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Supplementary methods

Pavlovian-instrumental transfer task

The Pavlovian-instrumental transfer (PIT) task probes the ability of Pavlovian stimuli to increase
instrumental reward responding even in the absence of any rewards. Accordingly, it is used to
investigate reward-related behaviors, such as eating, drinking and drug taking, which are triggered by
cues associated with drug or non-drug rewards. Controlled by Cogent software, a Med Associates M&M
dispenser [Model ENV-702, St. Albans, VT] delivered individual M&M chocolates into a small bowl easily
accessible to participants (Figure S1). To prevent auditory conditioning to the sounds made by the
dispenser, participants wore headphones emitting constant 72-dB white noise. Before and after the
task, as well as at the end of the experiment, participants were asked to indicate their desire for
chocolate on a visual analogue scale from 0 (not at all) to 100 (very much): “Please mark on the scale

how much you would want to eat M&Ms right now”.

The PIT task followed a standard design according to the protocol of Lovibond and Colagiuri,* with an
instrumental conditioning phase, a Pavlovian conditioning phase, and a transfer-test phase. In the
instrumental phase, participants were instructed to press the space bar on their keyboard to earn
chocolates. They received the following instructions: “During the first part of the experiment, you can
press the space bar to obtain chocolates. You will need to press the space bar multiple times to earn
each chocolate. You can press the space bar as much or as little as you wish. When you receive
chocolate, please eat it. You can start pressing the space bar as soon as these instructions disappear.”
We used a variable-ratio (VR) 10 schedule, where on average 10 button-presses of the space bar
(range=5-15) were required before a chocolate was delivered. For the first three rewards, fixed ratio
schedules 2, 4, and 6 were used to induce button-pressing in participants. During the delivery of every

chocolate reward, the word “chocolate” appeared in the center of the screen for 1 second. Additionally,



for every button-press a small black square appeared in the center of the screen for 0.1 seconds. Any
participant that had not obtained at least five rewards in the first 5 minutes of the task was informed
that they might have to press the space bar more than once in order to earn chocolate. The
instrumental-acquisition phase completed either when participants had obtained 12 rewards or once 10
minutes had passed. As in the previous study,! any participant who did not earn 12 rewards did not
meet criterion for the following parts of the task and was excluded from further analysis. In total, two
placebo subjects, six amisulpride subjects and six naltrexone subjects did not meet the criterion of the

instrumental phase and were therefore excluded from the PIT analysis.

In the second phase, the Pavlovian phase, participants were instructed that they would see images on
the computer screen and told not to press the space bar. The following instructions were displayed:
“During the next part of the experiment, you will see some colored images and you may or may not
receive chocolate. Please do not press the space bar during this part of the experiment.” We used a
differential-conditioning procedure. A red and a blue stimulus (counterbalanced) acted as the two
conditioned stimuli (CS): CS+ and CS-. Every CS was presented 6 times for 10 seconds. The CS+ was
always paired with the delivery of a chocolate reward, while the CS- was always presented with no
outcome. The intertrial interval ranged from 15 to 35 seconds and trials were randomized such that no

more than two trials of the same CS type were presented in a row.

In the final phase, the transfer-test phase, participants were instructed that they could now press the
space bar again: “During the next part of the experiment, you may press the space bar again.” In this
phase, testing was carried out under instrumental and Pavlovian extinction, i.e., without any rewards.
During the initial 2 minutes, instrumental extinction took place. Extinction was extended for another 30
seconds for any participants that pressed the space bar during the final 30 seconds of the extinction

period. Once participants had stopped responding for the entire final 30-second period or 10 minutes



had passed, the transfer test began. During the transfer test, the CS+ and the CS- were presented for 10
seconds in random order, while button presses were recorded. The two CSs were then presented again
in random order. The intertrial interval ranged from 90 to 110 seconds. After this phase, participants
rated how often each of the two CSs was immediately followed by chocolate during the second phase of
the experiment, using a scale from 0 (never) to 100 (always). The difference between the rating for the
CS+ and the rating for the CS- served as an index of participants’ awareness of the Pavlovian

contingencies.



Supplementary Results

Mood

With respect to the exploratory correlation analysis we found that while there were no significant
correlations between mood and behavioral outcomes in the PIT task (|r|<0.18 ,p>0.30, Npiacebo=38,
Namisulpride=35, Nnattrexone=34), the impact of mood on delay discounting differed between the three
groups. There was no correlation in the placebo group (r=0.18, p=.28, N=39), however, the amisulpride
group showed a positive correlation between mood and the proportion of immediate rewards chosen in
the delay discounting task (r=0.31, p<.05, N=40), while the naltrexone group showed a negative
correlation (r=-0.36, p<.05, N=40). The comparison of the strength of the correlations between the three
conditions using Fisher’s Test to compare the correlation coefficients was significant for comparisons
involving naltrexone (placebo vs. amisulpride: p=.54; placebo vs. naltrexone: p<.05; amisulpride vs.

naltrexone: p<.01).



Supplementary discussion

Relation between tasks

One interesting finding of our study is that cue-induced responding, assessed by PIT, and reward
impulsivity, measured by the delay discounting task, did not correlate. Furthermore, mood differentially
modulated performance in these two tasks; specifically mood had no effect on performance in the PIT
task, while it affected performance in the delay discounting task. This could suggest that the PIT and
delay discounting tasks are not measuring the exact same process and this is noteworthy as it is
commonly assumed that incentive salience (or wanting) measured through cue-induced responding in
the PIT task can be equated to decision value/utility measured by reward impulsivity in the delay
discounting task.>® However, to our knowledge no study in humans has directly compared participants’
behavior in these two tasks. Studies in humans have primarily used the Barratt Impulsiveness Scale (BIS-
11) questionnaire to measure trait impulsivity and reported conflicting results. While Watson et al.*
failed to find a correlation between trait impulsivity and the PIT transfer effect, Garofalo et al.’° report
that participants, who were sign trackers, i.e., participants who unlike goal trackers focus more on the
conditioned stimulus than the reward, had stronger PIT transfer effects as well as higher levels of trait
impulsivity. It is important to note, however, that impulsivity is not one unified construct. Instead it can
be parsed into at least three components: (1) self-reported i.e., trait impulsivity (measured by BIS-11);
(2) impulsive action (measured for example by the Stop Signal Task) and (3) impulsive choice (measured
by delay discounting).® In line with this, one animal study investigating individual differences in cue-
induced responding differentiated between impulsive action and impulsive choice, and found that sign
trackers tend to show stronger cue-induced responding and impulsive action, but did not differ from
goal trackers in impulsive choices in a delay discounting task.” Together, it may be that specifically

impulsive choice differs from the incentive salience/wanting behavior measured by the PIT task and that



decision value/utility is not directly influenced by the same processes that enhance cue responding.
However, one should keep in mind that the absence of a correlation does not in itself offer definitive
proof of a dissociation between these two constructs, and it would be interesting to probe this further in

future studies.



Supplementary figures
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Figure S1. Timing of the behavioral tasks. After completing questionnaires, participants received 400
mg amisulpride, 50 mg naltrexone or placebo in a randomized and double-blind fashion. After 3h (+/-
1.10 min, SEM), participants underwent instrumental & Pavlovian training, followed by the PIT transfer
test phase and the delay discounting task. Mood was assessed after completion of all tasks. Red arrows

indicate blood plasma collection.



Figure S2. lllustration of the set-up of the Pavlovian-instrumental transfer task. Depiction of a
participant during the transfer-test phase. A Pavlovian stimulus appears on the monitor, while the
participant is pressing the instrumental key. During the prior instrumental and Pavlovian phases, M&Ms

were dispensed into the white bowl to the left of the computer screen.
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Figure S3. Correlations between mood ratings and the proportion of immediate rewards chosen in the
delay discounting task. a-b The relationship of mood and discounting behavior was similar for
participants in the (a) placebo and (b) amisulpride group, with mood and the number of immediate
rewards chosen showing a positive relationship (placebo: r=.18, p=0.28, N=39; amisulpride: r=0.31,
p<.05, N=40). (c) In contrast, for participants in the naltrexone group the relation was reversed, with
positive mood being associated with higher propensity to choose delayed rewards (r=-0.36, p<.05,

N=40).



Supplementary tables

Table S1. Final number of subjects used in each analysis.

Placebo Amisulpride Naltrexone
N N N
Demographic 40 41 40
PIT 38 35 34
DD 40 40 40
Mood 39 40 40
Mood correlation w/PIT 37 34 34
Mood correlation w/DD 39 40 40
Correlation between tasks 38 34 34

N number of subjects; PIT Pavlovian-instrumental transfer task; DD delay discounting task.

We excluded the following subjects: PIT = subjects who did not meet criterion; DD = one subject who had missing
data; Mood = one placebo subject and one amisulpride subject with mood=zero (outlier); Mood correlation PIT >
one subjects who did not meet criterion and subjects with mood=zero (outlier); Mood correlation DD -> one
amisulpride subject with missing data (and who had mood=zero) and one placebo subject with mood=zero (outlier);
Correlation tasks = subjects who did not meet criterion for the PIT, one subject who had missing data in the DD.



Table S2. Performance of the placebo, amisulpride, and naltrexone groups during the Instrumental and Pavlovian phase, as well as the extinction
period.

Placebo Amisulpride Naltrexone
(N=38) (N=35) (N=34)
Mean  SEM Mean  SEM Mean SEM F df, dferr p
Instrumental Phase
Time until criterion (minutes) 273 047 225 031 241 0.34 0.41 2,104 0.66
Number of Button-Presses 112.58 1.52 112.63 131 115.00 1.60 0.85 2,104 0.43
Frequency of Button-Presses 1.37 0.14 1.30 0.14 1.30 0.14 0.08 2,104 0.92
Pavlovian Phase
Ratings of Contingencies 67.86 0.42 53.51 0.66 65.60 0.51 2.08 2,104 0.13

Extinction Period
Number of Button-Presses 9.19 1.08 10.53 1.06 9.39 1.08 0.45 2,104 0.64




Table S3. Delay Discounting Results using Kirby’s equation and logistic regression to estimate the discounting parameter k.

Placebo Amisulpride Naltrexone
(N=40) (N=40) (N=40)
Mean  SEM Mean  SEM Mean SEM F df, dferr p
Kirby’s k 0.026 0.005 0.010 0.002 0.018 0.005 3.39 2,117 0.04
Logistic k 0.026 0.006 0.011 0.002 0.020 0.005 291 2,117 0.05

k indicates the discount rate parameter for which the value of the smaller immediate reward is equal to that of the larger delayed
reward (indifference).



Table S4. Demographic data and questionnaire data of the placebo, amisulpride, and naltrexone groups.

Placebo Amisulpride Naltrexone
(N=40) (N=41) (N=40)
Mean  SEM Mean  SEM Mean SEM F df, dferr p
Age 22.15 0.38 21.46 0.38 21.65 0.33 0.96 2,118 0.39
Body mass index 22,51 0.38 21.69 0.40 21.80 0.38 1.37 2,118 0.26
Years of education 1490 0.35 1435 0.31 1435 0.31 0.73 2,118 0.48
Affect Intensity Measure® 3.33 0.05 3.36 0.06 3.45 0.87 0.92 2,118 0.40
Action Regulating Emotion Systems® 54.09 1.02 55.15 0.92 54.80 1.05 0.29 2,118 0.75
Behavioral Inhibition System (BIS) 21.81 1.03 22,71  0.77 22.58 0.95 0.27 2,118 0.76
Behavioral Activation System (BAS) 32.28 042 32.44 041 32.23 0.48 0.07 2,118 0.94
Barratt Impulsiveness Scalel® 68.50 1.10 67.90 1.12 65.52 1.24 1.86 2,118 0.16
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