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a  b  s  t  r  a  c  t

Background:  Striatal  dopamine  (DA) has  been  implicated  in  alcohol  use  disorders,  but  it is  still  unclear
whether  or  not  alcohol  can  induce  dopamine  release  in  social  drinkers.  Furthermore,  no  data  exist  on
dopamine  responses  to alcohol  in dependent  drinkers.  We  sought  to  characterize  the  DA responses
to  alcohol  intoxication  in moderately  large  samples  of  social  drinkers  (SD)  and  nontreatment-seeking
alcoholics  (NTS).
Methods: Twenty-four  SD  and twenty-one  NTS received  two  [11C]raclopride  (RAC)  PET  scans;  one at
rest,  and  one  during  an  intravenous  alcohol  infusion,  with  a prescribed  ascent  to a  target breath  alcohol
concentration  (BrAC),  at which  it was  then  “clamped.”  The  alcohol  clamp  was  started  5 min  after  scan  start,
with  a linear  increase  in  BrAC  over  15  min  to  the  target of 80 mg%,  the  legal  threshold  for  intoxication.
Target  BrAC  was maintained  for 30 min.  Voxel-wise  binding  potential  (BPND) was  estimated  with  MRTM2.
Results:  IV  EtOH  induced  significant  increases  in  DA  in the  right  ventral  striatum  in NTS,  but  not  SD.  No
decreases  in  DA were  observed  in  either  group.
Conclusions:  Alcohol  intoxication  results  in  distinct  anatomic  profiles  of  DA responses  in  SD and  NTS,
suggesting  that  in  NTS,  the  striatal  DA system  may  process  effects  of  alcohol  intoxication  differently  than
in  SD.
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1. Introduction

There is strong evidence that the neurotransmitter dopamine
(DA) plays multiple roles in alcoholism and other addictions
(Berridge, 2007; Horvitz, 2000; O’Tousa and Grahame, 2014;
Redgrave et al., 1999; Salamone et al., 2005). Despite the wealth
of preclinical literature, the functions of DA in human alcohol use
disorders (AUD) remain poorly understood. Thus, determining how
striatal DA responds to alcohol continues to be pivotal for develop-
ing preventative and therapeutic approaches.

Several groups have used positron emission tomography (PET)
with the D2/D3 radioligand [11C]raclopride (RAC) to study the
effects of alcohol ingestion on striatal DA. Oral alcohol appears
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to cause modest increases in dopamine in the ventral striatum
of healthy subjects (Boileau et al., 2003; Setiawan et al., 2014;
Urban et al., 2010), with more notable effects in men (Urban et al.,
2010) and in subjects with traits that may  increase risk for AUD
(Setiawan et al., 2014). However, there are properties of oral alco-
hol intake that complicate interpretation of these studies. First, the
chemosensory (smell, taste) and somatosensory (oral sensations)
characteristics of alcohol have powerful Pavlovian associations
with intoxication. In rodents, these conditioned cues are believed to
mediate the acute increases in striatal DA observed in oral alcohol
self-administration studies (Doyon et al., 2005). We  have shown in
humans that beer flavor provokes DA release in the ventral stria-
tum (Oberlin et al., 2015). Additionally, even with well-controlled
dosing, oral ingestion of alcohol results in highly variable rates and
concentrations of brain alcohol exposure because of inter-subject
differences in stomach pH, volume of stomach contents, age, gen-
der, and first-pass metabolism (Ramchandani et al., 2009). Different
brain exposure timecourses, such as those induced by different
peak breath alcohol concentrations (BrACs) and/or differing rates
of BrAC increase, are likely to induce variation in the timing and
magnitude of DA responses across subjects. In turn, variability in
DA release profiles can cause unwanted variance in the outcome
measure of RAC binding potential (Endres and Carson, 1998; Yoder
et al., 2004).

Intravenous (IV) alcohol infusion avoids these potential
confounds. The physiologically-based pharmacokinetic (PBPK)
model-based IV alcohol clamp (O’Connor et al., 2000) precisely
controls alcohol infusion rates using PBPK model parameters cus-
tomized for each individual (Plawecki et al., 2007). This permits
control over the timing of alcohol delivery, minimizes experimen-
tal variation in the brain’s exposure to alcohol across subjects, and
allows the maintenance (“clamping”) of a target breath alcohol con-
centration (BrAC). Our initial RAC PET studies with the PBPK-IV

Fig. 1. Typical study day timeline. RAC = [11C]raclopride PET scan; ICRC = Indiana
Clinical Research Center.

alcohol clamp did not show alcohol-induced DA release at either
60 mg%  or 80 mg%  (the latter being the legal definition of intoxi-
cation; Yoder et al., 2007, 2005). However, these were relatively
small samples, and there was variable timing of initiation of alco-
hol administration, leading to different brain alcohol exposures
across subjects. Using similar IV clamping methods, Ramchandani
et al. (2011) found that only social drinkers with the minor (and
statistically rare) G allele of the functional �-opioid receptor poly-
morphism (OPRM1 A118G) had measurable IV alcohol-induced DA
release. In contrast, there were no apparent effects in subjects
homozygous for the major 118A allele. More recently, Aalto et al.
(2015) reported striatal DA release from a bolus IV alcohol infu-
sion in a small group of social drinkers, although imaging during
this non-PBPK paradigm may  have captured both ascending and
descending limbs of brain alcohol exposure. Taken together, the
PBPK-IV clamp data seem to suggest that IV alcohol may  not pro-
duce a robust DA response in social drinkers; however, Type II error
cannot be ruled out, given the sample sizes of all three PBPK-based
infusion studies.

Although evidence suggests that alcoholics have functional
alteration of the DA system (Martinez et al., 2005; Narendran

Fig. 2. Subjective ratings for “high” during the alcohol RAC PET scan. Left y-axis, visual analog ratings for “high” for SD (filled circles, black line) and NTS (open circles, dotted
line).  Data are mean ± SD. Data were not available for one NTS subject. Alcohol infusion was  started (gray arrow) 5 min  after the RAC injection (t = 0). The BrAC target for the
30  min  IV alcohol clamp (gray bar) was 80 mg%. See text for details.
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