used Wistar and Marchegian Sardinian (mSP) rats that were trained to drink
alcohol. Operant self-administration of ethanol was used to establish stable drinking levels. Rats
then received 0, 3.0 and 10.0 mg/kg MTIP (a selective CRF-R1 antagonist), 30 minutes before
self-administration sessions. MTIP decreased lever presses for ethanol reinforcement in ethanoldependent rats to non-dependent levels of consumption (Gehlert et al., 2007).
Importantly, CRF manipulations have been found to affect ethanol-dependent but not

independent rodents (Funk et al., 2007; Gehlert et al., 2007). Funk et al. (2007) trained Wistar
rats to orally self-administer ethanol. The rats were also exposed intermittently to ethanol vapors
to induce dependence (control rats were exposed to air). After a 2-hour withdrawal period, all
animals were systemically administered anatalarmin, MJL-1-109-2 or R121919 (CRF-R1
antagonists), and ethanol self-administration was measured. They found that the CRF-R1
antagonists selectively reduced excessive self-administration of ethanol in dependent animals
during acute withdrawal but had no effects on the nondependent rats. Gehlert et al. (2007)
reported that rats without a history of dependence were not affected by any drug dose.
Another CRF-R1 antagonist that is currently being used in alcohol studies is CP154,526, the first non-steroidal CRF antagonist to be used (Schultz et al., 1996). Using systemic
injections of CP-154,526, Sparta et al. (2009) observed dose-dependent reductions in operant
responding for ethanol with C57BL/6J mice that had undergone 4 days of alcohol deprivation.
C57BL/6J mice received intraperitoneal injections of 4 doses of CP-154,526 (0, 1.0, 3.0, 10.0
mg/kg), 30 minutes before receiving their ethanol bottle. Their results revealed that CRF-R1
signaling modulates high but not moderate levels of ethanol drinking.

CRF and the Opioid System
CRF-opioid interactions have been demonstrated in different areas of the brain including
the locus coeruleus and hypothalamus (Contarino & Papaleo, 2010). Studies by Land and
colleagues (2008; 2009) have suggested that the dysphoric properties of stress are encoded by
CRF-induced activation of the endogenous dynorphin opioid system. Stein and Lang (2009) have
suggested that CRF could elicit opioid increases by binding to CRF receptors. The combination
of medications and therapies may offer the best approach to the treatment of alcohol-dependant

patients (Volpicelli et al., 1995). One brain site at which both CRF and opioid receptors have
been documented is the dorsal raphé nucleus. The study of the interaction between CRF and
opioid receptors could be important as an alternative treatment. The following section will
explain the importance of this brain area and its main neurotransmitter, serotonin, in respect to
alcohol.
Previous studies have targeted specific neural receptors that are more prone to stimulation
by alcohol in order to understand the neural foundations of episodic, escalated alcohol drinking.
An important monoamine that relates to alcohol consumption is serotonin (5-HT).
Serotonin
a. Anatomy
Serotonin (5-HT) was first isolated in the brain by Twarog and Page (1953). The
serotonergic system is a collection of neurons and nuclei that send ascending and descending
projections: the rostral mainly ascending in the forebrain and the caudal mainly into the spinal
cord (Hornung, 2010). Serotonin-containing neurons originate in the brainstem, mainly in the
raphé nuclei (Dahlström & Fuxe, 1964). The dorsal raphé is a crucial area in terms of brain
serotonin as it contains the largest collection of forebrain-projecting 5-HT neurons (Molliver,
1987; Jacobs & Azmitia, 1992). It is the primary source of serotonin in the mammalian brain
containing a third of all serotonergic neurons in the brain, and its projections reach structures
involved in the regulation of stress, affective state and analgesic responses (Land et al., 2009,
Amat et al., 2004; Zhao et al., 2007, Hornung, 2010). The anterior DRN projects primarily to the
cerebral cortex, neostriatum, amygdala and substania nigra (Steinbusch et al., 1980; van der
Kooy & Hattori, 1980; Waterhouse et al., 1986; Vertes, 1991; Corvaja et al., 1993). The caudal
division of the dorsal raphé, extending to the pons, projects to the hippocampus, the entorhinal

cortex and the locus coeruleus (Kohler and Steinbusch, 1982; Imai et al., 1986; Datiche et al.,
1995, Vertes & Crane, 1997). Other targets of the dorsal raphé include the prefrontal cortex and
the nucleus accumbens (Van Bockstaele et al., 1993), superior colliculus (Villar et al., 1988),
thalamus (Westlund et al., 1990), lateral septum or striatum (Waselus et al., 2006),
somatosensory, auditory, or vestibular nuclei (Thompson et al., 1995; Simpson et al., 2003;
Halberstadt & Balaban, 2006; Lee et al., 2008), the motor nuclei of the brainstem (Li et al.,
1993), the cerebellum and the spinal cord (Kazakov et al., 1993; Li et al., 1993; Petit et al.,
1995).The largest population of serotonergic cell bodies is located within the ventral portion of
the periaqueductal gray area (PAG) in the DRN (Tao & Auerbach, 2002; Basbaum & Fields,
1984). Overall, the serotonergic sub nuclei are integrated in many different systems including the
cardio-respiratory system, the pain system, the motor system and the limbic system.
b. Functions
Serotonin has many different functions including roles in appetite and ingestion control,
mood, brain reward, development, basal sensory-motor control, sexual behavior, sleep, pain,
aggression and others (Mϋller et al., 2010). It also plays a role in disorders related to these
adaptive functions including drug addiction, emotion and anxiety disorders, eating disorders and
others (Mϋller et al., 2010). Previous studies have established that the serotonin system has a
major role in stress-related psychiatric disorders (Cowen, 1993; Heils et al., 1997; Lesch, 1991;
Mann, 1999; Nordstrom and Asberg, 1992, van Praag, 1984). It has also been connected to the
reinforcing effects of alcohol (McBride, 2010). The PAG is an area innervated with opioids and it
is involved in integrating responses to stress (Tao & Auerbach, 2002; Basbaum & Fields, 1984).
Drug addiction also produces profound changes in extracellular 5-HT and 5-HT receptor
function (Mϋller et al., 2010). Furthermore, serotonin influences other neurotransmitter systems

(Adell et al., 2010). The DRN is a very important player in the 5-HT system as its afferent
connections provide the neuroanatomical substrate for the interaction between different brain
areas and serotonergic neurons (Adell et al., 2010). Therefore, the DRN is a likely site of 5-HT
dysfunction (Heils et al., 1997; Arrango et al., 2002; Zalsman et al., 2006) and its study offers
further insight into ingestion behavior and drug abuse.
c. Serotonin and alcohol
Alcohol connects several different functions of serotonin including its role in ingestion
behavior, drug abuse, and the stress response. Previous studies have found that 5-HT is involved
in the regulation of alcohol preference in animals (Naranjo et al., 1986; Sellers et al., 1992;
McBride & Li, 1998) and humans (Gorelick & Paredes, 1992; Underwood et al., 2004; Wong et
al., 2003). Koob and colleagues (Koob et al., 1997; Koob & Le Moal, 1997) suggested that
cessation of drug use would cause serotonin neurotransmission in the nucleus accumbens to
decrease, resulting in a dysphoric negative state of withdrawal. Alcohol preferring (P) rats
appear to have fewer raphé neurons compared to non-preferring rats due to reduced innervations
and raphé neurons (Zhou et al., 1991; Mϋller et al., 2010). The general overall reduction in 5-HT
modulation may promote higher levels of alcohol intake in P rats (Mϋller et al., 2010). The
inverse relationship between 5-HT function and alcohol intake implies that increasing brain
serotonin should result in decreased ethanol intake (Mϋller et al., 2010). `Murphy et al. (1985,
1988) and McBride et al. (1990, 1992) reported a reduction in ethanol drinking in alcohol
preferring (P) rats following the administration of fluoxetine, a 5-HT reuptake inhibitor.
Additionally, the administration of low doses of 8-OH-DPAT, a 5-HT 1A receptor agonist acting
on somato-dendritic autoreceptors, increased ethanol intake due to inhibition of 5-HT impulse
flows (Tomkins et al., 1994; McKenzie-Quirk & Miczek, 2003). Overall, serotonin seems to

have a negative modulatory effect on brain reward systems such that activity in the DRN reduces
rewarding effects of alcohol (McBride, 2010).
d. Serotonin interactions with neurochemical systems
Given the established role of serotonergic DRN neurons in escalated alcohol
consumption, neuropeptides that affect this system are prime targets for stress-related
modulations of alcohol drinking. Corticotropin-releasing factor (CRF)-immuno-reactive fibers
densely innervate the DRN in a topographically intricate manner (Kirby et al., 2000, Sakana et
al., 1987; Swanson et al., 1983). The organization of CRF fibers within the DRN is such that
they are poised to regulate specific forebrain regions in accordance with their topographical
distribution (Waselus and Bockstaele, 2007). Both CRF-R1 and CRF-R2 receptor subtypes are
found in the DRN, but there is a relatively high expression of CRF2 receptors in that area
(Chalmers et al., 1995). According to Waselus and Bockstaele (2007), the interaction of CRF
immunolabeled axon terminals with postsynaptic targets varies in accordance with the specific
DRN sub regions. They explain that CRF labeled axon terminals were most frequently found
with somatodendritic processes in the dorsolateral DRN, whereas axon terminals containing CRF
in the ventromedial DRN were most often associated with other axon terminals including
GABAergic or glutamatergic ones (Waselus and Bockstaele, 2007).
Different mechanisms underlie the effects of stress of the DRN-5-HT system and
subsequent substance abuse. One of these mechanisms is CRF-R1 mediated inhibition of the
DRN 5-HT that occurs during acute stress (Price et al., 1998; Price & Lucki, 2001). CRF-R1
mediated inhibition results in a hyposertonergic state that could contribute to the initiation of
substance abuse by possible promoting impulsive behavior (Price et al., 1998; Price & Lucki,
2001). Price and Lucki (2001) and Lukkes et al. (2008) have shown that low doses of CRF (that

are more selective for CRF-R1) led to decreased extracellular serotonin in the forebrain while
high doses of CRF (that are more selective for CRF-R2) led to higher concentrations of serotonin
(Amat et al., 2004).
Another peptidergic system that influences serotonin is the opioid peptide system.
According to Le Merrer et al., (2009) mu opioid receptors are present in moderate density in the
DRN. Immunocytochemical (Kalyuzhny et al., 1996) and neurochemical (Tao & Auerbach,
1995) studies have demonstrated a role for opioids in modulating serotonergic neuronal activity
(Tao & Auerbach, 2002). Stressful stimuli activate opioidergic neurons in the PAG, which may
modulate the activity of serotonergic neurons (Tao & Auerbach, 2002; Grahn et al., 1999). Also,
Land et al. (2009) hypothesize that the effects of opioid receptors in the nucleus accumbens on
brain dopamine could be mediated via DRN projections to the nucleus accumbens. Adverse
effects of stress may converge on the serotonergic system. Mansour et al. (1988) report that a
moderate density of the mu receptors could be found in the DRN. According to Tao and
Auerbach (2002), opioid receptor subtypes may play different roles in modulating serotonin
neurotransmission. Their study used the selective mu receptor antagonist, β

-funaltrexamine to

block extracellular 5-HT increases in the DRN using in vivo microdialysis. They demonstrated
that mu ligands have a selective influence on serotonergic neurons in the DRN as they did not
find an effect in the median raphé nucleus or the nucleus accumbens. According to Wang et al.
(1998), mu opioid receptors are localized on the postsynaptic membrane of dendrites, extrasynaptic plasma membrane, and the surface of the small, clear vesicles in axon terminals in the
DRN.
Given the connections of CRF and the opioid system, specifically the mu opioid
receptors, to 5-HT in the DRN, and their influence on alcohol intake, the current study aims to

explore the interaction between opioid antagonist, naltrexone, and CRF-R1 antagonist, CP
154,526, as treatments for alcoholism. The study focuses on the role of CRF1 and mu opioid
receptors in the DRN in escalated alcohol consumption using intermittent access. Since both CP
154,526 and naltrexone reduce alcohol intake, the hypothesis is that a combination of both may
result in a further reduction: an additive effect or that the two systems work independently of one
another. Another aim is to evaluate intermittent access as a model that captures escalated ethanol
drinking by measures of withdrawal and blood ethanol concentrations (BECs). The hypothesis is
that as the animals establish stable drinking levels, they may become dependent and exhibit signs
of withdrawal. Their ethanol intake should also be reflected in their BECs. A series of
experiments was conducted to test the aforementioned hypotheses. The following section
describes these experiments in detail.

Methods
Animals and Housing
Adult male C57BL/6J mice (n=36) (Jackson Laboratories, Bar Harbor, ME) were eight
weeks old upon arrival and were initially housed with a female in polycarbonate cages (28 × 17
× 12 cm) with stainless steel wire mesh lids and pine shavings covering the floor. Animals were
given one week to habituate to the vivarium conditions on a 12-hour reversed light/dark cycle
(lights off at 7 AM) and constant temperature (21 ± 2°C) and humidity (25%). Standard rodent
chow (LabDiet 5001 Rodent Diet; PMI Nutrition International, Brentwood, MO) and tap water
were available ad libitum. All procedures were approved by the Tufts University Institutional
Animal Care and Use Committee and were in accordance with the NIH Guide for Care and use

of Laboratory Animals (http://www.nap.edu/openbook.php?record_id=5140&page=R1).
Ethanol Intake Procedures
Ethanol solutions (w/v) were prepared in tap water from 95% ethyl alcohol (PharmacoAAPER, Brookfield, CT). Males were changed to individual housing at least 24h before the
presentation of two drinking tubes of water on the cage lid for one week for habituation to
drinking from sipper tubes. Fluids were presented in 50-ml plastic centrifuge tubes (Nalgene)
with no. 5 rubber stoppers (Fisher Scientific, Agawam, MA 01001) containing stainless steel
ball-bearing sipper nozzles (Ancare Corp., Bellmore, NY). Centrifuge tubes were securely held
through the wire mesh cage lid and presented to mice 3 hours into the dark cycle, the optimal
time at which mice consume ethanol (Kamdar et al., 2006). Bottles were weighed to the nearest
hundredth of a gram 24 hours after the fluids were given (post weights). To determine final mL
intake/24 hours, post weights were subtracted from initial bottle weights (taken before mice were
give alcohol access). An additional cage without animals was used to control for spillage due to
experimenter handling or evaporation. Weekly “drip” averages (loss of fluid in the empty cage)
were subtracted from individual fluid intakes. Mice were weighed to the nearest tenth of a gram
before every ethanol drinking session to calculate the grams of ethanol intake per kilogram of
body weight (g/kg).
Drugs
CP-154,526 [butyl-(2,5-dimethyl-7-[2,4,6-trimethypheynul]-7H-pyrrolo[2,3d]pyramidin-4-yl)-ethylamine] (Pfizer, Groton, CT) was suspended in a vehicle of artificial
cerebral spinal fluid (aCSF). CP-154,526 displays high affinity for the CRF-1 receptor (Ki < 10

nM) and blocks CRF-stimulated adenylate cyclase activity in rodent pituitary and cortical
membranes (Lundkvist et al., 1996; Schulz et al., 1996). Systemic administration of CP-154,526
reaches the brain as the drug crosses the blood brain barrier and reaches peak concentration 20
minutes after administration (Keller et al., 2002). Significant levels of the drug were observed in
the cortex, striatum, cerebellum, and hippocampus (Keller et al., 2002).
Naltrexone (N-cyclopropylmethyloroxymorphone, EN 1639A) (NIDA) was also
suspended in a vehicle of aCSF. Naltrexone is a nonselective competitive opioid antagonist
(Volpicelli et al., 1992; Kiefer et al., 2003) that has a preferential affinity for mu opiate receptors
(Kosterlitz, Corbett & Paterson, 1989). Naltrexone can also act on other opiate receptors
depending on the administered dose (Kosterlitz, Corbett & Paterson, 1989). The mean
elimination half-life (T-1/2) value for naltrexone is 4 hours (Mason et al., 2002).

Experiment 1
Male mice (n=12) were given intermittent access to 20% ethanol in a recently revived
drinking protocol (Simms et al., 2008), originally established by Wise (1973) in rats. Mice
received increasing concentrations of alcohol until the 20% concentration was reached.
Specifically, on the first Monday, Wednesday and Friday they received 3%, 6%, and 10% (w/v)
ethanol solutions in one bottle and water in the second bottle. After the first week of fading in
ethanol (Wise, 1973; Simms et al., 2008), animals were presented with one bottle of 20% ethanol
and one bottle of water every Monday, Wednesday, and Friday for 24 hours. The next day, bottles
were removed at the same hour that they were given, weighed and the ethanol solution in one
bottle was thoroughly washed out and replaced by water. The animals received two water bottles
on Tuesday, Thursday, Saturday and Sunday until the next drinking session. Bottles were

alternated each ethanol drinking session to avoid the development of side preferences.
After establishing stable drinking level, animals were assessed for alcohol withdrawal
using handling induced convulsions described in the upcoming ethanol withdrawal section.
In preparation for systemic µ-opioid manipulations of intermittent access, animals were
handled and habituated to injections using intraperitoneal (i.p.) injections of 0.9% saline (1
ml/100g), first in the afternoons (to avoid changes in fluid consumption) and then before
drinking sessions. After establishing a stable baseline of drinking post injections, animals
received 0.1, 1.0, or 10.0 mg/kg naltrexone i.p. in a counterbalanced order to avoid order effects.
Injections were given on alternate sides to prevent any associations with stress.
After the completion of systemic injections, mice underwent stereotaxic surgery where a
cannula was implanted in the dorsal raphé nucleus of the brain as described below.
Stereotaxic Surgery
Mice were anesthetized with a mixture of ketamine (100 mg/kg of ketamine) and
xylazine (6 mg/kg) both being injected together (1 ml/100g, i.p.) and placed in a stereotaxic
frame (David Kopf Instruments) with the incisor bar set at –3.3 mm. A 6 mm, 26 ga. guide
cannula; MD-2250 (BaSi) was sterotaxically implanted unilaterally 1 mm above the dorsal raphé
nucleus (anterior-posterior: –4.6 mm from bregma; medial-lateral: + 1.5 from midline) at a 26º
angle (Paxinos & Watson, 1986). Coordinates for the dorsalventral (DV) measurement (Paxinos
& Watson, 1986) were taken from the dura matter, and the cannula was placed at DV: –1.9 mm.
All cannulae were fixed with three layers of dental cement composed of Durelon. Mice were
administered a 1 ml saline subcutaneous injection (s.c.) to prevent dehydration at the conclusion
of each surgery. They also received a subcutaneous (s.c) injection of carporfen (Rimadyl™)
(dose: 5 mg/kg, concentration: 0.5 mg/ml) after 5 minutes of anesthesia (1ml/100g)). The end
concentration that the mice receive is. All mice were allowed at least 3 days of recovery after the

surgery before they were given access to alcohol solutions. Once they reestablished baseline
drinking levels, mice were habituated to ‘mock’ microinjections where their obdurators would be
replaced by an injector to prepare them for drug microinjections, 10 minutes before ethanol
access.
Intracerebral mu opioid and CRF-R1 manipulation of intermittent ethanol drinking
On test days, naltrexone (NIDA), or CRF-R1 antagonist CP-154,526 (Pfizer, Groton, CT)
or combinations of CP-154,526 + naltrexone (combo1 and combo2) were freshly suspended in
0.5 ml artificial cerebral spinal fluid (aCSF). The following table demonstrates the 5 different
treatments with their respective doses:
Treatment
Vehicle

Dose
(aCSF )

Naltrexone

6 µg

CP 154,526 (CP)

0.24 µg

Combo1

0.12 µg CP + 3 naltrexone

Combo2

0.24 µg CP + 6 naltrexone

A 26 ga. injector (Plastics One, Roanoke, VA) was connected via flared polyethylene
tubing (size P50) to a glass syringe controlled by an automatic CMA/100 microinjection pump
(CMA Microdialysis, Sweden). 0.2 µl volume of aCSF, 6 µg naltrexone, 0.12 µg or 0.24 µg CP154,526, combo1: 0.12 µg CP-154,526 + 3 µg naltrexone or combo2: 0.24 µg CP-154,526 + 6
µg naltrexone was microinfused at a flow rate of 0.1 µl/min into the DRN. Mice were able to
move freely during the infusion process. The 6 mm injector (Plastics One, Roanoke, VA)
extended 0.5 mm beyond the cannula tip. After completed infusions, the injector remained in the
injections site for 1 minute to allow for diffusion and minimize vertical capillary action. 10
minutes post-infusion, alcohol and water bottles were provided to mice. Both bottles were

weighed 2 hours, 4 hours and 24 hours after the presentation of the bottles post microinjections
to assess CRF-R1 and mu opioid receptor manipulation of alcohol drinking and fluid
consumption.
Histology
After microinjection testing, the animals were sacrificed. Histology was performed to
confirm proper cannula placement into the dorsal raphé nucleus. Mice were deeply anesthetized
with a lethal injection of (0.5 ml/kg, i.p.) of the ketamine/xylazine combo (1 ml/100g, i.p.). Mice
were intracardiacally perfused with 0.9% saline and 4% paraformaldehyde so their brains could
be removed. Brain tissue was left to affix in 4% paraformaldehyde then 10% sucrose for at least
2 days. Brains were later sliced in 60 µm coronal sections using a Cryostat (Leica CM1900,
Bannockburn, IL). Slices were mounted on gelatin-coated slides or VWR charged micro slides
(Radnor, PA), dried, stained using the cresyl violet acetate (Nissl) stain and examined under a
microscope to check for proper placement.
Ethanol Withdrawal Assessments:
Handling-Induced Convulsion (HIC)
After 6 weeks of intermittent access to ethanol, reactions to ethanol withdrawal were used
to assess alcohol dependence (Goldstein and Pal, 1971). Handling-induced convulsions (HIC)
were elicited by lifting a mouse by the tail; they are scored for severity on a scale from 0 – 4
(Goldstein in 1972). According to Goldstein (1972), the characteristic tonic convulsion consists
of tightening of facial muscles (grimace), head thrown back, forelegs flexed and hind legs
extended laterally, with generalized body tremor. A slight twist is used to evoke minimal signs.
The table below describes the scoring system that was used.
Scoring system for convulsions elicited by lifting a mouse by the tail (Adapted from Goldstein,
1972)

Score
0
1
2
3
4

No convulsions when the mouse is lifted.
Tonic convulsions when the mouse is lifted and given a gentle 180° turn.
Tonic-clonic convulsions elicited by the gentle spin,
or tonic convulsions when the mouse was lifted without turning.
Tonic-clonic convulsions not requiring any spin.
Violent tonic-clonic convulsions, often continuing after release of the mouse.
According to this scale, a score of 0 signifies no withdrawal signs and a score of 4

signifies the most severe withdrawal reactions. Observations were made 8 hours after the ethanol
bottle had been withdrawn, a time point demonstrated to show the strongest signs of withdrawal
in this strain after intermittent ethanol (Hwa et al., 2010). A two-day average was used for final
HIC scores.
Blood Ethanol Concentration Analysis
Another batch of males (n=12) was subjected to the same protocol of intermittent access
to drinking. When they maintained a stable baseline of drinking, blood samples were collected
from the submandibular vein 2 hours after they were given ethanol. Blood samples were
collected and centrifuged at 4°C for 10 min at 3000 r.p.m. Blood ethanol concentrations (mg/dl)
were determined using a colorimetric assay kit that uses an alcohol oxidase coupled reaction
(BioVision, Mountain View, CA). Absorbance at 570 nm was determined with an ELx808
microplate reader and analyzed with Gen5 analysis software (BioTek Instruments, Winooski,
VT).

Intra-DRN modulation of ethanol drinking without naltrexone history
Another group of C57BL/6J mice (n=12) was put on the intermittent access protocol
described above. After establishing stable levels of drinking under intermittent access, mice
underwent stereotaxic surgery where a cannula was implanted in the DRN. After recovery, intra-

DRN microinjections of 0.6 µg CP 154, 526, 6 µg naltrexone and a combination of both (combo:
0.6 µg of CP 154,526 and 6 µg of naltrexone) were used to modify alcohol drinking behavior
(doses based on studies by Varaschin et al., 2005). Animals were sacrificed after receiving all
treatments and histological analysis was conducted to check placement. The following table
demonstrates the 4 different treatments with their respective doses:
Treatment
Vehicle

Dose
(aCSF )

Naltrexone

6 µg

CP 154,526 (CP)

0.6 µg

Combo

0.6 µg CP + 6 naltrexone

Results
Acquisition of 20% ethanol drinking under intermittent access
C57BL/6J mice (n=36) were given a 2-bottle choice of 20% ethanol or water on
Mondays, Wednesdays, and Fridays for 24 hours. Ethanol intakes increased over time, and over
approximately 20 drinking sessions, mean ethanol consumption increased to levels observed by
Simms et al. (2008). The mean group intake (g/kg/24hr) was 24.49 ± 1.21 [Figure 1]. After
recovery from stereotaxic surgery, animals continued to maintain stable drinking levels.
Experiment 1
Ethanol Withdrawal Assessment
Handling-induced Convulsion (HIC)
After establishing stable levels of drinking under intermittent access, severity of ethanol
withdrawal was judged at the peak of withdrawal at 8 hours after withdrawal (Hwa et al., 2011)
using the HIC rating scale described by Goldstein (1972). C57BL/6J mice (n=12), were assessed
for HIC ratings after 6 weeks of intermittent access to ethanol. All mice that underwent HIC
assessments showed stable ethanol intake over 4 weeks before they were deprived of ethanol.

Higher ethanol intake (g/kg) was associated with a higher HIC score, indicating more severe
withdrawal [Figure 2].
Systemic injections of naltrexone
The same group of mice (n=12) received systemic injections of saline (vehicle) and
naltrexone: 0.1, 1.0 and 10.0 mg/kg (based on doses used in previous studies such as Phillips,
Wenger and Dorrow, 1997; Lê et al., 1993,). There was a dose-dependent decrease in ethanol
intake at 2 hours, 4 hours, and 24 hours post injection [Figure 3a]. One-way ANOVA with
repeated measures indicated that there was a dose-dependent attenuation of ethanol drinking in
the first 2 hours after the i.p. injection of naltrexone that was statistically significant (F(3, 33) =
3.63, p = 0.02). There was also a dose-dependent attenuation of ethanol drinking in the first 4
hours after the i.p. injection of naltrexone that was statistically significant (F(3, 33) = 3.00, p =
0.04). Post-hoc Bonferroni t-tests showed that only the highest dose (10.0 mg/kg) resulted in a
significant decrease in ethanol intake 2 hours post injection (t = 3.12, p = 0.01) and 4 hours post
injection (t = 2.56, p = 0.05). The decrease in ethanol intake (g/kg) after 24 hours was not
statistically significant for any of the doses, p=0.12.
When comparing the consumption of water and ethanol intake, one-way ANOVA with
repeated measures also demonstrated a dose-dependent decrease in ethanol drinking (ml) at 2
hours post injection [(F(3, 33) = 3.67, p = 0.02], and 4 hours post injection [(F (3, 33) =3.00, p =
0.04] but not after 24 hours (p = 0.30). There was no significant change in water drinking (ml)
across all time points: 2 hours (p = 0.87), 4 hours (p = 0.07), 24 hours (p = 0.45) [Figure 3b].
Intra-DRN modulation of ethanol drinking
After undergoing systemic injections, the same group (n=12) underwent stereotaxic
surgery where a cannula was implanted in the dorsal raphé nucleus (DRN) of the brain. After

recovery, intra-DRN microinjections of CP-154,526 and naltrexone were used to modify alcohol
drinking behavior. Histological analysis revealed that only 3 of the original 12 had correct
placement. Keeping in mind that this group has a history of naltrexone, the results of these
microinjections remain inconclusive.

Experiment 2: Blood ethanol concentration differences between saline and
naltrexone-injected mice
Blood ethanol concentrations
After establishing stable levels of drinking under intermittent access, blood ethanol
concentrations (BEC) were determined. C57BL/6J mice (n=12) received systemic injections of
saline (vehicle) and 10.0 mg/kg naltrexone, and blood ethanol concentrations were assessed 2
hours post injection. Ethanol intake (g/kg) was positively correlated with BEC (mg/dL) such that
higher ethanol intake was associated with higher BEC (mg/dL). Naltrexone was associated with
lower BEC compared to saline [Figure 4]. The mean BEC (mg/dL) after saline injections (M =
6.26, SD = 1.43) was higher than the mean BEC after a 10.0, i.p. naltrexone injection (M = 2.53,
SD = 0.77).
Experiment 3: Intra-DRN modulation of ethanol drinking
Another group of C57BL/6J mice (n=8) was put on the intermittent access protocol
described above. After establishing stable levels of drinking under intermittent access, mice
underwent stereotaxic surgery where a cannula was implanted in the DRN [Figure 5]. After
recovery, intra-DRN microinjections of 0.6 µg CP-154, 526, 6 µg naltrexone and a combination
of both (combo: 0.6 µg of CP-154,526 and 6 µg of naltrexone) were used to modify alcohol
drinking behavior. All treatments were associated with a decrease in ethanol drinking compared

to the aCSF vehicle. One-way ANOVA with repeated measures indicated that there was an
attenuation of g/kg ethanol drinking in the first 2 hours after intra-DRN infusions of CP-154,526
that was statistically significant (F(1, 7) =30.20, p = <0.01), and 4 hours after infusions (F(1, 7)
=3.63, p = 0.02) but not at 24 hours after infusions p =0.61. Naltrexone also led to a significant
decrease in g/kg intake after 2 hours (F (1, 7) =20.93, p < 0.01), 4 hours (F (1, 7) =36.39, p <
0.01), but not 24 hours, p = 0.16. The combination of both drugs led to the biggest decrease in
consumption, and it was significantly different than the aCSF vehicle after 2 hours (F (1, 7) =
22.59, p < 0.01), 4 hours (F(1, 7) =12.32, p =0.01), but not 24 hours, p =0.98 [figure 6].
At 2 hours post-infusion, CP 154,526 led to a 47.79% reduction from baseline levels of
g/kg ethanol intake; naltrexone led to a 45.77% reduction in g/kg ethanol intake while the combo
led to a 59.12% reduction from baseline levels of g/kg ethanol intake [figure 7].
Looking at the consumption of water and ethanol intake, one-way ANOVA with repeated
measures also demonstrated a significant decrease in ethanol drinking (ml) at 2 hours post
infusions of CP-154,526 [F(1, 7) = 30.02, p < 0.01], and 4 hours post injection [F (1, 7) =
59.976, p <0.01] but not after 24 hours (p = 0.30). One-way ANOVA with repeated measures
also demonstrated a significant decrease in ethanol drinking (ml) at 2 hours post infusions of
naltrexone [F(1, 7) = 21.01, p < 0.01], and 4 hours post injection [F (1, 7) =36.08, p <0.01] but
not after 24 hours (p =0.21). Lastly, there was a significant decrease in ethanol drinking (ml) at 2
hours post infusions of the combination at 2 hours [F(1, 7) = 23.24, p < 0.01], and 4 hours post
injection [F (1, 7) = 12.32, p = 0.01] but not after 24 hours (p = 0.36). There was no significant
change in water drinking (ml) across all time points: 2 hours (p = 0.87), 4 hours (p = 0.07), 24
hours (p = 0.45), except for the combo at 4 hours (t =3.66, p < 0.01) as confirmed by a post-hoc
Bonferroni t-tests.

Blood ethanol concentrations
Blood ethanol concentrations (BEC) were determined at 2 hours post combo intra-DRN
infusions. There was a strong positive correlation between g/kg intake and BEC (mg/dL) r(6) =
0.78, p <0.01. Higher ethanol intake (g/kg) was associated with higher BEC (mg/dL) [Figure 8].
Discussion
The present investigation confirms that male C57BL/6J mice given intermittent access to
20% ethanol and water will voluntarily and preferentially consume high quantities of alcohol.
After 4 weeks, the intermittent access procedure, alternating daily limited access and deprivation
can induce a reliable and steady escalation of per os alcohol intake where C57BL.6J mice drink
an average of 25 g/kg/24h. Under these conditions, significant signs of dependence begin to
emerge; the relevance of alcohol intake is reflected in blood ethanol concentrations (BEC), and
handling induced convulsions (HIC) scores. This replicates findings by Hwa et al. (2011).
Naltrexone dose-dependently reduces ethanol intake following the intermittent access
protocol when administered i.p. This reduced intake is also associated with lower BECs
compared to values after saline injections. Intra-DRN microinjections of CP 154,526 and
naltrexone both reduce ethanol without affecting water intake. Microinjections of the combined
drug also resulted in an attenuation in ethanol intake, but no additive effect was observed.
The results of the present experiment complement previous studies that generated high
ethanol consumption with the same intermittent access 20% ethanol protocol in rats (Simms et
al., 2008; Wise, 1973). The current study, like Simms and colleagues (Simms et al., 2008; Simms
et al., 2010), revives a protocol that demonstrated that intermittent access to 20% ethanol
induced high ethanol intake without the need of sucrose fading (Samson, 1986) or water
deprivation (Meisch and Thompson, 1972).

Intermittency, a cardinal feature of access to drinking, has been implemented in various
protocols that ultimately lead to elevated ethanol consumption (Tomie et al., 2006). In addition,
other protocols that share some of the features of intermittent access include the alcohol
deprivation effect (ADE), where periods of ethanol access alternate with periods of deprivation
in weekly cycles (Melendez et al., 2006; Rodd-Henricks et al., 2000; Sinclair & Senter, 1968).
Relapse-like drinking has been studied in the expression of ADE (Breese et al., 2005; Heyser et
al., 1997; Sanchis-Segura and Spanagel, 2006), which is measured by a pronounced increase in
ethanol preference and consumption after imposed abstinence. Though the ethanol drinking after
the ADE (O’Dell et al., 2004) is substantially escalated, the current procedure has the potential to
lead to ethanol dependence without forced ethanol vapor exposure (Becker and Lopez, 2004;
Schulteis et al., 1995) that incorporates free-choice drinking.
In the present experiments, some animals given intermittent access to alcohol exhibited
high withdrawal scores, indicative of dependence. Withdrawal scores were positively correlated
with ethanol intake such that higher intakes were associated with higher HIC scores, suggesting
more severe withdrawal. Similar to alcoholic patients who show withdrawal symptoms as severe
as insomnia, nausea, autonomic hyperactivity, and even tonic-clonic seizures (Cornish et al.,
2001; Hillbom et al., 2003), ethanol-dependent animals display enhanced anxiety-like behaviors,
handling-induced convulsions (Goldstein and Pal, 1971) and heightened startle responses
(Macey et al., 1996) during acute and protracted withdrawal (Baldwin et al., 1991; Kliethermes
et al., 2004; Overstreet et al., 2002; Valdez et al., 2002). For now, whether excessive drinking
observed in the current intermittent access procedure induces dependence has yet to be
characterized more comprehensively.

In the current series of experiments, repeated cycling of high ethanol consumption
followed by deprivation is hypothesized to induce persistent neuroadapdations. Previous studies
have showed that naltrexone reduced ethanol preference in established C57BL/6J drinkers
(Phillips, Wenger & Dorrow, 1997). Higher doses showed diminished effects on reducing alcohol
intake (Phillips, Wenger & Dorrow, 1997). The literature also depicts the effects of naltrexone as
specific to ethanol intake as it does not affect water intake (Middaugh et al., 1999; Kamdar et al,
2007). Previous research also implicates neuropeptides corticotropin-releasing factor (CRF) and
neuropeptide Y as prominent candidates for the modulation of dependent, intermittent drinking
behavior (Heilig & Koob, 2007; Koob et al., 1993; Rasmussen et al., 2000; Rivier et al., 1984).
Increased levels of CRF have been observed in the amygdala during ethanol withdrawal (Merlo
et al., 1995), and some anxiogenic-like effects of withdrawal in dependent rats can be potently
reversed by CRF receptor antagonists (Breese et al., 2004; Knapp et al., 2004; Overstreet et al.,
2004; Rassnick et al., 1993). In the current investigation of central CRF and naltrexone during
intermittent access drinking in C57BL/6J mice, results show that antagonism of the CRF1
receptor (using CP-154,526), and the mu opioid receptor (using naltrexone) leads to selective
suppression of alcohol drinking behavior.
Additionally, the results show that both naltrexone and CP 154,526 were effective at 2
hours, and 4 hours, but not at 24 hours after administration. These findings were expected since
both drugs antagonize mu-opioid receptors and CRF-R1 receptors respectively moments after
infusion. In addition, it can be assumed that both drugs become degraded after 24 hours and are
therefore no longer effective. The present results are consistent with previous findings that have
revealed a role for CRF receptor signaling in neurobiological responses to ethanol. In 2008,
Sparta et al. found that pretreatment with CP 154,526 prevents binge-like drinking in C57BL/6J

mice. The findings reported in the current investigation complement previous studies that have
explored the relationship between CRF-R1 signaling and escalated ethanol drinking due to
relieving negative symptoms of withdrawal.
Previous studies have reported that CRF and the opioid system may significantly
contribute to neural mechanisms for excessive alcohol consumption seen after intermittent access
and may interact with serotonin in the dorsal raphé nucleus (DRN) (Kirby et al., 2000; Valentino
et al., 2010). With regards to the interaction between serotonin and CRF, low doses of CRF (that
are more selective for CRF-R1) are associated with lower extracellular serotonin levels in the
forebrain (Price & Lucki, 2001; Lukkes et al., 2008) while high doses of CRF (that are more
selective for CRF-R2) are associated with higher concentrations of serotonin (Amat et al., 2004).
However, the results of the present investigation show that there was no additive effect
when CP 154,526 and naltrexone were combined suggesting that the two work independently.
Because of the neurochemical heterogeneity of the DRN and the presence of multiple CRF and
opioid receptor subtypes on both 5-HT and non-5-HT neurons, the regulation of the DRN-5-HT
system as it relates to CRF and the opioid systems has been difficult to understand fully.
Although these two drugs influence serotonergic activity, they may play different roles in ethanol
reinforcement. As discussed by Sabino et al. (2006), high ethanol intake may be positively
reinforced by an opioid-dependent mechanism whereas CRF may be involved in negative
affective state associated with ethanol withdrawal. Also, Gilpin et al. (2008) found that brain muopioid-receptor systems are involved in baseline alcohol-drinking behavior, but their role is not
altered following the transition to dependence. As such, we may not be able to see an additive
effect when combining both.
The current study presents further insight into alcohol and its connections with CRF, the

opioid system, and serotonin in the DRN. The intermittent access protocol provides and
externally valid method to assess drinking in rodents. It is expected that chronic intermittent
access should produce higher levels of binge-like drinking, due to potential mechanisms driven
by dependence. In line with the kindling hypothesis of escalated alcohol intake (Ballenger and
Post, 1978; Becker, 1998), the chronic intermittent access protocol allows for longer periods of
deprivation paired with longer episodes of high drinking, repeated for several weeks, which may
contribute to the higher intake values during the initial 2-hour access period. These features
constitute a strong binge-like drinking model making this model useful because these features
are pertinent to alcoholism. This model may therefore be a step closer to approximating human
behavior.
The intermittent access model captures important features of alcoholism such as drinking
to the point of intoxication (Rhodes et al., 2007) and rapid initiation to high levels (Rhodes et al.,
2005) and dependence as measured by signs of withdrawal (HIC). However, it does not capture
important features of drinking behavior. For example, this protocol does not measure motivation
for drinking. Volume of fluid consumed is not an appropriate indicator of motivation because the
animals may have adjusted the volume to reach a desired level of intoxication, which could vary
across subjects. Other features such as tolerance have not yet been demonstrated in using this
specific protocol. Another limitation is blood-ethanol levels. Kamdar et al. (2007) explain that
single bottle animals reach higher blood-ethanol levels than two bottles (Rhodes, 2007). This
could explain the low BEC obtained in this study.
In terms of pharmacological manipulations, the lack of an additive effect could be
explained by the fact that mu opioid receptors and CRF1 receptors are present on different parts
of serotonin neurons in the DRN. Wang et al. (1998) report that mu opioid receptors are localized

on the postsynaptic membrane of dendrites, extra-synaptic plasma membrane, and the surface of
the small, clear vesicles in axon terminals in the DRN. The localization of CRF-R1 receptors has
been difficult to ascertain because of the neurochemical heterogeneity of the DRN and the
presence of multiple CRF receptor subtypes on both 5-HT and non-5-HT neurons. Studies show
that there is a relatively high expression of CRF2 receptors in that area (Chalmers et al., 1995)
which may play a role in altering CRF-R1 antagonism. Previous studies have suggested that
CRF1 and CRF2 may regulate the DRN-5-HT system in opposing manners (Valentino et al.,
2009). This is evident in the level of neuronal activity as well as 5-HT release in forebrain
regions where low doses of ovine CRF that are more selective for CRF1 decrease, and higher
doses that begin to activate CRF2 receptors or selective CRF2 agonists increase 5-HT
extracellular levels in forebrain (Amat et al., 2004; Lukkes et al., 2008; Price et al., 1998; Price
& Lucki, 2001). Further studies need to be conducted to better understand the interaction
between CRF-R1 and CRF-R2 in the DRN.
Further work to expand on the current project could include systemic injections of CP
154,526. It is important to determine if this drug has the same effects as naltrexone systemically
(as it appears so in the current microinjection experiments). Since CRF and the opioid system
densely innervate different areas in the brain, future studies could look into other areas in the
brain where these systems are co-localized. One such area includes the nucleus accumbens which
involves the dopamine system. Several studies have suggested that the blockade of central opioid
receptors can reverse ethanol-induced increases in extracellular dopamine concentration in the
nucleus accumbens (Hodge et al., 1992, 1997; Weiss et al., 1993).
Other target areas may include the locus coeruleus as one hypothesis for the mechanism
of CRF and opioid antagonists could involve GABA. Reyes et al. (2007) used

immunofluorescence and dual immunoelectron microscopy to show that the locus coeruleus was
a site where both CRF and opioid mu opioid receptors were co-localized. Other studies have also
focused on the central amygdala as an important brain site that involves both systems. Zhou et al.
(2010) suggest that the availability of mu opioid receptors in GABAergic dendrites of the bed
nucleus of the stria terminalis is dictated in part by the expression of CRF-R1 receptors. Studies
have also found a connection between corticotropin- releasing hormone and the opioid system
via β-enkephalin which primarily affects mu opioid receptors in the central amygdala (Ciado &
Morales, 2000; Funk et al., 2006; Lam et al., 2008). Taking all these findings together, a complex
picture emerges where the interaction between CRF-R1 and mu opoid receptors spans different
brain areas, and acts on different neurotransmitter systems.
One of the limitations of the study is a lack of neurotransmitter measurement for each
treatment. Microdialysis experiments to determine the effects of these drugs on serotonin levels
in the brain, targeting specific areas (such as the DRN) measuring changes in extracellular
concentrations following specific treatments could be important to determining the specific
effects of these drugs on serotonin levels in the brain.
In conclusion, intermittent access is a procedure that incorporates ethanol-preferring
C57BL/6J mice within a schedule that allows frequent limited access to alcohol during the week,
thereby generating excessive, preferential, voluntary alcohol drinking. This procedure
complements the intermittent access 20% ethanol drinking protocol using outbred rats, though
the observed levels of alcohol drinking can be up to three times higher in the inbred mice. This
protocol could be used to mimic the escalation to alcoholic-like drinking. CRF-R1 and mu opioid
antagonism decreased alcohol intake in these mice. However, it remains difficult for one
pharmacological agent to be effective for all patients and all aspects of alcoholism. Individuals

drink for a variety of reasons which most likely involve a variety of neurotransmitters. Some
people may drink to alleviate symptoms of anxiety or depression which may be mediated by the
GABA-ergic or serotonergic systems, as well as the dopaminergic system. More studies should
be conducted to create a better picture for the interactions of these systems with current
treatments, and treatments on the horizon.

Figures
1

Figure 1: Ethanol consumption and gradual acquisition of alcohol drinking behavior to 20% of
ethanol (g/kg/ 24) over time. Male C57BL/6J mice (n=36) were given intermittent access to 20%
ethanol in a 2-bottle choice drinking paradigm.

2

Figure 2: Alcohol intake (g/kg) and withdrawal assessment as measured by handling induced
convulsions (HIC). Male C57BL/6J (n=12) were assessed for severity of withdrawal 8 hours
after withdrawal using the HIC rating scale after 6 weeks of intermittent access to ethanol. A 2day average of 2 HIC assessment sessions is shown.

3 (a)

Figure 3: (a) Alcohol intake (g/kg) following systemic injections. Male C57BL/6J (n=12)
received systemic injections of saline (vehicle) and naltrexone: 0.1, 1.0 and 10.0 mg/kg. *p < .05
compared to vehicle. (b) Fluid intake (ml) 2 hours, 4 hours, and 24 hours after injections. *p < .
05 compared to vehicle.

4

Figure 4: Blood ethanol concentration (mg/dL) after saline or naltrexone systemic injections.
Male C57BL/6J mice (n=12) received systemic injections of saline (vehicle) and 10.0 mg/kg
naltrexone, and blood ethanol concentrations were assessed 2 hours post injection.

5 (a)

Figure 5: Intra-dorsal raphé nucleus (DRN) placements. C57BL/6J (n=8) underwent stereotaxic
surgery and were implanted with a cannula into the DRN. Dots represent correct cannula
placements revealed after histological analysis.

(b)

Figure 5: (b) Photomicrograph of an intra-dorsal raphé nucleus (DRN) placement. C57BL/6J
(n=8) underwent stereotaxic surgery and were implanted with a cannula into the DRN. The
photomicrograph above shows correct cannula placement revealed after histological analysis.

6

Figure 5: Alcohol
intake (g/kg)
following intradorsal raphé
nucleus (DRN)
microinjections. Male C57BL/6J (n=8) received intra-DRN injections of artificial cerebrospinal
fluid (aCSF; vehicle) and 0.6 µg CP 154,526 6 µg naltrexone, and a combo: and 0.6 µg CP
154,526 + 6 µg naltrexone. *p < .05 compared to vehicle

Figure 6: Change in ethanol intake in with intra-DRN micoinjections using intermittent access.
Male C57BL/6J (n=8) received intra-DRN injections of artificial cerebrospinal fluid (aCSF;
vehicle) and 0.6 µg CP-154,526, 6 µg naltrexone, and a combo: and 0.6 µg CP 154,526 + 6 µg
naltrexone.

Figure 7: Fluid intake (ml) 2 hours, 4
hours, and 24 hours after intra-DRN
microinjections. Male C57BL/6J
(n=8) received intra-DRN injections
of artificial cerebrospinal fluid (aCSF;
vehicle) and 0.6 µg CP 154,526 6 µg
naltrexone, and a combo: and 0.6 µg
CP 154,526 + 6 µg naltrexone. *p < .
05 compared to vehicle.

9

Figure 8: Blood ethanol concentration (mg/dL) after a combination: 0.6 µg CP 154,526 + 6 µg
naltrexone intra-dorsal raphé nucleus (DRN) microinjection. Male C57BL/6J mice (n=8)
received intra-DRN injections of 0.6 µg CP 154,526 + 6 µg naltrexone, and blood ethanol
concentrations were assessed 2 hours post microinjection.
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