
Dysregulated engodenous opioid 
signalling in alcohol dependence

Methods and Results
§ 13 alcohol dependent (ADP) males (mean age 47 ± 6.4 years), abstinent for a

minimum of 4 weeks (median 155 days, range 59-2920 days) and 13 healthy
controls (HV) (mean age 38 ± 8.2 years, <21 UK units/168g of alcohol per
week) were recruited. Participants underwent two [11C]carfentanil PET scans,
before and 3 hours following a 0.5 mg/kg oral dose of dexamphetamine.

§ Dynamic PET imaging was carried out on a Siemens Biograph 6 for 90minutes,
reconstructed into 26 frames (8×15s, 3×60s, 5×120s, 5×300s and 5×600s), and
corrected for motion using rigid-body co-registration to the 16th frame.

BPND modelling
§ [11C]carfentanil binding potential (BPND) values were determined by applying

the simplified reference tissue model, with the occipital cortex as the reference
tissue, to region-of-interest (ROI) time-activity data.

§ ∆BPND was calculated as:

§ All image processing and kinetic analysis was performed using MIAKAT™
(www.miakat.org).

§ ROIs were chosen a priori as those with significant amphetamine-induced
reductions of [11C]carfentanil BPND and importance in addiction (Figures 2&3).
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§ Abstinent alcohol dependent individuals have blunted amphetamine induced β-endorphin release
in eight of nine ROI investigated.

§ This replicates the findings in pathological gamblers and supports the hypothesis that the opioid
system is dysregulated in alcohol dependence.

§ We found no support for the hypothesis that baseline MOR availability is elevated in ADP. This may
be due to the longer duration of abstinence in our ADP sample compared with other studies.

§ 4% of adults in England meet the criteria for alcohol dependence.
§ There is evidence of dysregulation of the endogenous opioid system in alcohol

dependence with increased binding of selective and non-selective opioid
receptor PET radioligands in newly abstinent alcohol dependent individuals [1].

§ Evidence supports the use of the opioid receptor (OR) antagonists, naltrexone
and nalmefene in alcohol dependence. OR antagonists are proposed to reduce
the rewarding effects of alcohol by antagonising opioid function following
alcohol consumption and modulating the mesolimbic dopaminergic pathway.

§ [11C]carfentanil is a selective mu-OR (MOR) agonist radioligand that
can be used to measure endogenous β-endorphin release following a
pharmacological challenge with oral amphetamine [2,3]. Blunted β-
endorphin release and normal baseline MOR availability have been
shown in pathological gamblers [4].

In this study we tested that ADP have:
1. Blunted amphetamine induced β-endorphin release
2. Higher baseline MOR availability.
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Figure 2 – Baseline BPND values comparing ADP and HV (*p=0.041 using independent variable t-test, 
not corrected for multiple comparisons)
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Figure 3 – ∆BPND values comparing ADP and HV (*p<0.05 using independent variable t-test, not 
corrected for multiple comparisons)
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Figure 1 – Single Subject BPND parametric images pre and post amphetamine challenge in ADP and HV 
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Why is understanding opioid signalling 
important in alcohol addiction?

• Alcohol consumption releases endorphins/
endogenous opioids.

• Opioid receptor antagonists are used to treat 
alcohol dependence: Naltrexone and Nalmefene

shown that abstinent alcoholics are significantly more likely than normal
controls to choose a small immediate rewardas opposed to a larger, delayed
reward. This tendency to choose the immediate reward was inversely

correlated with the functional magnetic
resonance imaging (fMRI) BOLD signal
in the left OFC, which was increased fol-
lowing treatment with naltrexone (30).
Together with the current evidence for en-
dogenous opioid release in the OFC after
drinking alcohol, these findings suggest
that by increasing impulsivity and en-
hancing ethanol palatability, endogenous
opioids may modulate OFC activity in a
manner that contributes to increased eth-
anol consumption.

Our evidence that endogenous opioids
acting at the MOR contribute to the re-
warding actions of alcohol directly sup-
ports the clinical value of targeting the
endogenous opioid system for the pre-
vention and treatment of alcoholism.
Furthermore, these data expand our un-
derstanding of the brain region and mech-
anism of action of the nonselective opioid
antagonist naltrexone. Naltrexone is an
effective treatment for alcohol abuse, re-
ducing the number of heavy drinking
days (31), alcohol craving (8), and relapse
to drinking (32). However, unpleasant side
effects, including nausea and dysphoria,
lead to low patient compliance (33). Be-
cause several endogenous ligands act at
theMOR, determination of how andwhere
each of these ligands contributes to ethanol
reward will lead to greater understanding
of excessive alcohol consumption and,
consequently, to improved treatment. By
reverse-engineering naltrexone’s therapeu-
tic actions, it may be possible to parse the
contribution of each opioid ligand at dif-
ferent opioid receptor subtypes and to de-
sign amore clinically efficacious compound.

In summary, following a standardized
drink of alcohol, there is a significant re-
duction in MOR agonist binding in the
OFC. There is also a significant reduction
inMORagonist binding in theNAc,which
is correlated with the change in the OFC
on the left side, suggesting that the two
brain regions interact to increase alcohol
reward and promote consumption. These
data are consistent with previous studies
implicating endogenous opioids and MOR
activation in alcohol reward and suggest
thatMOR activation in theOFC contrib-
utes to ethanol reward processing. Further-
more, our finding that changes in OFC
MOR binding correlate significantly with

problem alcohol use and subjective feelings of well-being after alcohol
consumption in heavy drinkers but not in controls suggests that dys-
function of the OFC contributes to excessive consumption of alcohol.
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Fig. 3. Correlations between MOR binding and measures of problem alcohol use and subjective
reward. (A) Regression analysis showing alcohol-induced change in binding in the left medial OFC
versus change in binding in the left NAc across all subjects. (B) Lack of a correlation between
alcohol-induced change in binding in the right medial OFC versus change in binding in the right
NAc across subjects. (C) Change in binding in the left NAc versus change in SHAS report of feeling
the best ever across subjects. (D) Change in binding in the left medial OFC versus change in SHAS report
of drunk or intoxicated in all subjects. (E) Change in binding in the right medial OFC versus alcohol-
induced change in SHAS report of drunk or intoxicated in all subjects. (F) Change in binding in the
right and left medial OFC versus change in total SHAS score in heavy-drinking subjects. (G) Change in
binding in the right and left lateral OFC versus change in total SHAS score in heavy-drinking subjects.
(H) AUDIT score versus alcohol-induced change in binding in the right and left lateral OFC in heavy-
drinking subjects.
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Increased opioid receptor availability 
in alcohol dependence 

• PET studies have shown increased mu-opioid receptor availability 
in early abstinence - Correlated with higher alcohol craving. 

• Higher opioid receptor availability may be due to lower 
endogenous opioid levels.

subsided by day 5 (mean CIWA score on day 5 = 0.44 + 1.1
SD) when PET scans were conducted. CIWA scores on the
day of the PET scans did not differ between alcohol-dependent
and healthy control groups (Table 1). When controlling for
smoking status, age, and gender, neither peak CIWA across
days 1 to 5 nor prescan CIWA scores predicted [11C]CFN
BPND or [11C]MeNTLBPND.

Secondary Analyses of Family History of Alcoholism

Because family history is a known risk factor for alcohol-
ism, we examined whether family history predicted [11C]CFN
BPND or [11C]MeNTL BPND. We adjusted for age, gender,
smoking status, and group in the analyses comparing FHP
and FHN subjects. FHP subjects (n = 23) did not differ from

FHN subjects (n = 26) in [11C]CFN BPND in any of the VOI
(p > 0.09, Q > 0.8). When stratified by group, alcohol-
dependent FHP subjects (n = 14) did not differ from FHN
subjects (n = 10) in [11C]CFN BPND in any of the VOI (all
p > 0.1, all Q > 0.2). Likewise, healthy control FHP sub-
jects (n = 9) did not differ from FHN subjects (n = 16) in
[11C]CFN BPND in any of the VOI (p > 0. .2, Q = 1.0).
When compared with FHN subjects (n = 19), FHP subjects
(n = 16) had a trend toward lower mean [11C]MeNTL BPND

in the insula (FHN: 0.95 ± 0.04 vs. FHP:1.07 ± 0.04,
p = 0.04, Q = 0.073). Using the observed group means and
standard deviations, we then completed a sample size analysis
to detect an effect with 0.90% power. A sample size of 70 (or
35 in each group) was estimated for p = 0.05 in insula. When
stratified by group, alcohol-dependent FHP subjects (n = 11)
did not differ from FHN subjects (n = 8) in any of the VOI
(p > 0.1, Q = 1.0), and healthy control FHP subjects

A B C

Fig. 2. Mean [11C]CFN BPND images in control (a) and alcohol-dependent subjects (b). Colored legend depicts [11C]CFN BPND from 0 (light blue) to 1.85
(red). Mean magnetic resonance imaging image of all subjects is shown (c). Images are taken at the level of ventral striatum.

Fig. 3. [11C]MeNTL BPND in alcohol-dependent (AD) versus healthy con-
trol (HC) subjects. Bars are the mean ± SEM [11C]MeNTL BPND adjusted
for age, gender, and smoking for cingulate (Cg), amygdala (Am), insula (In),
ventral striatum (vS), putamen (Pu), caudate nucleus (CN), globus pallidus
(GP), and thalamus (Th). There were no significant differences in
[11C]MeNTL BPND between AD and HC subjects in any of the volumes of
interest (VOI) shown.

Table 3. Effects of Smoking Status on Mean [11C]CFN BPND

VOI

Smoker
(N = 29)

Nonsmoker
(N = 26)

p Q(Holm)Mean SEM Mean SEM

Cingulate 0.670 0.025 0.732 0.025 0.099 0.099
Amygdala 1.261 0.063 1.382 0.064 0.204 0.204
Insula 0.781 0.030 0.817 0.031 0.432 0.432
Ventral striatum 1.590 0.065 1.673 0.066 0.396 0.396
Putamen 1.066 0.042 1.169 0.043 0.107 0.107
Caudate 1.206 0.055 1.302 0.056 0.243 0.243
Globus pallidus 1.016 0.056 1.380 0.058 <0.001 <0.001
Thalamus 1.189 0.043 1.243 0.044 0.400 0.400

Data shown are group means and SEM with p-values for smokers
and nonsmokers adjusted for age, gender, and group (alcohol-
dependent vs. control) for each volumes of interest (VOI). Q-values
show adjusted p-values using the step-down Bonferroni-Holm adjust-
ment (Hochberg and Benjamini, 1990) to correct for multiple compari-
sons. Significant VOI with adjusted p < 0.05 are highlighted in bold
type.

PET IMAGING OF OPIOID RECEPTORS IN ALCOHOLICS 2167

Healthy Control Alcohol dependent

Weerts et al.  
Alcohol Clin Exp Res.  

2011; 2162–2173.



may lead to satiety. Learning, on the other hand, happens
throughout the cycle. A neuroscience of reward seeks to map
these components onto necessary and sufficient brain net-
works (see Figure 1).
To study pleasure comprehensively, good human neuroimag-

ing studies are needed to explore correlative encoding of
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Figure 1. Causal Hedonic Hot Spots and
Cold Spots in the Brain
(A) Top shows positive hedonic orofacial expres-
sions (‘‘liking’’) elicited by sucrose taste in rat,
orangutan, and newborn human infant. Negative
aversive (‘‘disgust’’) reactions are elicited by bitter
taste.
(B) Middle shows sagittal view of hedonic hot
spots in rat brain containing the NAc, VP, and
prefrontal cortex. Hot spots (red) depict sites
where opioid stimulation enhances ‘‘liking’’ re-
actions elicited by sucrose taste. Cold spots
(blue) show sites where the same opioid stimu-
lation oppositely suppresses ‘‘liking’’ reactions to
sucrose.
(C) NAc blow-up of the medial shell shows effects
of opioid microinjections in the NAc hot spot
and cold spot (red/orange dots in hot spot = >
200% increases in ‘‘liking’’ reactions and blue
dots in cold spot = 50% reductions in ‘‘liking’’
reactions to sucrose). Panels show separate he-
donic effects of mu opioid, delta opioid, and
kappa opioid stimulation via microinjections in the
NAc shell on sweetness ‘‘liking’’ reactions. Bot-
tom row shows effects of mu, delta, or kappa
agonist microinjections on establishment of a
learned place preference (i.e., red/orange dots in
hot spot) or place avoidance (blue dots). Sur-
prisingly similar patterns of anterior hedonic hot
spots and posterior suppressive cold spots are
seen for all three major types of opioid receptor
stimulation. Modified from Castro and Berridge
(2014).
(D) Bottom row shows effects of mu, delta, or
kappa agonist microinjections in NAc medial shell
on establishment of a learned place preference
(i.e., red/orange dots in hot spot) or place avoid-
ance (blue dots). Surprisingly similar patterns of
anterior hedonic hot spots and posterior sup-
pressive cold spots are seen for all three major
types of opioid receptor stimulation. Modified
from Castro and Berridge (2014).

pleasant experiences and good animal
studies are needed to explore causation
of underlying hedonic reactions. This
two-pronged approach exploits a funda-
mental duality in hedonic processes,
related to the objective versus subjective
faces of pleasure (Damasio and Carvalho,
2013; Kringelbach and Berridge, 2010;
Schooler and Mauss, 2010; Winkielman
et al., 2005). Pleasure is sometimes
assumed to be a purely subjective feeling.
But pleasure also has objective features in
the form of measurable hedonic reac-
tions, both neural and behavioral, to va-
lenced events. In this review, we denote
objective hedonic reactions as ‘‘liking’’

reactions (with quotes) to distinguish them from the subjective
experience of liking (in the ordinary sense, without quotes).
Objective hedonic reactions can be measured in both human
and animal neuroscience studies, which together allow some
comparisons across species and can lead to a more complete
causal picture of how brain systems mediate hedonic impact.

Neuron 86, May 6, 2015 ª2015 Elsevier Inc. 647

Neuron

Review
Opioidergic signalling and reward

• The endogenous opioid system plays an important role in 
rewarding behaviours i.e. “endorphin rush” from exercise.  

• Mu Opioid receptors are important in reward. 

• Mu Opioid receptor agonism in reward  
hotspots in the nucleus accumbens  
(NAcc) and ventral pallidum cause  
an increase in “liking”

may lead to satiety. Learning, on the other hand, happens
throughout the cycle. A neuroscience of reward seeks to map
these components onto necessary and sufficient brain net-
works (see Figure 1).
To study pleasure comprehensively, good human neuroimag-

ing studies are needed to explore correlative encoding of
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Figure 1. Causal Hedonic Hot Spots and
Cold Spots in the Brain
(A) Top shows positive hedonic orofacial expres-
sions (‘‘liking’’) elicited by sucrose taste in rat,
orangutan, and newborn human infant. Negative
aversive (‘‘disgust’’) reactions are elicited by bitter
taste.
(B) Middle shows sagittal view of hedonic hot
spots in rat brain containing the NAc, VP, and
prefrontal cortex. Hot spots (red) depict sites
where opioid stimulation enhances ‘‘liking’’ re-
actions elicited by sucrose taste. Cold spots
(blue) show sites where the same opioid stimu-
lation oppositely suppresses ‘‘liking’’ reactions to
sucrose.
(C) NAc blow-up of the medial shell shows effects
of opioid microinjections in the NAc hot spot
and cold spot (red/orange dots in hot spot = >
200% increases in ‘‘liking’’ reactions and blue
dots in cold spot = 50% reductions in ‘‘liking’’
reactions to sucrose). Panels show separate he-
donic effects of mu opioid, delta opioid, and
kappa opioid stimulation via microinjections in the
NAc shell on sweetness ‘‘liking’’ reactions. Bot-
tom row shows effects of mu, delta, or kappa
agonist microinjections on establishment of a
learned place preference (i.e., red/orange dots in
hot spot) or place avoidance (blue dots). Sur-
prisingly similar patterns of anterior hedonic hot
spots and posterior suppressive cold spots are
seen for all three major types of opioid receptor
stimulation. Modified from Castro and Berridge
(2014).
(D) Bottom row shows effects of mu, delta, or
kappa agonist microinjections in NAc medial shell
on establishment of a learned place preference
(i.e., red/orange dots in hot spot) or place avoid-
ance (blue dots). Surprisingly similar patterns of
anterior hedonic hot spots and posterior sup-
pressive cold spots are seen for all three major
types of opioid receptor stimulation. Modified
from Castro and Berridge (2014).

pleasant experiences and good animal
studies are needed to explore causation
of underlying hedonic reactions. This
two-pronged approach exploits a funda-
mental duality in hedonic processes,
related to the objective versus subjective
faces of pleasure (Damasio and Carvalho,
2013; Kringelbach and Berridge, 2010;
Schooler and Mauss, 2010; Winkielman
et al., 2005). Pleasure is sometimes
assumed to be a purely subjective feeling.
But pleasure also has objective features in
the form of measurable hedonic reac-
tions, both neural and behavioral, to va-
lenced events. In this review, we denote
objective hedonic reactions as ‘‘liking’’

reactions (with quotes) to distinguish them from the subjective
experience of liking (in the ordinary sense, without quotes).
Objective hedonic reactions can be measured in both human
and animal neuroscience studies, which together allow some
comparisons across species and can lead to a more complete
causal picture of how brain systems mediate hedonic impact.

Neuron 86, May 6, 2015 ª2015 Elsevier Inc. 647
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NAC 

Opioids modulate mesolimbic 
dopamine signalling

• Reward 
• Salience 
• Motivation



• fMRI studies show blunted nucleus accumbens (NAcc) responses 
during anticipation of a financial reward using the Monetary 
Incentive Delay (MID) task

“Reward deficiency” in alcohol 
dependence

Wrase et al. NeuroImage  
2007; 787–794

Beck et al. Biol Psychiatry  
2009; 734 –742

As expected, groups differed significantly in years of educa-
tion (t ! 4.49, p ! .002) and socioeconomic status (t ! 4.54, p "
.001), as well as in IQ estimates (t ! 4.89, p " .001). Alcoholics
smoked significantly more cigarettes per day than healthy control
subject (t ! #5.39, p " .001) (Table 1).

Neural Activity During Anticipation of Potential Monetary
Gain and Loss

During anticipation of monetary gain (contrast: gain $ neutral
cues), healthy control subjects showed a significant activation in
the bilateral ventral striatum, right caudate tail extending into
bilateral thalamus, and right insula. Alcoholics also displayed a
significant activation of bilateral ventral striatum, as well as of
right lateral globus pallidus, bilateral middle frontal gyrus (Brod-
mann area [BA] 10), right thalamus, and left superior temporal
gyrus (BA 38) (Table 1 in Supplement 1).

Comparing alcoholics directly with healthy control subjects, a
two-sample t test revealed significantly reduced activation in
right ventral striatum (x ! 12, y ! 15, z ! #6; t ! 2.43, p " .05
FWE-corrected for ventral striatal VOI) during anticipation of
gain versus neutral outcomes (Figure 3). Outside of the ventral
striatum, alcoholics did not show any significantly different brain
activation compared with healthy control subjects.

In healthy control subjects, anticipation of potential monetary
loss (contrast: loss $ neutral cues) was accompanied by signifi-
cant activation of bilateral ventral striatum, left medial dorsal
thalamus, bilateral putamen, bilateral parahippocampal gyrus
(BA 28 and 34), right middle occipital gyrus (BA 19), right
claustrum, left posterior cingulate (BA 30), right superior tempo-
ral gyrus (BA 22), and right cuneus (BA 18). Alcoholics also
showed activations of bilateral ventral striatum, right middle

frontal gyrus (BA 8), and right inferior frontal gyrus (BA 46)
(Table 2 in Supplement 1).

Alcoholics displayed a trendwise reduction of activation
compared with control subjects in right ventral striatum (x ! 15,
y ! 12, z ! #3; t ! 2.27, p ! .07 FWE-corrected for ventral
striatal VOI). Again, outside of the ventral striatum, alcoholics did
not show any significantly different brain activation compared
with healthy control subjects (Figure 3).

Correlation Analyses Between Impulsivity and Anticipation
We correlated the differences in activation during 1) anticipa-

tion of monetary gain versus neutral outcomes and 2) anticipa-
tion of monetary loss versus neutral outcomes with the total
score of the Barratt Impulsiveness Scale in all alcohol-dependent
patients and healthy control subjects. During gain anticipation,
there was a significant association between impulsiveness and
brain activation in right ventral striatum (x ! 15, y ! 9, z ! 3;
F ! 23.35, p " .001 uncorrected) and left anterior cingulate
cortex (ACC) (x ! 0, y ! 33, z ! #3; F ! 21.80, p " .001
uncorrected). Post hoc group-specific SPM analyses revealed
significant negative correlations in right ventral striatum (x ! 12,
y ! 9, z ! 3; t ! 3.83, p " .05 FWE-corrected for main effect) and
ACC (x ! 0, y ! 33, z ! #3; t ! 3.53, p " .05 FWE-corrected for
main effect) (Figure 4). To test if the correlation finding was
specific for alcoholics compared with control subjects, the inter-
action between BIS-10 total score and group was tested in SPM
and revealed a group difference in ventral striatum (x ! 9, y !
15, z ! #6; t ! 2.36, p ! .059 FWE-corrected for ventral striatum
VOI).

During anticipation of loss, there was a significant negative
association between impulsivity and brain activation in left

Figure 3. No increase in ventral striatal activation during gain anticipation in alcohol-dependent patients compared with healthy control subjects. (A) Box
plots with parameter estimates for the BOLD response during anticipation of loss (l), neutral (n), and gain (g) in healthy control subjects (red) and
alcohol-dependent patients (blue). (B) Top: Result of group comparison for the contrast “gain cues # neutral cues” with the outline of the ventral striatal VOI
used for FWE corrections (drawn in green); displayed at MNI coordinate y ! 15; right side ! right hemisphere; plus sagittal view displayed at MNI coordinate
x ! 0. Bottom: Box plots of differences in parameter estimates for the BOLD response during anticipation of gain # neutral within the peak voxel of the VOI.
(C) Top: Result of group comparison for the contrast “loss cues # neutral cues” with the outline of the ventral striatal VOI used for FWE corrections (drawn in
green); displayed at MNI coordinate y ! 15; right side ! right hemisphere; plus sagittal view displayed at MNI coordinate x ! 0. Bottom: Box plots of
differences in parameter estimates for the BOLD response during anticipation of loss # neutral within the peak voxel of the VOI. A, anterior; a.u., arbitrary units;
BOLD, blood oxygenation level-dependent; FWE, familywise error; L, left; MID, monetary incentive delay; MNI, Montreal Neurological Institute; P, posterior;
R, right; VOI, volume of interest.
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As expected, groups differed significantly in years of educa-
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between craving and the activation in the left ventral striatum
(z=2.79, p=0.0026 and z=3.25, p=0.00058, respectively).

Anticipation of loss

When healthy control subjects anticipated potential monetary
loss, they also showed significant activation of the bilateral ventral
striatum, including the nucleus accumbens. Exploratory analysis
additionally revealed activation in the left lateral globus pallidus
(Table 3). In detoxified alcoholics, no significant activation was
found in the ventral striatum during anticipation of potential loss.
Instead, alcoholics activated the left lateral orbital frontal cortex,
and left thalamus (Table 3).

When controls were directly compared with detoxified alco-
holics, they showed a significantly stronger activation in the left
ventral striatum during loss anticipation (Fig. 2). Compared with
healthy controls, alcoholics displayed a stronger activation in the
left middle frontal gyrus (Table 3).

Comparison of gain versus loss anticipation in alcoholics and
controls

Even though we observed significant activation in the ventral
striatum during both gain and loss anticipation in healthy control

subjects, the increase was much stronger during gain compared to
loss anticipation (left: t=5.06, p=0.002; (x y z)= (−12 12 −4)).
However, there was no significant difference between anticipated
gain and loss in alcoholics.

Alcohol cues compared to neutral control cues

Pictures of alcohol-associated versus neutral cues elicited
significant activation in alcoholics in the right ventral striatum,
but not in healthy control subjects (Table 4). In the exploratory
analysis alcoholics showed also activation in the thalamus, middle
occipital gyrus, posterior cingulate and middle and superior
temporal gyrus (Table 4). In the direct comparison between
alcohol dependent patients and healthy controls, alcoholics
exposed a stronger activation in the thalamus, precuneus and
middle temporal and occipital gyrus. The ventral striatum was only
observable as a trend (t=3.20, p=0.102; (x y z)= (−20 4 0);
t=3.14, p=0.083; (x y z)= (16 0 0)).

The severity of alcohol craving correlated significantly and
positively only with the activation elicited by alcohol versus
neutral pictures in the right ventral striatum (t=4.50, p=0.016;
(x y z)= (20 4 −4)) in alcohol dependent subjects. Higher craving
was associated with a stronger activation. This association was not
observed in healthy volunteers.

Fig. 2. Brain activation in the ventral striatum elicited by visual stimuli that indicate potential gain versus no outcome (left) or potential loss versus no outcome
(right).

Fig. 3. Negative correlation between the severity of alcohol craving measured with the Obsessive–Compulsive Drinking Scale and brain activation in the ventral
striatum elicited by the contrast anticipation of monetary gain versus no outcome.
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1. To investigate whether longer-term abstinent 
alcohol dependent individuals have: 

• Higher mu-opioid receptor (MOR) availability  

• Blunted endogenous opioid release 

2. To investigate if there is an association between 
financial reward anticipation responses and MOR 
availability

Aims:



PET and fMRI brain imaging: 
Opioid signalling and reward responses 

1. [11C]carfentanil PET - selective for mu-opioid receptor agonist 

2. MID task fMRI - monetary reward anticipation responses

 234 

Figure 5.22. – Positive correlations 

between putamen [11C]carfentanil BPND 

and MID win>neutral anticipation 

BOLD contrast in 13 healthy controls: 

Significant results from FSL FLAME 

model (cluster corrected z>2.3) with 

OPRM1 genotype (A:A or G:G/G:A) as a 

covariate (4 clusters: 3660, 2784, 1174 

and 516 voxels – including bilateral 

ventral striatum/NAcc, occipital cortex, 

cerebellum and thalamus, left insula 

and putamen). 

 

 

 

 

 

 

Given the appearance of a positive correlation between putamen [11C]carfentanil BPND and 

MID win>neutral anticipation BOLD contrast in healthy controls when OPRM1 genotype is 

included as a covariate, a further exploratory FSL FLAME analysis was carried out to examine 

if there was a significant interaction between putamen [11C]carfentanil BPND and OPRM1 

genotype. This FLAME analysis showed a significant interaction between the effects of 

putamen [11C]carfentanil BPND and OPRM1 genotype on MID win>neutral anticipation BOLD 

contrast at z>2.3 (Figure 5.23.), but this result was not significant at z>3.1. 
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Visit 1: 
MRI

WIN!

LOSE!

NEUTRAL

90min MRI with ICCAM MID task

Visit 2: 
[11C]carfentanil PET

90min 
[11C]carfentanil PET

90min 
[11C]carfentanil PET

0.5mg/kg oral 
dexamphetamine

3hrs pre-scan 2

fMRI and PET Scanning Protocol 
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• No changes in baseline mu-opioid receptor 
availability in our alcohol dependent participants: 

-  This may be due to longer periods of abstinence? 

• Evidence of blunted endogenous opioid release in 
alcohol dependence: 

-  Dexamphetamine is a non-salient reward in AD?

Discussion:



Measuring reward anticipation with the 
Monetary Incentive Delay (MID) Task

Hit!
You have £5.50.

Win Lose Neutral

Trial	Types

CUE
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TARGET
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FIXATION
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&
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DISCUSSION

This study set out to examine fronto-striatal activation
during reward anticipation and instrumental responding
in long-term abstinent alcoholic and alcoholic
polysubstance-dependent individuals in order to evaluate
the acute modulating effects of MOR blockade on these
processes. The study showed that the alcoholplus group
exhibited slower and less accurate instrumental
responding across MID conditions compared to both the
alcoholminus and control groups during the placebo ses-
sion, an effect that was less evident after naltrexone but
with no absolute improvement in speed and accuracy of
responding as a result of drug treatment. The study addi-
tionally showed, however, that while there were no ef-
fects on the RMV for rewards, there were disturbances
within fronto-striatal regions during reward anticipation
and ‘missed’ rewards in both substance dependent groups
that were not reliably remediated by acute naltrexone
treatment.

The observed slower and less accurate responding of
the alcoholplus group may suggest a low degree of motiva-
tion during the sustained cognitive demands of general
instrumental effort. Using a behavioural motivational in-
dex that specifically reflects a higher relative value for re-
ward incentives during instrumental responding,
however, we observed no difference between groups or
any effects of naltrexone. The apparent remediation pro-
duced by acute naltrexone in the alcoholplus group seems
most likely to be a consequence of changes in response to
naltrexone in the comparison groups as there was little
evidence of absolute improvements in behavioural func-
tioning produced by naltrexone in the alcoholplus group.

Reduced BOLD activation changes in the alcoholplus
group

Under conditions of reward anticipation, the alcoholplus
group exhibited significantly lower activation change in
the OFC compared with that of the control group across

a)

b)

Figure 3 Three (Group: alcoholminus versus alcoholplus versus control) by two (Drug: placebo versus naltrexone) repeated measures ANOVA
on the mean BOLD signal change scores within the group ANOVA zF-statistic clusters for the win anticipation> neutral anticipation contrast.
Results showed that the control group had significantly greater activation change in a) the left caudate/NAcc compared to both the alcoholminus

(*p< 0.05) and alcoholplus (**p< 0.01) groups and in b) the right caudate/NAcc compared to both the alcoholminus (*p< 0.05) and alcoholplus
(**p< 0.01) groups. Data are expressed as means ± SEM. Co-ordinates are represented in Montreal Neurological Institute (MNI) space. NAcc:
nucleus accumbens
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Discussion:  
No endogenous opioid release during the MID 

task?

Nestor et al.  
Addict Biol 2017;1576-1589. 

• Blunted reward in MID task may be more directly 
associated with dysregulated dopaminergic 
signalling



As reported previously in controls (30), the median time to
maximum observed concentration (tmax) was 2 hours postdose
for both analytes, and plasma concentrations declined in an
apparent biphasic manner.

DISCUSSION

We report here for the first time that nalmefene reduces the
BOLD response in a striatal ROI during anticipation of a
monetary reward in currently drinking, non–treatment-seeking,
alcohol-dependent participants receiving an alcohol infusion.
In addition, whole-brain analysis revealed that nalmefene
significantly blunted BOLD responses in the dorsal striatum
bilaterally and midbrain/cerebellum during anticipation of
monetary reward. Brain responses during anticipation of
reward are proposed to reflect recruitment of mesolimbic
dopaminergic circuits because money is a salient reward
(39,40). Our observed blunting by nalmefene of brain
responses to anticipation of a monetary reward is therefore
consistent with the underlying mechanism of opiate antago-
nists involving modulation of the dopaminergic mesolimbic
pathway involved in reward and motivation. Although a sig-
nificant effect was observed in the striatal ROI analysis, it is
notable that in the whole-brain analysis, greater blunting was
seen in the dorsal striatum. This may reflect a ventral to dorsal
striatal shift as dependence develops and habitual and
compulsive behaviors overtake those of reward (41–44).

Some studies have demonstrated blunted responses to
anticipation of reward using the MID task in recently detoxified
alcohol-dependent individuals (45,46), while others have not
(47,48). In addition, blunted reward responses have been
reported in healthy individuals with a family history of alcohol-
ism (49) and in abstinent alcoholics (47,48), though not
consistently in the latter group. We have recently shown a
blunted response to anticipation of reward in abstinent
alcohol-dependent individuals in brain areas including the

ventral striatum, insula, and orbitofrontal cortex, but naltrex-
one did not modify this response, most likely because of their
longer duration of abstinence (50). In contrast to blunted
responses to reward anticipation in the MID task, enhanced
responses to salient alcohol cues have been reported in
alcohol-dependent patients in a range of brain areas impli-
cated in reward and incentive salience (45,51). Notably,
naltrexone has been shown to blunt alcohol cue–induced
brain responses in alcohol-dependent patients (23). Together
these studies and our data show that nalmefene blunted the
reward anticipation signal in the presence of alcohol and
provide evidence to support the proposition that opioid
receptor antagonism may reduce alcohol consumption by
reducing mesolimbic activity (52,53).

While nalmefene and naltrexone are both antagonists at the
μ receptor with similar affinity, nalmefene has greater affinity
for κ opioid receptor compared with naltrexone (54,55) and
appears to be a partial agonist at this receptor (55). A key
proposed underpinning mechanism of naltrexone and nalme-
fene’s clinical effectiveness is via modulating μ opioid receptor
function in the ventral tegmental area and ventral striatum
(10–14). Thus, both of these medications would block the
effect of alcohol-induced opioid peptide release activating the
mesolimbic system (15). They would also antagonize the
reported higher μ opioid receptor levels in early abstinence
from alcohol dependence (15,17), which would result in
greater gamma-aminobutyric acidergic inhibition and reduced
mesolimbic dopaminergic function.

The κ receptor/dynorphin system is also involved in mod-
ulating the mesolimbic system (56). In the context of the
opponent-process theory (57), activation of the μ opioid
system is proposed to underpin the “positive” and κ recep-
tor/dynorphin system the “negative” component, such as
dysphoria, which drives drug-seeking behavior and consump-
tion (58,59). Thus, in preclinical models of alcohol depend-
ence, antagonism of the increased κ receptor function is

Figure 3. Functional magnetic resonance imaging whole-brain results. An overview of the result of the monetary incentive delay functional magnetic
resonance imaging task showing three representative orthogonal slices through the striatal clusters. The negative Z scores (and thus cool colors) indicate that
the response to the contrast (reward anticipation . neutral anticipation) was reduced on nalmefene compared with placebo (thresholded at Z . 2.3, p , .05
[cluster corrected]). Grayed out areas were outside of common coverage. The results of the monetary incentive delay drug contrast indicate that the response
to the task (reward anticipation . neutral anticipation) was reduced on nalmefene compared with placebo (thresholded at Z . 2.3, p , .05 [cluster corrected]).
L, left; R, right.

Reduction in Reward Anticipation With Nalmefene

Biological Psychiatry ], 2017; ]:]]]–]]] www.sobp.org/journal 5

Biological
Psychiatry

Quelch et al. Biol Psychiatry  
2017;941-948

Discussion:  
Nalmefene lowers financial reward responses 

during alcohol transfusion



• This may indicate salient alcohol cues induce 
endogenous opioid release

Discussion:  
Salient alcohol cue responses in early abstinence 

are attenuated by naltrexone

(F(1, 108)= 8.06, p= 0.005), but not in any other group
(Figure 6). For left VS, the interaction between abstinence
and medication was significant (F(1, 108)= 4.92, p= 0.029),
such that abstainers who received NTX, relative to placebo,
had less activation at both scans, whereas the opposite was
true for non-abstainers. The interaction between abstinence,
medication, and time was in the same direction as for right
VS, but was not significant (F(1, 108)= 1.32, p= 0.25).
Genotype did not significantly moderate any of these
interactions for either right or left VS.

Prediction of drinking outcomes from medication and
reduction in VS activation. For right VS, the interaction
between medication and reduction in VS activation (between
baseline and week 2) on subsequent drinking was significant
(F(1, 109.71)= 4.99, p= 0.028), such that, among subjects
with greater reduction in activation, those who received
NTX, relative to placebo, had fewer subsequent heavy-
drinking days. The simple effect of medication was
significant in the group with greater reduction, but not in
the group with less reduction, across all blocks (F(1,
109.75)= 8.06, p= 0.005) (Figure 7). As between-scan
abstinence moderated the effects of NTX on right VS
activation, percent days abstinent between scans was added
as a covariate; it accounted for a large amount of variance in
subsequent drinking (F(1, 108.26)= 80.93, p= 8.73× 10− 15),
but the interaction between medication and reduction in
right VS activation remained significant (F(1, 105.75)= 5.02,
p= 0.027). For left VS, the interaction between medication
and reduction in VS activation on subsequent drinking was
not significant. When genotype was added to the models, the
interaction between genotype and time was significant or

approached significance, consistent with the results of the
drinking outcomes model discussed above, but genotype did
not significantly moderate the interactions between medica-
tion and reduction in VS activation on subsequent drinking.

DISCUSSION

Taken together, these data indicate several potential
predictors of NTX response among treatment-seeking
individuals with AUDs. Replicating previous findings, NTX
reduced heavy drinking and alcohol cue-elicited VS activa-
tion. Further, as hypothesized, early abstinence moderated
the effects of NTX on VS activation, and smoking and the
magnitude of reduction in VS activation predicted reduced
heavy drinking in the NTX group. However, OPRM1 A118G
genotype did not moderate the effects of NTX on either the
drinking or imaging outcomes.
With respect to the drinking outcomes, although there was

a significant medication effect in the intent-to-treat analysis,
the interaction with genotype was not significant over the full
course of the study. In a sensitivity analysis among the most
adherent subjects, the genotype by medication interaction
was also not significant. Although small cell sizes for this
analysis limit interpretation, there was nevertheless a large
effect size for NTX only among G-allele carriers. Further,
independent of medication, G-allele carriers’ drinking
significantly increased over the course of the study relative
to A-allele homozygotes. This difference was greatest at the
end of the study, a time at which NTX showed some
modification of drinking among G-allele carriers. Once
medication was stopped, G-allele carriers who had received
NTX had an increased trajectory to heavier drinking, unlike

Figure 5 Insets: regions of interest for right and left ventral striatum (VS). Main figure: alcohol cue-elicited activation in right (a) and left (b) VS at baseline and
week 2 in each medication group. Naltrexone (NTX), relative to placebo, significantly reduced right VS activation between baseline and week 2. There was a
significant main effect of A118G genotype on right VS activation at baseline, but genotype did not significantly moderate the effects of NTX on right (c) or left
(d) VS activation. Figures are estimated marginal means± SE’s. *po0.05 for an interaction between medication and time, and a simple effect of time within the
NTX group.
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Conclusion:  
Two potential mechanisms for opioid receptor 

antagonists?

NAC 

may lead to satiety. Learning, on the other hand, happens
throughout the cycle. A neuroscience of reward seeks to map
these components onto necessary and sufficient brain net-
works (see Figure 1).
To study pleasure comprehensively, good human neuroimag-

ing studies are needed to explore correlative encoding of
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Figure 1. Causal Hedonic Hot Spots and
Cold Spots in the Brain
(A) Top shows positive hedonic orofacial expres-
sions (‘‘liking’’) elicited by sucrose taste in rat,
orangutan, and newborn human infant. Negative
aversive (‘‘disgust’’) reactions are elicited by bitter
taste.
(B) Middle shows sagittal view of hedonic hot
spots in rat brain containing the NAc, VP, and
prefrontal cortex. Hot spots (red) depict sites
where opioid stimulation enhances ‘‘liking’’ re-
actions elicited by sucrose taste. Cold spots
(blue) show sites where the same opioid stimu-
lation oppositely suppresses ‘‘liking’’ reactions to
sucrose.
(C) NAc blow-up of the medial shell shows effects
of opioid microinjections in the NAc hot spot
and cold spot (red/orange dots in hot spot = >
200% increases in ‘‘liking’’ reactions and blue
dots in cold spot = 50% reductions in ‘‘liking’’
reactions to sucrose). Panels show separate he-
donic effects of mu opioid, delta opioid, and
kappa opioid stimulation via microinjections in the
NAc shell on sweetness ‘‘liking’’ reactions. Bot-
tom row shows effects of mu, delta, or kappa
agonist microinjections on establishment of a
learned place preference (i.e., red/orange dots in
hot spot) or place avoidance (blue dots). Sur-
prisingly similar patterns of anterior hedonic hot
spots and posterior suppressive cold spots are
seen for all three major types of opioid receptor
stimulation. Modified from Castro and Berridge
(2014).
(D) Bottom row shows effects of mu, delta, or
kappa agonist microinjections in NAc medial shell
on establishment of a learned place preference
(i.e., red/orange dots in hot spot) or place avoid-
ance (blue dots). Surprisingly similar patterns of
anterior hedonic hot spots and posterior sup-
pressive cold spots are seen for all three major
types of opioid receptor stimulation. Modified
from Castro and Berridge (2014).

pleasant experiences and good animal
studies are needed to explore causation
of underlying hedonic reactions. This
two-pronged approach exploits a funda-
mental duality in hedonic processes,
related to the objective versus subjective
faces of pleasure (Damasio and Carvalho,
2013; Kringelbach and Berridge, 2010;
Schooler and Mauss, 2010; Winkielman
et al., 2005). Pleasure is sometimes
assumed to be a purely subjective feeling.
But pleasure also has objective features in
the form of measurable hedonic reac-
tions, both neural and behavioral, to va-
lenced events. In this review, we denote
objective hedonic reactions as ‘‘liking’’

reactions (with quotes) to distinguish them from the subjective
experience of liking (in the ordinary sense, without quotes).
Objective hedonic reactions can be measured in both human
and animal neuroscience studies, which together allow some
comparisons across species and can lead to a more complete
causal picture of how brain systems mediate hedonic impact.
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studies are needed to explore causation
of underlying hedonic reactions. This
two-pronged approach exploits a funda-
mental duality in hedonic processes,
related to the objective versus subjective
faces of pleasure (Damasio and Carvalho,
2013; Kringelbach and Berridge, 2010;
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et al., 2005). Pleasure is sometimes
assumed to be a purely subjective feeling.
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