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1Department of Psychiatry, University of California San Diego, La Jolla, CA, USA

2The Scripps Research Institute, La Jolla, CA, USA

3Department of Chemistry and Biochemistry, University of California San Diego, La Jolla, CA, 
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Abstract

Alcohol Use Disorder (AUD) is a significant public health issue in the United States. It affects 

millions of individuals and their families and contributes to substantial societal and economic 

burdens. Despite the availability of some pharmacological treatments, there is still a pressing 

need to develop more effective therapeutic strategies to address the diverse range of symptoms 

and challenges associated with AUD. Catechol-O-methyltransferase (COMT) inhibition recently 

emerged as a promising new approach to treating AUD due to its potential to improve cognitive 

effects commonly associated with AUD. Tolcapone, an FDA-approved COMT inhibitor, has 

shown some promise for treating AUD; however, its ability to decrease drinking in ethanol-

dependent rats has not been well-established. In this study, we evaluated the effects of tolcapone 

on operant, oral ethanol self-administration in non-dependent and dependent rats, and in rats that 

self-administered oral saccharin. To induce dependence, rats underwent the chronic intermittent 

exposure to vapor model, and their drinking levels were assessed during acute withdrawal from 

ethanol. Our results demonstrated that tolcapone attenuated responding for ethanol in dependent 

rats only, without affecting self-administration in nondependent rats or rats self-administering 

saccharin. Moreover, we found that tolcapone was differentially effective in different estrous 
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phases in female rats. These findings suggest that COMT inhibition, specifically using tolcapone, 

may be a valuable pharmacotherapy for treating AUD, particularly in individuals who are 

physically dependent on alcohol. Further research is needed to elucidate the precise mechanisms 

underlying the observed effects and to assess the potential of COMT inhibitors in a broader 

population of individuals with AUD.
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1. Introduction

Alcohol Use Disorder (AUD) is a significant public health problem, affecting millions of 

individuals worldwide and contributing to substantial societal and economic burdens. In 

the United States alone, it is estimated that approximately 15 million people suffer from 

AUD, with the disorder being responsible for nearly 100,000 deaths annually (Grant et 

al., 2015; Sacks et al., 2015). Despite the significant impact of AUD on individuals and 

society, there are currently only three FDA-approved treatments available, which are only 

modestly effective in a subset of individuals (Berrettini, 2013; Goldman et al., 2005; Mason 

and Lehert, 2012; Mason et al., 2013). Furthermore, only 10% of patients with AUD are 

prescribed any of the available pharmacotherapies (Jonas et al., 2014). These limitations 

highlight the urgent need for research into novel approaches for treating AUD.

Over the last few decades, little progress has been made in developing novel medications 

with previously identified targets (Litten et al., 2012), leading to a renewed interest in 

identifying new therapeutic targets with innovative mechanisms of action for the treatment 

of AUD. One such target is the regulation of cognitive control, as AUD is characterized by 

impaired cognitive control, including impulsivity and poor decision-making (Bechara, 2005; 

Mitchell et al., 2005; Phung et al., 2019). Medications that directly address these cognitive 

impairments associated with AUD could represent a groundbreaking treatment strategy.

Dopamine signaling in the prefrontal cortex plays a crucial role in cognitive function 

(Nieoullon, 2002), and catechol-O-methyltransferase (COMT) inhibitors have been 

investigated as cognitive enhancers due to their ability to modulate dopaminergic function 

in the prefrontal cortex (Apud et al., 2007; Bhakta et al., 2017; Gasparini et al., 1997). 

Recent studies have demonstrated that tolcapone, a clinically approved COMT inhibitor, can 

attenuate alcohol consumption and significantly reduce impulsive choices in individuals with 

AUD (Coker et al., 2020; Schacht et al., 2022). In preclinical research, tolcapone has been 

shown to decrease ethanol drinking in a cued access protocol paradigm in P rats (McCane 

et al., 2014; McCane et al., 2018); however, these studies only evaluated drinking in a 

non-dependent state. To date, the effects of COMT inhibitors like tolcapone have not been 

investigated in ethanol-dependent rats.

To address this knowledge gap, the present study utilized the chronic intermittent access to 

ethanol vapor (CIE) model, which has face, predictive, and construct validity to induce 

ethanol dependence in rats (Kononoff et al., 2018; Vendruscolo and Roberts, 2014). 
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Although animal models cannot fully replicate the human experience of AUD, the CIE 

model allows for the investigation of specific elements of the addiction process, such as 

escalation of ethanol drinking, compulsive-like responding, vulnerability to relapse, and 

withdrawal symptoms (Rodd et al., 2004). The use of the CIE model enables the assessment 

of the effects of ethanol drinking during acute withdrawal (6-8 hours), a critical timepoint 

for withdrawal-induced escalation of ethanol drinking and the development of somatic and 

emotional signs of withdrawal.

In light of these considerations, the present study aimed to evaluate whether the 

administration of the COMT inhibitor tolcapone could decrease ethanol drinking in 

dependent and non-dependent rats using an operant self-administration procedure. As an 

additional control, the effects of tolcapone on responding maintained by saccharin were also 

evaluated. Finally, given that COMT levels fluctuate with the estrous cycle, the phase was 

assessed in dependent, female rats to determine whether tolcapone would be more effective 

during different phases of the cycle.

2. Methods

2.1 Subjects

Adult Wistar rats (n=20 males; n=24 females) were obtained from Charles River. 

Experiments began when rats were 10-12 weeks old. Rats had access to water and standard 

laboratory chow (PJ Noyes Company, Lancaster, NH, USA) ad libitum in their home 

cage. Rats were housed in a temperature- (20–22 °C) and humidity-controlled (45–55%) 

environment on a 12h/12h light/dark cycle, with lights on at 9 p.m. All the procedures were 

performed in accordance with the ARRIVE guidelines (Kilkenny et al., 2010), adhered 

National Research Council's Guide for the Care and Use of Laboratory Animals, and 

were approved by the Institutional Animal Care and Use Committee of the University of 

California, San Diego.

2.2 Operant ethanol self-administration

Self-administration sessions were conducted in standard operant conditioning chambers 

(Med Associates, St. Albans, VT, USA). For the ethanol self-administration studies, the 

rats (n=16 males; n=17 females) first self-administered water (0.1 ml/reinforcer) in a single 

overnight, 16-hour session on a (fixed-ratio 1 [FR1]) schedule of reinforcement. Then, rats 

self-administered an ethanol (10% v/v) solution (0.1 ml/reinforcer) on FR1 in a single 

overnight, 16-hour session. Food was available ad libitum in the operant chamber during 

both 16-hour sessions. Rats then self-administered ethanol only during three 30-min FR1 

sessions. Finally, rats were allowed to self-administer ethanol (10% v/v) (right lever) or 

water (left lever) on FR1 during daily 30-min sessions, where each response resulted in 

delivery of 0.1 ml of solution. The non-dependent self-administration phase lasted at least 14 

daily sessions (Monday-Friday) before testing of tolcapone began (Figure 1A).

2.3 Ethanol dependence

After >3 weeks of self-administration in a non-dependent state (and after testing of 

tolcapone in a subset of non-dependent rats), self-administration sessions were temporarily 
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stopped, and rats were made physically dependent using the chronic intermittent ethanol 

vapor exposure (CIE) model (Kononoff et al., 2018; Vendruscolo and Roberts, 2014). 

Rats were housed in ethanol vapor chambers, and ethanol vapor was on for 16 hours/

day. Ethanol vapor levels were titrated to generate blood alcohol levels (BALs) of around 

150-225 mg/dl. BALs were measured weekly using tail vein bleeds and quantified using 

gas chromatography, as previously described (de Guglielmo et al., 2023). Once target BALs 

were achieved, self-administration sessions were restarted on Mondays, Wednesdays, and 

Fridays during acute withdrawal (6-8 hours after the vapor was turned off) (Figure 1A). 

After at least 14 self-administration sessions, rats were pretreated with tolcapone and vehicle 

before sessions (see below for more details).

2.4 Tolcapone treatment

After initial self-administration of ethanol was stable, a subset of rats were tested in a non-

dependent state (n=11 males; n=12 females), although a subset (n=3 males, n=2 females) 

were excluded from testing due to low ethanol intake (mean intake of <0.2 g/kg). All ethanol 

rats (n=16 males; n=17 females) were tested during dependence, although a subset of rats 

(n=2 males; n=1 female) were excluded from testing intake due to low ethanol intake (mean 

intake of <0.2 g/kg). All rats tested received injections of vehicle, 15 mg/kg and 30 mg/kg 

60-min before the session, and the order of pretreatments was assigned using a Latin square 

design. One control session was conducted in between each test. The doses and pretreatment 

time were selected based on other studies (Lapish et al., 2009; McCane et al., 2014; McCane 

et al., 2018; Swerdlow et al., 2013) and the inhibition potency of tolcapone (Borges et al., 

1997).

2.5 Saccharin self-administration

Another group of rats (n=7 females n=4 males) self-administered saccharin (0.04% w/v in 

tap water; 0.1 ml/reinforcer) on FR1 on the right lever and water (0.1 ml) on FR1 on the 

left lever. After stable responding, they received pretreatment injections of vehicle, 15 mg/kg 

tolcapone, and 30 mg/kg tolcapone 60-min before the session. Dose order was assigned 

using a Latin square design and one control (no injection) session was conducted between 

each test.

2.6 Estrous cycle

Dependent, female rats were vaginally swabbed immediately after self-administration 

sessions on test days. The samples air-dried and stained with Hema 3 stat pack staining 

kit (30-s/solution; Fisher Scientific, Pittsburgh, PA). Images of the smears were captured 

on a BZX700 microscope (Keyence, Itasca, IL), and phase determination was made by a 

blinded observer.

2.7 Drugs

Tolcapone ((3,4-dihydroxy-5-nitrophenyl)(p-tolyl)methanone)) was purchased from Combi-

Blocks (San Diego, CA, USA). It was dissolved in 10% DMSO, 10% Tween-20, and 

80% 0.9% sterile saline and generally administered intraperitoneally (i.p.) at a volume of 

0.1 ml/kg. The vehicle was also 10% DMSO, 10% Tween-20 and 85% sterile saline and 
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administered at a volume of 0.1 ml/kg. All pretreatments were administered i.p. 60-min 

before self-administration sessions began. The 10% v/v ethanol solution was 95% ethanol 

mixed with tap water and delivered at a volume of 0.1 ml/reinforcer. Saccharin was 

purchased from Sigma-Aldrich (Burlington, MA), dissolved in tap water to make a 0.04% 

w/v solution, and delivered at a volume of 0.1 ml/reinforcer.

2.8 Statistical analysis

A paired t-test was used to analyze differences in baseline ethanol intake, water reinforcers 

earned, and ethanol preference between the last three sessions of responding prior to 

tolcapone pretreatment in non-dependent or dependent rats (or last three sessions prior to 

the start of ethanol vapor exposure, in rats not tested in a non-dependent state). Ethanol 

preference was calculated by dividing number of ethanol reinforcers by number of total 

reinforcers (ethanol + water) and multiplying by 100. A three-way, repeated measures 

ANOVA was used to analyze the number of ethanol and water reinforcers earned in 

rats before and during dependence across the 14 sessions. A two-way, repeated measures 

ANOVA was used to analyze ethanol intake in male and female rats across the 28 sessions. 

A one-way, repeated measures ANOVA with Dunnett’s post-hoc was used to evaluate 

the effects of tolcapone in each dependent rats self-administering ethanol, non-dependent 

rats self-administering ethanol, and rats self-administering saccharin. A two-way, repeated 

measures ANOVA, with Dunnett’s post-hoc, was used to evaluate the effects of tolcapone in 

male and female rats. Tolcapone was considered “effective” for the estrous cycle data if it 

reduced ethanol intake by ≥30% of baseline levels of responding at either dose. Since both 

doses of tolcapone were significantly effective and due to low sample number, data for the 

estrous cycle were collapsed across both doses tested.

3. Results

3.1 Acquisition of Ethanol Self-Administration and the Development of Dependence

Rats self-administered oral ethanol (0.1 ml of 10% ethanol) and water (0.1 ml of tap water) 

on a FR1 schedule of reinforcement in 30-min sessions (Figure 1B). A three-way repeated 

measures ANOVA indicated there were main effects of reinforcer (F (1, 33) = 475.3; p 

< 0.0001), dependence state (F (1, 33) = 43.98; p < 0.0001), and session (F (13, 429) = 

7.182; p < 0.0001), as well as interactions for reinforcer x dependence state (F (1, 33) = 

66.14; p < 0.0001), reinforcer x session F (13, 429) = 10.37; p < 0.0001), and dependence x 

session (F (13, 429) = 4.445; p < 0.0001), suggesting rats earned more reinforcers of ethanol 

than water and earned more ethanol infusions during when dependent compared to before 

dependence. In the last three sessions after dependence compared to before dependence, 

there was no significant difference in number of water reinforcers earned (t=0.2135, df=31; 

p = 0.8323) (Figure 1C), but rats had higher preference for ethanol when in a dependent 

state (t=4.139, df=27; p = 0.0003) (Figure 1D). Rats generally escalated their ethanol intake 

(g/kg) throughout the experiment (Figure 1E) and had higher intake in the last 3 sessions 

when dependent compared to non-dependent (t=5.978, df=28; p < 0.0001) (Figure 1F). The 

average BAL induced by the ethanol vapor chambers was around 175 mg/dL, with some 

individual variability (Figure 1G).
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3.2 Effects of Tolcapone on Ethanol and Saccharin Self-Administration in Nondependent 
and Dependent Rats

The effects of tolcapone pretreatment were evaluated in rats responding for ethanol in a 

non-dependent state as well as in dependent rats self-administering ethanol during acute 

withdrawal (Figure 2). There was a significant effect of dose in dependent rats when 

measuring both ethanol intake in g/kg (F (1.738, 48.66) = 6.080; p = 0.0062) and as a 

percentage of baseline level of responding (F (1.890, 52.92) = 7.192; p = 0.0021) (Figure 

2A, D). In both cases, rats responded significantly less after receiving a pretreatment of 30 

mg/kg tolcapone compared to vehicle (g/kg: p = 0.0016; % of baseline: p = 0.0016). In 

contrast, there was no effect of tolcapone dose in non-dependent rats, regardless of whether 

data were analyzed as ethanol intake (F (1.784, 30.34) = 0.3876; p = 0.6585) or percentage 

of baseline (F (1.881, 31.98) = 0.4844; p = 0.6091) (Figure 2B, E). Tolcapone also did 

not affect responding maintained by saccharin (reinforcers: F (1.600, 14.40) = 0.9745; p = 

0.3824; % of baseline: F (1.663, 14.97) = 0.9452; p = 0.3945) (Figure 2C, F). There was no 

change in responding for water in any of the groups (dependent: F (1.706, 47.76) = 0.3680; p 

= 0.6605; non-dependent: F (1.590, 27.04) = 0.4195; p = 0.6157; saccharin: F (1.842, 18.42) 

= 0.2256; p = 0.7826) (Figure 2G-I).

3.3 Sex Differences in Ethanol Intake and Response to Tolcapone Treatment

Ethanol intake and effects of tolcapone were also analyzed in male and female subjects 

(Figure 3). There was no main effect of sex in the number of reinforcers earned across the 

28 self-administration sessions (F (1, 17) = 0.2306; p = 0.6372) (Figure 3A). However, there 

was a sex x session interaction (F (27, 459) = 1.562; p = 0.0374). There was a main effect 

of sex on ethanol intake (g/kg) (F (1, 17) = 19.45; p = 0.0004) where females had higher 

ethanol intake than males, but no sex x session interaction (F (27, 459) = 1.399; p = 0.0898). 

When the last three self-administration sessions before and after dependence were analyzed, 

there was a main effect of sex (F (1, 27) = 30.20; p < 0.0001) and dependence state (F (1, 

27) = 33.80; p < 0.0001) where females had higher intake than males and dependent rats had 

higher intake than non-dependent rats (Figure 3C).

With regard to tolcapone pretreatments in dependent rats, there was a main effect of dose 

(F (2, 54) = 5.761; p = 0.0054) and a main effect of sex (F (1, 27) = 21.63; p < 0.001) in 

dependent rats (Figure 3D). Post-hoc analyses indicated there was a significant decrease in 

ethanol intake in female rats at both doses (15 mg/kg: p = 0.0339; 30 mg/kg: p = 0.0173), 

but only a trend in male rats (30 mg/kg: p = 0.0801). However, when data were analyzed as 

a percentage of baseline responding, there was a significant main effect of dose (F (2, 54) 

= 7.145; p = 0.0018) where tolcapone was effective at reducing responding in both female 

(15 mg/kg: p = 0.0319; 30 mg/kg: p = 0.0207) and male rats (30 mg/kg: p = 0.0179) (Figure 

3G). In contrast to dependent rats, tolcapone was not effective in nondependent rats when 

analyzed in terms of ethanol intake (F (2, 32) = 0.4216; p = 0.6596) (Figure 3E) or percent 

of baseline responding (F (2, 32) = 0.7792; p = 0.4673) (Figure 3H); however, there was 

still a main effect of sex for ethanol intake (F (1, 16) = 20.76; p = 0.003) where females 

had greater ethanol intake than males (Figure 3E). Finally, there was no effect of tolcapone 

(ethanol intake: F (2, 16) = 1.015; p = 0.3844; % of baseline: F (2, 18) = 1.704; p = 0.2101) 
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or sex (F (1, 8) = 0.2452; p = 0.6338), regardless of whether the number of reinforcers 

(Figure 3F) or percent of baseline was evaluated (Figure 3I).

3.4 Tolcapone Effectiveness as a Function of Estrous Phase

The effectiveness of tolcapone as a function of estrous phase was also evaluated in 

dependent female rats, collapsed across tolcapone dose (Figure 4). Representative images 

for each quantified phase are shown in Figure 4. Tolcapone was significantly more effective 

at reducing ethanol intake (as a percentage of baseline responding) in rats in estrus and 

metestrus (when estradiol is the lowest; (Goldman et al., 2005), compared to rats in 

proestrus and diestrus (when estradiol is the highest; t (20) = 2.441; p = 0.0241) (Figure 

4).

4. Discussion

COMT inhibitors have been implicated as novel treatments for AUD due to their ability 

to improve cognitive function. Although tolcapone, an FDA-approved COMT inhibitor, 

has been used in randomized, double-blind, placebo-controlled studies in people (Coker 

et al., 2020; Schacht et al., 2022) and in rodent models of ethanol drinking (McCane et 

al., 2014; McCane et al., 2018), its ability to decrease operant ethanol self-administration 

specifically in dependent subjects had not been evaluated. In this study, we found that 

tolcapone can decrease ethanol drinking in rats made dependent using the CIE model, but 

not in nondependent rats or rats drinking saccharin. These findings suggest tolcapone, and 

perhaps other COMT inhibitors, may be effective treatments for people with AUD.

Tolcapone decreased ethanol self-administration in rats made dependent using the CIE 

model but did not affect ethanol intake in non-dependent rats or responding for saccharin in 

a different group of rats. There was also a nonsignificant trend towards tolcapone reducing 

alcohol drinking in male, nondependent rats. These findings are consistent with prior reports 

that, in a cued access protocol, tolcapone was ineffective at reducing ethanol intake in 

non-dependent Wistar rats, but was effective at decreasing ethanol intake in selectively 

bred, alcohol-preferring P rats (McCane et al., 2014; McCane et al., 2018). Tolcapone can 

also decrease cue seeking in the absence of an ethanol reinforcer delivery (McCane et al., 

2018). It is notable that the same dose of tolcapone can decrease ethanol drinking in two, 

distinct models that capture different aspects of AUD (Kononoff et al., 2018; McBride et 

al., 2014; Murphy et al., 2002; Vendruscolo and Roberts, 2014) in different laboratories, 

especially since there have been pushes to evaluate potentially therapeutic compounds under 

conditions that model different of the human condition (Becker and Lopez, 2016; Lynch, 

2018; Vendruscolo and Roberts, 2014). Using models of alcohol dependence, such as the 

CIE model, is a key factor in evaluating whether pharmacotherapies may be effective in the 

human population.

The mechanism through which tolcapone can decrease drinking in dependent rats is still 

unclear. Others have reported that tolcapone may be effective at suppressing excessive 

reward-seeking due to altered dopaminergic transmission in the prefrontal cortex (McCane 

et al., 2014). Given that CIE alters dopaminergic activity in the prefrontal cortex (Trantham-

Davidson et al., 2014) and COMT inhibitors are used as cognitive enhancers (Apud et al., 
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2007; Bhakta et al., 2017; Gasparini et al., 1997), it is possible that regulating dopaminergic 

activity in the prefrontal cortex is responsible for the decrease in alcohol drinking.

Another potential mechanism could involve the interaction between tolcapone, and 

stress-related neurotransmitter systems implicated in alcohol dependence and withdrawal 

symptoms, such as the corticotropin-releasing factor (CRF) (Koob, 2008). Recent evidence 

suggests an interaction between the COMT and CRF systems in the context of withdrawal 

from other substances of abuse, such as methamphetamine (Garcia-Carmona et al., 2018). In 

recent work, García-Carmona, and colleagues (2018) demonstrated that methamphetamine 

withdrawal induces activation of CRF neurons in the brain stress system, which occurs in 

parallel with increased activity of cardiac sympathetic pathways, including COMT. Given 

the role of CRF in alcohol withdrawal and dependence (de Guglielmo et al., 2019; Funk 

and Koob, 2007; Funk et al., 2006; Gilpin et al., 2008; Koob, 2010; Roberto et al., 

2010), a similar interaction between COMT and CRF systems could be an explanation 

for the selective effects of tolcapone observed in dependent rats. However, in the present 

study, we did not directly assess withdrawal symptoms such as anxiety or handling-induced 

convulsions. Future studies should investigate the effects of tolcapone on these withdrawal 

measures and explore the potential interactions between tolcapone, dopamine signaling, and 

stress-related neurotransmitter systems, particularly CRF, to provide further insight into the 

mechanisms underlying its selective action in dependent animals.

In this study, tolcapone was effective in both male and female subjects at similar doses. 

This is somewhat surprising given prior work with tolcapone in rats (McCane et al., 2018) 

as well as in a mouse model of COMT gene disruption (Tammimaki et al., 2008). In 

those studies, decreasing COMT activity pharmacologically or increasing COMT activity 

genetically altered drinking in male subjects without affecting drinking in female subjects. 

It has been long known that COMT activity changes as a function of estrous cycle (Parvez 

et al., 1978), so differences in these studies could be related to estrous cycle. In fact, 

COMT activity in the rat whole brain and hypothalamus specifically is highest during 

estrus, compared to the other phases (Parvez et al., 1978), when estrogen levels are lowest 

(Smith et al., 1975). Additionally, estrogens decrease COMT activity (Cohn and Axelrod, 

1971). This is consistent with our findings that tolcapone administered during estrus and 

metestrus, when COMT activity is highest and estrogens are lowest, could increase the 

likelihood of a beneficial response to tolcapone compared to proestrus and estrus, when 

estrogen is increasing. It is important to note that tolcapone was also generally effective 

in the non-estrus phases (Goldman et al., 2005), and these studies have a low number 

of subjects, particularly in metestrus and diestrus. However, given these findings and that 

there are estrogen response elements in the promotor region of the COMT gene through 

which estrogen can inhibit the formation of COMT (Jiang et al., 2003; Xie et al., 1999), 

the use of COMT inhibitors as a treatment for AUD in women/female subjects and during 

different phases of the menstrual/estrous cycle needs to be further explored to understand the 

interaction between circulating estrogens and COMT inhibitors.

There is a well-characterized polymorphism in the COMT gene that substantially increases 

COMT activity in humans, which suggests COMT inhibitors may be more effective in a 

subset of individuals that are homozygous for the val allele at the rs4680 single nucleotide 
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polymorphism (Bhakta et al., 2017; Boettiger et al., 2007; Coker et al., 2020; Comasco et 

al., 2015; Schacht et al., 2022). These individuals tend to be more impulsive (Boettiger et 

al., 2007; Coker et al., 2020) and drink more (Schacht et al., 2022), which is consistent with 

the genetic mouse model that increases COMT levels (Tammimaki et al., 2008). Importantly, 

these individuals are also more responsive to tolcapone (Schacht et al., 2022), suggesting 

a personalized medicine approach may be particularly useful when considering COMT 

inhibitors as a treatment for AUD or other psychiatric disorders.

In our study, we did not observe any notable side effects of tolcapone in our acute treatment, 

which is an encouraging finding. Moreover, tolcapone did not affect water or saccharin 

consumption, nor did it affect ethanol consumption in non-dependent rats. The fact that 

tolcapone did not affect water or saccharin consumption indicates that the drug is not 

causing a general suppression of consummatory behavior or locomotor activity, which are 

common concerns with pharmacological treatments for substance use disorders. Moreover, 

it was previously shown that tolcapone can increase locomotor activity at the doses 

tested (Mihaylova et al., 2019). Instead, the selective reduction of ethanol consumption 

in dependent rats suggests that tolcapone may be specifically targeting the neurobiological 

mechanisms underlying AUD.

An additional consideration in evaluating tolcapone as a treatment for AUD is the possibility 

that it might alter alcohol metabolism, which could influence its ability to reduce alcohol 

self-administration. Although we did not measure alcohol metabolism in our study, and 

there is no direct evidence in the literature suggesting that tolcapone could affect alcohol 

metabolism, it seems unlikely based on the available data. Behaviorally, tolcapone did 

not alter alcohol drinking in nondependent rats, which would be expected if it had a 

significant impact on ethanol metabolism. Furthermore, a comparison of the metabolism 

pathways for both tolcapone and alcohol reveals that they are both partially metabolized by 

UDP-glucuronosyltransferases. However, only ~15% of tolcapone is metabolized via this 

pathway (Jorga et al., 1999), and less than 0.1% of ethanol metabolism occurs through this 

pathway (Wurst et al., 2015), suggesting that tolcapone is unlikely to directly alter ethanol 

metabolism. No other overlapping metabolism pathways were identified that might interact.

It is important to note that the lack of side effects observed in our study may be due to the 

acute treatment paradigm. In clinical settings, tolcapone is often administered chronically, 

and it is during this long-term administration that concerns about liver dysfunction have 

arisen (Olanow and Panel, 2000). Moving forward, novel COMT inhibitors with better 

side effect profiles would be better candidates for a novel pharmacotherapy for AUD. 

Although tolcapone is FDA-approved to treat Parkinson’s disorder, there are concerns about 

liver dysfunction that limit its use (Olanow and Panel, 2000). Entacapone and opicapone 

are two other FDA-approved COMT inhibitors that are also suboptimal due to their 

poor bioavailability and low efficacy, or undesirable side effects such as dyskinesia and 

difficulty sleeping, respectively (Fabbri et al., 2018; Keränen et al., 1994). Future studies 

must evaluate novel COMT inhibitors with better side effect profiles to determine whether 

COMT inhibition is effective at treating AUD without problematic side effects. These 

next-generation COMT inhibitors should also have reduced toxicity and metabolic liability, 

while being blood-brain-barrier penetrant with improved efficacy and safety profiles. The 
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present study combined with prior work in humans (Coker et al., 2020; Schacht et al., 

2022) and rodents (McCane et al., 2014; McCane et al., 2018) suggests COMT inhibitors 

show promise for AUD treatment, but future studies should evaluate novel COMT inhibitors, 

particularly as a part of personalized medicine.

In conclusion, our findings contribute to the growing body of evidence supporting the use 

of COMT inhibitors, such as tolcapone, as a potential treatment for AUD. The selective 

reduction of ethanol consumption in dependent rats, coupled with the lack of side effects 

observed in our acute treatment paradigm, suggests that tolcapone may be a viable option for 

individuals with AUD, particularly those who are dependent. Further research is necessary 

to develop novel COMT inhibitors with better side effect profiles and to evaluate their 

efficacy in personalized medicine approaches for the treatment of AUD and other psychiatric 

disorders. This research should also explore the potential benefits of acute tolcapone 

treatment in comparison to chronic treatment, as our study indicates a promising direction 

for the use of tolcapone in AUD management.
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Figure 1. Ethanol self-administration in non-dependent and dependent rats.
Wistar rats self-administered oral ethanol (10% v/v, 0.1 ml/reinforcer) and water (0.1 ml/

reinforcer) on a FR1 schedule of reinforcement in 30-min sessions for at least 14 days 

when non-dependent and ethanol dependent. A. Schematic of the experimental timeline. 

B. Number of ethanol (colored circles) and water reinforcers (white circles) earned by rats 

in a nondependent state (light blue circles) and dependent rats self-administering ethanol 

during acute withdrawal (dark blue circles). C. Mean number of water reinforcers earned in 

the last three sessions. D. Mean ethanol preference (ethanol reinforcers / (ethanol + water 

reinforcers) *100) in the last three sessions. E. Ethanol intake as a function of bodyweight 

(g/kg) across sessions in rats a nondependent state (light blue circles) and dependent rats 

self-administering ethanol during acute withdrawal (dark blue circles). F. Mean ethanol 

intake during the last 3 self-administration sessions prior to testing with tolcapone in 

nondependent and dependent states. G. Mean blood alcohol level (BAL) at the end of the 

vapor exposure. Each data point or bar represents group mean and error bars represent SEM. 

Individual points on bars represent a mean of three days for individual subjects. Symbols 

indicate statistical significance in a paired t-test where *** is p < 0.001 and **** is p < 

0.0001.
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Figure 2. Effects of tolcapone in dependent rats, non-dependent rats, and rats responding for 
saccharin.
Effects of tolcapone pretreatment (10 or 30 mg/kg, i.p.) on ethanol self-administration in 

dependent (dark blue bars) and non-dependent rats (light blue bars) and dependent rats 

and on saccharin self-administration (orange bars). Abscissae: vehicle or dose of tolcapone 

administered 60-min before the session. A, B. Ethanol intake (in g/kg) in dependent (A) and 

non-dependent (B) rats. C. Number of reinforcers earned of 0.04% saccharin solution. D, 

E. Ethanol reinforcers earned by dependent (D) and non-dependent rats (E) as a percentage 

of average responding in the three baseline sessions prior to pretreatments. F. Saccharin 

reinforcers earned as a percentage of baseline responding. G-I. Number of water reinforcers 

earned by dependent (G) and non-dependent rats (H) and rats responding for saccharin (I). 

Bars represent mean and error bars represent SEM. Data points are individual subjects. 

Symbols indicate statistical significance in a Dunnett’s post-hoc comparison where ** is p < 

0.01 compared to vehicle
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Figure 3. Ethanol self-administration and effects of tolcapone in female and male rats.
Ethanol self-administration and effects of tolcapone pretreatment (10 or 30 mg/kg, i.p.) in 

female and male rats on ethanol self-administration in dependent and non-dependent rats 

and on saccharin self-administration. A. Reinforcers of ethanol and water earned across 

14 non-dependent (left) and 14 dependent (right) sessions. B. Ethanol intake in g/kg 

corresponding to number of reinforcers earned. C. Baseline ethanol intake (in g/kg) in 

nondependent and dependent rats prior to tolcapone pretreatments. D, E. Ethanol intake (in 

g/kg) in dependent (D) and non-dependent rats (E) during sessions in which tolcapone was 

administered. F. Number of reinforcers earned of 0.04% saccharin solution during sessions 

in which tolcapone was administered. G-I. Ethanol or saccharin intake as a percentage of 

average responding in the three baseline sessions prior to pretreatments. Bars represent mean 

and error bars represent SEM. Data points are individual subjects. Symbols in panel C 

represent significant main effect, where **** is p < 0.0001. Symbols in other panels indicate 

statistical significance in a Dunnett’s post-hoc comparison where * is p < 0.05
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Figure 4. Tolcapone effects during phases of the estrous cycle.
Representative images of stained estrous swab images and the proportion of rats in 

each phase when treated with tolcapone. Abscissae: estrous phase on day of tolcapone 

pretreatment. Ordinate: percentage decrease in ethanol intake after administration of 

tolcapone for individual rats in estrus and metestrus (left bar, black and dark grey circles) or 

in diestrus and proestrus (right bar, light grey and white circles). Bar represents mean and 

error represents S.E.M. * is p < 0.05 for a t-test.
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