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  Introduction 
 Alcohol abuse is a common problem with major neurological and 
socioeconomic consequences. Impulsivity, a risk factor for alcohol 
abuse, is enhanced in individuals with the Val158 variant of the 
dopamine-degrading enzyme, catechol-O-methyltransferase 
(COMT). 1–3  Th is variant of COMT encodes an enzyme with 
elevated activity and, consequently, lower dopamine levels in 
the frontal cortex. 4  We recently demonstrated that impulsivity 
can be reduced by inhibition of COMT using the brain penetrant 
enzyme inhibitor, tolcapone, which should increase frontal cortex 
dopamine levels. 5  

 A relationship between impulsivity and fMRI BOLD activity 
in the OFC during decision making has been demonstrated in 
alcoholics, such that those most willing to wait for a delayed 
reward have greater OFC activity than those that act impulsively. 1  
Additionally, the COMT Val158Met genotype predicts 
activity in the prefrontal cortex (PFC) during performance 
of this decision making task; Val/Val homozygotes are both 
more impulsive and have greater dorsal PFC activity during 
task performance than either heterozygotes or Met/Met 
homozygotes. 

 The COMT Val158Met genotype affects opioid systems 
in the human brain, with Val/Val homozygotes displaying less 
mu opioid receptor expression, but greater Met-enkephalin 
expression, in several brain regions, including the nucleus 
accumbens (NAc). 6,7  Additionally, the ability to wait for delayed 
rewards is accompanied by increased BOLD activity in the 
OFC and insula 5  and decreased opioid binding in the NAc, 8  
and both ability to wait and BOLD activity in the OFC are 
enhanced by opioid blockade. 9  A tendency to choose impulsively 
is also associated with increased BOLD signal in the NAc. 10,11  
Furthermore, animal studies suggest that an opioid action within 
the ventral striatum can profoundly infl uence impulsive choice. 
For example, lesions of the NAc produce impulsivity in rodents, 12  
while opioid release in the NAc contributes to reward value 13  
and systemic opioid administration promotes impulsive choice. 14  
Together these fi ndings raise the possibility that the diff erences 
in impulsivity that correlate with the COMT Val158Met 
genotype may be mediated through opioid release in PFC and/or 
NAc. 

 Here, we assessed endogenous opioid release by imaging mu 
opioid receptors with [ 11 C] carfentanil before and aft er a drink of 
alcohol. We then correlated these changes with COMT genotype 
to determine if genetic variation regulates endogenous opioid 
release in brain regions implicated in intertemporal choice.  

  Materials and Methods 

  Subjects 
 Heavy social drinkers ( n  = 13) and matched healthy control 
subjects ( n  = 12) were recruited online as previously described. 15  
In brief, heavy drinking subjects consumed 10–16 drinks/week 
(women) or 14–20 drinks/week (men). Control subjects all 
consumed less than fi ve drinks per week (women) or seven drinks 
per week (men). Subjects were required to fast for 4 hours and 
remain abstinent from alcohol for 3 days prior to scanning. Th e 
alcohol use disorders identifi cation test (AUDIT) was used to 
assess hazardous drinking and the Barratt impulsivity scale (BIS) 
was used to quantify impulsivity. All participants gave written, 
informed consent and were paid for their participation.  

  Image acquisition 
 Th e mu opioid receptor selective agonist [ 11 C] carfentanil was 
synthesized with  11 CH 3 I at the Biomedical Isotope Facility, 
Lawrence Berkeley National Laboratory, as previously described. 15  
Dynamic PET data were collected for 90 minutes with a Siemens-
CTI ECAT EXACT (model 921) 47-section scanner in 3D 
acquisition mode. An intravenous catheter was inserted for tracer 
injection and was kept in place for the duration of the experiment. 
Each scan entailed the injection of 10–15 mCi of high specifi c 
activity (average = 10577.38 Ci/mMole) radiotracer. 

 Aft er the fi rst scan (prealcohol), subjects were removed from 
the scanner, given 5 minutes to consume a standardized drink of 
alcohol, and were then immediately repositioned in the scanner 
for a second imaging sequence identical to the fi rst. 15  Temporal 
spacing of six radiotracer half-lives between scans assured lack 
of contamination of the second scan (postalcohol) by the fi rst. 
Due to the time required for alcohol to be fully metabolized, 
scans could not be randomized. Data were reconstructed using 
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an ordered subset expectation maximization (OSEM) algorithm 
with weighted attenuation, an image size of 256 × 256, and 6 
iterations with 16 subsets. A Gaussian fi lter with 6-mm full width 
at half maximum was applied, with a scatter correction. Images 
were evaluated for patient motion and adequacy of statistical 
counts. To improve spatial localization of PET data, MRI images 
were collected for anatomical reference.  

  Data analysis 
 A Region of Interest (ROI) approach combined automated and 
manually defi ned ROIs, as previously described. 15  In brief, PET 
data were preprocessed using SPM8 soft ware. For each time point, 
frames corresponding to the fi rst 20 minutes of CFN acquisition 
were realigned, averaged, and used to coregister to MRI data. Th e 
medial OFC ROI was derived using FreeSurfer ( http://surfer.
nmr.mgh.harvard.edu ). NAc ROIs were hand drawn in native 
space following a previously described technique. 16  Medial OFC 
(mOFC) and NAc ROIs were resliced into PET space and average 
binding potential values were created for use in subsequent 
analyses by employing a Logan graphical analysis approach 17  and 
endogenous opioid release was defi ned as the diff erence between 
the prealcohol and postalcohol binding potentials. Regression 
analysis (with genotype as the independent variable) and  t -tests 
were conducted using both Microsoft  Excel 2004 and Matlab 2008.   

  Results 
 Th e COMT Val158 allele showed a signifi cant positive correlation 
with endogenous opioid release following alcohol consumption 
in the right NAc ( r  = 0.45,  p  = 0.02,  n  = 25;  Figure    1   A ) and a 
signifi cant negative correlation in both the left  mOFC ( r  = 0.44, 
 p  = 0.03,  n  = 25;  Figure    1   B ) and right mOFC ( r  = 0.48,  p  = 0.02, 
 n  = 25;  Figure    1   C ), brain regions that contribute to the rewarding 
eff ects of alcohol. 15  Specifi cally, Val/Val subjects displayed greater 
opioid release in the right NAc ( t  = 3.25,  p  = 0.009) and less opioid 
release in both left  ( t  = 2.34,  p  = 0.041) and right ( t  = 2.60,  p  = 
0.027) medial OFC following alcohol consumption compared to 
Met/Met homozygotes. Th is pattern was independent of drinking 
history, as no correlation was found between COMT Val158 
genotype and reported level of alcohol consumption. Additionally, 
although we found a signifi cant positive correlation between 
hazardous drinking and impulsivity ( r  = 0.46,  p  = 0.02,  n  = 25; 
 Figure    2  ), our sample was not suffi  ciently powered to confi rm the 
previously reported relationship between COMT Val158 genotype 
and impulsivity. 1    

 Th ere was no signifi cant eff ect of group, no signifi cant gender 
diff erence in distribution of genotype, and no sex diff erence with 
respect to endogenous opioid release and [ 11 C] carfentanil binding. 

 Contrary to recently published data, 6,7  we found no diff erence 
in basal number or distribution of mu opioid binding sites across 
COMT genotypes in the brain regions examined, suggesting that 
within this subject cohort the COMT Val158 genotype primarily 
regulates endogenous ligand release, independent of receptor 
expression.  

  Discussion 
 Th e COMT Val158 polymorphism regulates cortical DA levels, 
such that individuals with the Val/Val genotype have higher 
enzymatic activity and thus presumably lower PFC dopamine 4  and 
increased impulsivity. 9  Our data raise the interesting possibility 
that the impulsivity phenotype seen in individuals with the 

Val/Val genotype is mediated through dopamine regulation of 
endogenous opioid release in the NAc and PFC; two brain regions 
important for reward valuation and intertemporal choice. Th is 
interpretation is also consistent with our previous fi nding that, 

     Figure 1.  Relationship of the COMT Val158 genotype to endogenous opioid release 
following alcohol consumption. Endorphin release is signifi cantly greater in the right 
NAc (A:  t  = 3.25,  p  = 0.009) and signifi cantly lower in the left mOFC (B:  t  = 2.34, 
 p  = 0.041) and right mOFC (C:  t  = 2.60,  p  = 0.027) of individuals with the Val/Val 
genotype. Blue circles indicate control subjects, red circles indicate heavy social drinkers. 
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following alcohol consumption, opioid release in the NAc is 
correlated with a greater positive hedonic eff ect. Th e present data 
also suggest that drinking alcohol would be experienced as more 
rewarding and lead to greater alcohol consumption in individuals 
with the Val/Val genotype because these subjects have greater 
endogenous opioid release in the NAc in response to alcohol 
consumption. Additionally, the current data are consistent with 
previous reports that the Val/Val158 variant of COMT is a risk 
factor for alcohol abuse and dependence in certain genetically 
homogeneous populations. 2,3  

 Results from a previous study, in which endogenous opioid 
function was blocked during performance of a monetary decision-
making task, suggested that frontal dopamine levels are inversely 
related to the frequency of making impulsive choices. 18  Th is idea 
is directly supported by the recent observation that tolcapone, 
an inhibitor of COMT that increases dopamine levels in the 
frontal cortex, 4  decreases impulsive choice. 5  Together with the 
current data, these fi ndings raise the intriguing possibility that, 
by potentiating frontal dopamine, tolcapone might eff ectively 
decrease alcohol consumption and impulsivity in individuals 
with the Val/Val genotype. 

 Recent findings indicate that a COMT inhibitor most 
eff ectively reduces impulsivity in highly impulsive subjects, but 
may have opposite eff ects in nonimpulsive subjects. 5  Similarly, 
a COMT inhibitor improves executive function in Val/Val 
homozygotes, while impairing cognitive function in Met/Met 
homozygotes. 19  Th ese results are in keeping with an inverted 
U-shaped curve for dopamine function, in which the eff ects 
of a dopaminergic agent depend on baseline dopamine levels. 
Subjects with optimal dopamine tone may actually experience 
impaired task performance when dopamine levels are potentiated, 
while those with basal dopamine hypofunction will experience 
improvement when dopamine levels are increased. In fi nding 
that subjects with greater endogenous opioid release in the NAc 
following alcohol consumption have lower basal dopamine tone, 
our data suggest that a COMT inhibitor might decrease not only 
impulsivity but alcohol reward as well. 

 Th ere is a robust projection from the OFC to the NAc 20  that 
is impaired in abstinent alcoholics. 21  Additionally, heroin abusers 
display dysfunctional OFC activation during a decision-making 
task 22  and in rodent studies microinjection of mu opioids into the 
NAc increases consumption of both alcohol 23  and palatable food. 24  
Taken together with the current data, these results suggest that 
dysfunction of the opioid pathway at the level of the OFC and NAc 
negatively impacts decision making by increasing impulsivity, and 
may aff ect propensity to consume alcohol in individuals with the 
Val/Val genotype. 

 It is interesting that the Val/Val variant at COMT Val158 
is also associated with greater NAc endogenous opioid release 
in response to prolonged muscular pain 6  and that robust 
COMT Val158 genotype-related diff erences in brain activation 
have been found following exposure to painful thermal 
stimuli. 25  Individuals with the Val/Val variant report lower 
pain intensity levels, suggesting that endogenously released 
opioids exert an analgesic eff ect. Th ese data are consistent with 
animal studies showing that NAc opioids can suppress pain 
responses. 26   

  Conclusions 
 Individuals with the COMT Val158 Val/Val genotype show 
greater opioid release in the right NAc and less in the medial 
OFC following alcohol consumption, suggesting that cortical 
dopamine levels can infl uence alcohol reward in part through 
altering endogenous opioid release in reward related brain regions. 
Th e results further suggest that COMT inhibition will eff ectively 
decrease alcohol consumption and impulsivity in individuals 
with the Val/Val158 genotype. Additional studies are required 
to replicate the current fi ndings and to determine if a COMT 
inhibitor will attenuate alcohol consumption.  
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