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Abstract

Rationale—Positively reinforcing properties of alcohol are in part mediated by activation of the 

ventral striatum (VS). Alcohol-induced release of endogenous opioids is thought to contribute to 

this response. Preclinical studies show that the opioid antagonist naltrexone (NTX) can block this 

cascade, but its ability to do so in treatment seeking alcoholics has not been examined.

Objectives—To study the effects of NTX on alcohol-induced VS activation and on amygdala 

response to affective stimuli in treatment seeking alcohol dependent inpatients.

Methods—Sixty-three treatment seeking alcoholics were randomized to receive NTX (50 mg) or 

placebo (PLC) daily. On day 7, participants underwent an alcohol cue reactivity session, and 

craving was measured using the Penn Alcohol Craving Scale. On day 9, participants received a 

saline infusion followed by an alcohol infusion and also viewed affective stimuli in an MR 

scanner.

Results—Irrespective of medication treatment condition, the alcohol infusion did not activate the 

VS in the alcohol dependent patients. Unexpectedly, VS activation was greater in NTX treated 

patients than in the PLC group. NTX treated patients also reported increased craving in response 

to alcohol cue exposure, and increased subjective response to alcohol (‘high’ and ‘intoxicated’) 

compared to PLC subjects. No significant effects of alcohol infusion on brain response to affective 

stimuli were in the NTX or placebo groups.

Conclusions—Unlike previous findings in social drinkers, a moderate level of intoxication did 

not activate the VS in treatment seeking alcoholics. This is likely to reflect tolerance to the 

positively reinforcing properties of alcohol in this clinical population. Our findings may help 

explain the efficacy of NTX to reduce heavy drinking, but not to maintain abstinence.
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INTRODUCTION

Mesolimbic dopamine (DA) projections from the ventral tegmental area (VTA) to the 

nucleus accumbens / ventral striatum (NcAcc / VS) are thought to play an important role in 

positively reinforcing properties of alcohol. For instance, extracellular DA levels in the rat 

NcAcc are increased both by alcohol injections (Di Chiara and Imperato 1988) and by oral 

alcohol self-administration (Weiss et al. 1993). Dopamine levels in this region are also 

correlated with measures of alcohol preference in genetically selected rat lines (Katner and 

Weiss 2001). Alcohol induced DA release in the NcAcc / VS appears to be mediated by 

activation of DA neurons in the VTA, since alcohol increases their firing rate both in vivo 

(Gessa et al. 1985) and in vitro ( Koyama et al. 2007). Of note, neurochemical lesions show 

that mesolimbic DA activity, while contributing to alcohol reinforcement, is not essential to 

maintain alcohol intake (Rassnick et al. 1993).

Rodent studies have also shown that acute alcohol administration induces a central release of 

endogenous opioids [for review, see (Herz 1997)], a finding recently confirmed in humans 

(Mitchell et al. 2012). The µ-opioid receptor appears to be particularly important for positive 

reinforcement from alcohol, as measured by alcohol self-administration, as well as alcohol 

“reward”, as measured by conditioned place preference (CPP). Both these motivational 

measures are suppressed by genetic deletion of µ-opioid receptors in mice (Roberts et al. 

2000; Hall et al. 2001), and similar effects are obtained with several µ-opioid antagonists 

[for review, see e.g. (Heilig and Egli 2006)]. Accordingly, the mu-preferring opioid 

antagonist naltrexone (NTX) is an FDA-approved pharmacotherapy for alcoholism, and its 

efficacy is supported by meta-analysis of several randomized controlled trials (Rosner et al. 

2010).

Positively reinforcing properties of alcohol may in part arise from an interaction between 

alcohol, endogenous opioids and DA. Suppression of alcohol reinforcement by NTX in rats 

is associated with attenuation of alcohol-induced DA release in the NcAcc (Gonzales and 

Weiss 1998). This interaction may be mediated at the level of the VTA, the NcAcc / VS, or 

both. Thus, activation of µ-opioid receptors in the VTA results in an activation of DA 

neurons in this structure, through removal of inhibitory GABA-ergic tone (Spanagel et al. 

1992). This mechanism has been suggested to mediate DA activation by several non-

stimulant drugs, including ethanol (Tanda and Di Chiara 1998). However, a recent mouse 

study did not find support for VTA mediation of alcohol - opioid – DA interactions 

(Ramachandra et al. 2011). Direct effects of µ-opioid receptors in the NcAcc / VS may 

instead contribute to alcohol seeking (Heinz et al. 2005; Mitchell et al. 2012).

Accumulating evidence from fMRI studies suggests that the BOLD signal originating from 

the VS reflects consequences of DA release, through activation of postsynaptic DA-D1 

receptors, ultimately leading to changes in postsynaptic membrane potentials [reviewed in 

(Knutson and Gibbs 2007)]. This influence can change on a second-to-second basis, making 
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fMRI a useful probe into circuitry mediating drug reinforcement. Accordingly, we have 

previously reported that pharmacokinetically controlled IV alcohol administration to social 

drinkers resulted in a robust activation of the VS, as measured by fMRI BOLD (Gilman et 

al. 2008). Self-ratings of intoxication in that study were highly correlated with VS 

activation, supporting the notion that alcohol-induced activation of this structure is a neural 

substrate of alcohol reinforcement . A subsequent study replicated these findings in young 

adult social drinkers, but found attenuated alcohol-induced VS activation in non-treatment 

seeking heavy drinkers (Gilman et al. 2012). This raised the question whether blockade of a 

reinforcing alcohol – opioid – DA cascade is a plausible therapeutic mechanism for NTX in 

a clinical population of treatment seeking alcoholic patients.

Here, we addressed this question in an experimental inpatient study under well-controlled 

conditions. We randomized treatment-seeking alcoholics in early abstinence to NTX or 

PLC, and examined their responses to alcohol cues during an alcohol cue-reactivity 

experiment, as well as their fMRI BOLD brain responses to a pharmacokinetically 

controlled IV alcohol challenge. Because a prior study had shown that alcohol modulates 

brain activity to fearful faces in the amygdala and other frontal and temporal brain regions in 

social drinkers but not in heavy drinkers (Gilman et al, 2008;) , we also evaluated brain 

responses to fearful and neutral faces during alcohol and saline infusion. in a sample of 

treatment-seeking alcoholics

METHODS

Participants

Participants were recruited through advertisements in local media. Following phone 

screening, subjects were admitted to the NIH Clinical Center in Bethesda, MD, and 

underwent medically managed withdrawal if needed. Once they had an undetectable breath 

alcohol concentration and did not require benzodiazepines for withdrawal, they were 

evaluated for eligibility; eligibility determination typically took between five and seven days 

to complete. Detailed eligibility criteria are at http://www.clinicaltrials.gov/ct2/show/

NCT00896038. In brief, subjects were 63 treatment-seeking alcohol-dependent individuals 

(63.5% males) between 21 – 50 years old, diagnosed with alcohol dependence according to 

the Structured Clinical Interview for DSM-IV [SCID; (First et al., 1995)], and in good 

physical health. Alcoholism severity was assessed using the Alcohol Dependence Scale 

[ADS; (Skinner and Allen 1982)] and alcohol consumption during the preceding 90 days 

was determined using the time-line follow-back questionnaire (Sobell et al. 1986). Subjects 

were excluded if they presented with complicated medical or psychiatric problems or were 

unable to participate in all study procedures or provide informed consent. Written informed 

consent was obtained as approved by the NIH Institutional Review Board. Because it has 

been reported that individuals with a family history of alcoholism show a greater NTX-

induced attenuation of the stimulatory effects of alcohol (King et al. 1997), we included only 

family history positive subjects.

Subjects remained hospitalized throughout the study, and immediately following the 

infusion session (Day 9), they participated in standard-of-care behavioral alcoholism 

treatment, mainly consisting of 12-step facilitation sessions,
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Pharmacologic Intervention

On Day 1, participants were randomized to receive NTX 50 mg/day or matching PLC for 

nine days. Both participants and study staff were blind to treatment condition. Blinding was 

achieved by encapsulating commercially obtained NTX and manufacturing matching PLC 

capsules. Randomization was carried out by the NIH Clinical Center Pharmacy.

Genotyping

Effects of NTX on clinical outcomes [for meta-analysis, see (Chamorro et al. 2012)] and on 

laboratory measures [see e.g. (Ray and Hutchison 2004, 2009)] differ as a function of 

genotype at an A118G non-synonymous single nucleotide polymorphism (SNP) in the 

OPRM1 gene that encodes the mu-opioid receptor. In order to control for possible confound 

of genetic variation at this locus, blood was collected and subjects were genotyped as 

described previously (Ramchandani et al. 2011). For all outcomes, sensitivity analyses were 

carried out, in which 118G carriers (NTX: n=3; PLC: n=2) were removed; in all analyses, 

results remained unchanged.

Experimental Procedures

IV alcohol infusion and fMRI

On Day 9, participants had IV catheters inserted in antecubital or arm veins, placed in the 

scanner, and infused with saline for 30 minutes, followed by alcohol (Fig. 1). During the 

alcohol infusion procedure alcohol was infused as a 6% v/v solution in saline to achieve a 

target BAC of 0.08 g% (+/− 0.005 g%) in 15 min and maintain that concentration for 20 min 

(for further details see Gilman et al. 2008). Subjective responses to alcohol were measured 

using the modified Drug Effects Questionnaire [DEQ; (de Wit and McCracken 1990)], at 

baseline (−30 min), at the end of the saline phase (−4 min) and serially during the infusion at 

14, 19, 28, 36 and 50 min following the start of the alcohol infusion. Breathalyzer 

measurements were obtained at the end of the infusion and every 30 min thereafter until 

BrAC returned to zero. Safeguards used to address the risk of relapse or other adverse 

consequences related to alcohol exposure are specified in the following section. Structural 

scans were acquired as the saline infusion began, and standardized emotional facial 

expression (EFE) images (Matsumoto, 1988) were presented starting at the 20 min timepoint 

as functional scans were acquired. Participants were instructed to focus on the images and 

were asked to press a button every time they saw a white square on the screen in order to 

ensure their attention during the presentation of the stimuli.

Safeguards developed and implemented for administering ethanol to treatment-seeking 
alcoholics

We established a list of safeguards using the guidelines established by the National Advisory 

Council on Alcohol Abuse and Alcoholism and input by the NIH Combined NeuroScience 

Institutional Review Board. The following safeguards were applied during this study:

▪ All participants were medically and mentally stable.

▪ They were recently detoxified, therefore, not long-term abstinent.
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▪ The amount of ethanol given was equivalent to approximately 3–4 standard 

drinks (1 standard drink = 12 oz. can of beer or 5 oz. glass of wine).

▪ A nurse was present and a physician was immediately accessible during the 

ethanol infusion.

▪ Following the ethanol infusion, subjects were debriefed by a trained nurse 

and/or a physician, and standard CBT techniques for coping with cravings were 

used to support patients. Subjects remained in the hospital for at least three 

weeks after the alcohol infusion session to complete the alcoholism treatment 

program and to monitor their craving for alcohol. If a participant expressed a 

desire to leave the hospital under the influence of alcohol, every effort was made 

to encourage them to stay in treatment and complete the study.

▪ Following the fMRI session, all patients were offered to receive NTX (50 mg/

day) as a standard FDA-approved medication for alcoholism.

▪ If participants had a car on campus, their car keys were held by the unit staff 

during the study. This prevented participants from impulsively leaving the 

hospital and driving under the influence of alcohol.

▪ Family members or friends were strongly discouraged from providing 

transportation that would enable the patient to leave the program early.

fMRI Stimuli

Visual images from a series of Emotional Facial Expression (EFE) images were used in this 

study. In all, 45 neutral and 45 fearful faces, as well as a non-emotional control cross-hair 

condition that served as the inter-stimulus interval, were presented in an event-related design 

that lasted 8 min 30 s. The stimuli were each presented for 2 s, and the Inter-Stimulus 

Interval ranged from 0 to 8 s. All stimuli were projected onto a screen placed at the foot of 

the MRI scanner bed and were viewed using a mirror mounted on the head coil. The images 

were presented at 6 min and 15 min (saline infusion), and at 49 and 58 min during the 

alcohol infusion, as functional scans were acquired. Participants were instructed to focus on 

the images, but no response was required.

fMRI Acquisition

Imaging was performed using a 3 T General Electric MRI scanner with a 16-channel head 

coil. In all, 30 contiguous axial slices were acquired (in-plane resolution 3.75 3.75 mm), 

providing whole-brain coverage. High-resolution structural scans were collected using a T1-

weighted magnetization-prepared rapid gradient echo (MPRAGE) pulse sequence, which 

facilitated localization and co-registration of functional data (matrix 256 × 256 x 124, 

repetition time (TR)=100 ms, echo time (TE)=12 ms, field of view (FOV)=24 cm). 

Functional scans were acquired using a T2*-EPIRT sequence that measure changes in blood 

oxygen level dependent (BOLD) contrast (B210 volumes, TR=2 s, TE¼30 ms, flip 

angle=901, matrix 6464, in-plane matrix=128, FOV¼24 cm, slice thickness =3.75 mm, 

1mm gap, yielding 3.75mm cubic voxels).
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Cue Reactivity test

On Day 7, a cue-reactivity test was performed similarly to that of previously published 

studies (details in: Monti et al., 1987, Monti et al., 1999 and McGeary et al., 2006). The 

procedure was performed in the early afternoon and participants were exposed to visual, 

tactile, olfactory, and proprioceptive stimuli associated with the beverage during three 3-

minute CR trials. The first consisted on the exposure to neutral cues (i.e. a bottle and glass 

of water), followed by three minutes of rest. The second trial consisted on the exposure to 

alcoholic cues (commercially-labeled preferred alcohol beverage); at each trial, an audiotape 

instructed the participant to sniff the glass of water or alcohol according to high/low tones. 

The trials were presented in the same order for all participants because of known carryover 

effects (Monti et al., 1987; Monti et al., 1999; Rohsenow et al., 2000). Craving was assessed 

using the Penn Alcohol Craving Scale (PACS) administered at baseline and after the cue 

reactivity test was completed. Also mean arterial pressure (MAP) and HR were continuously 

monitored.

Participants were monitored by clinical research staff via a one-way mirror to ensure 

compliance to the study procedures.

Analysis of fMRI data

Functional image analyses were performed using Analysis of Functional Neural Images 

(AFNI) software (Cox, 1996). Echoplanar image volumes were preprocessed as follows: (1) 

voxel time series were interpolated to correct for non-simultaneous slice acquisition within 

each volume (using sinc interpolation and the most inferior slice as a reference). (2) 

Volumes were corrected for motion in three dimensional space and were spatially smoothed 

using a 6-mm full-width half-maximum smoothing kernel. (3) A mask was created so that 

all of the background values outside of the brain were set to zero. Statistical maps were 

generated for each individual. The group comparisons for each contrast of interest were 

performed between two groups using the Mixed Effect Meta Analysis (MEMA) of AFNI. 

For each individual reprocessed time series data time-locked to single impulse response 

functions at the onset of various events were then analyzed by applying a general linear 

model (GLM). Motion correction parameters were used as regressors of no interest. The 

model was convolved with the canonical hemodynamic response function. In this full, 

factorial ANOVA, infusion (alcohol or saline) were within subject factors, group (NTX or 

PLC) was a between-subject factor, and ‘subject’ was a random factor.

The whole brain images were non-linearly registered to a Talairach space and the VOI 

volumes were extracted from these images using average parameter estimates within VOIs. 

VOI analyses were performed using atlas generated masks of NcAcc/VS and amygdala in a 

standard (i.e. AFNI Talairach) space, in order to avoid any between-subjects biases in the 

position of VOIs and to eliminate a potential confound of manually generating the VOI 

masks.

Potential covariates such as ADS and subjective responses to alcohol as measured by DEQ, 

were evaluated for inclusion on a model-by-model basis and did not show any significant 

effects, therefore they were not retained in the final analysis.
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Analysis of Behavioral Measures

Data were examined for homogeneity of variance and distribution, and analyzed using 

general linear models (GLM, Statistica 6.0, StatSoft, Tulsa, OK). One-way analysis of 

variance (ANOVA) was used to compare baseline characteristics between the randomized 

treatment groups. Repeated measures analysis of covariance (RM-ANCOVA) was used to 

analyze primary and secondary outcomes associated with alcohol and saline challenge. The 

latter analyses included pharmacological treatment (NTX vs. PLC) as a between-subjects 

factor, and both challenge treatment (alcohol vs. saline) and time point (number varied 

according to outcome) as within-subjects factors. Potential covariates, including baseline 

behavioral measures and subject characteristics were evaluated for each outcome and 

included in the model if they were significant. The alpha value was set at 0.05 for all 

analyses.

RESULTS

Participant characteristics are described in Table 1. The groups did not differ significantly 

on baseline variables, including alcoholism severity and number of drinks per day in the 90 

day interval prior to admission to the inpatient unit.

VS of treatment seeking alcoholics is not activated by alcohol, but is increased by NTX

To test the hypothesis that VS responses would be increased by alcohol and decreased by 

medication treatment, we evaluated data using a volume of interest (VOI) approach, and a 

mixed model two way ANOVA with treatment (NTX vs. PLC) as a between subjects factor, 

and challenge condition (alcohol vs. saline) as a within-subjects factor. Since we did not 

observe any difference in the activation of the VS or other brain regions in response to 

fearful vs. neutral stimuli, we collapsed our results across all affective stimuli.

There was no main effect for alcohol to activate the VS versus the saline condition 

(F[1,52]=0.19, p=0.67); i.e. across all other conditions, the ALC response was not different 

from that to SAL. There was a main effect of medication condition (NTX vs. PLC; 

F[1,52]=5.1, p=0.03); the NTX response was greater than the PLC response (Fig.2).

Amygdala responses to fearful faces were not influenced by alcohol or NTX

Similar to the VS, amygdala activity was not influenced by alcohol (main effect: 

F[1,52]=0.17, p=0.68). In contrast to the VS, however, amygdala activity was also 

unaffected by NTX treatment (main effect: F[1,52]=2.1, p=0.15). Finally, there was no main 

effect of the emotional condition to increase amygdala activity (F[1,52]=0.47, p=0.49). 

None of the interactions reached significance, although there was a trend for an interaction 

between NTX treatment and emotional condition (F[1,52]=3.33, p=0.074); this was driven 

by a higher response to fearful faces among NTX treated subjects.

NTX increases the subjective response to alcohol

There was a main medication effect on responses to the DEQ item ‘Do you feel 

intoxicated?’ (F [1,43]=4.8, p<0.03). Across the session, NTX subjects experienced higher 

levels of subjective intoxication than subjects receiving placebo (Fig. 3a). Baseline alcohol 
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dependence severity (ADS scores; F[1,43]=11.1, p=0.002) and race (African American vs. 

non-African American; F[1,43]=10.5, p=0.002) were significant covariates in this analysis, 

and were retained in the final model.

Although there was no main treatment effect for responses to the item ‘Do you feel high?’ 

(F[1,45]=1.9, p=0.17) there was a significant time x treatment interaction for this item 

(F[4,45]=2.7, p<0.03). This reflected a differential time course between the treatment groups 

over the course of the session. PLC subjects decreased their reported “high” toward the later 

time points, while NTX subjects maintained their “high” throughout the infusion (Fig. 3b). 

In this analysis, ADS score was a significant covariate, and was retained in the final model 

(F [1, 61] = 9.48, p<0.003).

NTX and PLC subjects did not show a significant difference in responses to the questions on 

‘Feel Drug’, ‘Like Drug’, and ‘Want More Drug’ (data not shown).

NTX increases alcohol craving in responses to alcohol cues

PACS scores following alcohol cue exposure showed a robust main effect of treatment 

(F[1,58]= 11.1, p=0.001) and a time x treatment interaction (F [1,58]= 6.0; p=0.001). 

Newman-Keuls post-hoc test showed that subjects receiving NTX reported higher craving 

on the PACS following the cue exposure compared both to their own pre-exposure baseline, 

and to the PLC treated group (Fig. 4).

DISCUSSION

To our knowledge, the present study is the first to examine brain responses to alcohol in 

treatment seeking, alcohol dependent patients and their potential modulation by NTX. In this 

population, a moderate level of intoxication, 80 mg/dl, was insufficient to activate the VS as 

assessed by BOLD fMRI. These data complete a series of studies from our laboratory 

(Gilman et al. 2008; Gilman et al. 2012), which have previously shown that IV alcohol 

administration to this level of intoxication induces a robust activation of the VS in healthy 

social drinkers, but only a lesser degree of activation in heavy drinking, non-treatment 

seeking subjects. Taken together, this series of studies suggest that with increasing severity 

of alcohol use, there is increasing tolerance to the ability of alcohol to activate brain reward 

circuitry. This tolerance persists beyond acute withdrawal, since our data were obtained 

more than a week after admission, and systematic assessment confirmed that significant 

withdrawal symptoms were absent. We also controlled for the possibility that our results 

could be confounded by genetic variation at the OPRM1 A118G locus previously shown to 

moderate brain alcohol responses (Ramchandani et al. 2011). Of note, our data do not 

establish an absolute deficit in the ability of alcohol to activate the VS in our clinical 

population. Because ethical considerations limit the level of brain alcohol exposure that can 

be assessed in treatment seeking subjects, the deficit was detected at blood alcohol levels 

lower than those that typically result from heavy drinking. It is therefore possible that a VS 

response to alcohol would occur in this population at higher levels of intoxication.

We believe that our findings have important implications for understanding the motivational 

properties of alcohol in dependent patients. Chronic brain alcohol exposure produces 
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profound changes in neural mechanisms that mediate positive reinforcement (Koob and Le 

Moal 2005). Acutely, both experimenter- and self-administered alcohol consistently increase 

extracellular DA levels in the NcAcc of non-dependent rats [e.g. (Di Chiara and Imperato 

1988; Gonzales and Weiss 1998; Tanda and Di Chiara 1998)]. Following the development 

of dependence, however, this effect shows tolerance (Weiss et al. 1996). These dependence-

induced deficits in NcAcc DA are associated with impaired brain reward function, as 

indicated by elevated intracranial self-stimulation thresholds (Schulteis et al. 1995). Human 

brain imaging studies have also suggested that deficits in ventral striatum function in 

alcoholism may involve post- as well as pre-synaptic effects, since D2/3 receptor densities 

are decreased in alcohol dependent subjects (Volkow et al. 1996).

The BOLD response from the VS is related to DA function (Knutson and Gibbs 2007; 

Schott et al. 2008). Our findings are therefore consistent with, and represent a translation of, 

prior animal data on dependence induced deficits in VS responses to alcohol. We extend 

those data by demonstrating that in patients, the deficit persists longer than what was 

observed in the animal studies, presumably due to a longer history of dependence. In 

attempting to integrates the human and animal studies, a possible interpretation is that a 

persistent tolerance to positively reinforcing effects of alcohol develops in alcohol 

dependence, and sets up a powerful incentive for relapse. Animal findings indicate that 

resumption of alcohol self-administration can restore dependence-induced deficits in 

accumbal DA levels (Weiss et al. 1996). This sequence of events is consistent with an 

allostatic process as an important factor for maintaining drug use (Koob and Le Moal 2005).

The interpretation that our present finding represents lasting tolerance to alcohol 

reinforcement may be complicated by the fact that VS activation in response to alcohol is 

not unequivocally associated with reinforcing alcohol effects. Prior work from our group 

found an association between VS responses to alcohol in social drinkers and their subjective 

reports of “feeling intoxicated”, but not of “liking” or “wanting more” (Gilman et al. 2008). 

It is therefore possible that the alcohol induced VS activation observed in social drinkers 

reflects effects of alcohol on processes other than reinforcement, such as e.g. incentive 

salience. This interpretation is, however, more difficult to reconcile with the apparent 

tolerance to alcohol induced VS activation we have observed in treatment seeking alcohol 

dependent patients.

Because brain microdialysis experiments in rats have shown that NTX blocks the DA 

response to alcohol in the NcAcc (Gonzales and Weiss 1998), we hypothesized that NTX 

pretreatment would prevent alcohol-induced VS activation as measured by BOLD fMRI. 

Since alcohol did not activate the VS in our study population, a blockade of alcohol-induced 

VS activation by NTX could not be evaluated. Interestingly, however, we found that NTX 

itself increased the activity of the VS, irrespective of alcohol and saline condition. Activity 

of the NcAcc is under the control of opposing stimulatory µ-opioid and inhibitory κ-opioid 

tone ( Spanagel et al. 1992). Alcohol reinforcement is primarily mediated by µ-opioid 

activity (Roberts et al. 2000; Hall et al. 2001). With prolonged brain alcohol exposure, 

expression of the κ-opioid ligand dynorphin is up-regulated, and with it presumably the 

strength of inhibitory tone onto the NcAcc (Lindholm et al. 2000). Although therapeutic 

effects of NTX and its active metabolite 6-β-naltrexol are thought to be predominantly 
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mediated by µ-opioid receptor blockade, NTX is a competitive antagonist both at µ- and κ-

opioid receptors (Ray et al. 2010). In a chronic dependent state, in which inhibitory κ-opioid 

tone is up-regulated, NTX would therefore be expected to activate the VS by removing κ-

opioid inhibition.

It is less clear why subjects receiving NTX reported higher craving following exposure to 

alcohol cues. In alcohol dependent rats, NTX has been reported to produce a robust and 

selective blockade of cue-induced alcohol seeking (Liu and Weiss 2002), but effects of NTX 

on cue-reactivity in humans have been variable. In fact, while several studies have shown an 

effect of NTX on alcohol craving (Rosner et al., 2010), other studies have generated 

different results (Kranzler et al., 2000; Krystal et al., 2001). Using the cue-reactivity 

procedure employed in our study, no medication effect on the intensity of alcohol craving 

was previously found in treatment seeking alcoholics (Monti et al. 1999). In a subsequent 

study, NTX left alcohol cravings unaffected in patients homozygous for the major OPRM1 

118A allele, while increasing them in 118G carriers (McGeary et al. 2006). In contrast, an 

fMRI study in non-treatment seeking alcoholics found that NTX and ondansetron given 

together reduced subjective cravings induced by alcohol cues presented during the scan, 

although NTX alone was insufficient in doing so (Myrick et al. 2008). Finally, in patients 

with co-morbid alcohol and cocaine dependence, NTX did not affect craving in response to 

alcohol cues (Modesto-Lowe et al. 1997). Genetic moderators may have contributed to the 

variability in NTX effects on cue-induced craving in these studies. In our study, however, 

only a small number of subjects were 118G carriers, and the higher cue-induced craving in 

NTX treated subjects was present even when OPRM1 A118G variation was controlled for.

While other studies suggest that lowering craving is a biobehavioral mechanism through 

which NTX reduces alcohol drinking, our present findings suggest the possibility of another 

mechanisms of NTX action in treatment-seeking alcoholic individuals. Because NTX 

increased subjective reports of intoxication and high, it is possible that these effects of NTX 

may amplify the subjective experiences of alcohol consumption, thus reducing individuals’ 

motivation to drink additional alcohol. This is also consistent with the known ability of NTX 

to reduce heavy drinking, while its effects are weaker in promoting total alcohol abstinence. 

The large multi-site COMBINE study (Anton et al., 2006), which was conducted with 

treatment-seeking alcohol-dependent patients, provided evidence that naltrexone is 

significantly effective in reducing heavy drinking, but not in promoting total alcohol 

abstinence. Of special note considering the present findings, a secondary analysis of the 

COMBINE study indicated that, after excluding all abstainers (only 22% of the patients in 

the COMBINE trial), individuals who drank more regularly during the trial seemed to 

benefit most from naltrexone, thus suggesting that naltrexone's beneficial effects among 

non-abstainers may depend on frequency of drinking (Ray et al., 2010). NTX might be 

beneficial in alcohol dependent patients in part because its ability to increase VS activity is 

able to reverse a “reward deficit syndrome” present in this condition ({Koob, 2005 #1}), 

potentially related to removal of a κ-opioid supporession of Nc. Accumbens function as 

discussed above.

Finally, we found that BOLD response in amygdala was unaffected by emotional condition 

(fearful vs. neutral faces), both during alcohol and saline infusion. This hypoactivity of the 
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amygdala in response to fearful stimuli in alcoholic patients fits well with the notion that 

alcoholics fail to effectively avoid cues that signal danger (Gilman et al., 2008).

In summary, we report that treatment seeking alcoholics have an impaired VS response to 

moderate alcohol intoxication, corresponding to consumption of 3 – 4 drinks. Our study has 

some important limitations. Because of ethical considerations, we were unable to explicitly 

address what level of intoxication, if any, would be sufficient to activate the VS in our 

population of alcoholic patients. Second, we cannot determine with certainty whether our 

subjects exhibited an impaired VS response to alcohol as a result of acquired tolerance, pre-

existing insensitivity, or both. Moreover, all the subjects enrolled in the present study 

reported a positive family history of alcoholism, which has been identified as a factor that 

may affect the response to NTX treatment (Monterosso et al. 2001; Rubio et al. 2005), 

therefore future larger studies are needed to compare positive vs. negative family history 

individuals. Finally, since baseline measures of mood or alcohol craving were not collected 

before the IV session, we could not determine whether these measures were related to neural 

activity and subjective response to alcohol.

Nevertheless, our finding suggests that escalation into progressively heavier alcohol use in 

alcohol dependent patients may in part be driven by a desire to regain reward circuitry 

activation expected to result from alcohol consumption. Furthermore, because the cascade 

on which NTX is thought to act for its therapeutic effects is not engaged at moderate levels 

of intoxication in treatment seeking alcoholics, this observation may also help explain why 

NTX is efficacious to reduce heavy drinking, but not to achieve abstinence.
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Fig. 1. 
Experimental Timeline of the IV saline/alcohol infusion and fMRI procedures.
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Fig. 2. 
Volume of Interest Analysis of the Ventral Striatum. There was a main effect of NTX to 

affect the VS BOLD signal change vs. PLC (F[1,52]=5.1, p=0.03), the NTX response was 

greater than the PLC response.
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Fig. 3. 
Subjective response to alcohol measured with the DEQ during the alcohol infusion session. 

(a) Ratings of ‘Feel Intoxicated’ during the alcohol infusion (starting at minute 40 of the 

infusion) following the saline infusion session. On average, subjects receiving NTX reported 

higher levels of intoxication than subjects receiving placebo; (b) Ratings of ‘Feel High’ 

during the alcohol infusion session. NTX subjects reported significantly higher ratings than 

placebo subjects during the later time points (p≤0.05).

The shaded areas on the graphs in Fig 3a and 3b indicate the timing of the alcohol infusion.

Spagnolo et al. Page 17

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 4. 
Craving following the cue reactivity test, as measured by PACS. Subjects on NTX showed 

increased craving in response to cue exposure. For detailed statistics, see Results. *p<0.05
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Table 1

Demographic characteristics of participants

Naltrexone
(n = 31)

Placebo
(n = 32) p-value1

Female/Male 13/18 10/22 > 0.05

Caucasian/Black/Hispanic 18/13/0 20/10/2 > 0.05

Age (years) 38.2 ± 1.8 39.1 ± 1.5 > 0.05

Education (years)2 13.3 ± 0.3 13.7 ± 0.4 > 0.05

Alcohol Dependence Severity (ADS) 21.2 ± 1.3 19.4 ± 1.5 > 0.05

Family History Density of Alcoholism 0.18 ± 0.04 0.22 ± 0.03 > 0.05

Lifetime Alcohol Use (years)2 20.0 ± 1.9 20.6 ± 1.9 > 0.05

Lifetime Treatments for Alcohol Abuse2 3.4 ± 0.6 3.9 ± 0.9 > 0.05

Time Line Follow Back (TLFB; 90 days)

Total Drinks 947.5 ± 152.8 1072.0 ± 134.3 > 0.05

Drinking Days (nr) 69.6 ± 4.0 70.8 ± 4.2 > 0.05

Avg Number Drinks/Day 12.5 ± 1.7 14.6 ± 1.4 > 0.05

Heavy Drink Days (nr) 59.7 ± 5.5 67.6 ± 4.5 > 0.05

Days Abstinent Prior to Admission 0.7 ± 0.4 0.2 ± 0.1 > 0.05

Lifetime Heroin Use (years)2 0.3 ± 0.2 0.2 ± 0.1 > 0.05

Lifetime Barbituate Use (years)2 0.2 ± 0.1 0.1 ± 0.1 > 0.05

Lifetime Sedative/Hypnotic Use (years)2 1.5 ± 1.0 0.7 ± 0.4 > 0.05

Lifetime Amphetamine Use (years)2 0.7 ± 0.3 1.0 ± 0.4 > 0.05

Lifetime Cocaine Use (years)2 7.6 ± 2.0 5.5 ± 1.0 > 0.05

Lifetime Cannabis Use (years)2 13.7 ± 2.4 9.1 ± 1.8 > 0.05

Lifetime Hallucinogen Use (years)2 2.9 ± 1.1 1.3 ± 0.5 > 0.05

1
chi-square tests for gender, t-tests for continuous variables, all p > 0.05

2
Measured using the Addiction Severity Index (ASI)
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