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Abstract

Introduction—Although a role for alpha-2 adrenoceptors (alpha-2 ARs) in alcohol use disorder 

(AUD) and depression is suggested, very little information on a direct interaction between alcohol 

and these receptors is available.

Methods—In this study adult female Wistar and Wistar-Kyoto (WKY) rats, a putative animal 

model of depression, were exposed to alcohol vapor 3 h daily for 10 days (blood alcohol 

concentration ~150 mg%) followed by daily injection of 10 mg/kg of imipramine (IMP, a selective 

norepinephrine NE/serotonin reuptake inhibitor) or nomifensine (NOMI, a selective NE/dopamine 

reuptake inhibitor). On day 11 animals were tested for open field locomotor activity (OFLA) and 

forced swim test (FST) and were sacrificed 2 h later for measurement of alpha-2 ARs densities in 

the frontal cortex and hippocampus using [3H]RX 821002 as the specific ligand.

Results—Chronic alcohol treatment increased the immobility in the FST, without affecting 

OFLA in both Wistar and WKY rats, suggesting induction of depressive-like behavior in Wistar 

rats and an exacerbation of this behavior in WKY rats. Alcohol treatment also resulted in an 

increase in cortical but not hippocampal alpha-2 ARs densities in both Wistar and WKY rats. The 

behavioral effects of alcohol were completely blocked by IMP and NOMI and the neurochemical 

effects (increases in alpha-2 ARs) were significantly attenuated by both drugs in both strains.

Conclusions—The results suggest a role for cortical alpha-2 ARs in alcohol withdrawal-induced 

depression and that selective subtype antagonists of these receptors may be of adjunct therapeutic 

potential in AUD-depression co-morbidity.
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1. INTRODUCTION

A significant co-morbid expression of alcohol use disorders (AUD) and depression is 

evident in epidemiological studies (Boschloo et al., 2011; Dixit and Crum, 2000; Iovenio et 

al., 2011; Lai et al., 2015; Rodgers et al., 2000; Schuckit, 2006; Spak et al., 2000). Among 

the AUD treatment population, co-morbid depression can affect as much as 50% of people 

(Swendsen and Merikangas 2000). Similarly, depression treatment populations may have up 

to 40% life-time probability of developing AUD (Grant et al., 2011; Jane-Llopis, and 

Matytsina, 2006). Co-occurrence of AUD and depression results in greater disease burden 

than each disorder alone (Gadermann, et al., 2006). Such dual diagnosis is an important 

clinical assessment since treatment outcome for either condition, if considered separately, 

may not be fully adequate (Iovenio et al., 2011). Interestingly, pharmacological treatment of 

the depressive symptoms results in a better treatment outcome for AUD (Kessler et al., 1997; 

Schuckit et al., 1997). Likewise, treatment of primary AUD results in rapid reduction in 

depressive symptoms (Brown and Schuckit, 1988). Indeed, 80% of AUD patients with major 

depression no longer present depressive symptoms after 2 weeks of sobriety (Dackis et al., 

1986). However, if unmanaged, depressive symptom especially during alcohol withdrawal 

can lead to relapse and increased alcohol intake (Dixit and Crum, 2000; Hodgins et al., 

1995; Johanson and Fischman, 1989; Schulteis, et al., 1995).

A positive relationship between depressive symptoms and voluntary alcohol intake has also 

been observed in animal models. Thus, Wistar-Kyoto (WKY) rats, considered a putative and 

non-induced animal model of depression, voluntarily consume more alcohol than their 

control counterparts, Wistar rats or Sprague-Dawley rats (Jiao et al., 2006; Paré et al., 1999; 

Yaroslavsky and Tejani-Butt, 2010). Conversely, alcohol preferring (AA) rats may exhibit 

depressive-like characteristics following voluntary alcohol intake compared to alcohol non-

preferring (ANA) rats (Viglinskaya et al. 1995). Although various theories have attempted to 

explain the association between AUD and depression, it appears that a number of factors, 

including genetic predisposition and alterations in neurochemical substrates, such as the 

noradrenergic system, may contribute to this co-morbidity (Balsamo et al., 2016; Bravo et 

al., 2017; Donadon and Osorio, 2016; Getachew et al., 2010; Jung et al., 2016; Kalejaye et 

al., 2013; Merikangas and Gelernter, 1990; Ovestreet et al., 2005; Rezvani et al., 2002, 2007; 

Rincon-Hoyos, et al., 2016).

Alpha adrenergic receptors (alpha ARs) are one of the major classes of G protein-coupled 

receptors for norepinephrine (NE) that are predominantly located pre-synaptically, but are 

also present post-synaptically in the central nervous system (Bylund, 1988; Bylund et al., 

1995; Giovannitti et al., 2015; U’Prichard et al., 1979). There are two subtypes of alpha ARs 

(alpha 1 and alpha 2) (Bylund et al., 1995). In humans, three subtypes of alpha-2 ARs (alpha 

2A, alpha 2B and alpha 2C) and in rats, four subtypes (alpha 2A, alpha 2B, alpha 2C and 
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alpha 2D) have been identified. In the rat, alpha 2D is a species variation of human alpha 

2A. These receptors play an important role in regulating the neuronal release of NE through 

presynaptic feedback inhibition and may be at least partially responsible for pathogenesis 

and symptomatic expression of depressive illness. Thus, a variety of antidepressants (e.g., 

desipramine) and other treatments of depression (e.g., electroconvulsive shock therapy) are 

associated with decreases in the density and sensitivity of central alpha-2 ARs (Barturen and 

Garcia-Sevilla, 1992; Cohen et al., 1980; Invernizzi and Garattini, 2004; Pilc and Vetulani, 

1982; Smith et al., 1983; Tanaka and Telegdy, 2014). Interestingly, manipulations of the 

alpha-2 ARs may also affect alcohol intake. Hence, yohimbine, an alpha-2 AR antagonist 

can reinstate alcohol seeking after extinction (Funk et al., 2016; Marinelli et al., 2007). On 

the other hand, alpha-2A AR agonists that may decrease availability of NE reduce alcohol 

consumption (Fredriksson et al., 2015; Opitz, 1990; Rasmussen et al., 2014). However, very 

few studies have investigated direct effects of alcohol on apha-2 ARs, particularly in relation 

to depressive-like characteristics.

A major goal of this study was to investigate the effects of alcohol as well as two tricyclic 

antidepressants (imipramine, a selective norepinephrine/serotonin NE/5HT uptake inhibitor, 

and nomifensine, a selective NE/dopamine DA uptake inhibitor) on alpha-2 ARs in Wistar 

(control) and WKY rats. We hypothesized that alcohol withdrawal-induced depressive-like 

behavior will be associated with an increase in alpha-2 AR densities in two important brain 

regions, namely the frontal cortex and the hippocampus. Moreover, we anticipated that 

chronic treatment with antidepressants that affect the noradrenergic system would normalize 

the behavioral as well as the neurochemical effects of alcohol on alpha-2 ARs.

2. MATERIALS AND METHOD

2.1.1 Animals

Adult female WKY rats, approximately 4 months old (Harlan, IN, USA) were used 

throughout the study. We chose female rats because: 1.) there exists a higher incidence of 

depression in women, but there are sparse inclusion of female animals in such studies 

(Kessler et al., 1993; Nolen-Hoeksema, 1990; Weissman, et al., 1996); 2.) as in humans, 

there is also a higher incidence of depressive-like behavior in females compared to male 

WKY rats (Pare and Redei, 1993); 3.) both female rats (Carrier and Kabbaj, 2013; Kokras et 

al., 2015) and mice (Franceschelli et al., 2015) show enhanced response and greater 

sensitivity to antidepressant treatments compared to their male counterparts. Although 

menstrual cycle may have an important role in human behavioral outcome, it should be 

noted that the estrous cycle in rats is relatively very short (4 days, Spornitz et al. 1999), and 

that rats tend to synchronize their estrous cycle when housed in group or close proximity 

(Alekhina et al. 2015; McClintock, 1978) In addition, use of appropriate controls, as used in 

this study, can reduce the chance of false positive or negative results when using female rats.

Animals were housed in groups of three or four in standard polypropylene shoebox cages 

(42 × 20.5 × 20 cm) on hardwood chip bedding (alpha-dry) in a room designated for female 

rats. Throughout the experiment, animals had access to food (Harlan Tek Lab) and water ad 

libitum. The room was maintained at 24–26 °C at 51–66% relative humidity, on a 12-h 

reversed light/dark cycle (lights on at 1900 hr). All experiments were carried out in 
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accordance with NIH guidelines and approved by the Institutional Animal Care and Use 

Committee.

In order to acclimate the subjects to the housing conditions, animals arrived at least one 

week prior to initiation of any experiment. During this period, they were gentled once daily 

in order to minimize any stress effects that might result from routine handling. All 

behavioral tests were carried out in the early portion of dark phase between 09:00 AM and 

12:00 PM using a red light as source of illumination. The dark phase was chosen to coincide 

with the animals’ nocturnal nature (i.e., being active during the dark phase). Each 

experimental group consisted of 7–8 animals.

2.1.2 Vapor ethanol exposure and drug treatment

Inhalation chambers were used to expose the animals to ethanol (La Jolla Alcohol Research 

Inc., La Jolla, CA, USA). Briefly, 95% ethanol (EtOH) was pumped at regulated rate from 

5-gallon reservoir via a peristaltic pump to a 5000 ml Erlenmeyer vacuum flask that was 

kept on a warming tray (52°C). EtOH was then volatilized and mixed with pressurized air. 

The flow of this mixture was controlled by a pressure gauge as it was delivered to individual 

chambers. The parameters used in EtOH vapor exposure were: air pressure ≈5 psi, airflow 

rate ≈ 15–20 liter/min and EtOH flow rate = 60 ml/hr. A control group received only air via 

a system that exactly mirrored the experimental condition. The animals were exposed to 

EtOH vapor for 3h daily, during which, a blood alcohol concentration (BAC) of 

approximately 150 mg% was maintained. The inhalation chamber has the advantage of 

easily achieving and maintaining the targeted BAC (Kliethermes et al., 2004). Moreover, the 

variability in the alcohol concentration between similarly controlled chambers is minimal 

(Lee et al., 2000; Getachew et al., 2008, 2010).

USP 200 proof EtOH was purchased from VWR Scientific Products (Bridgeport, New 

Jersey, USA) and was diluted down (95% v/v) with distilled water. Imipramine (IMP) HCl 

and nomefensine (NOMI) maleate were purchased from Sigma-Aldrich Co. (St. Louis, MO, 

USA), were dissolved in saline and injected intraperitoneally (i.p.) (10 mg/kg) in a volume 

of 1 ml/kg, immediately after removal from the vapor chamber each day. Control animals 

were injected with the same volume of physiological saline. To verify the “depressogenic” 

effect of alcohol, a separate control group was exposed to air in an exactly same set up 

followed by saline injection only. The dosing of drugs was chosen based on works of others 

as well as ours that have been reported as optimally effective antidepressant doses (Tijani-

Butt et al., 2003; Getachew et al., 2008).

2.1.3 Behavioral evaluations

2.1.3a Open Field Locomotor Activity (OFLA) Monitoring—On day 11, 

approximately 16 h after the last alcohol exposure, animals were tested in an open-field 

activity-monitoring cage (27 × 27 × 20.3 cm, Med Associates, Inc., St. Albans, VT) for 10 

min, where ambulatory counts representing the number of infrared beam interruptions were 

recorded (Getachew et al., 2010).

Getachew et al. Page 4

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.1.3b Forced Swim Test (FST)—Immediately following the open field activity test, 

each animal was evaluated for its behavior (immobility) in the forced swim test (FST) 

(Getachew et al 2010). Briefly, each rat was placed in a round Pyrex cylinder pool 

measuring 17 cm in diameter and 60 cm in height for 5 min. The cylinder was filled with 30 

cm water (25±1 °C) to ensure that animals could not touch the bottom of the container with 

their hind paws or their tails. The FST activity was video recorded for subsequent analysis. 

The rat was removed after 5 min, dried, and placed in its home cage. A time sampling 

scoring technique was used whereby the predominant behavior in each 5-s period of the 300-

s test was recorded. Inactivity (immobility) and activity (swimming) were distinguished as 

mutually exclusive behavioral states. Swimming behavior was defined as movement (usually 

horizontal) throughout the cylinder. Immobility, reflective of helplessness, was defined when 

no additional activity was observed other than that required to keep the rat’s head above the 

water (Getachew et al., 2008, 2010).

2.1.3c Brain Collection—Animals were sacrificed by decapitation, approximately 2 h 

after the last behavioral test (i.e., FST). Brains were quickly removed, frozen on dry ice and 

stored at −80°C until dissection for receptor analysis (see below).

The flow chart below illustrates the timeline of the study:

Animal arrival ≫ 1week acclimation ≫ 10 days of alcohol vapor exposure (3h/day) 

followed immediately by drug injection ≫ behavioral tests on day 11 (10 min 

OFLA followed by 5 min FST) ≫ 2 h rest ≫ decapitation and brain collection.

2.1.4 Blood alcohol determination

To determine BAC at various time points, a separate group of Wistar and WKY were 

exposed to the chambers under identical conditions. Blood was sampled by tail bleed 

technique every three days immediately after the end of daily ethanol exposure. Briefly, tail 

blood (0.4ml) was collected in tubes coated with 0.2M ethylene-diamine-tetraacetic acid 

(EDTA) (Sigma-Aldrich Co., St. Louis, MO, USA) and centrifuged for 5 min at 1,500g at 

4°C. The plasma was extracted and BAC was assayed by injecting 5μL plasma into GM7 

Micro-Stat Analyzer (Analox Instruments Ltd., Lunenburg, MA, USA).

2.1.5 Brain dissection and Alpha-2 AR Binding

For sample collection, frozen brains were thawed on ice and two brain areas that are 

intimately associated with mood regulation and antidepressant effects of drugs, namely the 

frontal cortex and the hippocampus, were dissected alternating between strains and treatment 

groups as described previously (Tizabi et al. 1999, 2000; Getachew et al. 2010). The frontal 

cortex (bilateral) was delineated posteriorly by the genu of the corpus callosum and included 

the prefrontal cortex. The hippocampus included the entire hippocampal region from both 

hemispheres. Membrane preparations from these two regions were used for alpha-2 AR 

binding. For the assay we used the method described by O’Rourke et al (1994) with minor 

modifications. [3H]RX821002 [(1,4-[6,7-3H] benzodioxan-2-methoxy-2-yl)-2-imidazoline] 

(specific activity ~54 Ci/mmol) was purchased from Amersham (Buckinghamshire, UK). 

This compound is a 2-methoxy derivative of idazoxan, but has better selectivity and higher 

affinity for alpha-2 AR subtypes than idazoxan (Stillings et al., 1986). Thus, in binding and 
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tissue studies it behaves as a selective antagonist of alpha-2 ARs, with at least 5 times 

greater affinity for these receptors than any other binding site, however, it does not have any 

specific selectivity for any alpha-2 AR subtype (Clarke and Harris 2002). Briefly, for 

receptor density measurements, duplicates of membrane preparations (200 μl) containing 

100 μg of protein were incubated with 2.5 nM [3H]RX 821002. The buffer consisted of 0.3 

mM MgCl2, 0.1 mM EGTA, 5 mM Tris-HCl, and 50 mM sodium phosphate, pH 7.4. Tissue 

homogenates were incubated for 2 h at room temperature Non-specific binding in all assays 

was determined in presence of 50 μM unlabeled (-)-NE hydrochloride (Sigma-Aldrich, St. 

Louis, MO, USA). Binding reactions were terminated by vacuum filtration through 

Whatman GF/C filters (Clifton, NJ, USA), which were mounted on a 48-sample manifold 

(Brandel cell Harvester; Biomedical Research and Development, Gaithersburg, MD) that 

was pre-wetted with 0.5% polyethylenimine to reduce nonspecific binding to the filter. The 

tubes and filters were then washed three times with 4 ml ice-cold 50 mM Tris-HCl buffer 

(pH. 8.0) and, the radioactivity on the filter was determined by liquid scintillation 

spectroscopy (Micro β-scintillation counter; PerkinElmer, Boston, MA). Specific binding 

was calculated as the difference between total and nonspecific binding. For saturation 

binding 8–12 concentrations of [3H]RX 821002 ranging from (0.01 nM to 12.5 nM) were 

used. The receptor affinity (Kd) values were calculated from nonlinear regression of bound 

versus free ligand concentrations using a statistical software program (Prism 7; GraphPad, 

San Diego, CA, USA). Protein concentrations were determined by the method of Bradford 

(1976) with bovine serum albumin as the standard.

2.1.6 Statistical Analysis

All data were analyzed using analysis of variance (ANOVA), followed by Student Newman-

Keuls (SNK) post hoc test when significant main effects were indicated. Thus, if an overall 

effect of the treatments was noted in initial ANOVA analysis, this was followed by SNK post 

hoc test to determine which groups differed significantly from one another. All analyses 

were two-tailed and P<0.05 was considered significant. In addition, using SPSS, linear 

regression analysis was performed to verify if a correlation existed between immobility and 

alpha-2 binding.

3. RESULTS

3.1.1 BAC and the effects of alcohol withdrawal on OFLA and FST

Daily BAC fluctuated between 143–160 mg % (152 ± 6.1 mg % mean ± SEM) for all 

measurements in both strains. This BAC is equivalent to relatively high alcohol consumption 

in humans (Getachew et al 2008, 2010).

Alcohol exposure resulted in an increase in immobility in FST (Fig 1) without affecting the 

OFLA in both Wistar and WKY rats. Thus, there was approximately 94% increase (p<0.01) 

in immobility in FST following 10 days of alcohol exposure in Wistar rats (Fig 1A, columns 

1 and 2) and approximately 55% increase in immobility in FST in WKY rats (p<0.01, Fig 

1B, columns 1 and 2). Alcohol treatment did not affect the ambulatory counts in the open 

field in either strain (Figs 2A and 2B, columns 1 and 2). Thus, the findings that immobility 

score in FST is increased without changes in OFLA, indicates that the animals were not 
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impaired in their locomotor activity. This further validates that the effects of the treatment on 

depressive characteristics (i.e., immobility) was not due to motor impairment.

3.1.2 Effects of IMP and NOMI on alcohol withdrawal-induced behavioral changes

Both IMP and NOMI treatment reversed alcohol withdrawal-induced increases in 

immobility in Wistar and WKY rats. Thus, following daily administration of IMP (10 

mg/kg) and NOMI (10 mg/kg) the immobility scores were back to the original levels in 

Wistar rats and were further reduced in WKY rats to the basal levels that were observed in 

Wistar rats (Figs 1A and 1B, columns 3 and 4). Neither drug affected the OFLA in either 

strain (Figs 2A and 2B, columns 3 and 4).

3.1.3 Effects of alcohol withdrawal on Alpha-2 AR

The basal levels of alpha-2 ARs in the frontal cortex of WKY rats were approximately 50% 

higher than that of Wistar rats (Figs 3A and 3B, column 1). Alcohol exposure resulted in an 

increase in alpha-2 ARs in the frontal cortex of both Wistar and WKY rats. Thus, there was 

approximately 31% increase (p<0.01) in alpha-2 ARs following 10 days of alcohol exposure 

in Wistar rats (Fig 3A, columns 1 and 2) and approximately 32% increase in WKY rats 

(p<0.01, Fig 3B, columns 1 and 2).

Basal levels of alpha-2 ARs in the hippocampus were similar in Wistar and WKY rats (Figs 

4A and 4B, column 1). Alcohol exposure did not affect alpha-2 ARs density in the 

hippocampus (Figs 4A and 4B, columns 1 and 2).

3.1.4 Effects of IMP and NOMI on alcohol withdrawal-induced changes in Alpha-2 AR

Both IMP and NOMI treatment attenuated alcohol withdrawal-induced increases in the 

alpha-2 ARs density in the frontal cortex of both strains. Thus, daily administration of IMP 

(10 mg/kg) and NOMI (10 mg/kg), following alcohol exposure, reduced the density of 

alpha-2 ARs by approximately 50% in both Wistar (Fig 3A columns 3 and 4) and WKY rats 

(Fig 3B, columns 3 and 4).

There were no effects of any treatment on hippocampal alpha-2 ARs in either strain (Fig 4A 

and 4B, columns 3 and 4).

A correlation analysis of immobility scores and alpha-2 binding in the frontal cortex resulted 

in coefficient regression values (r = 8.1–8.4), suggesting a strong correlation between 

behavioral and neurochemical effects. However, it is important to note that correlation does 

not imply causation, but only an association.

3.1.5 Kd values

There were no changes in receptor affinities in either region with any treatment in either 

strain. The kd values were similar in both regions and fluctuated between 0.8 ± 0.09 and 1.0 

± 0.1 nM (mean ± SEM) for all measurements.
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4. DISCUSSION

The results of this study confirm a “depressogenic” effect following withdrawal form high 

alcohol dose in Wistar rats and exacerbation of this behavior in WKY rats, a putative and 

non-induced animal model of depression (Getachew et al., 2010). Moreover, chronic 

treatment with the tricyclic antidepressants that are selective in inhibiting the uptake of 

NE/5HT (e.g., IMP) or NE/DA (e.g., NOMI) reversed these behavioral effects of alcohol in 

both strains, suggesting possible utility of such drugs in prevention of relapse. Previous 

studies in rodents have shown that both IMP and NOMI reduce FST immobility counts, 

reflective of the helplessness (Tejani-Butt et al., 2003; Yamada and Sugimoto 2001). The 

depressive-like characteristics of WKY rats were associated with an increase in alpha-2 ARs 

density in the frontal cortex. Alcohol exposure resulted in an increase in alpha-2 ARs in 

Wistar rats, and a further increase in these receptors in WKY rats. To our knowledge this is 

the first in-vivo study of alcohol effect on alpha-2 ARs density, which is in agreement with 

in-vitro studies where increases in these receptors were observed following alcohol exposure 

in NG108-15 cells (Hu et al 1993). The increases in alpha-2 ARs induced by chronic alcohol 

administration in our study were attenuated by chronic treatments with IMP and NOMI. 

Interestingly, Barturen and Garcia-Sevilla (1992) had proposed that sustained stimulation of 

alpha-2 ARs by endogenous norepinephrine, after inhibition of neuronal uptake, increases 

their disappearance rate (degradation), leading to a reduction in receptor number. Taken 

together, a role for alpha-2 ARs in alcohol withdrawal-induced depression and the 

effectiveness of tricyclic antidepressants is suggested.

The above contention is also supported by a number of studies. Thus, treatment of 

depression by tricyclic antidepressants (e.g., desipramine) or electroconvulsive shock 

therapy has been shown to be associated with decreases in the density and sensitivity of 

central alpha-2 ARs (Barturen and Garcia-Sevilla, 1992; Cohen et al., 1980; Invernizzi and 

Garattini, 2004; Nutt and Glue, 1991; Pilc and Vetulani, 1982; Smith et al., 1983; Tanaka 

and Telegdy 2014; Zhang et al.; 2009). These studies suggest that a super-sensitivity of the 

alpha-2 ARs might exist in patients with endogenous depression and that effective forms of 

therapy lead to a decrease in the number or down-regulation of central alpha-2 ARs (Cohen 

et al 1980, Nutt and Glue, 1991; Tanaka and Telegdy, 2014; Zhang et al., 2009). Moreover, 

pre-synaptic alpha-2 receptor antagonists such as mirtazapine can act as efficacious 

antidepressant (Airgas et al., 2002). Interestingly, WKY rats which manifest depressive-like 

characteristics also showed a higher alpha-2 ARs density in the frontal cortex compared to 

their control, Wistar rats (Fig 3 A, B). Indeed, it had been suggested that the antidepressant 

effect may be speeded up by blockade of the alpha-2 ARs and that alpha-2 ARs antagonist 

may improve the therapeutic effect of NE reuptake inhibitors (Invernizzi and Garattini, 

2004). Although we did not detect any changes in alpha-2 ARs in the hippocampus, a 

functional role for these receptors in mood regulation and/or alcohol intake, in at least some 

sub-regions of the hippocampus, cannot be ruled out by our studies as NE may regulate 

hippocampal glutamatergic transmission via its interaction with alpha-2 ARs (Boehm, 

1999). Moreover, it is of importance to note that other regions (e.g., amygdala and nucleus 

accumbens) may also play a role in mood regulation. Hence, deciphering the exact circuitry 
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and precise cite of alpha-2 adrenoceptors in mood regulation not only in adult rats, but also 

in adolescence requires further investigation.

Manipulations of the alpha-2 ARs may also affect alcohol intake. Hence, yohimbine, which 

also contains alpha-2 ARs antagonism may reinstates alcohol seeking after extinction 

(Marinelli et al., 2007). On the other hand, alpha-2 AR agonists may reduce alcohol 

consumption or alcohol-withdrawal symptoms (Opitz, 1990; Muzyk et al., 2011; Rasmussen 

et al., 2014; Fredriksson et al., 2015; Giovanitti et al., 2015). However, it has also been 

reported that specific agonists or antagonists of alpha-2 ARs may produce only minor 

changes in the voluntary alcohol drinking in alcohol-preferring rats (Korpi 1990). 

Nonetheless, these findings may indicate limitation on use of alpha-2 ARs antagonists as 

adjunct therapy in alcohol-induced depression. However, careful consideration of the role of 

specific alpha-2 AR subtypes could overcome these limitations.

The radioligand used in our assay does not differentiate between various alpha-2 AR 

subtypes. However, it should be noted that in the frontal cortex of the rat more than 90% of 

the alpha-2 ARs are of 2A type (Wallace et al., 1994). Hence, it may be suggested that 

alcohol specifically interacts with this receptor subtype in the frontal cortex and that at least 

part of its depressogenic effects and the efficacy of the antidepressants in reversing alcohol 

effects may be mediated via these cortical receptors. It is also of relevance to note that 

yohimbine may interact with other adrenergic as well as non-adrenergic receptors and hence 

may not be an ideal tool to study alpha 2-adrenoceptor physiology and pharmacology 

(Haapalinna et al., 1997). A more recent study provides strong evidence that prazosin, which 

may be acting primarily as an antagonist at post-synaptic alpha-1 receptors can effectively 

block yohimbine-induced re-instatement (Funk et al., 2016). In addition, it was reported that 

prazosin prevents increased anxiety behavior that occurs in response to stress during alcohol 

deprivations (Rasmussen et al., 2016). Hence, further identification of the exact role of 

specific presynaptic alpha-2 ARs subtypes as well as postsynaptic alpha-1 ARs may lead to 

better intervention in AUD in general and depression-AUD co-morbidity in particular.

It should be recognized that our findings indicate only partial (approximately 50%) reversal 

of alcohol withdrawal-induced increases in alpha-2 ARs by IMP and NOMI, whereas the 

reversal of alcohol withdrawal-induced depressive like characteristics by these drugs were 

total. In fact, in WKY rats the two drugs reduced the immobility score in the FST to basal 

levels seen in Wistar rats. Thus, mechanisms other than alpha-2 ARs may be involved in the 

action of the antidepressants used in this study. Moreover, although the common factor 

between the two drugs that we used is their inhibition of NE uptake, contribution of 5HT 

and DA to the antidepressant effects of these drugs cannot be ruled out. It is also of 

relevance to note that tricyclic-induced antidepressants reduction of alpha-2 ARs may be due 

to alpha- 2A AR/arrestin recruitment, which can lead to receptor endocytosis and down-

regulation of these receptors (Cottingham et al., 2015).

In summary, our findings provide evidence for involvement of cortical alpha-2 ARs in 

alcohol withdrawal-induced depression as well as exacerbation of the existing depressive 

behavior. Moreover, effectiveness of tricyclic antidepressants in inhibiting alcohol’s effects 

may be at least partially mediated through these receptors. Further elucidation of the roles of 
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specific alpha-2 AR subtypes may lead to novel intervention in AUD-depression co-

morbidity.

5. CONCLUSION

The results suggest a role for cortical alpha-2 ARs in alcohol withdrawal-induced depression 

and that selective subtype antagonists of these receptors may be at least of adjunct 

therapeutic potential in AUD-depression co-morbidity.
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Highlights

• Alcohol withdrawal is associated with a depressive-like behavior in rats

• Alcohol withdrawal is associated with an increase in cortical alpha2 

adrenoceptors

• Both imipramine and nomifensine block alcohol withdrawal depressive-like 

effects

• Both imipramine and nomifensine attenuate alcohol withdrawal 

neurochemical effects

• Selective alpha-2 adrenoceptors may have therapeutic potential in alcohol use 

disorder (AUD)-depression
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Figure 1. 
Effects of chronic alcohol, imipramine (IMP) and nomifensine (NOMI) on immobility 

scores in the forced swim test in female Wistar (A) and WKY (B) rats. Values are mean ± 

SEM (n=7–8). **p <0.01 compared to control.
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Figure 2. 
Effects of chronic alcohol, imipramine (IMP) and nomifensine (NOMI) on open field 

locomotor activity in female Wistar (A) and WKY (B) rats. Values are mean ± SEM (n=7–

8).
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Figure 3. 
Effects of chronic alcohol, imipramine (IMP) and nomifensine (NOMI) on alpha-2 ARs 

density (fmole/mg Pr) in the frontal cortex of female Wistar (A) and WKY (B) rats. Values 

are mean ± SEM (n=7–8). *p<0.05, **p <0.01 compared to control. +p<0.05 compared to 

alcohol group.
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Figure 4. 
Effects of chronic alcohol, imipramine (IMP) and nomifensine (NOMI) on alpha-2 ARs 

density (fmole/mg Pr) in the hippocampus of female Wistar (A) and WKY (B) rats. Values 

are mean ± SEM (n=7–8).

Getachew et al. Page 19

Drug Alcohol Depend. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	1. INTRODUCTION
	2. MATERIALS AND METHOD
	2.1.1 Animals
	2.1.2 Vapor ethanol exposure and drug treatment
	2.1.3 Behavioral evaluations
	2.1.3a Open Field Locomotor Activity (OFLA) Monitoring
	2.1.3b Forced Swim Test (FST)
	2.1.3c Brain Collection

	2.1.4 Blood alcohol determination
	2.1.5 Brain dissection and Alpha-2 AR Binding
	2.1.6 Statistical Analysis

	3. RESULTS
	3.1.1 BAC and the effects of alcohol withdrawal on OFLA and FST
	3.1.2 Effects of IMP and NOMI on alcohol withdrawal-induced behavioral changes
	3.1.3 Effects of alcohol withdrawal on Alpha-2 AR
	3.1.4 Effects of IMP and NOMI on alcohol withdrawal-induced changes in Alpha-2 AR
	3.1.5 Kd values

	4. DISCUSSION
	5. CONCLUSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

