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Abstract

Objective—To determine the effects of the NMDA receptor antagonist, memantine (0, 20, 40 

mg/day), upon alcohol drinking and craving in heavy drinkers with or without a family history 

(FH) of alcoholism, and to explore the modulatory influence of the presence of impulsivity on 

these outcomes.

Methods—Ninety-two, non-treatment-seeking, heavy drinkers received memantine or placebo 

for eight days. On the eighth day, they received a priming dose of ethanol followed by a three-

hour period of alcohol access.

Results—Memantine at a dose of 20 mg reduced alcohol craving but did not influence alcohol 

drinking. No effects of FH were observed. In participants with higher baseline levels of 

impulsivity, 40 mg of memantine reduced alcohol craving but increased alcohol drinking and 

alcohol-induced stimulation.

Conclusions—NMDA receptor signaling may play divergent roles in mediating alcohol cue-

induced craving and alcohol drinking in heavy drinkers. The potential efficacy of memantine as 

monotherapy for alcohol use disorders may be limited by its tendency to disinhibit drinking in 

some individuals.
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Introduction

The N-methyl-D-aspartate (NMDA) glutamate receptor is among the highest affinity targets 

for ethanol in the brain (Grant and Lovinger, 1995). Ethanol-induced modulation of NMDA 

receptor function is observed in multiple brain regions at doses of ethanol that produce 

intoxicating behavioral effects in animals (Woodward, 1999; Gass and Olive, 2008). While 

acute ethanol administration dose-dependently attenuates NMDA receptor function (Grant 

and Lovinger, 1995; Hoffman et al., 1990), chronic exposure to ethanol enhances 

glutamatergic synaptic transmission (Nie et al., 1993), and produces cross-tolerance with 
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NMDA receptor antagonists (Grant and Colombo, 1993; Krystal et al., 2003a). These 

findings are consistent with biochemical and physiological evidence that ethanol 

dependence is associated with upregulation of NMDA receptors and signaling via these 

receptors (Acosta et al., 2010; Krystal et al., 2003b).

Considering the above evidence, there is growing interest in the possibility that 

pharmacologic antagonism of NMDA receptors could play a role in the treatment of 

alcoholism by attenuating alcohol reward, cue-induced alcohol craving, or alcohol 

consumption (Holmes et al., 2013). In animals, NMDA receptor antagonists reduce operant 

responding for alcohol, sensitization of the locomotor response to alcohol, alcohol 

conditioned place preference, and alcohol self-administration (Holter et al., 1996; Lin and 

Hubbard, 1995; Vengeliene et al., 2005; Boyce-Rustay and Cunningham, 2004).

The uncompetitive NMDA receptor antagonist memantine, which has been shown to reduce 

alcohol drinking in animals (Escher and Mittleman, 2006), is a promising agent to test for 

the treatment of alcoholism. Two laboratory studies in humans (Bisaga and Evans 2004, 

Krupitksy et al. 2007) found that memantine in the dose range of 15 mg - 40 mg reduced 

cue-induced alcohol craving. An open-label clinical trial also reported reduction in alcohol 

drinking and urges to drink (Arias et al., 2007). However, a small 16-week, double-blind, 

placebo-controlled trial of memantine 40 mg/day dose in alcohol-dependent drinkers did not 

demonstrate any significant benefits for memantine (Evans et al., 2007). Thus, the potential 

value of memantine for reducing drinking and craving and the optimal dose for doing so 

remain open questions.

The purpose of this study was to conduct a controlled laboratory-based study of the dose-

related effects of memantine on alcohol consumption, alcohol craving, and subjective 

response to alcohol in a sample of heavy drinkers. Because family history of alcoholism 

moderates the response to NMDA receptor antagonists (Narayanan et al., 2013; Jamadar et 

al., 2012: Petrakis et al., 2004), we evaluated the moderating effect of family history on the 

effects of memantine. Furthermore, we also explored the modulating influence of 

impulsivity based on emerging evidence that the NMDA system may be involved in 

impulsive behaviors, which may influence the decision to drink (Jentsch and Taylor, 1999; 

Winstanley et al. 2010), and that NMDA antagonists may alter impulsive choice by 

increasing preference for small immediate rewards (Cottone et al. 2013); while these were 

planned exploratory analyses we did not have a specific hypothesis about the directionality 

of the response. We conducted this evaluation using an alcohol drinking paradigm (ADP) 

that previously has been used to evaluate the effects of many medications on drinking 

behaviors (e.g., Anton et al., 2004; George et al., 2010; Krishnan-Sarin et al., 2007; McKee 

et al., 2009; O’Malley et al., 2002; Voronin et al., 2008).

Methods

Participants

We recruited non-treatment-seeking heavy drinkers, who reported drinking alcohol on at 

least 4 days per week, and consumed 25-70 drinks/week for men and 20-65 drinks for 

women (determined using Timeline Follow-Back (TFLB) methodology; Sobell and Sobell 
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1992). Recruited participants were classified as Family history Positive (FHP; a parent and 

one other first degree relative with alcohol problems) or negative (FHN; no first or second 

degree relatives with alcohol problems) based on historical criteria determined using the 

Family History Assessment Module developed by the Collaborative Study on the Genetics 

of Alcoholism (Rice et al 1995).

All procedures were approved by the Yale Institutional Review Board. After written 

informed consent was obtained, a psychiatric evaluation, physical examination, and 

laboratory assessments including urine toxicology and liver function tests were completed. 

Individuals were excluded if they 1) were currently taking prescribed or illicit psychotropic 

medications, 2) had a history of medical contraindications to memantine or alcohol, 3) 

evidenced significant symptoms of alcohol withdrawal at any intake appointment (defined as 

Clinical Institute Withdrawal Assessment for Alcohol scale ≥ 8; Sullivan et al., 1989) 4) 

were abusing or dependent on substances other than alcohol or nicotine, 5) Had any other 

current Axis-1 diagnoses or were on medications for any Axis-1 disorders, or 6) were 

pregnant or nursing. The laboratory procedures followed the NIAAA guidelines for 

administering alcohol in human experimentation (NIAAA 2005). Please see Figure 1 for the 

study design and timeline of procedures.

Medication

Eligible subjects were stratified by family history status and randomly assigned to receive 

either 20 mg/day or 40 mg/day of oral memantine or a matching placebo for eight days. 

Smoking status and gender were balanced within each FH group. Memantine doses were 

selected based on existing clinical studies (Bisaga and Evans, 2004; Krupitsky et al., 2007). 

The dose of memantine was titrated up to reduce the incidence of adverse events (20 mg/day 

group: 5 mg on Day 1, 10 mg on the Day 2 and 20 mg from Days 3-8; 40 mg/day group: 5 

mg on Day 1, 10 mg on the Day 2, 20 mg on Day 3 and 30 mg on Day 4 and 40 mg from 

Days 5-8). Participants arrived between 10 am and 12 pm daily to take their medication and 

to complete assessments related to craving, drinking, and medication side effects. On the 

eighth day, participants were admitted to the Yale-New Haven Hospital Research Unit 

(HRU) at 10 am and received their last dose of medication. Lunch was provided at 12 pm.

Alcohol Drinking Paradigm (ADP)

After completing baseline assessments of alcohol craving and mood, participants consumed 

a priming dose of alcohol (PD; containing the subject’s preferred alcohol and designed to 

raise blood alcohol levels to 0.03 g/dl based on calculations of Watson, 1989) followed by a 

one-hour monitoring period during which additional alcohol was not available and alcohol 

effects and craving and blood alcohol levels were measured. This was followed by three 

one-hour self-administration periods during which participants were presented with a tray of 

4 alcoholic drinks (each containing the subject’s preferred alcohol and designed to raise 

blood alcohol levels to 0.015 g/dl) and invited to choose between consuming each of the 4 

drinks or receiving $3 per drink. The same procedures were repeated for the second and 

third self-administration periods. Thus, participants were exposed to the option of drinking 

up to 12 drinks (0.015 g/dl alcohol in each). Following completion of the session, 

participants spent the night at the HRU. They were discharged the next morning after 
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receiving an intervention to motivate them to seek treatment that included feedback about 

their heavy-drinking behavior.

Alcohol Dose—The YNHH Investigational Pharmacy calculated and delivered the dose of 

alcohol for each participant to the HRU; the doses were designed to raise blood alcohol 

levels (to 0.03 g/dl for priming drink and 0.015 g/dl for all other drinks) based on the 

formula specified by Watson (1989) which takes into account gender, weight, and age of the 

subject. The research assistants mixed each alcohol dose with the participant’s preferred 

non-caffeinated, non-carbonated mixer in a 1:3 ratio.

Assessments

Drinks Consumed—Number of drinks consumed during each of the three self-

administration periods was determined and summed to yield total drinks consumed.

Alcohol Craving—Craving was measured at 30 minutes prior to the priming dose 

(baseline), and then 10, 20, 30, 40 and 50 min during the priming dose period and every half 

hour during each self-administration period (i.e. 90, 120, 150, 180, 220 and 240 min) using 

two scales:

Yale Craving Scale (YCS) (Rojewski et al., under review)—The YCS is a five-item 

measure that employs a generalized Labeled Magnitude Scale (gLMS) to assess the intensity 

of craving for alcohol relative to the intensity of the strongest imaginable sensation. The 

scale includes descriptors of no sensation, barely noticeable, weak, moderate, strong, very 

strong, and the strongest imaginable. The spacing of these descriptors is quasi-logarithmic. 

The first item asks participants to rate the intensity of their desire to drink right now and the 

remaining items ask about craving for alcohol over the past week associated with four 

specific situations (i.e., strongest desire to drink experienced over the past week; desire to 

drink when you made an effort to avoid drinking; desire to drink when you found yourself in 

a stressful situation; desire to drink after having your first drink). Prior to providing craving 

ratings for alcohol, participants complete a training exercise to ensure that they understand 

how to use the scale. A psychometric evaluation of the YCS suggests that it evidenced: 1) 

good internal consistency, 2) scalar measurement invariance which makes it well suited for 

between group comparisons, and 3) concurrent relationships with drinking outcomes 

(Rojewski et al., under review). The training exercise and the full 5-item YCS were 

administered at baseline. During the laboratory sessions, the first item (“desire to drink right 

now”) was used. To confirm that use of the single item scale was psychometrically 

justifiable; we conducted a series of bivariate correlations using baseline data (n = 111) to 

evaluate relationships between the YCS item assessing current alcohol craving and the total 

YCS score as well as the Alcohol Urge Questionnaire (Bohn et al., 1995). Results of these 

analyses indicated that the single item craving scale correlated strongly with the YCS total 

scale score (r=0.78, p<0.001) and the AUQ (r=0.59, p<0.001). We chose to use the YCS as 

the index of craving over the AUQ based on evidence demonstrating the superior 

psychometric properties of the YCS relative to the AUQ in measuring alcohol craving in 

dependent and non-dependent drinkers (Rojewski et al., under review).
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Alcohol Behavioral Effects

were determined at 10, 20 and 50 minutes during the priming drink period and then every 

hour at the end of each of the three self-administration periods with the

Biphasic Alcohol Effects Scale

(BAEs; Martin et al., 1993). This 14-item adjective rating scale is used to measure the 

stimulant and sedative effects of alcohol and has been found to be sensitive to medication 

effects on alcohol intoxication (Swift et al., 1994). A subset of 6-items comprise the Brief 

BAES which has been observed to have similar psychometric properties as the original 

BAES (Rueger & King, 2013). To determine which version of the measure was best suited 

for use with the current data, we ran a series of confirmatory factor analyses using our data. 

We evaluated goodness of model fit using the following criteria: CFI > .90, RMSEA < .08 

and SRMR < .08. The models evaluating the fit of the Brief BAES evidenced acceptable to 

excellent fit across all times points (i.e., 20, 50, 110 minutes) with the exception of the 

RMSEA at 50 minutes (i.e., fit at 20 minutes CFI = .91, RMSEA = .07, SRMR = .06; fit at 

50 minutes CFI = .91, 2RMSEA = .12, SRMR = .04; fit at 110 minutes RMSEA = .99, 

RMSEA = .03, SRMR = .04). The models evaluating the original BAES fit the data poorly 

(CFI < .90; RMSEA and SRMR > .08). Therefore we chose to use the Brief BAES.

Impulsivity—was determined at the baseline intake session using the

Barratt Impulsiveness Scale, Version 11

(BIS-11; Patton et al., 1995). This self-report 30-item scale is designed to assess a range of 

impulsive tendencies using a 4-point scale ranging from “rarely/never” to “almost always/

always.” The measure is the most widely used impulsivity measure. Based on recent 

findings of a large factor analytic study (Morean et al., in press) we used two 

psychometrically sound, four-item subscales to reflect impulsive behaviors (e.g., “I do 

things without thinking”) and impaired self-regulation (e.g., “I am a careful thinker” [reverse 

coded]). Both subscales were internally consistent and normally distributed (Behavioral 

Impulsivity: Cronbach’s α = .79; mean = 9.64, S.D. = 2.69, median = 10.00; Impaired Self-

Regulation: Cronbach’s α = .72; mean = 9.42, S.D. = 2.44, median = 10.00). The subscales 

evidenced moderate overlap (r = .38).

Data Analyses

Baseline demographics, drinking characteristics and adverse events were compared among 

family history (FH) and medication (MED) conditions using t-tests, ANOVAs, and chi-

square tests as appropriate. Drinking during the outpatient treatment period was evaluated 

using an ANOVA model with FH, MED and time (seven days of outpatient treatment).

There were two primary outcomes of interest based on the original analytic plan: total drinks 

consumed and craving (YCS), each tested at the α=.05 threshold. For the primary analyses, 

a series of ANOVA’s were run to examine the interaction of FH status and memantine dose. 

Specifically, we first analyzed the “Total number of drinks consumed” using an ANOVA 

model that included MED (0, 20, 40 mg memantine) and FH (negative, positive) as 

between-subjects factors, with main effects and interactions modeled. Potential confounding 
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factors (sex, age, and baseline drinking) initially were included in the model, but ultimately 

were dropped if not significant for parsimony. We then used a model mirroring that 

described above for YCS scores with time (see study time points) added as a within-subjects 

factor and baseline YCS scores included as a model covariate; main effects, 2-way 

interactions, and 3-way interactions between MED, FH, and time were modeled. The best-

fitting variance-covariance structure was based on the Schwartz-Bayesian Criterion (BIC).

Secondary analyses were considered significant after adjusting the alpha threshold based on 

the six outcomes tested (Bonferroni-adjusted α=.008). For the model evaluating BAES 

scores we employed a nonparametric approach for repeated measures data (Brunner and 

Puri, 2002) due to the fact that BAES data were highly skewed with transformations failing 

to normalize the data. Thus, BAES data were first ranked, and then fitted using a mixed 

effects model with an unstructured variance-covariance matrix and p-values adjusted for 

ANOVA-type statistics (ATS; Brunner and Puri, 2002).

For exploratory analyses examining the interaction of impulsivity with memantine dose, we 

used ANOVA models mirroring those outlined above, but which included impulsive 

behavior (in lieu of family history status) and memantine dose as between subjects factors, 

and time as a within-subjects factors (when appropriate as in earlier models) to examine 

total drinks consumed, YCS scores, and brief-BAES scores. Treating impulsivity as either 

continuous or dichotomous (median) produced similar results; thus, to facilitate 

interpretation the categorical results are presented.

Results

Baseline Characteristics

305 heavy drinking, potential participants gave written informed consent. Of these, 111 were 

randomly assigned to receive 0, 20 or 40 mg/day of memantine. Among those randomized, 5 

subjects never started the study, 7 people dropped out due to side effects prior to laboratory 

test days, 4 individuals were excluded from the study due to the repeated presence of illicit 

drugs in their urine, and 5 participants withdrew from the study due to personal or family 

conflicts. The 90 study completers were mostly male (n=64, 71%) with a diverse racial 

distribution (61 Caucasian, 23 African American, 6 Other) and an average age of 30.9 

(SD=8.5). The sample comprised an equal number of FHN and FHP individuals (n=45); of 

the 90 completers, 12 (13%) met DSM-IV criteria for alcohol abuse and 78 (87%) for 

alcohol dependence (determined using SCID-IV; First et al., 1996). During the 30 days prior 

to the laboratory session, FHN participants consumed 162 (SD=57) drinks and FHP 

consumed 169 (SD=53) drinks. No differences in baseline demographic characteristics or 

alcohol consumption were observed based on FH status or medication condition (see Table 

1). Similarly, no differences in alcohol consumption were noted during the seven-day 

outpatient memantine treatment period

Memantine Adverse Events

There was a statistically significant effect of memantine dose in the number of individuals 

reporting adverse effects, with the 40 mg dose producing greater side effects than the 20 mg 
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or placebo. Across groups, the predominant adverse events included headache (11.6%), 

dizziness (5.6%), nausea (6.9%), fatigue (6.0%) and nervousness (5.35%). However, we did 

not observe specific relationships between rates of drop out and memantine dose. The 

frequency of adverse events did not differ by FH status.

Primary Outcomes

Drinking: There were no main or interactive effects of FH or MED status on total number 

of drinks consumed during the ad-lib drinking sessions (see Figure 2).

Alcohol Craving: A main effect of MED (F(2,79)=3.1, p=.05) was observed on baseline-

adjusted YCS scores where craving was reduced overall among those receiving 20 mg MEM 

compared to both placebo (p=.05) and 40 mg MEM (p=.02). A main effect of time 

(F(10,780)=3.5, p=.0002) was observed due to lower craving scores at the end of the SA 

period, particularly among the 20 mg MEM group. No interactive effects with MEM were 

observed (all p>.61). Memantine effects on craving are depicted in Figure 3.

Secondary Outcomes and Analyses

Alcohol-Induced Stimulation and Sedation by Family History: For stimulation, there 

was a significant MED by time interaction (num df=7.2, ATS=3.2, p=.002) explained by 

linear increases in stimulation irrespective of FH status over the course of the drinking 

session among the 40 mg group (p=.001) but not among those receiving placebo (p=.23) or 

20 mg memantine (p=.62). Remaining model effects were not significant. The unadjusted 

significant effects presented for stimulation remain significant at the adjusted α=008 

threshold.

For sedation, no significant effects were observed.

Exploratory Analyses of Impulsivity Status in lieu of Family History: For total drinks 

consumed during the ad-lib session, a MED by impulsivity interaction was observed 

(F(2,84)=3.5, p=.03). Post-hoc tests showed subjects with heightened impulsivity 

administered 40 mg MEM consumed more drinks compared to both their less impulsive 

counterparts receiving 40 mg MEM (p=.02) and compared to subjects with elevated 

impulsivity receiving 20 mg MEM (p=.02). These effects are depicted in Figure 4.

In terms of craving, a significant MED by impulsivity by time interaction was observed for 

YCS scores (F(20,79)=3.1, p=.02). Post-hoc testing, however, revealed no discernable MED 

differences across levels of impulsivity and time.

For stimulation, a trend for a MED by impulsivity by time interaction (p=.06) was observed 

(see Figure 5) primarily due to increased stimulation at the end of the ad-lib drinking session 

(170 and 230 min) among high impulsive subjects treated with 40 mg MEM compared to 

subjects on 20 mg MEM (p=.02 and .01, respectively). No discernable main or interactive 

effects of sedation were observed.
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Discussion

The main finding from this study was that the NMDA glutamate receptor antagonist 

memantine, at the 20 mg dose reduced craving for alcohol in this drinking paradigm in 

alcohol dependent heavy drinkers. Having reduced the subjective urge to drink, one might 

have expected that memantine would have reduced alcohol consumption as well. However, 

this was not the case. Thus, this study raises the possibility that memantine disrupts the 

common associations between reward-related aspects of alcohol and consumption 

presumably by blocking NMDA glutamate receptors.

The current findings are consistent with earlier observations that memantine reduces craving 

in alcohol-consuming humans; Bisaga and Evans (2004) observed that, memantine reduced 

craving prior to alcohol consumption in “light-moderate” (10-30 drinks/week) drinkers but 

failed to suppress the craving that emerged following alcohol consumption, while Krupitsky 

and colleagues (2007) observed that memantine produced a dose-related reduction in 

craving elicited by an alcohol cue (holding a drink) in abstinent alcohol dependent 

inpatients. In the current study, we observed that memantine produced reductions in alcohol 

craving following exposure to the priming dose of alcohol in drinkers who had more 

habitual and heavy drinking patterns. However, the fact that the lower, but not the higher 

dose of memantine decreased alcohol craving was unexpected given earlier observed dose 

dependent effects on craving (Krupitsky et al ., 2007). The discrepant findings may be due 

to differences in design features and study populations between the studies. For example, 

Krupitsky and colleagues studied abstinent alcoholics and found that memantine had dose 

dependent ethanol-like effects independent of exposure to alcohol related cues. In contrast, 

our study examined responses following exposure to alcohol and alcohol cues among heavy 

drinkers.

Our results also suggest that higher doses of memantine increase the stimulatory effects of 

ethanol, which is consistent with prior reports of NMDA receptor antagonist-ethanol 

interactions in animals (Meyer and Phillips 2003). Stimulation from alcohol is known to be 

reinforcing and associated with drinking (Crabbe et al., 2010; King et al., 2011; 2014). 

Therefore, the observed increase in stimulation in our study could explain why the high dose 

of memantine did not reduce craving or drinking. Thus, it may be the case that using lower 

doses of antagonists like memantine, which do not appear to enhance stimulation, or other 

methods of modulating the NMDA system may be a better approach to lowering alcohol 

craving in habitual heavy drinkers.

As indicated earlier, our results suggest that there may be dissociation between the ability of 

memantine to reduce alcohol craving and its failure to suppress alcohol consumption. In this 

regard, this study provides an important addition to the literature by suggesting that alcohol 

consumption may be driven, only in part, by goal-directed processes over which people are 

aware and exert voluntary control. At least two processes may have contributed to the 

persistence of drinking in the face of reduced alcohol craving. The first is that NMDA 

antagonism with memantine may have compromised the executive control over impulsive 

behaviors like excessive drinking. Blockade of NMDA receptors has been shown to increase 

impulsive responding in humans and animals (Floresco et al. 2008), suggesting that 
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decreased glutamate/NMDA function may contribute to diminished inhibition of behavior in 

psychiatric disorders (Amitai and Markou 2010; Pattij and Vanderschuren 2008). Prior 

studies from our group showed that memantine impaired the recruitment of executive 

control networks, as evaluated with fMRI (Jamadar et al., 2012). Exploratory analyses in the 

current study indicate that baseline levels of impulsivity were associated with memantine-

related changes in alcohol consumption; specifically, those who were more impulsive had 

increases in alcohol consumption at the higher dose suggesting that memantine may have 

further disinhibited drinking in these participants. Interestingly, these increases in drinking 

were accompanied by reductions in craving, supporting the idea that memantine treatment 

leads to a dissociation between drinking and craving in the heavy drinkers. These 

exploratory findings require replication in future studies.

Another consideration is that the heavy drinkers we studied are probably habitual drinkers 

who drink in a rather automatic fashion in response to alcohol cues (i.e., in the absence of 

goal-directed choice) and continue drinking even in the absence of alcohol reward. The 

persistence of drinking despite the reduction in the urge to drink following memantine is 

consistent with the presence of habitual drinking. Interestingly, the effects of memantine 

contrasted with those of naltrexone in an earlier laboratory study (Krishnan-Sarin et al., 

2007) where we observed no effects on alcohol craving (unpublished data) but reduced 

alcohol drinking. When considering the naltrexone and memantine findings in concert, 

maximum potential therapeutic benefit may be achieved by combining these two 

medications which affect different alcohol related processes.

It is important to note that this study has some limitations. First, we studied NMDA 

antagonism with memantine which blocks not only NMDA receptors but also alpha-7 

nicotinic receptors and 5-HT3 receptors with lower affinity (Aracava et al., 2005; Rammes 

et al., 2001). The relationship between memantine occupancy at these other receptors and 

the current findings is not known. Our study was also not designed to examine longer term 

outcomes. For example, it is possible that the observed reduction in craving with memantine 

might be of benefit to promote continued abstinence among individuals who have quit 

drinking; future studies should use different models to examine this issue.

In summary, a low dose (20 mg/day) of the NMDA receptor antagonist memantine reduced 

alcohol craving primed by the consumption of an alcohol drink. However, it failed to reduce 

alcohol consumption. Thus, our results add to the current understanding of the complex 

relationship between alcohol craving and drinking and highlight the equally complicated 

role of NMDA glutamate receptors in both processes. In so doing, the current study supports 

the importance of NMDA receptor systems in mediating alcohol craving but also raises 

cautionary notes regarding the promise of NMDA receptor antagonism as a therapeutic 

approach for alcoholism. Future studies may need to examine more nuanced approaches of 

modulating the NMDA system, through other receptor or second messenger systems, which 

may reduce alcohol craving and drinking without increasing positive alcohol effects or 

impulsive responding. Mapping the biology of alcohol reward and consumption in humans 

appears to be an important step in translating preclinical advances into future therapeutics.
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Figure 1. 
Study Design
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Figure 2. 
Total number of drinks consumed during the three-hour self-administration period by FH 

status and MEM dose.
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Figure 3. 
Alcohol Craving (Yale Craving Scale) during the priming dose and self-administration 

periods by MEM dose.
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Figure 4. 
Total number of drinks consumed during the three-hour self-administration period by 

Impulsivity status and MEM dose.
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Figure 5. 
Alcohol-induced stimulation (Short-Biphasic Alcohol Effects Scale) by Impulsivity status 

and MEM dose
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Table 1

Demographic information on participants. All comparisons of MED groups within each FH condition were 

non-significant.

Familly History Negative (n=45) Family History Positive (n=45)

Placebo
(n=16)

20 mg
(n=15)

40 mg
(n=14)

Placebo
(n=15)

20 mg
(n=16)

40 mg
(n=14)

Male, n (%) 12 (75%) 10 (67%) 11 (79%) 10 (67%) 11 (69%) 10 (71%)

Smokers, n (%) 6 (38%) 9 (40%) 9 (36%) 9 (60%) 7 (44%) 8 (57%)

Age (SE) 28.2 (1.7) 31.1 (2.7) 32.1(2.4) 28.2 (1.6) 34.3 (2.1) 31.9 (2.3)

Total # drinks
a
,

mean (SE)

182.1
(18.1)

139.5
(11.1)

162.9 (11.4) 166.9
(15.4)

168.7
(13.5)

173
(12.5)

Drinks/drinking

day
a
, mean (SE)

7.9 (0.7) 5.8 (0.4) 6.4 (0.5) 7.1 (0.7) 7.1 (0.5) 6.9 (0.6)

a
Drinking data is based on the 90-day baseline period obtained with the Time-Line Follow-back Interview.
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