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Abstract

The atypical antipsychotic clozapine reduces alcohol drinking in patients with schizophrenia. We 

have proposed that clozapine’s ability to decrease alcohol drinking relates to its weak blockade of 

the dopamine D2 receptor and potent blockade of the norepinephrine α-2 receptor, as well as its 

ability to elevate plasma and brain norepinephrine. Another atypical antipsychotic, risperidone, 

which is a potent blocker of both the dopamine D2 receptor and norepinephrine α-2 receptor, does 

not decrease alcohol drinking. In this study, we used the Syrian golden hamster to test whether the 

ability of risperidone to reduce alcohol drinking would be enhanced if it were used in combination 

with the norepinephrine reuptake inhibitor desipramine. Hamsters were given free access to water 

and alcohol (15% v/v) until they reached a steady drinking baseline. They were then treated daily 

with each drug or drug combination for 20 days. Risperidone (0.2 mg/kg) only transiently 

decreased alcohol drinking. However, 5.0 mg/kg, and possibly 1.0 mg/kg, desipramine added to 

0.2 mg/kg risperidone appeared to produce a more substantial and relatively sustained effect than 

risperidone alone. Data from this study provides leads toward the development of new treatments 

for patients with schizophrenia and alcoholism, and also for those with alcoholism alone.
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1. INTRODUCTION

More than a third of patients with schizophrenia have co-occurring alcohol use disorder, a 

rate three times higher than in the general population (Drake et al., 1989; Regier et al., 

1990). Although their level of alcohol use tends to be moderate, even moderate use of 

alcohol is known to worsen the clinical course of patients with schizophrenia (Alterman et 

al., 1981; Drake and Mueser, 1996; Gupta et al., 1996; Owen et al., 1996). Treatment 

options for patients with these co-occurring disorders are limited, and most of the 

antipsychotic medications used in this population have little impact on their alcohol use. We 

and others, however, have reported data suggesting that patients with schizophrenia treated 

with the atypical antipsychotic clozapine (CLOZ) have strikingly higher rates of remission 

from alcohol abuse, compared to those treated with other antipsychotic medications (Lee et 

al., 1998; Green et al., 1999; Zimmet et al., 2000; Drake et al., 2000; Green et al., 2008). 

Despite these promising data, however, the side effects produced by CLOZ have restricted 

its use to a narrow group of patients – those with treatment-refractory psychosis. Thus, it 

remains important to develop other CLOZ-like medications that are safer than CLOZ but 

share the ability to suppress alcohol drinking in patients with schizophrenia.

In previous and ongoing studies, we have used the Syrian golden hamster to elucidate the 

action of CLOZ on alcohol drinking. Unlike other rodent models of primary alcoholism that 

exhibit features resembling heavy alcohol drinking in humans (e.g., high blood alcohol 

levels, binge-like drinking) and signs of physical withdrawal, the golden hamster (an 

outbred animal) achieves only moderate blood alcohol levels and is, thus, a model of 

moderate alcohol drinking (Arvola and Forsander, 1961; Arvola and Forsander, 1963; 

Kulkosky and Cornell, 1979; McCoy et al., 1981; Piercy and Myers, 1995; Keung et al., 

2000; Green et al., 2004; Chau et al., 2011). We have proposed that the golden hamster can 

serve as an animal model to screen medications that may ameliorate alcohol use in patients 

with schizophrenia for two reasons: (1) its pattern of alcohol drinking resembles the 

moderate alcohol use commonly seen in patients with schizophrenia (Test et al., 1989; 

Lehman et al., 1996); and (2) CLOZ decreases alcohol drinking in the hamster and in 

patients with schizophrenia, while the typical antipsychotic haloperidol (HAL), which does 

not limit alcohol drinking in patients with schizophrenia, also has no effect on alcohol 

drinking in the hamster (Green et al., 2004; Green et al., 2008; Chau et al., 2010).

We have presented a novel hypothesis related to the neurobiological mechanisms underlying 

the high prevalence of alcohol use disorder in schizophrenia, as well as the strikingly 

different effects of HAL and CLOZ on their alcohol use (Green et al., 1999). In essence, we 

have proposed that a dysfunction in brain reward circuitry underlies alcohol use in this 

population, and (a) that most antipsychotic drugs (e.g., HAL) do not decrease alcohol use in 

this population because they fail to restore the normal function of the reward circuitry (in 

part because of their potent dopamine [DA] D2 receptor blocking effect); but (b) that CLOZ, 

through its weak blockade of DA D2 receptors and its potent blockade of norepinephrine 

(NE) α2 receptors, as well as its ability to dramatically increase NE levels in patients with 

schizophrenia, may tend to have a normalizing effect on this dysfunctional reward circuitry 

(Green et al., 1999). Consistent with our hypothesis, we have shown that if the weak DA D2 
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blockade by CLOZ is strengthened by adding raclopride, a potent DA D2 antagonist, to 

CLOZ, CLOZ’s ability to reduce alcohol intake is significantly reduced (Chau et al., 2011).

Risperidone (RISP) is an atypical antipsychotic with pharmacologic properties overlapping 

those of CLOZ. Most notably, it is an antagonist of both DA D2 receptors and NE α 2 

receptors (Richelson and Souder, 2000). However, reports from our group have suggested 

that RISP does not limit alcohol drinking in patients with schizophrenia (Green et al., 2003; 

Green et al., 2008). We have suggested that the inability of RISP to decrease alcohol 

drinking in these patients relates to the fact that, unlike CLOZ, a weak DA D2 receptor 

antagonist, RISP is a potent antagonist of the DA D2 receptor (Green et al., 1999; Chau et 

al., 2011), and despite its alpha 2 receptor antagonism, it does not elevate plasma NE levels 

to the extent of CLOZ (See et al., 1999; Elman et al., 2002). While previous studies have 

assessed the effects of RISP and other atypical antipsychotics on alcohol intake in rat 

models, with conflicting results, (e.g., (Silvestre et al., 1996; Ingman et al., 2003), we have 

described how these other alcohol-preferring rodents, in contrast to the Syrian golden 

hamster, do not adequately model alcohol drinking in patients with schizophrenia (Chau et 

al., 2013).

We speculated that while RISP would likely have minimal ability to decrease alcohol intake 

in the Syrian golden hamster, potentiation of the noradrenergic activity of RISP (especially a 

low dose of RISP, one producing only a modest D2 blockade) might limit alcohol drinking 

in rodents. Thus, we studied the dose-dependent effects of RISP on alcohol drinking in the 

hamster, as well as the effects of RISP in combination with desipramine (DMI), a potent NE 

reuptake inhibitor known to elevate plasma NE levels (Aberg-Wistedt et al., 1981).

2. METHODS

2.1. Subjects

Adult, male Syrian golden hamsters (Mesocricetus Auratus) (100–130g) were acquired from 

Harlan Inc. (Indianapolis, IN), maintained on a normal 12 h/12 h light/dark cycle, and 

individually housed in standard home cages with ad libitum access to food and water. For 

each experiment, hamsters were given free access to a water bottle, a bottle containing 15% 

alcohol (v/v), and food. Within each experiment, the positions of the two drinking bottles 

were rotated on a daily basis to prevent positional preference. A technician, blinded to the 

experimental conditions, measured fluid intake every 24 hours, food intake every 48 hours, 

and body weight every 3–4 days. Once alcohol intake reached a steady baseline (which 

required, on average, two weeks of alcohol access), drug treatment began. Alcohol drinking 

was measured every 24 hours, in line with our previous studies (Gulick and Green, 2010; 

Chau et al., 2011) suggesting that more frequent measures are not informative in the 

hamster, and that the highest blood alcohol levels occur 8–10 hours into the dark cycle 

(Chau et al., 2010). All injections were performed 1–2 hours prior to the start of the dark 

cycle to avoid any immediate locomotor effects of the drugs on alcohol intake. All 

experiments were carried out in accordance with the National Institutes of Health guide for 

the care and use of laboratory hamsters (NIH Publications No. 8023, revised 1978) and were 

approved by the Dartmouth Institutional Animal Care and Use Committee.
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2.2. Procedures

2.2.1. Experiment 1: risperidone dose-response—To evaluate whether RISP 

decreases alcohol intake, we tested its effects on free access, chronic alcohol drinking in the 

hamster. Fifty hamsters were given access to separate bottles of water and 15% v/v alcohol 

for 12 days prior to randomization into 7 groups based on baseline alcohol intake (g/kg) 

(n=7–8 per group); (baseline alcohol intake was calculated using the last 4 days of the initial 

12-day period of access to alcohol). The groups were subsequently treated daily for 20 days 

with either: vehicle (VEH) or a daily dose of RISP (0.05, 0.1, 0.2, 0.5, 1.0, or 2.0 mg/kg). 

This range of doses of RISP was chosen to provide a wide array of DA D2 receptor 

occupancy (Wadenberg et al., 2001). All hamsters continued to receive free access to food, 

water, and alcohol during the treatment period.

2.2.2. Experiment 2: low dose risperidone plus desipramine—We next evaluated 

whether adding DMI to the 0.2 mg/kg dose of RISP, which was shown to be most effective 

in reducing alcohol drinking in the first experiment and which approximates the DA D2 

receptor binding potential of CLOZ (Schotte et al., 1989; Schotte et al., 1993; Nordstrom et 

al., 1995; Kapur et al., 2003), would enhance the ability of RISP to decrease alcohol intake. 

Sixty-two hamsters were given access to separate bottles of water and 15% v/v alcohol for 

11 days prior to randomization into 6 groups (n=8–9 per group) with similar baseline 

alcohol intake values (g/kg). The groups were subsequently treated daily for 20 days with 

either: VEH; RISP (0.2 mg/kg); DMI (0.2, 1.0, or 5.0 mg/kg); or combinations of one dose 

of RISP and these doses of DMI. All hamsters continued to receive free access to food, 

water, and alcohol during the treatment period.

2.3. Drugs

RISP was generously provided by Janssen Pharmaceuticals (Titusville, NJ) and DMI was 

purchased from Sigma Aldrich (St. Louis, MO). All solutions were prepared for injection by 

first dissolving each drug in 0.5 N acetic acid, and then adjusting the volume to the desired 

concentration using a VEH solution (0.5 M sodium acetate, pH 5.5). The pH of each drug 

solution was adjusted to match the pH of VEH using 5 N NaOH. All drug and VEH 

solutions were injected subcutaneously in volumes of 2 ml/kg body weight. All injections 

were given 1 hour before dark to prevent potential acute side effects (e.g., decreased 

activity) from the drug from interfering with drinking and eating (which normally begin at 

the onset of the dark cycle).

2.4. Data analysis

Alcohol intake (g/kg), food intake (g/kg), and body weight (g) data were analyzed using 

two-way repeated measures analysis of variance (RMANOVA), using time (measured in 

days) and drug treatment as independent variables. When the analysis indicated that 

significant differences existed between treatments, post hoc pairwise comparisons between 

groups were made using the Bonferroni adjustment, which is more robust to departures from 

sphericity (underlying assumption of RMANOVA) than other multiple comparison 

adjustments (Maxwell, 1980). The pairwise comparisons were tested at each day to help 

interpret group×time interactions from the RMANOVAs; adjustment to p-values was carried 
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out separately at each day. Fisher’s least significant difference (LSD) test was also used in 

Experiment 2 to explore differences between RISP alone (0.2 mg/kg) and each combination 

of RISP with DMI. Significance was determined at p<0.05; for multiple pairwise 

comparisons, the largest p-value is presented whenever more than one post hoc comparison 

is significant. Data are expressed as mean (M) ± standard error of the mean (SEM).

3. RESULTS

3.1. Experiment 1: risperidone dose-response

3.1.1. Alcohol intake—Two-way repeated measures ANOVA revealed a significant 

effect of time, F(23,989)=53.225, p<0.001, a significant effect of group F(6,43)=2.940, 

p<0.017, and a significant time by group interaction, F(138,989)=1.877, p<0.001, on alcohol 

intake in the hamster (Figure 1). Post hoc (Bonferroni) tests demonstrated that 0.2 mg/kg 

RISP was most effective in reduction of alcohol drinking relative to VEH, but the effects did 

not persist (days 3–10, 12, p < 0.05). The highest doses showed a similar pattern (1.0 mg/kg 

RISP: days 2–7, p < 0.05; 2.0 mg/kg RISP: days 1–7, 9, p< 0.05). Other doses differed 

significantly from VEH only for one or two days during early follow-up.

3.1.2. Water and food intake—The two-way ANOVA for water intake indicated a 

significant effect of time, F(30,1260)=8.45, p<0.001, but no effect of group and no group by 

time interaction. By contrast, there was a significant effect of time, F(30,1260)=13.05, 

p<0.001, no effect of group, and a time by group interaction, F(180,1110)=2.51, p<0.05, on 

food intake in the hamster. Food intake was lower in VEH relative to baseline during most 

of follow-up, while RISP-treated groups showed some gains in food intake during the first 

week of the trial but these gains were not maintained. Post hoc RISP-VEH differences were 

significant at day 6 (0.2 mg/ kg, p < 0.001) and day 8 (0.2 mg/kg, 0.5 mg/kg, 1.0 mg/kg, p < 

0.05).

3.2. Experiment 2: low dose risperidone plus desipramine

3.2.1. Alcohol intake—In Experiment 2, the RISP 0.2 mg/kg group was prone to 

considerable variation, both over time and on any given day (data not shown). The high 

variance observed in the 0.2 mg/kg RISP (alone) group was due to one outlying animal that 

drank excessively or modestly on alternate days after day 7 of the treatment period. 

Moreover, another animal in the group did not drink at all (or only negligibly) during days 

4–8, 10–11, and 18–20.

Because no other animal in any group in either Experiment 1 or Experiment 2 exhibited a 

sustained drop in drinking, we also deemed that animal to also be an outlier; Figure 2 shows 

the data without the outliers. When both animals were removed from the analysis, two-way 

repeated measures ANOVA indicated a significant effect of time, F(23,1196)=23.210, 

p<0.001, and of group, F(7,52)=6.833, p<0.001, as well as a time by group interaction, 

F(161, 1196)=17.488, p<0.001, on alcohol intake in the hamster.

Post hoc (Bonferroni) tests showed that the combination of RISP with the 1.0 and 5.0 mg/kg 

doses of DMI provided a more consistent difference from VEH than 0.2 mg/kg RISP alone 

(0.2 mg/kg RISP vs. VEH: days 4, 5, 8, p < 0.05; 0.2 mg/kg RISP with 1.0 mg/kg DMI vs. 
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VEH: days 2–7, 11, 13, 15 and 17, p< 0.05; 0.2 mg/kg RISP with 5.0 mg/kg DMI vs. VEH: 

days 2–9, 11, 13, 15–17 and 19, p<0.05; Figures 2B and 2C). Fisher’s LSD test further 

showed that the combination with 5.0 mg/kg DMI was significantly different from 0.2 

mg/kg RISP alone (p<0.05), and the combination with 1 mg/kg DMI trended toward being 

significantly different from 0,2 mg/kg RISP (p=0.058). By contrast, the combination of 

RISP with 0.2 mg/kg DMI only differed significantly from VEH on days 2–5 and 9 (p < 

0.05) (Figure 2A) and did not differ significantly from RISP alone (using Fisher’s LSD).

Post hoc tests also showed that the combination of RISP with 1.0 mg/mg of DMI provided 

the most consistent difference from DMI alone (0.2 mg/kg RISP with 1.0 mg/kg DMI vs. 1.0 

mg/kg DMI: days 3–8 and 10–12, p< 0.05) (Figure 2B). The other two doses of DMI 

differed on far fewer days than their corresponding combination with RISP (0.2 mg/kg RISP 

with 0.2 mg/kg DMI vs. 0.2 mg/kg DMI: days 2–3 and 5, p< 0.05); 0.2 mg/kg RISP with 5.0 

mg/kg DMI vs. 5.0 mg/kg DMI: days 6, p< 0.05) (Figures 2A and 2C).

3.2.2. Water and food intake and body weight—The RMANOVA for water intake 

revealed a significant effect of time, F(27,1431)=10.34, p<0.001, no effect of group 

(p=0.063), and a time by group interaction, F(189, 1269)=1.23, p<0.05. Bonferroni post hoc 

tests demonstrated that the RISP alone group drank significantly more water than VEH on 

days 3 and 17, while 1.0 mg/kg and 0.2 mg/kg of DMI differed from VEH at day 13 and day 

7, respectively. We also considered the impact of the two animals with unusual alcohol 

intake on the results for water intake. Removing the two animals with outlying alcohol 

drinking behavior from the analysis produced a more straight-forward result: there was a 

significant effect of time, F(23, 1196)=6.665, p<0.001, an effect of group, F(7,52)=3.607, 

p<0.005, but no time by group interaction. Post hoc results showed that the RISP alone 

group drank significantly more water than all groups except for the VEH group.

Two-way repeated measures ANOVA indicated a significant effect of time, 

F(27,1431)=33.70, p<0.001, an effect of group, F(7,54)=3.09, p<0.01, but no time by group 

interaction, on food intake in the hamster. Food intake in all groups increased after baseline 

but declined after mid-study. Similar results were obtained when the two outlying animals 

were removed.

The results for body weight were similar to those for water intake: a significant effect of 

time, F(27,1431)=73.32, p<0.001, no effect of group, and a time by group interaction, 

F(189, 1269)=7.4, p<0.001. Body weight increased significantly between baseline and each 

successive measurement period (every 3–4 days) in the controls and in the DMI alone 

groups (p<0.05), but there were not any significant changes in body weight in the groups 

treated with RISP. Post hoc tests did not reveal significant differences among groups at any 

measurement period. The ANOVA results were essentially unchanged when the two animals 

with outlying alcohol drinking behavior were removed from the analysis.

4. DISCUSSION

The data presented here indicate that the atypical antipsychotic RISP has only a transient 

ability to decrease chronic alcohol drinking in the Syrian golden hamster on its own. Our 
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data are consistent with the previous reports of Panocka and colleagues indicating that a low 

dose of RISP can decrease alcohol drinking in non-selected Wistar rats, but not in alcohol 

preferring Sardinian rats (1993a; 1993b). These findings with RISP, together with our 

previously published data indicating that CLOZ dramatically decreases alcohol drinking in 

the hamster (Green et al., 2004; Chau et al., 2010), are also consistent with reports from our 

group and others suggesting that CLOZ limits alcohol use in patients with schizophrenia, 

whereas RISP does not appear to do so (e.g., Green et al., 2004)

Our data and the data of Panocka and colleagues (Panocka et al., 1993b) further demonstrate 

that a low dose of RISP (one with a DA D2 receptor blockade of approximately 40% -- 

similar to the D2 receptor blockade produced by clinically relevant doses of CLOZ (Schotte 

et al., 1989; Nordstrom et al., 1995; Kapur et al., 2003)) can significantly decrease alcohol 

drinking for the short-term, but that higher doses of RISP, with a DA D2 receptor blockade 

of 80% or higher, have no greater effect than the lower doses of RISP. A new finding in this 

study is that adjunctive use of DMI appears to enhance the ability of RISP to decrease 

alcohol drinking.

Previous literature has indicated that DMI can reduce alcohol drinking (McBride et al., 

1988; Mason et al., 1996; Goldstein et al., 2004; Simon O'Brien et al., 2011), but at doses 

that may confer increased risk of cardiovascular toxicity (Pacher and Kecskemeti, 2004). 

The dose range for DMI treatment in humans is generally 150–200 mg/day (which converts 

to approximately 15–18 mg/kg in the hamster (Reagan-Shaw et al., 2008)). The apparent 

ability of low to moderate doses (1.0 and 5.0 mg/kg) of DMI to enhance the effects of a low 

dose of RISP in our study may provide an important lead toward the development of new 

medications that may potentially limit alcohol use in patients with schizophrenia without the 

adverse effects associated with high doses of DMI. The 1.0 mg/kg dose of DMI may, in fact, 

be optimal for combining with RISP as it has no ability to reduce alcohol drinking on its 

own, but can seemingly amplify the ability of RISP to do so. Furthermore, the combination 

of 1.0 mg/kg DMI with RISP was most consistent in being significantly different from its 

corresponding DMI dose (1.0 mg/kg DMI) alone from the three DMI dose combinations 

with RISP tested here, further supporting its potential use as an adjunct therapy to RISP for 

reducing alcohol drinking.

Since both RISP and DMI are metabolized by CYP2D, possible pharmacokinetic 

interactions should be considered. However, it seems unlikely that this would confound our 

data since the parent compounds and the CYP2D-mediated metabolites of RISP and DMI 

(9-hydroxy risperidone and 2-hydroxydesipramine) are all biologically active. Moreover, 

even if DMI caused an increased in RISP levels, we would not expect it to further reduce 

alcohol intake, since increasing the RISP dose in this study did not further reduce alcohol 

drinking (Figure 1).

Our study appears to provide support for our neurobiologic hypothesis regarding the effects 

of CLOZ – that strong noradrenergic activity in combination with a relatively weak DA D2 

receptor blockade may be important components underlying CLOZ’s ability to decrease 

alcohol drinking. While our hypothesis suggests that blockade of NE α2 receptors may be 

important for CLOZ’s action, our finding that RISP alone, which is a potent NE alpha 2 
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antagonist (Richelson and Souder, 2000), does not decrease alcohol drinking, suggests that 

the alpha 2 antagonism itself may not be sufficient to explain CLOZ’s action. Importantly, 

in vitro studies suggest that CLOZ has NE reuptake blocking ability (Yoshimura et al., 

2000).

Some limitations in this study include the inability of this study to assess whether DMI 

would have a beneficial effect in combination with RISP if RISP were not also a potent NE 

α2 receptor antagonist. Furthermore, we recognize that the presence of the two outlying 

animals in the RISP group tempers the conclusions we can draw from the present 

experiment and that our results require replication with a larger number of animals.

In summary, the results of this research appear to suggest that, similar to its effects in 

patients with schizophrenia, RISP alone does not persistently decrease alcohol drinking in 

the Syrian golden hamster. However, when a low dose of RISP is combined with the NE 

reuptake inhibitor DMI, the combination seems to demonstrate greater efficacy in reducing 

alcohol drinking in the hamster. This finding may provide a clue toward the development of 

new medications useful for the treatment of patients with schizophrenia and co-occurring 

alcohol use disorder, and potentially for those with alcoholism alone as well.
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Figure 1. 
Effects of RISP alone on alcohol intake in the hamster. RISP decreased alcohol drinking 

(g/kg) initially, but this effect diminished over time. *: p<0.05 represents significantly lower 

drinking in the 0.2 mg/kg RISP group compared to vehicle.
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Figure 2. 
Effects of RISP (0.2 mg/kg) plus a DMI dose-range on alcohol intake in the hamster. (A-C) 

For visual clarity, different doses of DMI are depicted on separate graphs. Two outlying 

animals in the 0.2 mg/kg RISP were removed from these illustrations (see Section 3.2.1). 

Both RISP (0.2 mg/kg). and DMI (5 mg/kg) alone decreased alcohol drinking (g/kg). As 

predicted, DMI (1 mg/kg and 5 mg/kg) appears to enhance the ability of RISP to decrease 

alcohol drinking. *: p<0.05 represents significantly lower drinking in the combination 

groups compared to vehicle; +: p<0.05 represents significantly lower drinking in the 
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combination groups compared to the corresponding DMI doses alone; #: p<0.05 represents 

significantly lower drinking in the 0.2 mg/kg RISP group compared to vehicle (significance 

only shown in Figure 2B for clarity); **: P<0.05 compared to 0.2 mg/kg RISP using Fisher's 

LSD.
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