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Introduction

Rewards

Every human being likes or wants something. According to Maslow’s theory of needs
and motivation humans first need and then try to get things to survive (Maslow,
1943). Further, he suggested human are driven by innate needs for more than just
survival but also for safety, love and belonging, esteem, and self-realization (Abulof,
2017). Starving men tend to think that food is the only commodity they would need to
be happy (Malow, 1943). It is all about happiness and pleasure. Human beings
behave, do and act to get things that generate feelings of pleasure and happiness —
rewards. They are motors to get food, water and mating partners for reproduction. In
evolution theory living creatures who earn the better rewards will survive (Schultz,
2015). Rewards can be objects, acts or inner states with a subjective, positive value
that can evoke approaching behavior (Schultz, Dayan and Montague, 1997).
Rewards are essential for pleasure and well-being. Therefore, they play a
fundamental part for many affective disorders like depression, schizophrenia and
addiction (Berridge & Kringelbach, 2008).

It's not possible to measure the value of a reward on its own because the value
depends on the subjective ascriptions of the receiver (Cabanac, 1971). That means
the response to a reward depends on both the needs of the subject and the

usefulness for survival and reproduction (Cabanac, 1979).
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FIG. 1. Reward components and their functions (Schutz, 2015)



Schultz (2015) describes rewards within three main components. The sensory
component (Fig.1 left) includes the physical properties of rewarding stimuli (size,
form, etc.). Second, the salient component (Fig.1 middle) explains the essential
function of rewards to arouse attention and their motivational impact. Third, the value
component (Fig. 1 right) is independent from the sensory and attentional
components. The positive value of rewards determines the motivational distinction
from punishment (Schultz, 2015).

Berridge & Robinson (2003) describe other three components of reward: wanting,
liking and learning. These components reflect incentive salience (wanting), hedonic
impact (liking) and learning.

“I want chocolate now, because | did my homework” characterizes the meaning of
“‘wanting”. The motivational value of a reward influences our behaviour and thus our
“effort” to get a reward (Berridge, 2009; Berridge & Robinson, 1998; Everitt &
Robbins, 2005). Here “wanting” is understood as kind of “incentive salience”, a type
of motivation towards rewards and their consumption (Berridge, Robinson, &
Aldridge, 2009).

The process of “wanting” can run unconsciously or deliberately. If it is running
deliberately it results in desires or cognitive goals (Berridge & Robinson, 2003).

“I like chocolate, because it is so yummy”. “Liking” displays the hedonic and affective
part of reward processing. Things we “like” play an essential part of the phenomenon
of pleasure (Berridge & Robinson, 2003). For example hedonic impact or "liking" is
shown within behavioral affective reactions elicited by tastes in human infants,
monkeys and rats (Berridge, 2000; Steiner, 1979; Steiner, Glaser, Hawilo, &
Berridge, 2001). It has been shown that there is no need for conscious awareness for
processing “liking”. (Berridge & Kringelbach, 2008).

“Learning” includes knowledge of past experiences and cognitive predictions
(Berridge & Kringelbach, 2008). There are several reinforcement theories. They
explain reward “learning” by a process which strengthens or weakens behavior by the
consequence that will follow (Berridge, 2000). Skinner (1950) even describes an anti-
theoretical model of learning. It does not question “why” reinforcement works, it
simply shows the relation between behavior changes according to received stimuli
like food or water (Skinner, 1950). “Hullian learning theory” (Hull, 1943) explains
reward “learning” by the process of drive reduction. He argues that for example
hunger forces behavior to reduce that drive and motivates a person to get something

7



to eat. In that sense food becomes a reinforcer and leads to satiety. In essence drive
reduction represents reward (Hull, 1943). Another theory is called the “incentive
learning theory”. It argues that stimuli associated with positive respectively rewarding

experiences modulate behavior (Bindra, 1974; Bolles, 1972).

Types of rewards

Certain human needs depend on previously satisfied needs. Maslow (1943)
describes basic needs and higher needs in a hierarchical order. Maslow’s pyramid of
needs puts the fact that man needs more than just food and water in a theoretical
model. It was shown that seeking for belonging and for interpersonal actions are
fundamental drives in human behaviour (Baumeister & Leary, 1995).

Inner negative states make people seek for rewarding stimuli (Hull, 1943) or broadly
speaking rewards. What is rewarding is determined by biological, personal, cultural
and situational factors (Maslow, 1943). Following Maslow (1943) and Hull (1943) a
distinction between basic, physiological respectively primary needs and higher
respectively secondary needs became common concepts in the scientific community.
We have known for a long time that animals differentiate between primary rewards
(e.g. water, apple and cacao) and social rewards (e.g. hugs, playing games,
compliments and stroking) (Mason, Saxon, & Sharpe, 1963). Animal studies using
primary rewards show that there are even two different ways of processing rewards
(Berridge, 1996; Berridge & Robinson, 1998). Castro and Berridge (2014) propose
that reward processing in rats can be understood through the model of “wanting” and
“liking”.

In animal research this process differentiation is worked out clearly but there is need
for more scientific efforts exploring these mechanisms in humans. Several studies on
humans tried to dissociate “wanting” from “liking” (Finlayson et al. 2008; Finlayson

et al. 2007; Zandstra et al. 2000).

Studies exploring rewards show that even pleasant tastes and odors (Zald, Lee,
Fluegel, & Pardo, 1998; Zald & Pardo, 1997), pleasant touch (Francis et al., 1999),
pleasant music (Blood, Zatorre, Bermudez, & Evans, 1999), and monetary
achievements (Thut et al., 1997) lead to positive reactions.

The distinction between “wanting” and “liking” is relevant for addiction research
(Robinson & Berridge, 2003) and research in clinical disorders. Studies revealed that

some clinical disorders (e.g. autism, depression, schizophrenia) are characterized by
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a lower extent of “wanting” (Barch, Treadway, & Schoen, 2014; Treadway & Zald,
2011).

Reward processes in the brain

Both “wanting” and “liking” are connected to reward seeking behaviour.
Understanding reward includes the idea that rewards are defined by reactions of the
brain and not only by the stimulus itself (Berridge & Kringlebach, 2008). Rewards
contain different psychological components that are processed in discriminable
neurobiological mechanisms (Berridge & Robinson, 2003; Dickinson & Balleine,
2002; Everitt & Robbins, 2005; Kringelbach, 2005; Kringelbach & Berridge, 2008;
Leknes & Tracey, 2008; Schultz, 2006). Berridge (1996) proposes that food rewards
can be split into the two components of appetite/"wanting” and pleasure/’liking” with
differential neural activities.

The two brain structures nucleus accumbens (NAcc) and ventral pallidum (VPa) have
emerged playing big parts in “wanting® and “liking” (Pecifia et al., 2006). Smith et al.
2009) found that “liking” and “wanting” mechanisms are localized in the VPa. Further
it was shown that multiple signals for reward including hedonic impact (“liking”),
motivation (“wanting”), and “learning” are processed within the NAcc and VPa (Smith
et al., 2011). Figure 2 shows rewarding hotspots in the NAcc (Berridge, 2009).
Individuals with high activation of accumbens surroundings (green) show higher
“‘wanting” for food (Robinson & Berridge, 2003).

Whereas “liking” is localized to a sub region of the medial nucleus accumbens shell,

“‘wanting” is widely distributed within the NAcc (Pecifia, 2008).



Opioid 'liking' and 'wanting' zones in NAc shell

Hedonic Hotspot
'Liking'
Increase

‘Disliking'
Decrease

Hedonic Coldspot
‘Liking'
Decrease

'Wanting' Hotspot
Eating
Increase

Sagittal

FIG. 2. Hotspots in the nucleus accumbens (medial shell region shown in sagittal view; right),
(Berridge, 2009).

Berridge (1996) shows that VPa has a key role in the neural system for eating and
“‘wanting” food. Neuroimaging studies report that consumption of pleasant food or
juices activates the NAcc (Berns et al., 2001).

Food is essential for survival and it was shown that the sensory system of taste and
smell plays a crucial role in the natural reward system (Kelley & Berridge, 2002).
M-opioid receptor stimulation within the NAcc and surrounding ventral striatal areas
enhances food intake and offers an opportunity exploring reward processes (Bakshi
and Kelley 1993; Kelley et al.1996). This goes in line with other studies using micro
injections that determine effects on food intake (Bodnar, 2004). Especial the opioid
systems in the medial shell of NAcc and VP have high impact on hedonic “liking”
(Pecifia & Berridge, 2005; Pecifia et al., 2006). Baldo and Kelley (2007) argue that
dopamine receptors correspond to “wanting” and opioid receptors correspond to
“liking”. In this project we use Naltrexone as an opioid receptor antagonist and
Amisulpride as a dopamine receptor antagonist to explore the effects on “wanting”

and “liking”.
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Naltrexone

The effects of Naltrexone have already been explored in animals (e.g. Burattini,
Burbassi, Aicardi, & Cervo, 2008) and humans (e.g. Murray et al., 2014). It was
shown that naltrexone decreases intake of palatable, sweet and fatty food (Giraudo
et al. 1993; Agmo et al. 1995; Cleary et al. 1996).

Naltrexone has a high affinity to the p-opioid receptor which plays a central role in
“‘wanting” regarding social rewards (Loseth, Ellingsen, & Leknes, 2014).) Murray et al.
(2014) provide evidence for Naltrexone modulating reward-related brain activity in
human. Naltrexone is one of the drugs which is used for treatment of alcoholism,
other substance addictions and impulse-control disorders. Naltrexone reduces
ethanol consumption in human subjects (Anton et al., 1999, Davidson et al., 1999,
Heidbreder, 2005, Hernandez-Avila et al., 2006, O'Brien et al., 1996), and reduces
self-administration of ethanol in trained animals (Boyle et al., 1998, Stromberg et al.,
1998). Additional Naltrexone reduces drug-seeking behaviour in animals
(Ciccocioppo et al., 2003, Ciccocioppo et al., 2002, Liu and Weiss, 2002) and
alcohol-cue induced craving in human alcoholics (Monti et al., 1999, O'Malley et al.,
2002, Rohsenow et al., 2000). Further on it has been shown that Naltrexone blocks
most of the opioid receptors in the brain (Lee et al., 1988, Weerts et al, 2013).
Naltrexone is highly compatible for healthy participants and shows only minor side
effects (Miotto et al., 2002). Although Naltrexone reaches its maximum plasma
concentration after one hour (Verebey et al., 1976), the binding on opioid related
receptors remains for multiple hours and that up to 90% (Meyer, Straughn, Lo,
Schary, & Whitney, 1984).

Yeomans and Gray (1996) explore changes in food intake for participants receiving
Naltrexone. They argue that Naltrexone reduces the caloric intake compared to a
placebo. They propose that Naltrexone could have the possibility to modify hedonic
evaluation of food.

Although there are many studies on using Naltrexone and exploring its effects, the

implications for reward processing are still not clear.

Amisulpride

It is shown that Amisulpride has a high affinity to D2/D3-receptors in animals and,
therefore, is expected to have high clinical efficacy in the treatment of schizophrenia

(Perrault, Depoortere, Morel, Sanger & Scatton, 1997; Schoemaker et al., 1997).In
11



the meantime this medication is used in the treatment of both negative and positive
symptoms of schizophrenia in humans (Curran & Perry, 2001).

McKeage and Plosker (2004) demonstrate that low dosages preferentially block
D2/D3 receptors. It is shown that dopamine receptor blocking modulates neural
activations in response to both rewarding and aversive stimuli in healthy volunteers
(McCabe, Huber, Harmer, & Cowen, 2011). Therefore, the dopamine system plays a
fundamental role for processes of “wanting” rather than for processes of “liking” (Lau,
Wang, Hsu, & Liu, 2013). Additionally Amisulpride is a well-tolerated drug and has

fewer side effects than other antipsychotics (Rosenzweig et al., 2002).

Facial Electromyography

Facial expressions have an evolutionary origin and are manifested throughout our
biological heritage (Dimberg, 1990). Several studies demonstrate that the facial
expressions of emotions come up spontaneously and show similar patterns across
species and cultures (Berridge, 2008; Ekman & Friesen, 1971; Izard, 1992). Facial
Electromyography (fEMG) tracks changes in muscle activation and even collects data
which remain invisible to the eye (Fridlund & 1zard, 1982).

Further, fEMG captures data of positive and negative affective states (Franzen &
Brinkmann, 2016). It allows the recording of muscle action potential from skin and
connective tissue (Tassinary and Cacioppo, 1992).

Already Hijortsj6 (1970) showes that negative thoughts increased the corrugator
supercilii. On the other hand Schwartz et al. (1972) indicate that pleasant thought

activates the zygomaticus major which reflects “smiling”.

Aim of the study

The study is based on a bigger project which investigates a differentiation of
processing primary and social rewards. In this thesis the focus was on exploring
opioid-related changes between “wanting” and “liking” of primary rewards, especially
food rewards. The participants received milk or cacao drinks respectively as rewards.
Food is essential for pleasure and provides accessible experimental methods for
scientific studies about rewards and pleasure (Kringelbach, 2005; Pecifia et al., 2006;
Rozin, 1999; Small et al., 2001).

We tested healthy female and male participants in a real effort task. We explored

changes in face muscle activity, subjective ratings and effort performed meanwhile
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opioid receptors were blocked. We used fEMG to measure the face muscle activity of
the corrugator supercilii and the zygomaticus major. For measuring the effort
performed we used a hand dynamometer.

The most relevant receptors for the project are the dopamine D2 receptors (Robbins
& Everitt, 1992) and the opioid receptors (Eikemo et al., 2016; Nathan et al., 2012).
The dopamine receptors are explored related to Parkinson disease and
schizophrenia (Heiss & Herholz, 2006). For the opioid receptors mainly animal
studies explore their modulating effect on hedonic pleasure (Trezza, Baarendse, &
Vanderschuren, 2010).

For the project participants received either Amisulpride, Naltrexone or a placebo to
block according receptors.

Prior hypotheses

Wyvell and Berridge (2000) propose that activation of the opioid receptors increases
both “liking” and “wanting” for food, whereas dopamine receptor activation does not
enhance sucrose “liking” of sweet taste. A study from 2007 shows that dopamine
receptors correspond to “wanting” whereas opioid receptors correspond to “liking”
(Baldo & Kelley, 2007).

Therefore, | suggested that receiving an opioid receptor antagonist (Naltrexone) will
reduce “liking” and will reduce “wanting” to a lesser extent.

Most facial and chewing muscles of adult humans show greater responses to tastes
disliked than to those preferred or less preferred (Horio, 2003). Hu et al. (1999)
demonstrate that during reward consumption “liking” is less related to positive facial
expressions but more related to negative facial expressions like disgust.

Therefore, food rewards with low ratings of “liking” were expected to result in higher
activation of the corrugator supercilii and not to affect the zygomaticus major.

For measuring “wanting” we used a real effort task, where participants had to
squeeze a hand dynamometer measuring the motivation towards a reward.
Pessiglione et al. (2007) show that people make more of an “effort” when the value of
the reward is higher classified. According to this motivation theory, | assumed that
participants receiving Naltrexone will press the dynamometer with less “effort” than
people receiving a placebo.

Additionally | had a look at subjective ratings exploring differences in “wanting” and
“liking” giving Naltrexone. Because of the high affinity of Naltrexone to the u-opioid

13



receptor (Loseth, Ellingsen, & Leknes, 2014) | assumed that participants of the
experimental group will rate consumed rewards lower for “liking” than participants
receiving the placebo. At the same time | assumed that participants will rate
announced rewards lower for “wanting” as people receiving a placebo in lower extent

than for “liking”.

Methods and Materials

Participants

61 healthy volunteers (44 females and 17 males) took part in the whole project. For
answering the hypotheses of this thesis the sample consisted of 42 volunteers
including 32 females (~74%) and 11 males (~26%). The participants were aged from
17 to 35 with an average of M = 22,98 (SD = 3.82).

One participant was excluded because of statistical outliers. He rated the received
rewards lower than 1,5 standard deviations from the average. Although participants
where asked before the experiment if they like chocolate/cacao drinks. Therefore, he
was excluded. For taking part participants needed to fulfil requirements which are
described in the procedure. Participants’ average Body Mass Index (BMI) was M =
22,31 (SD = 2.60, range 17,7 — 27,6). They received 90-120€ as monetary
compensation for taking part.

Procedure

The study was approved by the ethics committee of the Medical University of Vienna,
and followed the regulations of the Declaration of Helsinki (World Medical
Association, 2013). Participants were contacted per email and were invited to fill in an
online questionnaire. There we checked if they were right-handed, smoked fewer
than five cigarettes daily, had no history of current or former drug abuse, liked milk
and chocolate, did not suffer from diabetes, lactose intolerance, lesions or skin
disease on the left forearm and if they were free of psychiatric or neurological
disorders. Furthermore, their sexuality was checked to avoid sexual rewards during
the experiment. Therefore, male experimenters tested male participants and same
applied to the opposite sex. The age was limited from eighteen to thirty five to avoid
great differences in variances because of age variety. For the whole experiment the

participants needed to have an adequate understanding of the German language.
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They had to agree to drawing blood- and urine samples and taking Naltrexone,
Amisulpride or a placebo. Further they should be clear about the procedure and that
they undergo facial electromyography. They had to sign an informed consent.

If they passed the online questionnaire they were invited to the experiment.

There were two sessions. In the first session their blood levels and an
electrocardiography were taken by a medical doctor. The BMI should lie between 17
and 35kg/mz2. The hearing and seeing abilities (with glasses or lenses) of the
participants should be normal. With female participants a pregnancy test was
administered.

If the participants met all the criteria, an appointment for the second session was
made.

There again urine was tested for pregnancy and drug abuse. Then the participants
got either Solian®, Dependex® or Mannitol. Solian® provides 400mg Amisulprid,
Dependex® provides 50mg Naltrexone and Mannipol is the placebo. The capsules
were administered orally in a randomized, double-blind manner.

The pill was already capsuled and neither the experimenters nor the participants
knew which substrate was administered. After two hours the preferences for milk or
cacao drinks respectively were evaluated. Additionally, the maximum voluntary
contraction using a hand dynamometer (HD-BTA, Vernier Software & Technology,
USA) with the right hand was processed squeezing three times for three seconds.
After a short break the participants were prepared for the facial electromyography
and the sensors were adapted. Three hours after taking the pill the main experiment
exploring “wanting” and “liking” was started. In another study giving Amisulpride and
Naltrexone participants had to wait three hours before starting the tasks (Weber et
al., 2016).

At the beginning participants were seated at a table and comfortably rested their left
forearm on a pillow. They sat down in front of a monitor (19 inch monitor, with 1.440 x
900pixels) and received detailed instructions. Then their view of their forearm was
blocked by a curtain. This was important for the social condition, so that participants
could better concentrate on the caresses (see below) and this independently from the
experimenter. Then they accomplished some training trials for each condition with
further instructions displayed on the monitor. They did four trials for the “food
condition” and another four for the “social condition”. In the “food condition” the
participants got three different mixes of milk respectively cacao drinks with the same

15



amount on calories as rewards: milk, chocolate milk, and a 4:1 mix of milk and
chocolate milk. Between the trials tap water was served to cancel the taste of the
reward before. We used computer-controlled pumps (PHD Ultra pumps, Harvard
Apparatus) attached to plastic tubes (internal g 1,6 mm; external g 3,2 mm; Tygon
tubing, U.S. Plastic Corp.) to deliver the rewards and the tap water. The tubes were
positioned with an adjustable arm that the participant can easily receive the liquids
and swallow easily.

In the “social condition” they received caresses on the forearm in three different
speeds. The caresses were applied along a previously marked area of nine
centimetres reaching from the wrist towards the elbow. The three different velocities
of six cm/s, 21 cm/s and 27 cm/s for each six seconds were chosen based on pilot
testing.

There were four blocks (two social and two food blocks) counterbalanced like ABAB
or BABA for all participants. For each block participants had to do twenty trials.
Figure 4 presents the main elements of one trial.
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FIG.4. Main elements of each trial for the social and non-social conditions. fEMG analyses were

carried out during reward anticipation (3 seconds) and reward consumption (3 seconds of relax).

First a picture of the first or second preference of reward (food or social reward) was
shown. Then participants rated how much they “want” the award announced.
After that, the participants had to squeeze a dynamometer and got a visual feedback

showing their contraction (see Fig. 3.).
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FIG. 3. Hand dynamometer (Vernier HD-BTA) and visual
feedback

When squeezing the amount of force determined the probability to receive the reward
announced. Afterwards a picture of the reward they earned was shown for 3
seconds. We defined this period as the anticipation period. This could be the award
announced (15t or 2" preference) or the 3" preference chosen. The higher the
contraction, the higher the probability to receive the reward announced. Then the
reward obtained was delivered. In the “food condition” participants were instructed to
lean back and swallow the reward delivered. After the swallowing we installed a
relaxation phase of 3 seconds, the consumption period. Then the participants rated
how much they “liked” the reward obtained. In the “food condition” participants got tap
water from the tubes to cleanse the oral cavity. Both conditions ended with a blank
screen. Between each block was a short break, where the experimenters checked if
the participant is still fine. Afterwards the participants did go on with further tasks for

the project.
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Measures “liking”
fEMG

Using fEMG we expected to collect data for hedonic pleasure or “liking” respectively.
Several studies indicate that orofacial affective expressions are reliable measures for
“liking”. (Berridge, 2000; Tibboel et al., 2015).

Because of the affective compound in “liking” the two muscles in the face which
express emotions were recorded. In emotion research mainly the measures of the
activity from the zygomaticus major, which is activated during smiling, and the
corrugator supercilii, which is activated during frowning, are of interest (Larsen, Norris
& Cacioppo, 2003).

Therefore, particular face areas of the participants where first cleaned with alcohol.
Then we used an abrasive paste to improve the signal. Before attaching the
electrodes, areas were cleaned with water. We attached six electrodes bipolar to the
face. According to the guidelines (Fridlund & Cacioppo, 1986) two electrodes were
attached on the left corrugator supercilii and two electrodes on the left zygomaticus
major. Additionally, a ground and a reference electrode were attached. The ground
electrode was attached on the participant’s forehead and the reference electrode on
the left mastoid.

For measurement a g.USBamp amplifier (g.tec Medical Engineering GmbH) was
used. For processing Matlab R2014b (www.themathworks.com) and partly the
EEGLAB toolbox (Delorme & Makeig, 2004) were used. The fEMG signal was
sampled at 1200Hz with impedances below 10kOHM. A 20 to 400 Hz bandpass filter
was applied, then data were rectified and smoothed with a 40 Hz low-pass filter.
Epochs were extracted focusing on periods of reward anticipation and reward
consumption. For the analyses we excluded recordings of the swallowing. EMG data

was averaged over time-windows of one second.

Subjective ratings “liking”

In addition to the fEMG we implemented subjective ratings which took place after the
consumption period. On a continuous scale they rated how much they “liked” the
reward. The scale ranged from “not at all” (translated “gar nicht”) to “very much”

(translated “sehr”). The midpoint represented “neutral”.
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Measures “wanting”

Hand dynamometer

During each trial participants had to squeeze a hand dynamometer (Vernier Software
& Technology) with their right hand. The amount of force determined the probability
to get a reward more or less liked. This method is used to obtain objective data for
the motivational compound “wanting”. This kind of measurement was already used in
studies with primary (Ziauddeen et al., 2012) and monetary rewards (Pessiglione et
al., 2007). There it was shown that participants squeezed harder to receive rewards
high rated. Previous studies show that speed, performance and long persistence on
a task are objective indicators for “wanting” (Bargh, Lee-Chai, Barndollar, Gollwitzer,
& Troétschel, 2001; Carver & Scheier, 1998; Kivetz, Urminsky, & Zheng, 2006).

To calibrate the dynamometer participants were asked to press the dynamometer for
three times for 3 seconds as hard as they could before and after the main task. The
overall maximum value was taken as the maximum voluntary contraction (MVC).

For the data of the hand dynamometer we extracted a sliding average of one second

as percentage of the MVC.

Subjective ratings “wanting”

In addition to the hand dynamometer a subjective rating scale for “wanting” was
used. Before each trial participants were asked how much they “wanted” the reward
announced. The scale ranged like the rating scale for “liking” from “not at all” to “very

much”. Participants used a keypad to adjust the marker for the scale.

Analysis

Statistical analysis was computed in IBM SPSS Version 20. Data was analysed with
mixed ANOVAS. Several variables were not distributed normally. For this study we
assumed that the ANOVA offers a robust procedure against the requirement of
normal distribution (Glass, Peckham, & Sanders, 1972; Harwell, Rubinstein, Hayes,
& Olds, 1992; Salkind, 2010).
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Results

Subjective ratings

First Subjective ratings of “wanting” and “liking”, and “effort” (force of hand
dynamometer) were analysed.

For answering the hypothesis several mixed-design ANOVAs, including the “drug
group” (Naltrexone or placebo) as a between-subjects factor and the “reward level”
as a within-subject factor, was conducted. The data was split into two levels above
and below the median of “wanting”, “liking” and “effort”. We decided to divide the data

by the median because initial reward preferences changed during the experiment.

Results from subjective ratings “wanting”

The values of the continuous scale after the announcement of the reward were
computed to receive data for “subjective wanting”.

The behavioural analyses on ratings of the dependent variable “wanting” resulted in
no significant main effect for the interaction between “drug group” and “reward level”.
That means that intervention groups did not differ significantly, F(1, 41) = .047,

p = .830, partial n? = .001. As we analysed main effects of “reward level” (above or
below the median) we revealed a significant effect F(1, 41) = 126.566, p < .001,
partial n? = .760. The means were M = 5,41 ( SD = 3.56) (above) and M =-,68 ( SD =
4.01) (below).

Results from subjective ratings “liking”

The behavioural analyses of the dependent variable “liking” delivered similar results.
Here the subijective ratings for “liking” after the delivery of the reward were taken into
account. For the analysis of the interaction between “drug group” and “reward level”

we could not find a significant main effect either. There was no significant difference

between participants receiving Naltrexone or the placebo respectively,

F(1, 41) = .183, p = .671, partial n®> = .005. Again we found a significant effect for the
factor “reward level” F(1, 41) = 155.190, p < .001, partial n? =.795. The means were

M =5,13 ( SD = 2.99) (above) and M = -1,39 ( SD = 3.32) (below).
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Results from subjective ratings “effort” (hand dynamometer)

Here we analyzed the data of the hand dynamometer. We defined “wanting” as the
dependent variable, measured through the pressing of the dynamometer. The
ANOVA contained the factor “drug group” and the factor “reward level”.

We could not find a significant main effect for the interaction between “drug group”
and “reward level”. There was no significant difference between the two groups.
Regarding the values we saw a trend F(1, 41) = 3.217, p = .080, partial n> = .074. We
found that the mean for effort was higher in the placebo group M = 207,84 (SD =
73.80) for the rewards rated above the median than in the Naltrexone group M =
181,75 (SD = 65.65). For the rewards valued below the median the means were M =
122,17 (SD = 47.67) (Naltrexone) and M = 170,88 (SD = 73.72) (placebo).
Additionally we revealed a significant effect within the factor “reward level”

F(1, 41) = 58.613, p < .001, partial n? = .594. The means were M = 194,79 ( SD =
70.24) (above) and M = 146,53 ( SD = 66.08) (below).

To summarise, we could not find any main effects on the interaction between “drug
group” and “reward level” neither on the ratings of “wanting”, “liking” nor “effort”. We
found a trend for “effort” showing that participants receiving a placebo squeezed
harder for rewards high and lower rated than participants from the Naltrexone group.

Further, “reward levels” differed significantly from each other.

Results facial EMG

To measure “liking” the data of the fEMG was analysed. We recorded the muscle
activity of each muscle separately. For each muscle we used the data again split into
above and below the median based on the median of “wanting”, “liking” and “effort”
(instead of splitting the data by the type of reward in high/low reward or 152"
preference respectively). We computed several ANOVAs adding an additional within-
subject factor “time”. The factor “time” represented the time-windows of one second
of the fEMG.

For the data of the zygomaticus major and the corrugator supercilii mixed-design
ANOVAs, including the factors “drug group” (Naltrexone or placebo), “reward level’
(above and below the median) and “time”, were calculated. We computed the same

ANOVAs for the anticipation and the consumption period.
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Anticipation - Zygomaticus Major (ZM)

As we analysed the data of ZM using the median of “wanting”, we had no
significant main effects for interactions between “drug group”, “reward level” and
“time”. For the following sections the term “overall” defines the interaction between
“drug group”, “reward level” and “time”.

There was no significant difference in the interaction between the “drug group” and
the “reward level”, F(1, 41) = .039, p = .844, partial n? = .001 or the “time”

F(2, 40) = .851, p = .431, partial n? =.021 and “overall” F(2, 40) = .286, p = .752,

partial n? = .007.

Then the data was split into above and below the median of “liking”. But again
there was no significant difference in interactions between “reward level” and “drug
group” and between “time” and “drug group”. Interactions between “reward level’

F(1, 41) =0.763, p = .388, partial n* =.019 and “drug group” were not significant. The
interactions between “time” and “drug group” F(2, 40) = 0.751, p = .475,

partial n? = .018 and “overall” F(2, 40) = 1.328, p = .271, partial n? = .032 were not

significant.

Additionally, the data was split into above and below the median of “effort”. There
was no significant effect in the interaction between “drug group” and “reward level”,
F(1, 41) = 2.866, p = .098, partial n? = .067. There was no significant effect in the
interaction between “drug group” and “time”, F(2, 40) = 0.760, p = .471,

partial n? = .019. And there was no significant interaction between “drug group”,
‘reward level” and “time” F(2, 40) = 1.122, p = .331, partial n? = .027.

Consumption - Zygomaticus Major (ZM)

Then the analyses were run again for the consumption period of 5 seconds.

As we split the data into above and below the median of “wanting” there was no
significant effect for interactions between“drug group” and “reward level” and “time” or
“overall”. For “reward level” the values were F(1, 41) = 1.524, p = .224,

partial n? = .037. For “time” the values were F(4, 37) = .662, p = .619,

partial n? = .006. And the “overall” values were F(4, 37) = .110, p = .979,

partial n? = .003.
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Conducting the ANOVA with the data split into above and below the median of
“liking” we got a significant main effect within the factor “drug group”

F(1, 41) =5.749, p =.021, partial n? = .126. Analysing simple main effects indicated
that the mean score did not differ significantly in the “drug group”. Neither at the high
‘reward level” (above the median of “liking”) F(1, 41) = 1.827, p = 1.84,

partial n? = .044 nor at the low “reward level” (below the median of “liking”)

F(1, 41) = .662, p = .421, partial n®> = .016.

A significant effect occurred within the “reward level” of the placebo group.

There the mean scores differed significantly F(1, 41) = 4.508, p = .040,

partial n? = .101. At the high level the mean (M = 236.80, SD = 18.45) was
significantly higher than the mean of the low level (M = 200.453, SD = 19.81).

Then we split the data into above and below the median of “effort”. We could not
find a significant effect in the “reward level”, “time” or “overall’. Regarding the ZM
according to the “reward level” we got F(1, 41) = .915, p = .345, partial n* = .022. As
we looked at the “time” F(4, 37) = .571, p = .648, partial n* = .014. Analysing the
“overall” effects they showed F(1, 41) = .915, p = .345, partial n* = .022

To summarise, for the ZM we only had a significant effect regarding the data split into
above and below of the median of “liking”. There we found that the mean values for
the ZM at the high level (M = 236.80, SD = 18.45) was significantly higher than the
mean of the low level (M = 200.453, SD = 19.81) within the placebo group.

Anticipation Corrugator Supercilii (CS)

Running ANOVAs for CS with data was split into above and below the median of
“wanting” we found no significant effect. Regarding the “reward level” we got

F(1, 41) = .146, p = .704, partial n? = .004, for “time” we got F(2, 40) = .580, p = .562,
partial n? = .014 and “overall” F(2, 40) = .169, p = .844, partial n? = .004.

Then we split the data into above and below the median of “liking”. There was no
significant difference between the “drug groups”. The values for “reward levels” were
F(1, 41) = .283, p = .589, partial n* = .007, for “time” F(2, 40) = .467, p = .628,

partial n =.012 and for “overall” F(2, 40) = .094, p = .910, partial n* = .002.
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As we split the data into above and below the median of “effort”, we got
F(1, 41) = .638, p = .429, partial n? = .016 for the “reward levels”, F(2, 40) = .637,
p =.532, partial n® = .016 for “time” and “overall” F(2, 40) = .045, p = .956,

partial n? = .001. That means there was no significant effect for “drug group”.

Consumption - Corrugator Supercilii (CS)

Again the data was split into above and below the median of “wanting”, “liking” and

“effort”.

Conducting the ANOVA with the data split into above and below the median of

“wanting” there was no significant effect. The interaction between the “reward level”

and “drug group” was not significant F(1, 41) = .001, p = .973, partial n? = .000. The
interaction between “time” and “drug group” F(4, 37) =.713, p = .584 was not
significant, partial n* = .018. And the “overall” interaction F(4, 37) = 1.935, p = .107,

partial n? = .046 was not significant.

Then we split the data into above and below the median of “liking”. Again we could

not find a significant effect within the “drug group”, neither for the “reward level”
F(1, 41) = .510, p = .479, partial n® = .013, “time” F(4, 37) =.740, p = .566,
partial n? = .018, nor “overall” F(4, 37) = 1.674, p = .159, partial n? = .040.

Additionally, we split the data into above and below the median of “effort”. There
the values for the interaction between the “reward level” and the “drug group” was
F(1, 41) = .245, p = .623, partial n? = .006. Regarding the time windows of the EMG
we got F(4, 37) = .674, p = .611, partial n? = .017. The “overall” values were

F(4, 37) = 2.055, p =.089, partial n? =.049. That means we had no significant

differences in the interactions between “reward level” and “drug group”, “time” and

“drug group” and “overall”.

Summary Results

Several mixed-design ANOVAs were conducted to compare the effects between a
Naltrexone and a placebo group. Data from fEMG and subjective ratings were
computed. We could not find a significant effect in the factor “drug group” except of

one condition.
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There was a significant effect in the interaction between the “drug group” and the
‘reward level” at p<.05 level concerning the zygomaticus major during the
consumption period F(1, 41) = 5.749, p = .021, partial n? = .126. Analysing simple
main effects indicated that the mean score did not differ significantly between the
Naltrexone and the placebo group. Neither at the high “reward level” (above the
median of “liking”) F(1, 41) = 1.827, p = 1.84, partial n®> = .044 nor at the low “reward
level” (below the median of “liking”) F(1, 41) = .662, p = .421, partial n* = .016.

The significant effect occurred in the factor “reward level” of the placebo group. The
mean scores differed significantly F(1, 41) = 4.508, p = .040, partial n> = .101. At the
high level the mean (M = 236.80, SD = 18.45) was significantly higher than the mean
of the low level (M = 200.453, SD = 19.81) (see Fig.5.).

Zygomaticus Major - consumption period (5s)

Estimated Marginal Means of MEASURE_1
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Fig. 5. significant eﬁect within the placebo group.
Fg“l A1y =4508, p < .040, partial n® = .101. Above median (M = 236.680, 5D =
8.45) and helnw median F = 200453, 50 = 19.81) for the placebo group.

For a better overview of the results tables including all values are attached.
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Discussion

In a double-blind real effort task giving Naltrexone | explored the opioid related
changes in “wanting” and “liking” rewarding with food rewards. In animal research the
processes of “wanting” and “liking" are well explored (Wyvell & Berridge, 2000;
Peciia, Cagniard, Berridge, Aldridge, & Zhuang, 2003).

For exploring opioid receptors modulating effects on hedonic pleasure especially
animal studies are conducted (Trezza, Baarendse, & Vanderschuren, 2010). Here we
explored “wanting” and “liking” receiving food rewards in humans. The processes of
“‘wanting” and “liking” rely on the opioid- and dopamine-system (Berridge &
Kringelbach, 2015). | compared subjective ratings and behavioural data from two
groups receiving either Naltrexone or a placebo. One of the most important opioid
receptors in processing “wanting” and “liking” is the p-opioid receptor (Loseth,
Ellingsen, & Leknes, 2014). Currently there is no specific y-opioid receptor antagonist
which is licensed from the Austrian BASG (Bundesamt fur Sicherheit im
Gesundheitswesen). That is why we chose Dependex® providing 50 mg Naltrexone.
It has a high affinity to the p-opioid receptor (Loseth, Ellingsen, & Leknes, 2014) and
is well tolerated (Miotto et al. 2002; Yeomans & Gray, 2002). 50 mg per oral
Naltrexone as a standard dosage is shown to block most of the opioid receptors in
the brain (Lee et al. 1988). Ko et al. (1988) argue that Naltrexone is a strong
antagonist for the p-opioid receptor at least in monkeys. Here blocking opioid
receptors giving Naltrexone was expected to result in lower “liking” and lower
“‘wanting” to a lesser extent. For proof we collected data from subjective ratings, a
hand dynamometer and fEMG. Subjective ratings were computed from two
continuous scales. One scale measured “subjective wanting” and the other one
measured “subjective liking”. For statistical analyses a mixed-design ANOVA was
conducted in SPSS. Neither for “subjective wanting” nor “subjective liking” we got a
significant effect. There are some possible reasons for these results. Rating the
degree of “wanting” or “liking” stimuli is a form of decision making. Laurent, Morse &
Balleine (2015) argue that the opioid system not only plays a role in the motivational
and hedonic aspects of reward processing but even in decision making. They
suggest that the p-opioid receptor plays a functional role and, therefore, by blocking it
could affect the subjective ratings. It may have resulted in the low ratings in the
extreme parts of the continuous scale and more ratings around the centre, resulting
in no significant effect. Modulating opioid receptors exploring distinct aspects of
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decision making will be a topic for future research (Laurent, Morse, & Balleine, 2015).
In addition Naltrexone treatment is shown to result in a reduction of reward
responsiveness (Eikemo, Biele, Willoch, Thomsen, & Leknes, 2017). Studies with
rodents show that blocking opioid receptors decreases preferences for rewards like
sucrose, fat or sex cues (Mahler & Berridge, 2012).

During the experiment another interesting phenomenon occurred. We gave milk or
cacao drinks respectively as rewards. In a pre-survey we evaluated the preferences
for these drinks. We did that to generate two levels of reward to explore changes in
“‘wanting” and “linking” between these two levels. It turned out that initial preferences
were not stable across the experiment and changed during testing. Therefore, we
split the data into above and below the median of “wanting”, “liking” or “effort”. We
could not find a significant effect in “subjective liking” in the “drug group” which goes
in line with other studies (Scinska et al., 2000; Yeomans and Gray, 2002). They
report that opioid antagonism has no effect on the subjective quality of foods.
Concerning the subjective ratings we could not find a significant effect in “wanting”
between the Naltrexone and the placebo group which goes in line with Murray et al.
(2014). Differences to other studies may occur because of different types or amounts
of rewards and the time of rewarding (one up to several days) (Murray et al., 2014).
Further on such effects need more than subjective ratings to explore this kind of
processes (Berridge & Robinson, 2003; Barbano & Cador, 2007).

Other studies try to assess the value of a reward through the analysis of orofacial
reactions and the microstructure of the licking responses as a result of liquid intake
(Davis & Smith, 1992; Smith, 2001; Berridge, 2009; Johnson et al., 2010).

In this project we had human participants and such methods would go beyond our
hypotheses. That is why we chose to collect data from a hand dynamometer (Vernier
software) as addition to the subjective ratings with a continuous scale.

Several studies show that humans change their degree of effort with regard to the
expected value of the reward (Robbins & Everitt, 1996; Schultz, 2005; Berridge,
2004). Studies indicate that manipulating the effort required to obtain a reward seems
to be an efficient method to dissociate the processes of “wanting” and “liking” (Waugh
& Gotlib, 2008).

In this project we did not change the effort required. Instead the more you press, the
higher the chance to get the most-‘liked” reward increases. Here we used this
method to explore differences in “wanting” in a real effort task. We could not find a
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significant difference in the means of “effort” achieved to earn a reward more or less
preferred between the experimental and the control group. We found a trend showing
that participants receiving Naltrexone did press lower than participants from the
control group. This would be in line with our hypothesis that Naltrexone suppresses
“‘wanting”. Participants put in more effort for rewards higher valued. Giesen,
Havermans, Nederkoorn, Strafaci, & Jansen (2009) demonstrate that participants
even work harder to get more snack foods although they want to eat less. In this
project this should not be the case because we assumed that participants of our
project started hungry into the experiment because of two hours without eating

before coming to the laboratory and three hours waiting after a small snack before
starting the experiment. Therefore, we expected them to be hungry and that
participants wanted the rewards.

We expected by blocking opioid receptors with Naltrexone this would reduce “liking”
to a higher extent than “wanting”. Studies show that processes of “liking” rely more on
the opioid systems as against the processes of “wanting” which rely more on the
dopamine system (Davis et al., 2009, Pecifia, 2008). This may have led to finding no
significant effect between Naltrexone and the placebo group in the effort task with the
hand dynamometer. In another study participants rate the pleasantness of food on a
scale to assess “liking” either and use a forced choice methodology to gain data for
“‘wanting” (Finlayson, King, and Blundell, 2007). In their study participants prefer high-
fat savoury foods over low-fat savoury foods with no effects on “liking” and the
participants like high fat sweet foods more than low-fat sweet foods with no difference
in “wanting”. Finlayson, King & Blundell (2008) could not replicate these results and
conclude that the force choice method effects both reward processes. Epstein,
Truesdale, Wojcik, Paluch & Raynor (2003) demonstrate that food-deprived
participants work longer (and thus much harder) to obtain food rewards than
participants who are already fed up with no effect on subjective ratings of “liking”.

We did not find a significant effect for Naltrexone altering “wanting” and ”liking” (rating
scales and effort task) which goes in line with (Scinska et al., 2000). They find no
effects of Naltrexone on intensity and pleasantness of sucrose, quinine, citric acid,
sodium chloride, and ethanol taste. Additionally, they cannot find an effect on ratings
of olfactory stimuli (Scinska et al., 2000). In addition we found significant main effects

concerning the “reward level” for the subjective ratings and the pressing of the hand
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dynamometer. We expected that because we split the data into above and below the
median based on the median of “wanting”, “liking” and “effort”.

The main part of our project was the collection of data from facial electromyography
(fEMG). EMG is an experimental method to record and analyse myoelectric signals
(Basmajian & De Luca, 1985). Horio (2003) shows that EMG is able to measure
facial muscle signals according to taste. He indicates that most facial and chewing
muscles of adults show greater responses to tastes disliked than to those preferred
or less preferred.

Hu et al. (1999) recommend EMG because it is a physiological method to receive
guantitative data. It is possible to minimize human errors and you can easily code
facial muscle patterns. They also come to similar results like Horio (2003) suggesting
that face muscles show greater activation to stimuli disliked.

In our study we took fEMG data from two muscles during two periods.

We installed an anticipation and a consumption period. The anticipation period lasted
3 seconds and took place after announcing the reward which could be obtained. That
means we measured fEMG before the consumption and, therefore, fEMG data could
represent the effects of expecting the value of the reward. Balleine (2005) argues
that such a method measures “expected pleasantness” rather than “liking”. It contains
predictions of the reward and, therefore, underlies cognitive desires. In animal
studies this represents a distinct motivational control system of reward processing
(Berridge and Aldridge, 2008; Berridge and O’Doherty, 2014; Dickinson and Balleine,
1994; Wassum et al., 2011b).

This may explain the following results of the anticipation period. Activation of the CS
did not differ significantly between the two “drug groups”. We analysed the data split

into above and below the median of “wanting”, “liking” and “effort” (pressing of hand
dynamometer).

For the ZM we did not find a significant difference between the two groups either. The
lack of ZM activation goes in line with prior research. These studies indicate that ZM
does not reflect hedonic pleasure but CS activation seems to correspond with disgust
(Booth et al., 2010; Horio, 2003; Hu et al., 1999).

Data of the consumption period was taken after swallowing. During this period we
found a significant effect which occurred within the different “reward levels” in the
placebo group. The ZM activation was higher for the rewards valued above the

median of “liking” than for the rewards valued below. This indicates that participants
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of the placebo group “liked” rewards higher valued more than rewards lower valued.
For swallowing we decided a time period of 2 seconds. It is possible that participants
took more time for rewards “liked” and, therefore, we found a higher activation of the
lower face muscles. Future investigations need to improve EMG recording to better
distinguish facial processing and to facilitate reliable interpretations of such results.
Analysing the CS activation during the consumption period we could not find a
difference in the interaction between the “drug group” and “reward level”, between
“drug group” and “time” and between “drug group” and “overall”’. Differences to other
studies may emerge due to different methods of stimulus input (e.g. Bertino,
Beauchamp, & Engelman, 1991). Animal studies show that regulation of facial
expression is likely to be assessed with a distributed multifocal processing system for
exploring lower and upper facial muscles (Morecraft, Louie, Herrick, & Stilwell-
Morecraft, 2001; Morecraft, Stilwell-Morecraft, & Rossing, 2004).

Conclusion

We found no relevant differences between a placebo group and an experimental group
receiving Naltrexone. We explored changes in “wanting” and “liking” using subjective
ratings, data from a hand dynamometer and facial EMG. We gave a single dose of
Naltrexone 50mg, which seems to have no significant effect on “wanting” and “liking”
receiving food rewards. Our results go in line with other studies finding no differences
in the subjective sensory quality of food (Scinska et al., 2000; Yeomans and Gray,
2002).

Murry et al., (2014) describe a similar pattern of ratings on the intensity of pleasant
and unpleasant rewards. Other studies show that blocking opioid receptors has no
effects on subjective pleasantness (Rabiner et al., 2011; Petrovic et al., 2008). Opioid
antagonism has effects on neural responses to aversive food stimuli (Murray et al.,
2014). Aversive food stimuli used in exploring “wanting” and “liking” could be an
interesting aspect for future research, especially when using fEMG (Booth et al.,
2010; Horio, 2003; Hu et al., 1999).

Havermans (2011; 2012) argues not to distinguish between “wanting” and “liking”
exploring food rewards because they are intrinsically related and cannot be
considered as two different components. Colleagues will have a look on food rewards
giving Amisulpride as a dopamine antagonist. We may compare and combine these
results in the course of our project. Future research should explore changes in
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“‘wanting” and “liking” blocking opioid and dopamine receptors to find out more about
the complex composition of reward processing.

For this thesis | did not explore gender differences in “wanting” and “liking”. There are
indications that these processes differ in men and women even in the olfaction domain
(Triscoli, Croy, Olausson, & Sailer, 2014). Studies of sexual behavior find gender
differences as well (Dewitte, 2015). A fMRI study shows differences in anticipation of
monetary and social rewards (Spreckelmeyer et al., 2009). Future theses could have

a look on the gender differences regarding primary food rewards.
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Abstract (ENG)

Reward processing plays a big part in addiction research and clinical disorders. We
already know from animal and human studies that there are two reward processes.
“‘Wanting” comprises the motivational role whereas “liking” reflects the hedonic
aspects of reward processing. In this study we explore “wanting” and “liking” of food
rewards by blocking opioid receptors. During a within-subject design explicit
measures (ratings scales, real effort) and implicit measure (facial electromyography)
were analysed. During this double-blind experiment 42 healthy voluntary participants
got either 50mg of Naltrexone or a placebo. Through blocking opioid receptors with
Naltrexone we expected a reduction of “liking”, leading to lower results in the
subjective ratings and lower activation of the corrugator supercilii measured via facial
EMG. For measuring “wanting” with the hand dynamometer (real effort) we expected
a reduction to a lesser extent than for “liking”.

We did not find any significant differences between the experimental and the control
group. A significant effect occurred within the placebo group during the consumption
period concerning the zygomaticus major. The conclusion of the study is that
blocking opioid receptors with naltrexone do not change “wanting” and “liking” to a

significant extent when receiving food rewards.

Keywords

Primary rewards; Food; facial EMG; Real effort task; opioid antagonism

50



Abstract (GER)

Die Verarbeitung von Belohnungen spielt eine groRe Rolle in der Suchttherapie und
bei klinischen Erkrankungen. Durch Studien an Tieren und Menschen sind die zwei
Gehirnprozesse ,wanting“ und ,liking“ bereits etabliert. “Wanting” stellt die
motivationale Komponente dar, wahrend “liking” den hedonischen Aspekt der
Belohnungsverarbeitung umfasst.

In dieser Studie untersuchten wir die Unterschiede zwischen “wanting” und “liking”
bei primaren Belohnungen (Milch- bzw. Kakaogetranke) durch Blockieren von Opioid-
Rezeptoren beim Menschen.

Wahrend eines Within-Subject Designs wurden explizite (Bewertungsskalen,
Kraftaufwand) und implizite Messungen (Gesichtselektromyographie, fEMG)
ausgewertet und analysiert.

In dieser doppel-blinden Studie erhielten 42 gesunde Freiwillige entweder 50mg
Naltrexon oder ein Placebo. Durch das Blockieren von Opioid-Rezeptoren durch
Naltrexon erwarteten wir eine Reduktion des ,liking®“. Dies wurde sich in den
subjektiven Bewertungsskalen und in der Reduktion der Aktivierung des Corrugator
Superciliis zeigen. Fur die Messungen von ,wanting“ durch den Kraftaufwand mit
dem Hand-Dynamometer erwarteten wir eine geringere Reduktion als beim ,liking"“.
Wir fanden keinen signifikanten Unterschied zwischen der Experimental- und der
Kontrollgruppe. Einzig in der Placebogruppe trat wahrend des Konsums der
Belohnung ein statistisch nachweisbarer Effekt des Zygomaticus Majors auf.

In der Studie kommen wir zu dem Schluss, dass durch die Blockierung von Opioid-
Rezeptoren mit Naltrexon sich ,wanting“ und ,liking“, bei Erhalt von priméren

Belohnungen, nicht nachweislich verandern.

Keywords

Primare Belohnungen; Essen; Gesichtselektromyographie; Kraftaufwand;
Motivation; Opioid Rezeptoren
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Supplementary material:
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IV Zygomaticus Major
S Corrugator Supercilii

Description of all elements in atrial

Each trial included (See Fig. S1) the following steps:

1) a fixation cross (2 seconds),

2) a picture announcing the highest possible reward for 3 seconds (high or low),

3) a continuous scale ranging from ‘not at all’ to ‘very much’ to rate “wanting”,

4) a 2 seconds period to announce the squeezing of the hand dynamometer,

5) a 4 seconds period of squeezing, where participants determined the probability to
obtain the reward announced. During this period they received visual feedback
showing their contraction (sliding average of 1 second, as percentage of the MVC),
6) a picture announcing the reward obtained (3 seconds), which could be high, low,
or very low,

7) a phase of 3 seconds to prepare for the reward obtained (3 seconds in the non-
social, 4 seconds in the social condition),

8) reward delivering for 2 seconds in the non-social and 9 seconds in the social
condition

— we defined this time periods to enable sufficiently long tactile stimulation and
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keeping the overall trial duration similar across the two conditions,

— only in the non-social condition we showed instructions to lean back and swallow

the reward delivered (duration of 3 seconds),

9) a relaxation phase of 5 seconds duration,

10) a continuous scale ranging from ‘not at all’ to ‘very much’ to rate the “liking”,

Afterwards participants received water to cancel the taste of the reward obtained

before, in the same way like receiving milk or cacao drinks respectively (but only in

the non-social condition).

In both conditions a blank screen was shown for 3 to 4 seconds at the end of each

trial.
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Fig. S1: Trial examples for the social and non-social conditions, including all screens.
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Overview of all results

Subjective Ratings “wanting”

F- values p- values Partial n?
Drug group*reward level | F(1, 41) =.047 p =.830 partial n> =.001
Reward level F(1, 41) =.183 p <.001 partial n* = .005
Sign. Main Effect Means Standard Deviations
Reward level — above M=5,41 SD = 3.56
Reward level - below M=-,68 SD =4.01
Subjective Ratings “liking”
F- values p- values Partial n?
Drug group*reward level | F(1, 41) =.047 p =.830 partial > =.001
Reward level F(1, 41) =.183 p <.001 partial n* = .005
Sign. Main Effect Means Standard Deviations
Reward level — above M=5,13 SD =2.99
Reward level - below M=-1,39 SD =3.32
Subjective Ratings “effort” (Hand Dynamometer
F- values p- values Partial n?
Drug group*reward level | F(1, 41) =.047 p =.830 partial n> = .001
Reward level F(1, 41) =.183 p <.001 partial n> = .005
Sign. Main Effect Means Standard Deviations
Reward level — above M =194,79 SD =70.24
Reward level - below M = 146,53 SD =66.08
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fEMG:

Anticipation Period - Zygomaticus major

Median split by wanting:

F- values p- values Partial n?
Reward level F(1, 41) =.039 p=.844 partial n> =.001
Time F(2, 40) = .851 p=.431 partial n* =.021
Overall F(2, 40) = .286 p=.752 partial n* = .007
Median split by liking:
F- values p- values Partial n?
Reward level F(1, 41) =.763 p =.388 partial > =.019
Time F(2, 40) =.751 p=.475 partial n> = .018
Overall F(2, 40) =1.328 p=.271 partial n* = .032
Median split by effort:
F- values p- values Partial n?
Reward level F(1, 41) = 2.866 p =.098 partial n* = .067
Time F(2, 40) =.760 p=.471 partial > =.019
Overall F(2, 40) =1.122 p=.331 partial n* = .027
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Consumption Period - Zygomaticus Major

Median split by wanting

F- values p- values Partial n?
Reward level F(1, 41)=1.524 p=.224 partial n* = .037
time F(4, 37) = .662 p=.619 partial n> = .016
overall F(4, 37) =.110 p=.979 partial n* = .003
Median split by effort
F- values p- values Partial n?
Reward level F(1, 41) =.915 p =.345 partial n* =.022
time F(4, 37) = .571 p =.648 partial n> =.014
overall F(4, 37) =.691 p =.599 partial n> = .017

Median split by liking > significant effect

F- values p- values Partial n?
Reward level F(1, 41) =5.749 p=.021 partial N =.126
time F(4, 37) = .555 p =.695 partial n> =.014
overall F(4, 37) =.368 p=.831 partial 0 = .009
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Measure: MEASURE_1

Estimates

Drug_group rewardlevel Mean Std. 95% Confidence Interval
Error Lower Upper Bound
Bound
1 201,542| 18,447 164,260 238,825
Naltrexone
2 223,245| 19,805 183,217 263,272
1 236,804 | 18,447 199,521 274,087
Placebo
2 200,453| 19,805 160,426 240,480
Pairwise Comparisons
Measure: MEASURE_1
Drug_group (1) J) Mean Std. Sig.P 95% Confidence Interval for
rewardlevel rewardlevel Difference (I- Error Difference®
J) Lower Bound | Upper Bound
1 2 -21,702| 17,121 212 -56,305 12,900
Naltrexone
2 1 21,702| 17,121 212 -12,900 56,305
1 2 36,351 17,121 ,040 1,749 70,953
Placebo
2 1 -36,351" 17,121 ,040 -70,953 -1,749

Based on estimated marginal means

*. The mean difference is significant at the ,05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Multivariate Tests

Drug_group Value F Hypothesis df | Error df Sig. Partial Eta
Squared

Pillai's trace ,039 1,607 1,000 40,000 ,212 ,039
Wilks' lambda 961 1,6072 1,000 40,000 ,212 ,039

Naltrexone
Hotelling's trace ,040 1,6072 1,000 40,000 ,212 ,039
Roy's largest root ,040 1,6072 1,000 40,000 212 ,039

Placebo Pillai's trace ,101 4,5082 1,000 40,000 ,040 ,101
Wilks' lambda ,899 4,508?2 1,000 40,000 ,040 ,101
Hotelling's trace ,113 4,5082 1,000 40,000 ,040 , 101
Roy's largest root ,113 4,508% 1,000 40,000 ,040 , 101

Each F tests the multivariate simple effects of rewardlevel within ech level combination of the other effects

shown. These tests are based on the linearly independent pairwise comparisons among the estimated marginal

means.
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Anticipation Period - Corrugator Supercilii

Median split by wanting

F- values p- values Partial n?
Reward level F(1, 41) = .146 p=.704 partial n* = .004
time F(2, 40) = .580 p =.562 partial n* =.014
overall F(2, 40) = .169 p=.844 partial n® = .004
Median split by liking
F- values p- values Partial n?
Reward level F(1, 41) =.283 p =.589 partial n = .007
time F(2, 40) = .467 p=.628 partial N> =.012
overall F(2, 40) =.094 p=.910 partial 0 = .002
Median split by effort
F- values p- values Partial n?
Reward level F(1, 41) =.638 p =.429 partial n* = .016
time F(2, 40) = .637 p =.532 partial N> = .016
overall F(2, 40) = .045 p =.956 partial n> =.001
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Consumption Period - Corrugator Supercilii

Median split by wanting

F- values p- values Partial n?
Reward level F(1, 41) =.001 p=.973 partial n =.000
time F(4, 37) =.713 p =.584 partial n* =.018
overall F(4, 37) =1.935 p =.107 partial n* = .046
Median split by liking
F- values p- values Partial n?
Reward level F(1, 41) =.510 p=.479 partial n* =.013
time F(4, 37) =.740 p = .566 partial n* =.018
overall F(4,37)=1.674 p =.159 partial n? =.040
Median split by effort
F- values p- values Partial n?
Reward level F(1, 41) = .245 p=.623 partial n* = .006
time F(4,37) = .674 p=.611 partial n> = .017
overall F(4, 37) = 2.055 p =.089 partial n* =.049
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