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THE METHODOLOGICAL QUESTION BEING ADDRESSED:

To investigate BOLD changes in brain regions of interest to the reward system in subjects with 
alcohol dependence when under the influence of alcohol with or without preceding nalmefene 
administration.

INTRODUCTION

The aim of the fMRI study was to investigate changes in BOLD in brain regions of interest to 
alcohol relapse and/or high risk consumption prevention (reward, impulsive and stress) in 
individuals with alcohol dependence when under the influence of alcohol, using the intravenous 
‘alcohol clamp’ technique, with and without preceding administration of nalmefene. Nalmefene 
is an opiate receptor modulator licensed in EU and other countries outside NA for the reduction 
of alcohol intake in subjects with alcohol dependence and a high drinking risk level (>60 g/day 
for men and >40 g/day for women). 

METHODS

Study population:
22 non-treatment seeking alcohol dependent men were recruited to this cross-over, double 
blind study through advertisement. Eligible men were ≥18 years with a primary diagnosis of 
DSM-IV alcohol dependence and alcohol consumption ≥ WHO high drinking risk level (>60 g/
day for men). 

Design: 
First study day confirmed the participant tolerated the ‘alcohol clamp’ (target breath alcohol 
level (BrAC) of 0.8‰ within 20 minutes maintained for 30 minutes). On the 2nd and 3rd study 
days a week apart, either 18 mg nalmefene or matched placebo was given in a randomised 
order. After ~4 hours, the MR scanning session began (Siemens Tim Trio 3T) (see Figure 1) 
together with the initiation of alcohol infusion and its maintainenance at 80 mg/dL BAC during 
scan sessions  (Figure 2). Pulsed arterial spin labelling (pASL) pre and during alcohol infusion 
(BrAC: 0.8‰)  was undertaken to evaluate the impact of alcohol on blood flow. During 
the alcohol infusion, participants completed our fMRI protocol to assess reward, impulsivity 
and stress responsivity in addiction using the MID, go-nogo and an evocative tasks (ICCAM; 
2,3). We report here only the primary outcome measures: pASL and MID (contrast: “reward 
anticipation > neutral anticipation”). A whole brain and an a priori striatal region of interest 
(ROI; 5 mm radius spheres centred at ±14,+12,-4 encompassing parts of nucleus accubmens, 
putamen, caudate, and globus pallidus) were conducted.

RESULTS

This experimental design can be used at an early stage of drug development in 
addiction since it offers an opportunity to assess functional target engagement 
and pharmacodynamics properties of an investigational drug [3].

CONCLUSIONS
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Baseline physical, psychiatric, and neurological examination using SADQ (mean 20, SD 7.4), 
and DrInC (Total DrInC Score: 73, SD 20.1) confirmed the subjects’ eligibility to participate in 
the study. 9 subjects were current nicotine users.
Complete data were available for 18 men (44 ± 11 yrs; exclusions: 1 did not tolerate MR; 2 
excess motion, 1 poor task performance). 
The alcohol infusion resulted in an increase in blood perfusion (eg thalamus: ~15 ml/100g/
min) however no difference in perfusion was observed between nalmefene and placebo on 
alcohol. 
A significant decrease in the contrast “reward anticipation > neutral anticipation” on nalmefene 
compared with placebo in the striatal ROI: t = 2.78, p = 0.013, d.f. = 17. Analysis confirmed 
that this was due to a decrease in BOLD response during reward, not an increase during neutral 
anticipation.  
Further, whole brain analyses observed three clusters (Z > 2.3, p < 0.05 corrected for multiple 
comparisons), encompassing the dorsal striatum bilaterally and parts of brain stem. Response 
time was slower (-6%, t = 2.61, p = 0.018, d.f. = 17) and less money won (-11%,  t = 2.16, 
p = 0.045, d.f. = 17) on nalmefene, compared with placebo. Motion did not differ between 
sessions. 
In the presence of alcohol, nalmefene pretreatment resulted in reduced BOLD response in the 
striatum during anticipation of reward in non-treatment seeking alcohol dependent individuals.  
This is consistent with the underlying mechanism of opiate antagonists involving modulation 
of the dopaminergic mesolimbic pathway. This study has several methodological strengths, 
such as its within-subject design and maintaining constant alcohol levels with an alcohol 
infusion. Also Heavy-drinking, alcohol-dependent participants and protocol reflected the clinical 
circumstances for which nalmefene is indicated.

Figure 1. Study procedures 

Outcome measures and statistical analysis
Statistical maps for each subject and treatment were derived from the raw images and task 
response data following fMRI imaging, such that the signal change due to contrasts of interest 
could be determined. For each imaging session, the 2 runs of each task were combined for 
each subject by taking the mean of their whole brain statistical results. The processed data 
included 1 contrast with placebo and 1 contrast with nalmefene for each subject and task.

The change in BOLD signal within each bilateral region of interest (ROI) for each contrast task, 
and session, was calculated as the mean value over the voxels within.

The final conclusions were based on a paired t-test (a linear mixed-effects model, with subject 
as the random effect and drug condition as the fixed effect). All statistical analyses were 
performed using SAS®, Version 9.3.

Infusomat, Melsungen, Germany) to reach a BAC of 80 mg/dL
within �20 minutes. This BAC level was maintained for the
rest of the experiment by adjusting infusion rates based on
BAC measurements. BAC samples were taken regularly
throughout the experiment using an established method for
use in an MRI scanner (33) (see Supplemental Methods for
further details).

Magnetic Resonance Imaging. Full details of the
acquisitions, task, modeling, and analysis are provided in
Supplemental Methods. All individual analyses were con-
ducted before unblinding took place. A summary is given here.

All MRI data were acquired using a Siemens Tim Trio 3T
scanner (Munich, Germany), with each imaging visit consisting of
two groups of pulsed arterial spin labeling, a high-resolution
structural scan, resting state functional MRI (fMRI), two runs of
the MID task, two runs of the Go/NoGo task, and one run of the
evocative images task (Figure 1). The resting state, Go/NoGo,
evocative images, and structural data will not be explored further
here. Functional imaging was performed with the following
parameters: repetition time, 2000 ms; echo time, 31 ms; image
matrix, 64 3 64; in-plane resolution, 3.516 3 3.516 mm; slice
thickness, 3 mm; and 36 oblique axial slices were collected.

In the MID task, participants could win or lose money
(6£0.50) depending upon how quickly they reacted

to a target stimulus. During each run, 216 volumes were
collected, each containing 18 win, 18 neutral, and 6 loss trials.

An a priori ROI was chosen based on the response
previously obtained in healthy subjects (34). This was made
up of two 5-mm-radius spheres placed bilaterally (at Montreal
Neurological Institute coordinates 614, 12, 24 mm) encom-
passing parts of the putamen, globus pallidus, nucleus
accumbens, and caudate.

Structural and functional processing was carried out using
tools from Analysis of Functional NeuroImages software (35),
FreeSurfer (36), Advanced Normalization Tools (37), and
FMRIB Software Library (38). T1 images were nonlinearly
transformed into a standard space. Echo planar images were
corrected for slice timing effects before undergoing motion
correction, brain extraction, registration to a standard space
via their T1 image, and spatially smoothed. Arterial spin
labeling data were also motion corrected before quantification
of perfusion and the transformation of the resulting perfusion
maps into a standard space.

Task processing and modeling was carried out using E-Prime
(Psychology Software Tools, Inc., Sharpsburg, PA) and FMRIB
Software Library. Estimates of six motion parameters were
included in each model as confounding explanatory variables.
“Anticipation” was modeled as a block beginning at the cue
onset and ending at the trial onset, with “outcome” as an
immediately abutting block beginning at the trial onset and

Figure 1. Study procedures. ASL, arterial spin labeling; A-TLFb, alcohol timeline followback; BrAC, breath alcohol concentration; C-SSRS, Columbia
Suicide Severity Rating Scale; DrlnC-2R, Drinker Inventory of Consequences; D-TLFb, drug timeline followback; ECG, electrocardiogram; GNG, Go/NoGo;
fMRI, functional magnetic resonance imaging; MINI, Mini-International Neuropsychiatric Scale; MID, monetary incentive delay; SADQ, Severity of Alcohol
Dependence Questionnaire.
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The individual results within the 
striatal ROI, expressed as per-
centage signal changes. 
The group mean response is 
represented by the larger black 
circles.

Monetary Incentive Delay
reward anticipation > neutral anticipation
a priori striatal ROI

An overview of the main result showing three representative orthogonal slices through the striatal clusters. The negative Z scores (and 
thus cool colours) indicate that the response to the contrast (reward anticipation > neutral anticipation) was reduced on nalmefene com-
pared with placebo.

Monetary Incentive Delay
reward anticipation > neutral anticipation
nalmefene > placebo

The group mean placebo response. This was the pattern which was expected to be observed for the task, indicating that it was correctly 
modelled. The positive Z scores (and thus warm colours) indicate that the BOLD signal was higher during reward anticipation periods than 
during neutral anticipation periods.

Monetary Incentive Delay
reward anticipation > neutral anticipation
placebo session group mean

The group mean placebo quantitative difference map, masked to show only those regions where a significant (p < 0.05, corrected) differ-
ence was observed between alcohol conditions. The positive changes in cerebral blood flow (CBF) shown here indicate an increase in per-
fusion on alcohol.

ASL, arterial spin labeling; A-TLFb, alcohol timeline followback; BrAC, breath alcohol concentration; C-SSRS, Columbia Suicide Severity Rating Scale; 
DrlnC-2R, Drinker Inventory of Consequences; D-TLFb, drug timeline followback; ECG1

Figure 2. Blood Alcohol Concentration. 

The blood alcohol concentration during the study for each participant and mean (in red). Participants 06, 09, and 17 were not used in the fMRI analysis.1
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Supplementary Figure S2. Blood Alcohol Concentration. The blood alcohol concentration during 

the study for each participant and mean (in red). Participants 06, 09, and 17 were not used in the fMRI 

analysis.
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