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Abstract 

C-tactile (CT) afferents are activated by caress-like pleasant touch. This type of social 

interaction is associated with increased β-endorphin release and social bonding in non-human 

animals. Studies in non-human primates and rodents suggest a state-dependent role of µ-

opioids in motivation and preference for social touch. In a state of comfort where appetitive 

motivation dominates, µ-opioid agonism consistently promotes while antagonism diminishes 

approach of social and non-social rewards.  An opposite pattern has been reported for 

approach of social rewards of a comforting nature in animals during states of distress and 

aversive motivation. Here, we investigated of pharmacological µ-opioid effects on hedonic 

responses to CT-optimal touch in humans not subjected to experimental stress manipulations. 

We hypothesized that opioid agonism would increase, and opioid antagonism decrease 

‘liking’ and ‘wanting’ of pleasant touch as measured in two separate tasks. 49 healthy males 

received single oral doses of a µ-opioid agonist (morphine 10 mg), a non-selective opioid 

antagonist (naltrexone 50 mg) or placebo on three separate days in a randomized double blind 

cross-over study. As part of a larger reward task battery, participants received soft brush 

strokes on their forearms with three different speeds: 0.3 cm/s, 3 cm/s (optimal speed for CT 

activation) and 30 cm/s. In the liking task, participants rated touch pleasantness on a visual 

analog scale after each 15-second trial. In the wanting task, they instead manipulated the 

duration of each trial through key presses.  

Pleasantness ratings and ratio durations were analyzed using a linear mixed model approach 

with brushing speed and drug condition as the main fixed factors. Session, stimulus orders 

and other variables related to the experimental design, recruitment and counterbalancing were 

also included as fixed factors, as were measures of subjective drug effects.  

The results demonstrated the expected preference for CT-optimal brushing in both tasks, but 

provided no evidence for a role of opioids in modulating touch pleasantness or ratio durations 

under the current experimental conditions. Effects of mood variables and interactions between 

mood, drug and brushing speed were examined in a separate set of explorative analyses, and 

significant interactions between state anxiety and drug were found at 3 cm/s brushing.  Task 

design issues and potential avenues for future investigations of state-dependent opioid 

modulation of motivation for social touch are discussed.  
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1 Introduction 

Social touch provides immediate physical connection with others, fostering and 

communicating intimacy and cooperation throughout the life span of social animals 

(Hertenstein, Verkamp, Kerestes, & Holmes, 2006). Tactile interactions such as grooming, 

huddling and playing are common in most mammalian species, and aid establishment and 

maintenance of social, romantic, sexual and parental relationships. In humans, even brief 

experiences of touch can increase pro-social behaviours (Gallace & Spence, 2010), and 

touching and mutual grooming between romantic partners are related to feelings of intimacy, 

relationship satisfaction and trust (Gulledge, Gulledge, & Stahmann, 2003; Nelson & Geher, 

2007). Early life experiences of comfort and nurture provided by touch and physical contact 

are crucial to wellbeing and development (Harlow, 1958). The infant is more or less 

dependent on others for affective and homeostatic regulation, typically through interactions 

with a large touch component such as breastfeeding, holding and licking/grooming. The 

influence of these early social experiences on socio-emotional development is illustrated by 

evidence in rats where the amount of licking and grooming received as an infant is associated 

with increased resilience (Caldji, Diorio, & Meaney, 2000; Caldji et al., 1998; Liu et al., 

1997; Weaver et al., 2004) and sociability later in life (Moore & Power, 1992; Parent & 

Meaney, 2008; van Hasselt et al., 2012). As the individual grows up and starts engaging in 

more complex social interactions, the repertoire of social touch behaviours also expands. In 

adolescence, social interactions also become motivated by needs other than safety and 

support, using touch to signal dominance, submission, friendship and sexual interest 

(Hertenstein et al., 2006).  

There is little doubt of the reward potential of social touch, the processing of which is 

thought to involve the brain’s endogenous opioid system (Dunbar, 2010) – which constitutes a 

central part of the brain circuits involved in generating reward responses and motivated 

behaviour (Le Merrer, Becker, Befort, & Kieffer, 2009). Engagement in affiliative touch 

activities, such as social play, social grooming and huddling, is associated with µ-opioid 

receptor (MOR) functioning in both primates and rodents (Beatty & Costello, 1982; Guard, 

Newman, & Lucille Roberts, 2002; Kalin, Shelton, & Lynn, 1995; Trezza & Vanderschuren, 

2008b). In juvenile rats, rough-and-tumble play leads to increased central MOR activation, as 

suggested by both in vitro (J. Panksepp & Bishop, 1981) and in vivo studies (Vanderschuren, 

Stein, Wiegant, & Van Ree, 1995). In non-human primates, social grooming can elicit 
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endogenous µ-opioid release, as demonstrated in a study where levels of the endogenous µ-

opioid ß-endorphin in the cerebrospinal fluid increased after social grooming, and correlated 

with the amount of grooming received (Keverne, Martensz, & Tuite, 1989). The fact that 

many primate species engage in social grooming far more than required for fur maintenance 

indicates that these interactions are rewarding beyond their hygienic properties (Dunbar, 

2010). Such grooming-induced MOR activation has been suggested as  the key mechanism 

that makes the interaction pleasant and rewarding, thereby facilitating formation and 

maintenance of long-term relationships for social support and protection (Dunbar, 1980, 

2010; MacHin & Dunbar, 2011; Seyfarth & Cheney, 1984). In mice, a series of studies report 

that adult mice engage more in social grooming when they interact with siblings, and 

subsequently display larger µ-opioid-mediated decreases in pain sensitivity, compared to mice 

interacting with unrelated cage mates (D'Amato, 1998; D'Amato & Pavone, 1993, 1996). This 

suggests that endogenous µ-opioid responses to social interactions vary according to the 

nature and quality of the relationship between animals engaging with each other, perhaps by 

providing a neural mark that makes certain interactions and relationships stand out as more 

rewarding or important than others.  

In humans, direct evidence of touch-related MOR activation is scarce, and somewhat 

inconsistent. Some studies of the neuroendocrine responses to massage (Day, Mason, & 

Chesrown, 1987; Kaada & Torsteinbo, 1989; Morhenn, Beavin, & Zak, 2012), suggest 

involvement of MOR. Massage may be better classified as “therapeutic” than affiliative 

touch, and often involves a certain degree of pain from pressure applied to tense muscles.  

One study reported a moderate and significant increase in blood plasma β-endorphin levels in 

pain patients following a connective tissue massage, possibly contributing to the subsequent 

pain relief (Kaada & Torsteinbo, 1989). In contrast, another study observed significant 

reductions in plasma β-endorphins in a group of healthy volunteers receiving moderate 

pressure massage compared to a control group that were only resting (Morhenn et al., 2012). 

A third study observed no changes in blood plasma levels of β-endorphins in pain-free healthy 

volunteers following massage (Day et al., 1987). These inconsistencies may be due to 

differences in physical (pressure, speed) and contextual factors beyond the touch itself, 

making it hard to draw general conclusions from these studies. Moreover, since these studies 

only assessed peripheral levels of β-endorphins, it is difficult to make assumptions about 

central mechanisms (although see Fell, Robinson, Mao, Woolf, & Fisher, 2014; Walker & 

McGlone, 2013). A recent molecular imaging study used a MOR binding ligand to investigate 
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central responses in participants stroked extensively by their romantic partner while in a PET 

scanner. They observed increased ligand binding in the touch condition compared to a within-

subject resting state control, indicating that touch led to reductions in MOR activity 

(Nummenmaa et al., 2016). While the results appear to go against the hypothesis that touch 

induces MOR activation, the study had several limitations. For instance, the lack of a non-

social touch control condition precludes whether the changes in MOR availability were 

specific for affiliative touch or just a response to somatosensory stimulation. Furthermore, the 

temporal resolution of a PET scan might not be high enough to catch more transient MOR 

responses to social touch that may have occurred during the approximately hour-long 

scanning sessions.  

In both animals and humans, touch always happens within a rich multisensory context. 

Effects of MOR system signalling on responses to touch could for this reason also reflect 

modulation of other aspects that those that may be attributed to the sensory qualities of the 

touch itself. Whether certain types of touch inherently activate the MOR system, or if touch-

related MOR activation depends primarily on other influences, such as social context and 

affective-motivational state, has yet to be determined. The current investigation aimed to 

explore the involvement of MOR signalling in human touch reward, building hypotheses on 

evidence from research implicating MOR in reward across domains and species. In the 

following, the current understanding of the role of MOR in reward behaviour is described 

briefly, focusing on a proposed role of MORs in general optimization of reward responses. 

Evidence for MOR modulation of social rewards involving touch is then discussed in more 

detail, including a model proposing that MOR modulation of motivation for social touch 

depends on subjective state. The background for choosing CT-optimal brushing as stimulus of 

interest is then presented, in conjunction with the further rationale of the present study. 

1.1 Motivational and neurobiological processes in 

reward 

Pain and pleasure are two basic driving forces that serve to keep organisms alive by inspiring 

avoidance of danger (aversive motivation) and approach of safety, sustenance and procreation 

(appetitive motivation). While approach and avoidance are both reward behaviours, the term 

reward is often used interchangeably with pleasure (Berridge & Kringelbach, 2008). This 

reflects the common understanding of the adjective ‘rewarding’ as pertaining to a stimulus’ 
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hedonic properties - its abilities to inspire desire and invoke subjective feelings of pleasure 

once obtained. Through positive reinforcement, certain stimuli and behaviours become 

associated with pleasure and thus “[something] for which an animal will work” – a much used 

definition of reward (Rolls, 2006, p. 3). Punishment, on the other hand, is by definition 

something an animal will work to avoid. Through the process of negative reinforcement, 

certain stimuli and behaviours that aid the individual in avoiding or escaping pain and 

suffering become associated with the subsequent feeling of relief. Positive and negative 

reinforcement and their corresponding positive feelings of pleasure or relief are encoded by 

the mesocorticolimbic system in the brain (Berridge & Kringelbach, 2015; Navratilova et al., 

2016). This intricate system is often referred to as the brain reward circuitry, and includes 

several mid-brain structures densely innervated by dopamine and opioid receptors (see 

Fig.1a). Understanding the intricate neurobiological and psychological processes involved in 

reward has been a major objective in the field of affective neuroscience in recent decades 

(Berridge & Kringelbach, 2008; Jaak Panksepp, 1998).  

Technological advances have allowed scientists to dissect reward processing by 

targeting specific brain regions, neurons and receptors with their manipulations (Cannon & 

Palmiter, 2003; Castro & Berridge, 2014a; Robinson, Warlow, & Berridge, 2014; Tsai et al., 

2009). This research has made it increasingly clear that reward comprises several 

distinguishable neurobiological mechanisms, corresponding to interrelated yet separable 

psychological components. Appetitive reward can for instance be parsed into three broad 

neuropsychological sub-processes: (1) the affective response of hedonic pleasure (‘liking’), 

(2) motivation to obtain the reward (‘wanting’), and (3) reward-related learning (Berridge & 

Robinson, 2003). A positive reinforcer will normally be both liked, wanted, and stimulate 

anticipation and learning, and while these reactions can be explicit and available for conscious 

introspection and control, they also involve implicit components influencing behaviour on a 

non-conscious level (Berridge, Robinson, & Aldridge, 2009).  
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Figure 1. Reward circuits in the brain.  

 

a) Reward related brain areas in the rodent 

and human brain. These circuits are densely 

innervated with µ-opioid receptors, in 

addition to dopamine receptors and receptors 

for other neurotransmittors. Reward can be 

parsed into three components: hedonic 

“liking”, motivational “wanting” and 

cognitive “learning”. Adapted from Trends 

in Cognitive Sciences, Vol 13, Kringelbach 

and Berridge, Towards a functional 

neuroanatomy of pleasure and happiness, 

Pages 479-487, Copyright (2009), Elsevier.  

 

 

 

b) Hedonic hotspots have been identified in 

the rodent nucleus accumbens (NAc) and 

ventral pallidum (VP). Microinjections of 

the specific µ-opioid agonist DAMGO 

within the hotspots generate or intensify 

‘liking’-responses to sweet taste rewards, 

while injecting DAMGO into striatal areas 

outside these hotspots selectively enhances 

‘wanting’ without affecting ‘liking’, 

similarly to what is found with dopamine 

injections both within and outside of the 

hotspots. Adapted from Current Opinion in 

Pharmacology, Vol 9, Berridge, Robinson 

and Aldridge, Dissecting components of 

reward: ‘liking’, ‘wanting’, and learning, 

Pages 65-73, Copyright (2009), Elsevier. 
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Much of the research on reward neurobiology uses rats as animal models and palatable foods 

as positive reinforcers, and observe pharmacologically induced changes in objective reward 

behaviour such as stereotypical facial expressions indicating implicit ‘liking’ of the food 

ingested, and approach behaviour that indicates implicit ‘wanting’ in conditioned incentive 

experiments. The results have shown that dopamine – which was long hailed as the pleasure 

chemical in the brain due to the  observation that stimulation of dopaminergic neurons would 

lead to reward responses and addictive behaviour (Olds & Milner, 1954) - mainly influences 

incentive salience, or ‘wanting’, and subsequent reward learning (Berridge & Kringelbach, 

2015; Schultz, 2002). Pleasure, or ‘liking’ of a reward, appears instead to be contingent on 

activation of opioid and endocannabinoid receptors, (Befort, 2015; Fattore et al., 2004; Kelley 

et al., 2002), amongst others. For instance, eating palatable foods strongly increases µ-opioid 

release in rodents (DiFeliceantonio, Mabrouk, Kennedy, & Berridge, 2012). Judging from 

studies on MOR effects on hedonic measures in rats, reward responses are highly dependent 

on MOR signalling in certain regions of the brain. Hedonic hotspots of around 1 mm² have 

been identified in the nucleus accumbens shell and in the ventral pallidum of rat brains (see 

Fig. 1b - e.g. Berridge & Kringelbach, 2008; Castro & Berridge, 2014b; Peciña, 2008; K. S. 

Smith & Berridge, 2007). Microinjections of the specific MOR agonist DAMGO within these 

hotspots generate or intensify ‘liking’-responses to sweet taste rewards (Berridge & 

Kringelbach, 2013; Castro & Berridge, 2014b), while injecting DAMGO into striatal areas 

outside these hotspots selectively enhances ‘wanting’ without affecting ‘liking’ (Mahler & 

Berridge, 2012) - similarly to what is found with dopamine injections (Peciña & Berridge, 

2013). Dopamine had no effect on ‘liking’ even when injected directly into the hedonic 

hotspots (Peciña, Cagniard, Berridge, Aldridge, & Zhuang, 2003; K. S. Smith, Berridge, & 

Aldridge, 2011; Tindell, Berridge, Zhang, Peciña, & Aldridge, 2005). So, while opioids, and 

not dopamine, mediate the hedonic pleasure and liking of a reward, both dopamine and 

opioids play a role in approach behaviours and reward motivation.  

1.1.1 Role of the µ-opioid receptor system in optimization of reward 

behaviour 

A growing body of evidence shows that µ-opioid receptor (MOR) activation mediates motivation 

and preference particularly for the most valuable option when several rewards are available, 

suggesting a role of MOR in optimization of appetitive reward across modalities. Stimulating 

MOR with exogenous µ-opioids increases intake of palatable foods (DiFeliceantonio et al., 
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2012; Doyle, Berridge, & Gosnell, 1993; K. R. Evans & Vaccarino, 1990) while MOR 

antagonists reduce it (Cleary, Weldon, O'Hare, Billington, & Levine, 1996; Giraudo, Grace, 

Welch, Billington, & Levine, 1993). The effects of MOR manipulations in rodents are most 

pronounced for the most desired foods such as chocolate pellets and sucrose water (Cooper & 

Turkish, 1989; Doyle et al., 1993; Giraudo et al., 1993). In humans, similar decreases in food 

intake are observed after treatment with opioid antagonists (Arbisi, Billington, & Levine, 

1999; Bertino, Beauchamp, & Engelman, 1991; Levine, Kotz, & Gosnell, 2003; Trenchard & 

Silverstone, 1983; Martin R. Yeomans & Gray, 1996, 1997; M. R. Yeomans & Wright, 1991; 

Ziauddeen et al., 2013). We recently assessed the effects of MOR stimulation on sweet taste 

perception in the present study population of healthy volunteers, with a double-blind 

pharmacologically bi-directional cross-over design where the effects of morphine were 

contrasted to placebo and naltrexone (Eikemo et al., 2016). In line with the animal literature, 

we found that morphine increased and naltrexone decreased pleasantness ratings specifically 

for the sweetest of five sucrose solutions, and that this pattern was consistent regardless of 

whether the participants actually reported liking the sweet taste. This result indicates not only 

that the MOR system regulates appetitive reward behaviour in a way that increases preference 

for highly rewarding stimuli, but suggests that it preferentially regulates behaviour associated 

with rewards of an objectively high value. In this case, the sweetest drink had the highest 

objective value in terms of calories, and we speculated that increased explicit liking with 

MOR stimulation compared to antagonism for the sweetest taste even in participants who 

found it sickly and aversive could reflect an increased concordance between objective value 

and subjective (hedonic) value. 

Evidence for a MOR mediated optimization of reward behaviour has also been found 

for social rewards. Enhancement of µ-opioid signalling with agonist treatment specifically 

enhanced male rats’ sexual approach of female rats in oestrus, while their interest in the non-

oestrus females diminished (Mahler & Berridge, 2012). We previously reported an analogous 

effect on facial attractiveness in humans, which is a signal of health and fertility, i.e. of 

evolutionary valuable traits signalling mate value, where morphine increased and naltrexone 

decreased the appeal of highly attractive opposite-sex faces, indicating an increased 

preference for high-value (i.e. high fitness) potential mates (Chelnokova et al., 2014). The 

young male participants viewed pictures of faces on a computer screen and completed two 

tasks, asked to rate their attractiveness on a visual analog scale, and to regulate viewing time 

by engaging in button presses. Compared to placebo, MOR stimulation increased while MOR 
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blockade decreased attractiveness ratings and number of presses on a ‘keep-picture-on-

screen’-button, but only for the most attractive females, demonstrating an effect of MOR 

manipulation on a measure of ‘wanting’ also in humans. For the least attractive faces, MOR 

stimulation instead elicited more presses on the ‘remove-picture-from-screen’-button, 

emphasizing the increased preference for beauty.  

In the attractiveness rating task, we used an eye-tracker to assess pre-rating gaze 

patterns while participants were merely looking at the pictures, and the results have recently 

been reported in a separate publication (Chelnokova et al., 2016). We found that MOR 

stimulation increased and MOR blockade decreased visual exploration of the faces, as 

indicated by the number of gaze fixations, which we interpret as a MOR effect on social 

interest. Furthermore, and in line with the evidence suggesting MOR optimization of reward, 

we found that morphine increased and naltrexone decreased time spent looking at the eye 

region (Chelnokova et al., 2016), which in neutral faces is the region that contains the most 

socially valuable information.   

In non-human animals, a similar pattern is found also for rewarding social interactions with a 

large touch component. In adult rats, social grooming was increased by MOR agonists and 

decreased by MOR antagonists (Niesink & van Ree, 1984, 1989; van Ree & Niesink, 1983).  

Social play in juvenile rats is consistently increased by injections of low-dose non-sedative 

MOR agonists, and reduced by MOR antagonist treatment (Beatty & Costello, 1982; J. 

Panksepp, Jalowiec, DeEskinazi, & Bishop, 1985; Siegel & Jensen, 1985, 1986; Trezza & 

Vanderschuren, 2008a, 2008b; Vanderschuren, Niesink, Spruijt, & Van Ree, 1995a, 1995c; 

Vanderschuren, Spruijt, Hol, Niesink, & Van Ree, 1996). In juvenile primates, morphine 

specifically increased social play behaviours compared to both saline and naloxone, while 

naloxone led to slight but not significant decreases in play behaviours compared to saline 

(Guard et al., 2002). The observation that MOR agonists increased social play in young rats 

led to the hypothesis that increased MOR transmission enhances the reward experienced from 

engagement in social activities (Vanderschuren et al., 1996). This view is empirically 

supported by a study where a selective MOR agonist was injected directly into the nucleus 

accumbens of adolescent rats and observed to increase play behaviour specifically, while 

injections of a specific MOR antagonist into this region prevented the development of social 

play-induced conditioned play preference (Trezza, Damsteegt, Achterberg, & Vanderschuren, 

2011).  
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1.1.2 Effects of context and motivational state on hedonic value of 

social touch – role of µ-opioid signalling 

While touch can be a powerful reward signal that the animal works to achieve, its hedonic 

value is dramatically shaped by surrounding contextual information from other senses 

(Ellingsen, 2015; Ellingsen et al., 2013; Ciara McCabe, Rolls, Bilderbeck, & McGlone, 

2008). For example, an otherwise sensual pleasant touch can be “hedonically flipped” to 

evoke displeasure and disgust if other sensory information tells us that the toucher is 

unattractive, a stranger, or unfriendly (Ellingsen et al., 2014; Gazzola et al., 2012; Scheele et 

al., 2014). Further, as is the case with other rewards, the motivation to engage in specific 

touch interactions depends on the internal homeostatic and affective state of the animal 

(Ellingsen, Leknes, & Kringelbach, 2015; Ellingsen, Leknes, Løseth, Wessberg, & Olausson, 

2016). 

Engaging in social play can for instance be a highly rewarding activity that can be 

used to condition place preference in rats (Calcagnetti & Schechter, 1992; Crowder & Hutto 

Jr, 1992 Burgdorf, 2001 #7805; Thiel, Okun, & Neisewander, 2008), and as a reward to train 

performance in experimental tasks in both rats (Humphreys & Einon, 1981; Normansell & 

Panksepp, 1990) and primates (Mason, Saxon, & Sharpe, 1963). Inhibiting the sense of touch 

with a local anaesthetic significantly reduces playing in juvenile rats (Siviy & Panksepp, 

1987), which indicates that the touch itself is part of what makes it rewarding. Playful 

wrestling or tickling is typically accompanied by laughter in both humans and non-human 

primates (Davila Ross, J Owren, & Zimmermann, 2009; Vettin & Todt, 2005), and positive 

ultrasonic vocalisations (USVs) in rodents (Burgdorf, Panksepp, Brudzynski, Kroes, & 

Moskal, 2005; J. Panksepp & Burgdorf, 2000, 2003), thought to reflect positive play-induced 

affect (Bachorowski & Owren, 2001; Burgdorf, Panksepp, & Moskal, 2011 Panksepp, 2007 

#8703; Gervais & Wilson, 2005).  

However, social play typically occurs only when an animal is free from physiological 

and social stress (Baldwin & Baldwin, 1976; De Oliveira, Ruiz-Miranda, Kleiman, & Beck, 

2003; Fagen, 1981; Loizos, 1967; Siviy & Panksepp, 1985; Vanderschuren, Niesink, Spruijt, 

& Van Ree, 1995b). Given its function in establishing social hierarchies and dominance 

relationships, engaging in social play involves a level of risk that could make it a more 

challenging rather than comforting activity (Blumstein, Chung, & Smith, 2013; J. Panksepp et 

al., 1985; Poirier & Smith, 1974), and therefore a less relevant behaviour when the motivation 
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is to seek comfort. Moreover, exposing young rats to novel environments normally delays 

social play due to exploration of the surroundings (Vanderschuren, Niesink, et al., 1995b), but 

animals injected with low doses of morphine before being introduced to an unfamiliar cage 

immediately start social play interactions, which could indicate that MOR activation directs 

the attentional focus towards social rewards rather than exploring the environment (Trezza & 

Vanderschuren, 2008b). An alternative interpretation could be that the enhanced MOR 

transmission increases confidence, and reduces the need to check whether there are potential 

dangers present. Morphine has indeed been hypothesised also to increase social confidence in 

juvenile rats: play behaviours that are considered particularly dominant were markedly 

reduced by naloxone treatment, and increased by morphine (J. Panksepp et al., 1985). One 

study where juvenile rhesus monkeys were socially isolated for two hours prior to injections 

with saline or naloxone found that naloxone significantly decreased social play interactions 

(Martel, Nevison, Simpson, & Keverne, 1995), to larger degree that had been seen previously 

in monkeys not subjected to social isolation (G. Schino & Troisi, 1992). Instead of playing, 

after naloxone treatment the young monkeys spent more time with their mothers and 

increased their effort to stay close to them. The authors hypothesised that the significant 

decrease in social play could reflect that MOR-blockade decreased social confidence and 

reduced the young monkeys’ willingness to risk social play while increasing their need for 

social comfort – reflected in their increased motivation to be with their mothers (Martel et al., 

1995).  

Faced with adversity, social animals generally rely on social support (Cobb, 1976) 

which is often sought in form of calm touch interactions capable of ameliorating behavioural 

and physiological signs of stress such as grooming, huddling and holding (Hertenstein et al., 

2006; I.  Morrison, 2016). Non-human primates engage in social grooming to reduce social 

tension (G.  Schino, Scucchi, Maestripieri, & Turillazzi, 1988), avoid aggression and facilitate 

reconciliation (Silk, 2002). Primates of all ages typically respond to social separation and 

isolation with increased display of behaviours indicative of distress, and upon social reunion 

they seek solace in social comfort by increasing their engagement in social grooming 

interactions (G.  Schino et al., 1988). Infant rodents huddle with their littermates and mother 

to keep warm and stay safe. Separation from the huddle group leads to distress behaviours 

such as ultrasonic vocalisations (USVs) and physiological stress responses in the pup, which 

can be greatly attenuated by reinstatement of physical contact with anesthetized littermates or 

dams (Carden & Hofer, 1992; Hofer, Brunelli, & Shair, 1993; Hofer & Shair, 1987; Stanton, 
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Wallstrom, & Levine, 1987), or by tactile stimulation approximating that from maternal 

interaction (Burton et al., 2007; Chatterjee et al., 2007; Gonzalez, Lovic, Ward, Wainwright, 

& Fleming, 2001). Socially mediated reductions in distress vocalisations were completely 

blocked by the opioid antagonist naltrexone (Carden & Hofer, 1990b), suggesting that social 

comfort is mediated by the MOR system. 

Indeed, in line with the well-known pain-reducing effects of MOR stimulation, which 

diminishes aversive motivation and leads to feelings of relief, MOR agonists such as 

morphine profoundly reduced isolation-induced crying. Blocking the receptors with an opioid 

antagonist exacerbated or even induced separation distress behaviours in isolated puppies 

(Knowles, Conner, & Panksepp, 1989; J. Panksepp, Herman, Conner, Bishop, & Scott, 1978), 

infant guinea pigs (Herman & Panksepp, 1978), rat pups (Carden & Hofer, 1990a; J. 

Panksepp, Herman, Vilberg, Bishop, & DeEskinazi, 1980), chicks (J. Panksepp, Bean, 

Bishop, Vilberg, & Sahley, 1980a) and infant rhesus monkeys (Kalin, Shelton, & Barksdale, 

1988). Studies of adult and juvenile non-human primates showed that following social 

isolation, animals injected with morphine engaged less in social grooming (Keverne et al., 

1989), while those injected with µ-opioid antagonists such as naltrexone and naloxone made 

more solicitations and spent more time receiving grooming (Fabre-Nys, Meller, & Keverne, 

1982; Graves, Wallen, & Maestripieri, 2002; Keverne et al., 1989; Martel et al., 1995; Meller, 

Keverne, & Herbert, 1980; G. Schino & Troisi, 1992). 

The observed decreases in motivation for comforting social contact following MOR 

stimulation have long been interpreted as indication that exogenous opiates can actually 

replace the need for social contact. According to ‘The Brain Opioid Theory of Social 

Attachment’ (BOTSA), first formulated by Panksepp et al. (1978), social contact alleviates 

isolation distress and induces positive emotions through the release of endogenous opioids, 

while separation or social isolation causes opioid withdrawal symptoms and thus negative 

affect. This way, the pleasant effects of endorphin release and the aversive effects of 

endorphin withdrawal motivate us to seek social contact and maintain proximity to 

individuals we are emotionally attached to (J. Panksepp et al., 1978; J. Panksepp et al., 1980). 

It follows from these predictions that animals engage in social interactions in order to obtain 

opioid release, and that substitute MOR activation, by drug administration or consumption of 

other rewards, reduces the motivation to be social.  
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Panksepp and colleagues argued that, because pro-social behaviours such as parental 

care and altruistic behaviours are so important for survival in social species, affiliative 

behaviours may have evolved from more basic systems sub-serving pain perception, with a 

central role of MOR. However, the proposed pattern of MOR effects on social motivation 

appears to be at odds with the established role of MOR in appetitive reward behaviours. We 

recently put forth a new model for MOR involvement in social motivation that attempts to 

resolve this issue, the State-dependent µ-Opioid Modulation of Social Motivation (abbr. 

SOMSoM, see Løseth, Ellingsen, & Leknes, 2014), proposing instead that MOR activation 

promotes or represses motivation for social contact depending on whether the animal is 

affectively content or distressed, respectively (Figure 2). 

1.1.3 State-dependent µ-Opioid Modulation of Social Motivation 

The meaning attributed to any given stimulus depends on our predictions of the stimulus’ 

abilities to help us achieve goals currently kept in mind. Prediction of outcome value, or cost, 

of different actions is a constantly ongoing process (Friston & Kiebel, 2009; O'Reilly, Jbabdi, 

Rushworth, & Behrens, 2013) that affects hedonic experience. For instance, implicit or 

explicit expectations of pain relief from medical treatment often lead to a reduction in pain, 

even when the treatment itself does not involve an active analgesic ingredient (Benedetti, 

2014; Schedlowski, Enck, Rief, & Bingel, 2015). According to the Motivation-Decision 

Model of Pain, the MOR system plays an instrumental role in this on-going prediction of 

subjective utility, through fine-tuned up- or down-regulation of pain signals in the brainstem 

(H. L. Fields, 2006; Howard L. Fields, 2007). This is part of a complex unconscious “decision 

making” process, which takes into account the surrounding contextual (sensory) information, 

as well as internal homeostatic and motivational state, to guide how to act in the given 

situation. The model was initially put forward to explain modulation of pain, but the basic 

idea holds for all events that fall within a reward-punishment continuum. By using constructs 

of meaning to assign hedonic value (e.g. painfulness) to stimuli, the MOR system thus 

promotes safety- or pleasure-seeking behaviour depending on the internal motivational mode. 

The state-dependent effect of MOR is illustrated by high-pain states, where MOR agonists 

provide pain relief, but with reduced impact of other effects commonly associated with opiate 

drugs during non-pain states, like respiratory depression (Borgbjerg, Nielsen, & Franks, 

1996). 
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 The SOMSoM model suggests a corresponding bimodal role of the MOR system in 

social approach behaviour, depending on whether the initial state of the animal is distress or 

comfort. First, in a distressed state, social animals will seek out social contact for safety from 

a threat or for healing and recovery. In this context, social contact relieves negative affect 

through µ-opioid release. Thus, in a distressed state, a) stimulating MOR with opiates will 

relieve the animal’s distress, and consequently diminish social contact seeking, while b) 

blocking MOR will exacerbate distress, and thus increase contact seeking. Second, in a 

comfort state, social interaction has functions beyond comfort and safety, such as formation 

and maintenance of social bonds, testing the boundaries of social hierarchies, or exploring 

possible new mating partners. Thus, social contact can be a source of fun, joy and pleasure, 

but also challenge and risk. In this motivational mode, a) exogenous MOR agonists will 

promote approach for social rewards, whereas b) MOR antagonism will inhibit the incentive 

salience of social rewards, and result in reduced interest in others. 

 Our model assumes a central role for the MOR system in the prioritization of needs. 

This is inspired by more generalized theoretical frameworks stipulating that motivation to 

meet higher needs is contingent on the prior fulfilment of more basic needs (Maslow, 1943; 

Tay & Diener, 2011). Specifically, during pain or distress, the µ-opioid system is employed to 

pursue relief of the aversive state, which may be critical to survival and health. When this 

basic need is fulfilled, and homeostatic equilibrium has been achieved, the µ-opioid system is 

instead involved in promoting reward-seeking and social exploration. 
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Figure 2. State-dependent µ-opioid Modulation of Social Motivation (SOMSOM)                                  

a) During distress, motivation is primarily aversive, and social contact is predominately sought out for 

comfort and relief. Positive social contact or MOR agonist treatment enhances MOR activation, thus 

providing relief. The result is a comfort state where the need for social support is diminished, and approach 

of social consolation is thus reduced. Blocking MOR with an antagonist results instead in increased distress 

and enhanced aversive motivation, thus increasing the need for social support and leading to more approach 

of social comfort. b) During a normal state of homeostatic balance, motivation is predominately appetitive, 

and social interaction is sought out for more exploratory or affiliative purposes. Increased MOR 

transmission through MOR agonist treatment or social rewards leads to a state of heightened appetitive 

motivation and increased social exploration and approach. If the MOR system instead is blocked with an 

antagonist, the resulting state is one of ‘indifference’, where appetitive social motivation is diminished and 

social approach is reduced. Figure is borrowed from Løseth et al. (2014). 
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1.2 The present study 

1.2.1 The C-tactile afferent system  

One candidate for transmitting affective social touch signals from the skin is C-tactile (CT) 

afferents (McGlone, Wessberg, & Olausson, 2014). These thin low-threshold slow conducting 

unmyelinated skin afferents are found in hairy skin in humans, rodents, non-human primates 

and other mammals (Bessou, Burgess, Perl, & Taylor, 1971; Douglas & Ritchie, 1957; Iggo 

& Kornhuber, 1977; Kumazawa & Perl, 1978; Nordin, 1990; Vallbo, Olausson, & Wessberg, 

1999; Vrontou, Wong, Rau, Koerber, & Anderson, 2013). Mounting evidence implicates the 

CT afferent system in perception of touch that is likely to have social and affective relevance. 

The CTs activate primarily to the type of light, gentle touch that is typical of affiliative 

interactions, such as gentle caress-like stroking (H. Olausson et al., 2002; Vallbo et al., 1999), 

and non-moving touch with light pressure (H. Olausson, Wessberg, Morrison, McGlone, & 

Vallbo, 2010). Their firing rates across different velocities of gentle slowly moving touch 

correspond closely to pleasantness ratings, with peak firing and pleasantness at approximately 

3 cm/s (Löken, Wessberg, Morrison, McGlone, & Olausson, 2009). CT optimal stroking 

velocities were spontaneously assumed by people in an experiment where they were asked to 

simply apply stroking touch to their partner or baby, indicating that the CTs are indeed tuned 

in on natural interpersonal touch (Croy, Luong, et al., 2016). This is further corroborated by 

evidence showing that  CT afferents fire most vigorously in response to touch stimuli that is 

delivered at normal skin-temperature, but less to colder or warmer stimuli, again 

corresponding closely to pleasantness ratings (Ackerley et al., 2014).  

The CT-afferents’ hypothesised role as conveyor of an affective-motivational 

dimension of touch has gained further support from neuroimaging studies investigating the 

central processing of CT-optimal touch, which reveal consistent activation of brain regions 

implicated in emotion processing and introception such as the insula and anterior cingulate 

cortex (Bjornsdotter, Loken, Olausson, Vallbo, & Wessberg, 2009; Case, Laubacher, et al., 

2016; H. Olausson et al., 2002; H. W. Olausson et al., 2008). Further, recent evidence showed 

that the superior temporal sulcus, an area associated with processing of social cues from other 

sensory modalities, also responded to interpersonal touch and that its activation predicted 

interpersonal touch pleasantness (Davidovic, Jönsson, Olausson, & Björnsdotter, 2016). 

These and other findings have in recent years provided an increasingly firm foundation to the 
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theory that CT afferents form a system for touch perception that conveys affective 

information and supports social affiliation (McGlone et al., 2014; I. Morrison, Löken, & 

Olausson, 2010; H. Olausson et al., 2010). 

1.2.2 A hypothesised role of µ-opioid signalling in touch 

pleasantness 

The experience of interpersonal CT-activating touch as pleasant or rewarding is proposedly 

underpinned by central activation of µ-opioid receptors (Dunbar, 2010; J. Panksepp et al., 

1980), a notion based on the already reviewed studies of MOR involvement in primate social 

grooming reviewed above  (Fabre-Nys et al., 1982; Graves et al., 2002; Keverne et al., 1989; 

Martel et al., 1995; Meller et al., 1980; G. Schino & Troisi, 1992). Primate social grooming 

involves sweeping movements homologous to the human CT-activating caress (I. Morrison et 

al., 2010). These sweeps are normally performed at a velocity that falls within the window 

that optimally activates CTs in humans (Grandi, 2016), and activate neurons in the primate 

insular cortex (Grandi & Gerbella, 2016). Indirect evidence from human neuroimaging 

studies implicate brain regions dense with opioid receptors such as the anterior cingulate 

cortex (ACC) in processing of touch pleasantness. The most pleasant stroking touch lead to 

the strongest activation of the pre-genual ACC (Lindgren et al., 2012), the subregion of ACC 

with the highest density of opioid binding receptors (Vogt, 2005) - implicated in encoding 

pleasantness of stimuli across modalities (Grabenhorst, D'Souza, Parris, Rolls, & Passingham, 

2010). This very indirect evidence provides some encouragement for the notion of MOR 

involvement of touch pleasantness.  

While a causal relationship between central activation of µ-opioid receptors and touch 

pleasantness has yet to be established, one previous study has investigated the effects of 

opioid blockade on perceived touch pleasantness in humans (Case, Ceko, et al., 2016). 

Healthy participants received an intravenous infusion containing either the MOR specific 

antagonist naloxone or saline water before being subjected to heat pain in a MR-scanner. 

After the scanning and pain stimulation had finished, participants received touch in the form 

of slow (CT-optimal) and fast gentle brushing. Naloxone lead to ~10% marginally significant 

increases in average ratings of pleasantness for both fast and slow brushing compared to the 

pre-drug pre-scan baseline, but increases with naloxone were not significant compared to the 

saline control. Still, this indicates that touch pleasantness is not contingent on MOR 
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signalling. The authors speculated that blocking endogenous opioids with naloxone during 

pain stimulation in the scanner might have increased stress, and that the increased state of 

stress might have heightened the value of gentle touch reward (Case, Ceko, et al., 2016). 

In the present study, we investigated MOR effects on perception of pleasantness and 

motivation to receive touch in the form of gentle brush strokes applied with CT-optimal or 

non-CT-optimal velocities. We did so in two separate tasks, one where we asked participants 

to simply give a rating of how pleasant each brushing trial was (touch liking), and one task 

where we allowed participants to directly manipulate how much of each type of brushing they 

received by regulating the duration of each brushing trial while this was ongoing (Touch 

wanting). The touch wanting and liking tasks were part of a larger battery of reward tasks 

administered to the same study population –some of which have been reviewed above 

(Chelnokova et al., 2014; Chelnokova et al., 2016; Eikemo et al., 2016). Two previous studies 

have measured motivation to receive (wanting) similar touch stimuli and found that touch 

liking and wanting are highly correlated (Perini, Olausson, & Morrison, 2015; Triscoli, 

Ackerley, & Sailer, 2014). Triscoli and colleagues asked participants after each brushing trial 

to rate how much they would like to receive more brushing of the same velocity (Triscoli et 

al., 2014). This can be regarded as a measure of expected pleasantness (Pool, Sennwald, 

Delplanque, Brosch, & Sander, 2016). Perini and colleagues (2015) allowed participants to 

decide after each brushing trial whether the next trial should be of the same speed again, or if 

they would like to change to another (randomly selected) speed. Allowing participants to 

regulate interaction with rewarding stimuli like this is a behavioural measure of preference, 

considered to tap more into motivational processes than explicit wanting ratings (Pool et al., 

2016). Our measure of touch wanting taps further into more implicit motivational processes, 

and is the first task to measure touch motivation in a way that is analogous to consumption –a 

commonly used measure in animal studies investigating wanting of sweet and fatty foods. 

Previous studies have reported effects of pharmacological manipulation of the MOR 

system on behavioural and self-report responses to social and affective stimuli, using low-

dose acute administration of agonists such as morphine or buprenorphine, and antagonists 

such as naltrexone with successful drug blinding and in the absence of experiences of drug 

side-effects (Bershad, Jaffe, Childs, & de Wit, 2015; Bershad, Seiden, & de Wit, 2016; 

Chelnokova et al., 2014; Chelnokova et al., 2016; Ipser et al., 2013; Syal et al., 2015; Wardle, 

Bershad, & de Wit, 2016). Based on the extensive literature on MOR modulation of appetitive 
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reward, we hypothesised that both touch pleasantness ratings and motivation to receive touch 

would be affected by MOR drugs. Specifically, compared to placebo we expected increases in 

these measures during MOR stimulation with the selective MOR agonist morphine, and 

decreases during MOR blockade with the non-specific opioid antagonist naltrexone - which 

has high affinity to MOR. Furthermore, we expected this linear morphine > placebo > 

naltrexone pattern to be most pronounced for the preferred touch, which was expected to be 

the CT-optimal brushing.  

Moreover, based on the SOMSoM model we expected that MOR effects on motivation 

to receive touch would be modulated by the participants’ mood and subjective state. The 

present study was not designed to investigate this hypothesis, but for the benefit of future 

studies we explored a potential interaction effect between subjective state and drug condition 

by adding mood measures as covariates in explorative regression analyses. 
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2 Methods and materials 

2.1 Participants  

Forty-nine male volunteers participated in this repeated-measures pharmacological 

study (previously described in Eikemo et al., 2016), recruited in two stages as described 

below. Only males were included in this double-blind placebo controlled crossover study to 

avoid potential interactions between the drugs used to manipulate the MOR system 

(morphine, naltrexone) and circulating levels of estradiols and gonadotropin-releasing 

hormone pulsation in females (Y. R. Smith et al., 1998). All participants were screened prior 

to testing, and only included in the study if they reported no history of, or currently ongoing, 

major psychiatric illnesses including depression and drug- or alcohol addiction; no history of 

or ongoing prolonged pain condition; no current use of medication (antihistamines exempt), 

and no multiple complex allergies. Other exclusion criteria were a history of opiate drug use 

over a longer period of time, single- or repeated use of any strong opiates the last two years, 

and use of drugs containing codeine or other mild opiates during the last four months. All 

participants had normal or corrected-to-normal vision. Participants were instructed not to 

consume alcohol the day before each test day, to abstain from eating and using tobacco for a 

minimum of one hour before the test session commenced, and advised not to drive or operate 

heavy machinery for 6 hours after drug administration.  

Drug and alcohol consumption was also assessed in the pre-test screening, using 

selected items from AUDIT and DUDIT (Alcohol/Drug Use Disorders Identification Test) 

(Berman, Bergman, Palmstierna, & Schlyter, 2005; Saunders, Aasland, Babor, De La Fuente, 

& Grant, 1993). On average, participants reported consuming 7.7 (SD = 5.9) units of alcohol 

per week (range: 0-24 units). Thirteen of the participants reported smoking cigarettes daily, 

while twelve reported smoking occasionally. Thirty-five participants reported having used 

cannabinoids in their life-time, 15 of them during the last twelve months. Other life-time use 

of illegal drugs: nine reported use of hallucinogens (psilocybin, ecstasy, LSD), nine reported 

use of cocaine/crack, and seven reported use of amphetamines. One participant reported 

having used an illegal opiate on one occasion. Six volunteers reported life-time use of 

prescription morphine and 28 participants reported previous use of prescribed codeine drugs 

over shorter time periods for relief of acute pain conditions. 
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Data were collected in two stages using identical procedures. The first stage included 

32 participants, of which one participant was excluded due to a positive opiate urine screening 

test, while another failed to complete all three sessions, meaning complete datasets were 

obtained from 30 participants upon completion of stage one. Genotyping revealed that this 

sample included 5 participants carrying the less common polymorphism A118G (AG-carriers) 

on exon 1 if the MOR gene OPRM1, while the remaining 25 participants carried the more 

common A118A (AA-homozygotes) variant. To enable comparisons of OPRM1 A118G 

genotype subgroups, we oversampled AG-carriers in a second stage of data collection. Here, 

we recruited 20 healthy men from a pre-genotyped group of 136 male volunteers, 19 of which 

completed all three sessions (17 AG and 2 AA). This left a final sample size of 49 participants 

(27 AA, 22 AG; see Table 1 for participant characteristics). One of these participants did not 

complete the touch tasks during testing with naltrexone. Further, due to a computer 

programming error, touch liking data was lost for 16 participants, yielding a final sample size 

of 35 for this task. 

  Genotype stratification. Standard DNA isolation kits (OrageneDNA / FlexiGene 

(Qiagen, Hilsen, Germany / DNA Genotech Inc. Kanata, Ontario, Canada) were used to 

extract DNA from saliva or blood respectively, and in accordance with manufacturers 

procedures. SNP genotyping with regard to the SNP A118G (rs179971) of the opioid mu 1 

receptor gene (OPRM1) was performed using predesigned TaqMan SNP genotyping assays 

(Applied Biosystems, Foster City, CA, USA) as previously described (Eikemo et al., 2016; 

Olsen et al., 2012).  

Table 1. Sample characteristics (previously published in Eikemo et al., 2016) 

Participant information 
Overall AA (n = 27) AG (n =22) 

Mean SD mean SD mean SD 

Age (years) 24.65 3.90 26.60 4.60 22.70 3.20 

Weight (kg) 79.45 10.85 81.70 12.20 77.20 9.50 

Height (meter) 1.82 0.07 1.84 0.06 1.80 0.07 

BMI (weight/heigh
2
) 23.55 2.90 24.00 2.80 23.10 3.00 

Alcohol units per week 7.70 5.95 6.30 5.30 9.10 6.60 

Binges (per month: > 6 units) 1.55 0.83 1.37 0.70 1.74 0.96 

Data are presented in overall summary and as divided by genotype. Summaries are based on self-report. One 

alcoholic unit was described as a small beer (0.33 liter) or a small glass of wine.  
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2.2 Procedure 

Experimental procedures were approved by the Regional Ethics Committee 

(2011/1337/REK sør-øst D). Participants were included after giving informed written consent, 

and informed that they were free to withdraw from the study at any time. Each participant was 

tested on three different days, with a minimum interval of seven days to allow for complete 

drug wash-out. At the beginning of each session, participants had to produce a urine sample 

for opiate screening (MOP Opiate300 Test Strip; SureScreen Diagnostics Ltd, Derby, UK) 

which needed to be negative for the session to proceed. Baseline state measures were then 

obtained through a questionnaire before drug administration (double-blinded), after which the 

participants rested in a separate room for 60 minutes while watching a nature documentary of 

choice while waiting for optimum drug-uptake.  Experimental tasks were completed between 

60 and 150 minutes after drug administration, and included tests of monetary reward, facial 

attractiveness (Chelnokova et al., 2014; Chelnokova et al., 2016), and sweet taste reward 

(Eikemo 2016), in addition to the two touch reward tasks measuring touch liking an wanting - 

which are described in detail below. To avoid touch satiety affecting responses, the touch 

liking and touch wanting tasks were administered with a minimum of 15 minutes separation, 

during which the participants engaged in other experimental tasks. Experimental tasks were 

administered in a pseudo-randomized order which was counterbalanced across participants 

but kept the same for all sessions for each participant. The sweet taste reward task was always 

administered at the end of the experimental session, since consumption of sucrose has been 

found to modulate endogenous opioid release (DiFeliceantonio et al., 2012). A blood sample 

was taken at the end of each session and analysed to confirm drug uptake. Upon completion 

of the third and final session, participants were given a full debrief and asked to guess which 

of the three drugs they had been given each session. Participants were on average able to 

correctly identify the drug received 33% of the time, indicating successful blinding. 

Reimbursement for participation (400-500 NOK per session) was paid out after completion of 

all three sessions or exclusion / withdrawal from the study. The final amount depended partly 

on task performance in a monetary reward task. The final amount depended partly on task 

performance in a monetary reward task. 
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Figure 3. Timeline. Outline of a typical experiment session. Order of reward tasks were pseudo-randomized 

between participants.  

 

 

 

 

Drug administration. Morphine and naltrexone was used to systemically manipulate 

the MOR system. Morphine is a selective μ-opioid receptor agonist and the most widely used 

analgesic for moderate to severe pain (Vindenes, Handal, Ripel, Boix, & Mørland, 2006). A 

dose of 10 mg morphine (Morfin®, Nycomed Pharma, Asker, Norway) administered per-

orally was chosen to minimize subjective drug effects. Morphine has an average 

bioavailability of oral 30-40%, and maximal effect (t-max) is reached at 1-2 hours after oral 

administration, with a half-life of 2-4 hours (Lugo & Kern, 2002). Naltrexone is a non-

specific competitive opioid antagonist with a high affinity to μ- and κ-opioid receptors. It is 

used in treatment of drug and alcohol addiction due to its ability to block effects of opioids 

with both endogenous (e.g. endorphins) and exogenous (e.g. heroin) origin. Maximal plasma 

concentration is reached at 1 hour after oral administration (Verebey, Volavka, Mule, & 

Resnick, 1976). We used 50 mg per oral naltrexone (Adepend, Orpha-Devel, Purkersdorf, 

Austria), a standard dosage that has been shown to efficiently block the majority of opioid 

receptors in the brain (Lee et al., 1988) with only minor side-effects in healthy individuals 

(Miotto, McCann, Basch, Rawson, & Ling, 2002; Martin R. Yeomans & Gray, 2002). 

Placebo pills were cherry-flavoured breath mints. A small amount of the flavoured placebo 

pills was added to the drug dosages to avoid any recognition of medication taste. All drug 

administration was done with the aid of a small beaker that hindered the participants in 

inspecting the tablets visually prior to ingestion. To ensure bioavailability of both morphine 

and naltrexone would be optimal during behavioural testing, the interval of 60 to 150 minutes 

after drug ingestion was chosen.  

Subjective drug effects and mood. Subjective state was assessed using a 21-item 

locally developed checklist, based on questionnaires employed previously in human opioid 

psychopharmacology research (Comer, Sullivan, Vosburg, Kowalczyk, & Houser, 2010; 
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Sullivan, Vosburg, & Comer, 2006; Zacny & Lichtor, 2008). Ratings were recorded on visual 

analogue scales (VAS) presented on a computer screen using MatLab software (version 

7.10.0. Natick, Massachusetts: The MathWorks Inc., 2010). Seventeen items measured three 

sub-scales of subjective state: MOOD (Right now, I feel… ‘Good’, ‘Happy’, ‘Self-confident’, 

‘Irritable’, ‘Anxious’); SOMATIC (‘Discomfort in muscles and/or joints’, ‘Nauseous’, ‘Dry 

in my mouth’, ‘Hungry’, ‘Red/warm in the face’); COGNITIVE ( ‘Dizzy’, ‘Blunted’, 

‘Numb’, ‘Not quite like myself’, ‘High (Pharmaceutical high)’, ‘Tired’, ‘Spaced out’).  Four 

items were questions directly related to the perceived drug effect (Based on S. M. Evans, 

Foltin, Levin, & Fischman, 1995) and together comprised the sub-scale EFFECT (‘Do you 

feel an effect of the tablets?’, ‘Do you like the effect of the tablets?’, ‘Do you dislike the 

effect of the tablets?’, and ‘“I would take the tablets again at a later occasion” – How much do 

you agree with this statement?’). Participants indicated their responses on a 100-mm VAS 

slide with the anchors ‘Not at all’ and ‘Very much’. The checklist was completed four times 

per session: (t1) before drug administration (session baseline), (t2) 60 min after drug ingestion 

– before testing started, (t3) ~40mins (mid-way) through experiment session, and (t4) after 

completion of all tasks (~140 min after drug ingestion), but before blood sample collection. 

Motor coordination task. Potential drug effects on motor function and alertness were 

assessed with eye-hand coordination test administered mid-way through each session 

(Bradykinesia Akinesia Incoordination task (Giovannoni, Van Schalkwyk, Fritz, & Lees, 

1999)). Using their dominant index finger, participants were instructed to alternate as quickly 

and accurately as possible between pressing two keys placed 15 cm apart on a standard 

keyboard for 60 seconds. The Dysmetria score (DS), a weighted index of speed and accuracy 

reflecting overall task performance (Giovannoni et al., 1999), was used to compare motor 

function across drug conditions.  

Blood levels of drugs and their metabolites. To verify drug uptake, a blood sample 

was drawn from participants at the end of each session, after completion of all experimental 

tasks. Samples were analysed at The Norwegian Institute of Public Health,  Division of 

Forensic Medicine and Drug Abuse Research, using a high-performance liquid 

chromatography–tandem mass spectrometry method (Karinen et al., 2009) to identify levels 

of morphine and its two major metabolites: morphine-3-glucuronide (M3G) and morphine-6-

glucuronide (M6G); and naltrexone and its major metabolite, 6-β-naltrexol (6βN). 
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2.2.1 Touch tasks 

Stimuli. Participants were seated in front of a desktop monitor, with their left 

arm placed on a cushion on the experimenter's side of a soft curtain, hung from the ceiling to 

ensure that participant's field of view was limited to the screen and did not include the sight of 

the stimulated limb or the experimenter (see Figure 4). Tactile stimuli consisted of brush 

strokes over approximately 15 cm of the left forearm skin using a soft, 60 mm-wide, goat hair 

artist's brush. Brush strokes were delivered manually in a proximal-to-distant direction at 

three different velocities: 0.3 cm/s, 3 cm/s and 30 cm/s. The experimenters had been trained to 

deliver the stimuli prior to data collection. In the touch liking task, stimuli were administered 

according to 6 different sets of counterbalanced pseudo randomized velocity orders. Each set 

consisted of 12 brushing trials of 15 seconds continuous brushing with consistent speed. The 

same order set was never delivered twice to the same participant, and participants were 

always brushed by the same opposite-sex experimenter. In the touch wanting task, 

experimenters were guided by a visual meter displayed on a separate screen not visible to the 

participant, which in addition to indicating the brushing speed also displayed remaining trial 

duration and a clear indication of when the trial ended.  

 

 

 

Figure 4. Experiment setup. Seated in front of a 

desktop monitor, participants rested their bare left 

arm on a cushion on the experimenter's side of a 

soft curtain, hung from the ceiling to ensure that 

participant's field of view was limited to the screen 

and did not include the sight of the stimulated limb 

or the experimenter. Participants were always 

brushed by the same opposite-sex experimenter. On 

a separate screen, experimenters were guided by a 

visual meter indicating the brushing speed and 

remaining trial duration in the Touch Wanting task. 
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Figure 5. Task designs. Touch liking and touch wanting was measured in two different tasks, separated by 

a minimum interval of 15 min. Stimuli (brushing strokes of 0.3, 3 and 30 cm/s) and inter-trial intervals were 

the same in both tasks. Touch Liking consisted of 12 trials of 15 sec continuous brushing. During the first 

4 seconds of each trial, participants were shown a text instructing them to focus their attention towards the 

sensation of the brushing, whilst resting their gaze at a fixation cross. The screen then displayed the fixation 

cross for the remaining 11 seconds. After each brushing trial, the participants used the computer mouse to 

rate how pleasant it had been by clicking on a VAS-scale shown on screen. After rating, there was a 3 sec 

interval before the next trial began. Touch Wanting consisted of brushing trials during which participants 

were encouraged to manipulate the trial duration by pressing one of two buttons – either extending or 

shortening the duration of each trial. Instructions were displayed on the screen as shown; together with a 

meter indicating how long was left of the trial, which also served as visual feedback on how much they 

were manipulating the duration. As participants pressed the keep/change buttons on the computer keyboard, 

the meter would move slower/be brought to a halt/ move faster depending on how much they pressed each 

button. 

  Touch ‘liking’ task. During the first four seconds of each brushing trial a text was 

shown on the participant's screen, instructing the participant to direct their attention to the 

sensation of the brush strokes. A fixation cross was then presented mid-screen for the 

remaining 11 seconds of brushing, during which pupil diameter was recorded with an infra-

red eye-tracker. Eye-tracking data is not presented in this thesis. After each brushing trial, the 

text "I thought the brushing was..." appeared above a VAS with the anchor points very 

unpleasant (0) and very pleasant (10), with ratings at 5 representing neutral pleasantness. 

Participants rated the pleasantness of the preceding trial of 0.3, 3 or 30 cm/s strokes to the 

forearm, followed by a 3 second interval during which the screen remained unchanged (with 

VAS slide still visible), before a new trial began. E-Prime 2.0® software (Psychology 
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Software Tools Inc., Pittsburg, PA, USA) was used to present the stimuli and collect subjects' 

responses.  

Touch ‘wanting’ task. The participants were instructed to manipulate the duration of 

each brushing trial according to their own wish, by repeatedly pressing one button to make the 

current brushing trial last longer (keep), and another button to make it end sooner (change); 

the more button presses, the more the duration could be manipulated. A visual meter with a 

moving stripe indicated to the participant how much time was left of each trial, and also 

worked a visual indicator of how much they were manipulating the trial duration. The stripe 

would move slower the more keep presses the participants made, and faster the more change 

presses. The total duration of the experiment was fixed to 216 seconds, and the brushing 

velocity could not be manipulated. Trials were separated by a 3 seconds break, and without 

the participant's manipulation the experiment was set to consist of 12 trials of 15 seconds 

each. Duration and number of keep- and change-presses for each trial were recorded. MatLab 

software R2012a (Mathworks, Natic, USA) was used to present the stimuli and collect 

subjects' responses. 

2.2.2 Pre-analysis and preparation of touch wanting data.  

While the range of pleasantness ratings from the touch liking task was limited by the 11-point 

continuous VAS scale, the range of potential trial duration in the touch wanting task was not 

limited. Pre-analysis data exploration revealed that the design of the touch wanting task was 

not ideal, primarily because the total task duration was fixed, whilst manipulation of trial 

duration was unrestrained. Since participants varied greatly in how much they manipulated 

trial duration, which is reflected in the range of number of total key presses per participant per 

session (17-882), the task design led to several problems. Firstly, the total number of touch 

trials - and thus also the number of trials per touch condition received each session - varied 

both between and within subjects as a consequence of how much the duration of each single 

trial was manipulated. Participants who predominantly manipulated touch trial durations by 

pressing KEEP (KEEP press range pr. trial:  would have fewer trials per session, than 

participants mainly pressing the CHANGE key (range for number trials per session: 6-18). 

Secondly, each time the program switched over to the next trial, there would be a 3 sec pause, 

eating into the fixed total duration of the task. As a consequence of this, more trials per 

session yielded less time available in total for receiving touch stimuli, whilst fewer trials 
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would yield more touch time (range for total touch time per session: 2.72 – 3.42 minutes). 

Thirdly, since the total duration of the task was fixed, the last trial was typically ended 

automatically by the software once total task time was achieved. This means that the duration 

of the last trial was truncated and could not be considered a ‘true product’ of the participant’s 

manipulation.  

In order to deal with these issues and ensure comparability of responses across drug 

conditions, a ratio of summed duration was calculated for each touch condition by adding up 

the duration of all trials for each touch condition (0.3cm/s, 3cm/s, 30cm/s), and then dividing 

this sum by the total touch time that session. The ratio sum duration gives a measure of the 

proportion of time spent receiving each type of touch a given session, and allows for all trials 

to be taken into account, including the final (truncated) trial. 

The ratio duration data were further examined at each level of the categorical predictor 

variables (brushing speed and drug) using histograms, P-P and Q-Q plots, which all indicated 

departures from normality both in terms of skewness and kurtosis. Descriptive statistics 

revealed that at some levels of the predictor variables, kurtosis and skewness of the dependent 

variable were more than seven times larger than its standard error (see Table 2), indicating 

that further parametric tests would likely be biased by extreme values. The histograms and P-

P/Q-Q-plots indicated that the data could contain several outliers. 

Outlier detection and deletion.  Visual inspection of boxplots of the multivariate 

distributions was employed to detect potential outliers. This graphical method for outlier 

detection is based on the median, uses interquartile range as a measure of dispersion, and is 

frequently recommended due to its ability to identify outliers that would be masked with 

outlier detection methods based on mean and standard deviation (Wilcox, 2010). Values are 

declared as outliers if they exceed the upper quartile plus 1.5 times the interquartile range, or 

are less than the lower quartile minus 1.5 times the interquartile range. Using this method, 11 

outliers were identified (2.5 % of a total of 438 cases, see Fig. 6), and the dataset was then 

trimmed accordingly. Outlier deletion led to considerably improved kurtosis and skewness in 

the trimmed dataset, with none of the kurtosis values and only one skewness value exceeding 

twice the size of its standard error - indicating that the trimmed dataset is considerably less 

heavy-tailed (see Table 2). Visual inspection of Q-Q-plots confirmed improved normality in 

the trimmed data.  
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Figure 6. Outlier detection. Boxplot 

showing ratio durations per drug and 

brushing speed. Boxes represent medians 

and upper/lower quartiles, with whiskers 

representing 1.5 times the interquartile 

range with outliers indicated by dots and 

extreme values indicated by asterisks.  

Table 2. Descriptive statistics for ratio duration data 

before and after outlier deletion. Showing original values 

(Orig.) and values from data set with 11 outliers (indicated on 

the boxplot) removed (Out.Del.). High kurtosis and skewness 

values (bold) were particularly reduced by deletion of outliers 

(italic), indicating improved normality.     

 

 

2.3 Behavioural 

analyses 

2.3.1 Control measures 

To allow use of subjective state measures as control variables in the final behavioural 

analyses without loss of statistical power and problems with collinearity and dependency 

between related state measures, the ratings from the three post-drug measurement points were 

aggregated and baseline corrected, and then further aggregated into the pre-defined categories 

by (‘MOOD’, ‘SOMATIC’, ‘COGNITIVE’ and ‘EFFECT’). Ratings were reversed for item 

‘Dislike’ in the EFFECT category, and items ‘Anxious’ and ‘Irritable’ in the MOOD 

category. Repeated-measures analyses of variance (rmANOVA) were used to assess drug 

effects on subjective state categories and on motor coordination measures. In cases where 

sphericity assumptions were violated, the Greenhouse-Geisser correction was used to adjust 

 

Drug 
0.3 cm/s 3 cm/s 30 cm/s 
Orig. Out.Del Orig. Out.Del Orig. Out.Del 

Median 
M 0.253 0.253 0.438 0.434 0.288 0.288 
P 0.294 0.292 0.418 0.415 0.273 0.273 
N 0.267 0.267 0.464 0.464 0.267 0.264 

Mean 
M 0.267 0.267 0.452 0.439 0.281 0.275 
P 0.279 0.270 0.449 0.441 0.272 0.272 
N 0.256 0.256 0.473 0.473 0.271 0.257 

SD 
M 0.079 0.079 0.115 0.098 0.086 0.076 
P 0.096 0.076 0.121 0.094 0.090 0.080 
N 0.068 0.068 0.129 0.129 0.102 0.077 

S.E.Mean 
M 0.011 0.011 0.007 0.014 0.012 0.011 
P 0.014 0.011 0.016 0.014 0.013 0.012 
N 0.010 0.010 0.017 0.019 0.015 0.011 

Kurtosis 
M -0.707 -0.707 0.594 -0.170 1.606 0.119 
P 5.425 -0.554 1.823 -0.049 0.221 -0.073 
N -1.130 -1.130 -0.228 -0.228 3.795 -0.152 

S.E.Kurt. 
M 0.668 0.668 0.668 0.681 0.668 0.674 
P 0.668 0.674 0.668 0.688 0.668 0.681 
N 0.674 0.674 0.674 0.674 0.674 0.688 

Skewness 
M 0.161 0.161 0.873 0.523 0.634 0.033 
P 1.227 -0.462 1.039 0.795 0.054 0.113 
N -0.051 -0.051 0.210 0.210 1.228 -0.227 

S.E.Skew. 
M 0.340 0.340 0.347 0.347 0.343 0.343 
P 0.343 0.343 0.350 0.350 0.347 0.347 
N 0.343 0.343 0.343 0.343 0.350 0.350 
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the degrees of freedom, thus leading to more conservative significance estimates of the F-

ratio. Any control measures upon which drug treatment had a significant effect were added as 

control measures in the general analyses of the main outcome variables.  

Subjective state measures were also included in explorative analyses investigating 

interactions between state and drug condition. For these analyses, raw (not baseline corrected) 

scores from T2 and T3 were averaged and used as a fixed covariate in LMMs that were 

otherwise built identically to the main models.  

2.3.2 Touch responses 

Ratings of touch pleasantness (liking) and trial duration data from the touch wanting task 

were analysed with linear mixed models (LMMs) for repeated measures using the mixed 

effect model command GENLINMIXED in SPSS (version 22, IBM). Compared to the 

traditional repeated measures analysis of variance (rmANOVA), mixed effects models are a 

more flexible approach for analysis of repeated measures data from experiments with a 

within-subject design. The advantages of and reasoning behind choosing this approach when 

analysing our data is accounted for in the following.  

Firstly, instead of requiring data to be aggregated across trials of the same stimulus 

category, mixed models allow inclusion of all data points. In addition to the advantage of 

potentially increased statistical power, this means that variance explained by changes in 

subject’s responses to the touch stimuli due to time or “spill-over” from processing of 

preceding trials (causing for instance fatigue or touch satiety), i.e. trial-level noise, can be 

accounted for. Inclusion of all data points also opens up for exploration of interactions 

between trial-level effects and experimental manipulations, and for inclusion of more fixed 

factors controlling for instance for session effects (not accounted for in ANOVA when the 

design includes more than two sessions) and other order effects that might vary between 

subjects – thus providing potential for increased analytical depth (Baayen, Davidson, & Bates, 

2008).  

Secondly, mixed effects models perform better when data sets are unbalanced, 

meaning there are an unequal number of observations at different levels of the factor 

combinations, for instance due to missing data (e.g. Gueorguieva & Krystal, 2004). We had 

one participant that dropped out and missed his third session (naltrexone treatment), which 
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left only 48 of the Touch Wanting datasets and 34 of the Touch Liking datasets complete. 

Additionally, the touch liking dataset (N= 35) had 4 missing data points (0.3% of total 1248 

cases), while in the touch wanting data (N=49) deletion of 11 outliers meant 2.5% of 438 data 

points were missing. Unlike an ANOVA, a mixed effects model allows inclusion of data from 

participants with incomplete datasets  Unless otherwise specified, a mixed effects model 

automatically assumes that data are missing at random, and that the missing data therefore do 

not deviate from values estimated by the fitted model (West, Welch, & Galecki, 2014, pp. 49-

50).  

Thirdly, mixed effect models allow inclusion of random intercepts - accounting for 

idiosyncratic characteristics of subjects and items that affect the overall response tendencies, 

i.e crossed random effects – analogue to a combination of by-subjects (F₁ ) and by-item (F₂ ) 

ANOVA. Further, mixed effects models allow flexible inclusion of random slopes - 

accounting for variation in responses that is due to individual (by-subject or by-item) 

differences in treatment effects (Baayen et al., 2008). In our case, subjects might vary in the 

magnitude of their response to it: some subjects might enjoy being touched more in general, 

and thus rate all types of touch as more pleasant. This can be accounted for by including a by-

subject random intercept, which allows the model intercept term to vary between subjects by 

shifting the predictions for each subject up or down by a fixed amount depending on the 

calculated general tendency in their responses across touch stimuli. Further, subjects might 

vary in which brushing speed they prefer, which can be accounted for by adding a by-subject 

random slope for brushing speed.  

According to a recent and much cited paper by Barr and colleagues (2013), 

confirmatory hypothesis testing of repeated measures data benefits greatly from inclusion of a 

maximal random effects structure as justified by the experiment design (Barr, Levy, 

Scheepers, & Tily, 2013a). By capturing all potential by-subject and by-item dependencies in 

the sample, mixed models with a maximal random effects structure achieve improved 

generalizability compared to random intercept-only models (Barr et al., 2013). Inclusion of 

random slopes for the highest-order combination of within-subject factors, including their 

interaction, is found to greatly reduce Type I errors rates compared both to the random 

intercept-only models and to mixed ANOVAS (Barr, 2013b). In ANOVAS, by-subject or by-

item random intercepts (depending on whether it’s a (F₁) or (F₂) ANOVA), and random 

slopes for the specified experiment treatments are automatically calculated and intrinsic to the 
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model – which does not allow for flexible inclusion of random slopes and interaction 

statements (Barr et al., 2013).  

In our case, a maximal random effects structure would include a random slope for 

drug - accounting for variations in subjects’ overall responses to drug treatment, as well as a 

random slope for the interaction between drug and brushing speed - to account for individual 

differences in effects of drug treatment on responses to touch at each level of brushing speed. 

Inclusion of by-item random effects is not relevant for our data, since trials belonged to one of 

the three brushing speed categories within which trials did not vary on any known 

characteristic and are thus assumed to be identical. In other words, random effects accounting 

for idiosyncratic characteristics of each item cannot be calculated. A certain difference 

between trials is however to be presumed, since the brushing was administered by a human 

experimenter and not a machine. However, variation in touch administration between sessions 

was kept on a minimum by ensuring that each participant was always brushed by the same 

experimenter.   

To sum up, the point of a maximal random effect structure is to account for all random 

variation along known parameters that could contribute to measurement error, decreasing the 

residual error and thus improving sensitivity of the test of the experimental effect of interest – 

which all leads to improved generalizability of the results. For our data, only by-subject 

random intercepts and slopes were relevant, and the maximal random effects structure would 

include a by-subject random intercept - accounting for individual differences in the subjects’ 

general enjoyment of touch; by-subject random slopes for brushing speed and drug treatment 

- accounting for variations in preferred brushing speed and subjects’ overall responses to drug 

treatment; as well as a random slope for drug*brushing speed interactions.  

Lastly, a mixed model has a further advantage over the traditional ANOVA approach 

in that it allows specification of the variance-covariance structure of the random effects, 

which can greatly improve handling of non-independence (asphericity) in the data (Baayen et 

al., 2008), since the mixed effects models allow one to set covariances between random 

effects to be zero. How this can be done is explained in the following, based on an account by 

West and colleagues (West et al., 2014, pp. 15 - 21 and 29 - 33). Variances and covariances of 

the random effects make up a variance-covariance matrix (denoted by D) with as many rows 

and columns as there are random effects associated with each subject. Elements along the 

main diagonal represent the variance of each random effect, and the elements off the diagonal 
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represent the covariances between two corresponding random effects. The D matrix is thus 

symmetric and positive-definite, meaning that the entries on the main diagonal (the variances 

– which are squared values), have to be non-zero and positive. This is a prerequisite for 

computation of the standard errors of the covariance parameters, which are estimated by 

iterative algorithms in a second derivative matrix called the Hessian Matrix. In an 

unstructured D matrix, each variance and covariance value is estimated uniquely from the 

data, and the only constraints imposed are for the values to be non-zero and positive definite.  

More parsimonious D matrix structures can be achieved by imposing further constraints on 

the values, such as defining all the covariances to be zero and all the random effect levels to 

have their own variance values. This gives a diagonal structure with heterogeneous variance 

and is called a variance components structure. The variance components structure is a 

commonly used structure for the D matrix in repeated measures design, and the default when 

using SPSS’s GENLINMIXED command. In cases where random factors are fewer or 

random effects are small, their variance might not differ enough to be deemed heterogeneous. 

An even more parsimonious D matrix structure might then be a better choice, and aid 

convergence of the Hessian matrix - i.e. ease computation of standard errors. The scaled 

identity structure is a simple and commonly used D matrix structure, where all random effect 

variances in the main diagonal are set to be equal, while covariances are still set to be zero. In 

fact, the variance component structure is a combination of scaled identity structures assigned 

to each of the specified random effects.  

Description of linear mixed models for touch response analyses.  

Touch pleasantness ratings and ratio durations were analysed with linear mixed models 

(LMMs) using the GENLINMIXED command in SPSS (version 22, IBM). The model 

selection included combinations of the following fixed effects: drug (categorical), brushing 

speed (categorical), drug*brushing speed interaction, drug*session interaction, genotype 

group (AG/AA), session number, brushing speed trial order, trial number, trial number*drug 

(trial number and interactions only included in LMMs for pleasantness ratings), age, weight 

(kg), as well as the average baseline-corrected ratings of subjective drug effects categories 

MOOD, SOMATIC, COGNITIVE and EFFECT. The between-subject variable genotype 

(OPRM1 AG/AA) was included in the main analyses since participants were recruited partly 

on basis of this trait. Potential interactions between genotype and the other fixed factors were 

investigated in separate models, where age was always included as a fixed covariate to 
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account for age differences between genotype groups in our sample (see Table 1). To adjust 

for dependencies in the data, the random effect structure of all LMMs for touch pleasantness 

ratings included by-subject random intercept as well as random slopes for brushing speed, 

drug treatment, and brushing speed*drug treatment interactions. The LMMs for touch 

wanting ratio duration data did not include random slope for drug, but the random effects 

structure was otherwise identical. To calculate a random slope for drug, we would need 

multiple observations of combinations of subject and drug at all levels of brushing speed 

(Barr et al., 2013; West et al., 2014). Aggregating data as ratio durations left us with only one 

observation per drug per brushing speed. For touch pleasantness rating LMMs, the random 

effects variance-covariance matrix had a variance-components structure. For the touch 

wanting ratio duration LMMs, a simpler random effects covariance structure was needed for 

the Hessian matrix to converge, and a scaled identity structure was chosen.  

Model selection and evaluation. Fixed factors relating to the experimental design, 

recruitment and counterbalancing (such as drug, brushing speed, drug*brushing speed, 

session and brushing speed trial order), and subjective drug effect categories significantly 

affected by drug treatment (COGNITIVE and EFFECT), were always kept in the main LMMs. 

Aside from these variables we aimed for parsimonious models. The remaining covariates such 

as age, weight, MOOD, SOMATIC, and interactions between fixed factors not relating to our 

hypotheses were removed when they did not significantly affect the outcome and/or did not 

improve model fit. Adding the random terms for by-subject intercept and slopes improved all 

LMMs as indicated by lower Bayesian Information Criteria (BIC) and significant Wald Z 

statistics. BIC was used to compare models with different fixed effects. It is a measure of the 

fit of the model calculated by using a likelihood value (in our case restricted maximum 

likelihood (REML)) and then controlling for the complexity of the model by taking into 

account the number of parameters and observations (Zuur, 2009, pp. 120-122). Models with a 

smaller BIC by more than 2 were preferred. The final models selected for each analysis are 

described in the result section.  

Exploratory analyses of subjective state effects. To explore potential effects of 

subjective state on ratings of touch pleasantness and ratio duration, and possible interactions 

between subjective state, drug and brushing speed, the average of raw (not baseline corrected) 

ratings on items ‘Happy’, ‘Good’, ‘Self-confident’, ‘Anxious’ and ‘Irritable’ from the two 

measure points closest in time to touch task administration, were included separately as fixed 
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covariates in a series of post-hoc LMMs. For all exploratory LMMs, the random effects 

structure and covariance matrices and fixed factors were kept the same as in the final main 

analyses. One subjective state variable at a time was added as a fixed covariate, together with 

its two- and three-way interactions with brushing speed and drug.  

Standard Errors. In graphs where groups are compared (i.e. genotype) between-

subject standard error of the mean (SEMs) from the models are provided. For analyses where 

within-subject contrasts are of primary interest (i.e. drug or brushing speed contrasts) within-

subject SEMs were calculated from the raw scores (Cousineau, 2005). 

Descriptive data. In addition to the main figures, group means of ratio durations and 

pleasantness ratings per drug and brushing speed condition (±SD) calculated from raw scores 

are reported in Table 4, together with the mean ratings of mood items included in the 

exploratory analyses (‘Happy’, ‘Good’, ‘Self-confident’, ‘Anxious’ and ‘Irritable’), graphs 

display within-subject SEMs, which were calculated as an average of raw (not baseline-

corrected) scores collected at t2 and t3 per drug condition.   
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Figure 7. Subjective effects. Bars 

indicate mean changes from baseline for 

all subjective drug effect categories, with 

error bars representing within-subject 

SEM calculated from raw scores. 

COGNITIVE ratings were significantly 

increased from baseline with naltrexone, 

compared to both placebo and morphine 

(N>P p =.001, N>M p < .001). EFFECT 

ratings were also significantly higher 

with naltrexone compared to placebo 

(N>P p =.027). No significant contrasts 

between drug conditions were found for 

MOOD or SOMATIC ratings. 
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3 Results 

3.1 Control measures 

  Subjective effects. Morphine (M) 10mg and naltrexone (N) 50mg had minimal 

subjective effects compared to placebo (P), and mean changes from baseline for the two drug 

conditions were less than 1.5 points on the 11 point VAS scale for all subjective state 

measures (see Fig. 7). There were no significant effects of drug on MOOD (F 2, 0.18 = 0.203, p 

= .82) or SOMATIC (F 2, 0.11 = 1.28, p = .28). Drug condition significantly affected 

COGNITIVE (Mean (SEM): M = 0.79 (0.15), P = 0.66 (0.16), N = 1.42 (0.19). F1.8, 15.62= 

8.65, p = .001, partial η
2 = 

.16), reflecting higher ratings of cognitive effects (i.e. feeling 

blunted or spaced-out) after naltrexone than after placebo or morphine treatment. Drug 

condition also affected ratings for EFFECT sub-significantly (Mean (SEM): M = 1.28 (0.16), 

P = 0.98 (0.16), N = 1.43 (0.15), F2, 5.22 = 3.07, p = .051, partial η
2 

=
 
.06), reflecting higher 

ratings for drug effects with naltrexone (and somewhat also with morphine) compared to 

placebo. COGNITIVE and EFFECT scores were therefore included in all models containing 

drug information. 
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Drug blinding. In a debriefing 

interview conducted upon completion of 

the last session, participants were on 

average able to correctly identify the drug 

received 33% of the time, indicating 

successful blinding. 

Motor coordination. There were 

no significant differences in Dysmetria 

Scores between drug conditions (F2, 92 = 

.061, p = .940, partial η
2
 = .001).  

 Blood levels of drugs and 

metabolites. Analyses of blood samples collected at the end of each test session (~150 min 

after administration of drug) show that drugs and metabolites were present in the blood of all 

participants following ingestion of morphine and naltrexone (see Table 3).  

 

Table 3. Descriptive statistics from blood analyses 

Drugs, 

Metabolites 

Mean SD Range 

(nmol/M) 
 

Min max 

Morphine 0.01017 0.05235 0.00441 0.02268 

M3G 0.17641 0.01060 0.08513 0.34307 

M6G 0.03528 0.00385 0.01398 0.06474 

Naltrexone 0.01481 0.04671 0.00239 0.04810 

6βN 0.16644 0.00919 0.10000 0.35529 

Levels of morphine, naltrexone and major metabolites after 

the session was completed, approximately 150 minutes after 

oral drug ingestion. M3G & M6G = morphine-3/6-

glucronide, 6βN = 6-beta-naltrexol). Table previously 

published in (Eikemo et al., 2016).  

 

Table 4. Descriptive statistics of touch and mood 

 

Morphine Placebo Naltrexone 

Pleasantness ratings* 

0.3 cm/s 4.53 (1.74) 4.34 (1.41) 4.66 (2.10) 

3 cm/s 7.32 (1.58) 7.28 (1.59) 7.08 (1.73) 

30 cm/s 5.18 (2.07) 5.18 (1.84) 4.96 (2.39) 

Ratio durations* 

0.3 cm/s .267 (.079) .270 (.076) .256 (.068) 

3 cm/s .439 (.098) .441 (.094) .473 (.129) 

30 cm/s .275 (.076) .272 (.080) .264 (.077) 

Mood ratings** 

Happy 5.90 (1.53) 5.91 (1.51) 5.89 (1.70) 

Good 6.12 (1.35) 6.22 (1.42) 6.12 (1.66) 

Self-confident 5.77 (1.70) 5.83 (1.51) 5.79 (1.84) 

Irritable 1.75 (1.85) 1.90 (2.00) 1.84 (1.96) 

Anxious 1.05 (1.56) 0.97 (1.49) 0.61 (1.04) 

*Means (SD) calculated from raw scores.  

**Mean mood ratings (SD) are calculated based on averages from raw scores at t2 and t3. 
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3.2 Touch responses 

3.2.1 No effects of MOR manipulations on ratings of touch 

pleasantness 

The final linear mixed model (LMM) of pleasantness ratings (N=35) included the fixed 

effects: drug, brushing speed, drug*brushing speed, genotype group, brushing speed order, 

trial number, session, COGNITIVE and EFFECT. The random effects structure consisted of 

by-subject random intercept and random slopes for brushing speed, drug and brushing 

speed*drug, with a variance components covariance structure. The effect of brushing speed 

was significant (F 2, 1217 = 46.11, p < .001; mean ratings (SEM): 0.3 cm/s: 4.49 (.243), 3 cm/s: 

7.20 (.241), 30 cm/s: 5.16 (.242); 3 cm/s > 0.3 cm/s, t 1217 = 9.189, p < .001; 3 cm/s > 30 cm/s, 

t 1217 = 6.979, p < .001, see Fig. 8a). Effect of trial number was also significant (F 11, 1217 = 

3.75, p < .001). No significant main or interaction effects of drug on pleasantness ratings were 

found (F’s < 0.76, all p’s > .554, see Fig. 8a). Scores of perceived subjective drug EFFECT 

were also significantly associated with pleasantness ratings (F1, 1217 = 7.715, p = .006) with 

participants rating touch as more pleasant in general when perceiving more placebo or drug 

effects (r = .153). No significant interactions were found between EFFECT and drug (F 2, 1213 

= .23, p = .795) or brushing speed (F2, 1213 = 1.06, p = .346) in a separate control model 

otherwise identical to the main LMM. Genotype, session, COGNITIVE and weight did not 

significantly affect pleasantness ratings. Interactions between genotype and drug and/or 

brushing speed were investigated in a separate model as previously described, and found not 

significant (all F’s < 1.167, all p’s <.325).  

3.2.2 No significant effects of MOR manipulations on ratio durations  

The final linear mixed model (LMM) of ratio duration (N=49) included the fixed effects: 

drug, brushing speed, drug*brushing speed, genotype group, brushing speed order, session, 

COGNITIVE and EFFECT. Random effects structure consisted of by-subject random 

intercept and random slopes for brushing speed, drug and brushing speed*drug, with a scaled 

identity covariance structure. The effect of brushing speed was significant (F 2, 411 = 134.48, p 

< .001; mean ratings (SEM): 0.3 cm/s: .264 (.012), 3 cm/s: .452 (.012), 30 cm/s: .266 (.012); 3 

cm/s > 0.3 cm/s, t 411 = 14.337, p < .001; 3 cm/s > 30 cm/s, t 411 = 14.085, p < .001, see Fig. 

8b). No significant main effects of drug on ratio duration were found (F2, 411 = .04, p = .963, 
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also Fig. 8b), but a non-significant trend towards interaction between drug and brushing 

speed did emerge (F4, 411 = 2.03, p = .090). Planned pairwise comparisons showed that the 

expected linear relationship of drugs (M>P>N) at the CT-optimal brushing speed was not 

found, but rather, ratio durations were somewhat increased in the naltrexone condition 

compared to both morphine and placebo (3 cm/s: N>M:  t 411= 2.05, p =.119, N>P: t 411 = 

2.06, p =.119, M>P: t 411 = .02, p =.958). Genotype, session, brushing speed order, EFFECT 

and COGNITIVE did not significantly affect ratio durations. In a separate model investigating 

effects of genotype and interaction with drug and brushing speed, an unexpected and 

significant interaction between genotype and brushing speed was found (F 2, 402 = 5.03, p = 

.007, see Fig.8c), but there was no significant interaction between genotype and drug (F 2, 402 

= .19, p = .822), or genotype*drug*brushing speed (F 4, 402 = 1.46, p = .231). Genotype group 

was added to the analyses due to the recruitment procedures, and will not be discussed further 

in this thesis. 
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Figure 8. Touch wanting and liking. Estimated 

mean a) pleasantness ratings, and b) c) default ratio 

durations; horizontal axes set at neutral pleasantness 

and default ratio durations (.33). There was a 

significant main effect of brushing speed on a) touch 

pleasantness ratings, and b) ratio touch duration. 

Asterisks indicate significance values for brushing 

speed contrasts across drug treatment, *** signifies p 

< .001. No significant effects of, or interactions with, 

drug on a) touch pleasantness ratings or b) ratio 

touch duration at any level of brushing speed (0.3 

cm/s, 3 cm/s, 30 cm/s). Error bars represent within-

subject SEM calculated from raw scores. 

c) Significant interaction between genotype (OPRM1 

A118A (AA) / A118G (AG)) and brushing speed 

(p=.007).  Asterisks indicate significant contrasts 

between estimated ratio durations for AA and AG 

genotypes at 3 cm/s, * signify p = .033. Error bars 

represent between-subject SEM. 
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Figure 9. Effects of positive mood on overall touch pleasantness. Higher touch pleasantness ratings were 

significantly associated with higher ratings of a) ‘Happy’ (r = .301, p = <.001), b) ‘Good’ (r = .295, p = 

<.001), and c) ‘Self-confident’ (r = .225, p = <.001) across all levels of drug and brushing speed.    

3.3 Exploratory analyses 

Effects of subjective state and potential interactions between state and drug or brushing speed 

on ratings of touch pleasantness and ratio duration were explored in a set of LMMs where 

average non-baseline-corrected ratings for mood items ‘Happy’, ‘Good’, ‘Self-confident’, 

‘Anxious’ and ‘Irritable’ were included in separate LMMs investigating effects of one mood 

item at a time. The explorative LMMs were otherwise identical to the main models.  

3.3.1 Positive mood associated with increased overall touch 

pleasantness 

The exploratory LMMs yielded significant effects of positive mood on touch pleasantness 

(‘Happy’ F1, 1209 = 18.16, p < .001; ‘Good’ F1, 1209 = 13.49, p < .001; ‘Confident’ F1, 1209 = 

7.32, p = .007, see Fig 9). Negative mood ratings did not significantly affect touch 

pleasantness (‘Anxious’ F1, 1209 = .30, p =.584, ‘Irritable’ F1, 1209 = 2.03, p =.155). No 

significant interactions were found between any subjective state and drug (all F’s < 2.10, all 

p’s > .122), and no significant three-way interactions between subjective state*drug 

*brushing speed were found either (all F’s < 1.68, all p’s > .153). No significant interactions 

were found between subjective state measures and brushing speed, but a sub-significant 

interaction emerged between ‘Irritable’ and brushing speed (F4, 1209 = 2.40, p =.091, see Fig. 

10d; state*brushing speed interactions for all other state measures: F’s < 1.37, p’s > .256). 
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3.3.2 Interaction between anxiousness ratings and drug on ratio 

duration of CT-optimal brushing 

The explorative LMMs for ratio duration data yielded a significant three-way interaction 

between ‘Anxious’*drug*brushing speed (F4, 403 = 6.64, p < .001). At 3cm/s specifically, 

higher ‘Anxious’ ratings were associated with bi-directional drug effects following a linear 

pattern with increased ratio durations in the morphine condition, and an decreased ratio 

durations in the naltrexone condition (see Fig. 10a, highlighted by red frame). Since pairwise 

comparisons are not available for continuous fixed factors in the GENLINMIXED command 

in SPSS, correlations between ‘Anxious’ and ratio duration for the three drug conditions were 

compared across drug conditions using a Fisher r-to-z transformation with a two-tailed z-test 

to estimate significance of difference (Cohen & Cohen, 1983). At 3 cm/s brushing, 

correlations between ‘Anxious’ ratings and ratio durations different significantly from 

placebo and from each other (M>P>N: M r = .525, P r = .149, N r = -.370, M>P z = 2.08, p 

=.038, P>N z = -2.58, p = .010). It is worth noting that most of the participants reported 

feeling no or very little anxiousness. More than 65% of participants ratings in each drug 

condition were below 2 on the 11-point VAS scale. For participants rating state anxiety at 

more than 2, mean ratings of feeling ‘Good’ were 5.30 (SD 1.46), while mean for ‘Anxious’ 

was 3.37 (SD 1.25), with a mean change from baseline at 0.42 (2.26). 

There was also a sub-significant trend toward a ‘Good’ *drug*brushing speed 

interaction (F4, 403 = 2.29, p= .059, see Figure 10b) with a pattern opposite to that seen with 

‘Anxious’. For higher ratings of feeling ‘Good’,  3cm/s ratio durations were decreased in the 

morphine condition, and slightly increased in the naltrexone condition compared to placebo, 

but the correlation coefficients (transformed to Fisher’s z) in the drug conditions were not 

significantly different from placebo (Morphine 3 cm/s r = -.431, Placebo 3 cm/s r = -.121, 

Naltrexone 3 cm/s r = .008, M>P z = -1.63, p =.103, P>N z = 0.62, p =.535). A very similar 

pattern was found for a trend towards ‘Self-confident’*drug*brushing speed interaction (F4, 

403 = 2.22, p= .066). Apart from a significant interaction between ‘Irritable’ and brushing 

speed (F4, 403 = 3.88, p= .022, see Figure 10c), no further significant main effects of mood or 

interactions between subjective state ratings, drug condition and brushing speed were found 

(all F’s < 2.222, all p’s > .109).  
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Figure 10. Mood interaction effects. Averages of raw ratings of ‘Anxious’, ‘Good’ and ‘Irritable’ 

from measure point 2 and 3, and their association with ratio durations (a, b, c), and touch 

pleasantness ratings (c). a) At 3 cm/s brushing, higher ratings of ‘Anxious’ were associated with 

higher ratio durations in the morphine condition (r = .525) and lower ratio durations in the 

naltrexone condition (r = -.370) compared to placebo (M>P p =.038, P>N p =.010). The 

‘Anxious’*drug*brushing speed interaction was significant (p < .001). b) The opposite pattern was 

found for the mood item ‘Good’. Higher ratings of feeling ‘Good’ were at 3 cm/s associated with a 

trend towards lower ratio durations with morphine (r = -.431), and increased ratio durations with 

naltrexone (r = .008) compared to placebo (M>P z = -1.63, p =.103, P>N z = 0.62, p =.535). The 

‘Good’*drug*brushing speed interaction was not statistically significant (p= .059). Higher ratings 

of ‘Irritable’ mood were associated with decreases in both c) ratio durations and d) pleasantness 

ratings for brushing at 30 cm/s, while more irritability was associated with increases in ratio 

durations at 0.3 and 3 cm/s (c).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



43 

 

4 Discussion 

The aim of the present study was to determine the effects of the µ-opioid receptor (MOR) 

agonist morphine and the general opioid antagonist naltrexone on reward responses to gentle 

caress-like touch in two different tasks - measuring touch liking in the form of pleasantness 

ratings, and touch wanting in form of participant-controlled manipulation of touch duration. 

While both tasks confirmed that CT-optimal brushing (3 cm/s) was preferred over brushing at 

0.3 and 30 cm/s, drug condition did not significantly affect touch liking or wanting of brush 

stimuli applied to the forearm as measured here. It is as yet unclear whether this unexpected 

null effect of MOR drug manipulations reflects a lack of influence of the human MOR system 

on touch liking and wanting. Below, the choice of methods and their potential influence on 

the results is discussed. The results of the exploratory analyses conducted where mood ratings 

were included in the model are also discussed, as well as some new avenues of investigation.  

Preference for CT-optimal touch  

A positive finding of the present study was a significant and expected preference for CT-

optimal brush stimuli (3 cm/s), exhibited in both the liking and wanting tasks. Brushing at 3 

cm/s was chosen since it approximates the velocity of naturally occurring affiliative caresses 

(Croy, Luong, et al., 2016), and is an optimal speed for activation of CT-afferents (Löken et 

al., 2009), and was the main stimulus of interest. We presented the 3 cm/s stimulus in 

conjunction with brushing at 0.3 and 30 cm/s, which have been consistently rated as less 

pleasant than more CT-optimal speeds (Ackerley et al., 2014; Crucianelli, Cardi, Treasure, 

Jenkinson, & Fotopoulou, 2016; Löken et al., 2009; Triscoli et al., 2014). Accordingly, we 

expected that participants would work more to increase duration of 3 cm/s brushing, as well 

as rating this stimulus as most pleasant. Indeed, the CT-optimal touch was the only stimulus 

considered pleasant, with the very slow (0.3 cm/s) and the very fast (30 cm/s) stimuli both 

receiving on average negative or close to neutral ratings on the VAS scale, corroborating 

previous findings. A clear preference for CT-optimal touch was similarly exhibited in the 

wanting task. Ratio durations were significantly higher for 3 cm/s compared to the other 

speeds. Participants showed active engagement in the wanting task, employing both the 

‘keep’ and ‘change’ buttons to manipulate the duration of the touch stimulation. In fact, as 

evident when considering the range of ‘keep’ button presses, some participants used a 

startlingly high number of presses to keep receiving the CT-optimal stimulation (more than 
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500 consecutively). In contrast, previous studies employing a similar methodology to study 

wanting of attractive faces reports a considerably smaller range of responses (Aharon et al., 

2001; Chelnokova et al., 2014; Parsons, Young, Kumari, Stein, & Kringelbach, 2011). Whilst 

it is encouraging that the touch wanting task succeeded in engaging participants, the range of 

responses also posed some challenges in terms of the analysis and interpretation of data, as 

discussed below.  

No effect of drug on touch liking or wanting 

Based on the large body of literature showing that MOR activation promotes reward 

responses in animals as well as humans, we had hypothesised that stimulating MOR with 

morphine would increase ratings of pleasantness for light brushing at 0.3, 3 and 30 cm/s 

compared to placebo, and that blocking MOR with naltrexone would have the opposite effect 

- decreasing the experience of pleasure or exacerbate feelings of discomfort. In line with 

growing evidence implying that MOR activation optimizes reward behaviour by promoting 

responses specifically to the most rewarding stimuli available (Chelnokova et al., 2014; 

Chelnokova et al., 2016; Doyle et al., 1993; Eikemo et al., 2016; Giraudo et al., 1993; Mahler 

& Berridge, 2012), we also hypothesised that this linear pattern (morphine > placebo > 

naltrexone) would be most pronounced for brushing at 3 cm/s, particularly in the touch 

wanting task where performance reflected approach or avoidance of the stimuli. The results 

did not support the hypothesised involvement of MOR in liking or wanting of the touch 

stimuli.  

Neither morphine nor naltrexone significantly affected pleasantness ratings or ratio 

durations at any brushing speed compared to placebo or to each other. The finding that a dose 

of 50 mg per-oral naltrexone shown to efficiently block the majority of opioid receptors in the 

brain (Lee et al., 1988) did not reduce ratio durations or pleasantness ratings for CT-optimal 

touch, suggesting that increases in MOR transmission is not necessary for the experience of 

light brushing applied to the forearm as pleasant or motivating. Furthermore, morphine did 

not increase pleasantness ratings or ratio durations for the less preferred 0.3 and 30 cm/s 

stimuli, which suggests that the increase in MOR signalling offered by this dose of morphine 

does not make these particular types of touch more pleasant or desired in an experimental 

setting like the one provided in our study. The extent to which one can extrapolate from these 
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findings to other situations and tactile stimuli is unclear. Methodological issues are discussed 

in the following sections.  

Touch liking. The touch liking task employed here is the most frequently used 

measurement in the affective touch field (see e.g. Case, Ceko, et al., 2016; Croy, Geide, 

Paulus, Weidner, & Olausson, 2016; Löken et al., 2009; Sailer et al., 2016). While 

pleasantness ratings reflected the expected effects of brushing speeds, the comparable 

responses across the three drug conditions yielded no evidence in favour of a role for MOR in 

the subjective appreciation of brush stimuli to the forearm. A potentially limiting factor in the 

interpretation of the liking null effect is the number of stimuli included (only 4 of each type 

per session). The touch liking task had a similar design to the facial attractiveness task that 

was part of the reward task battery in the present study, where we did find the expected MOR 

effects (M>P>N) on attractiveness ratings for the most attractive female faces - albeit with a 

considerably higher number of stimuli (40 images displayed per session, see Chelnokova et 

al., 2014). Furthermore, albeit touch liking data from 14 participants was lost, leaving an N of 

35 for this task, the same amount of data was also lost for the face attractiveness task. 

Nevertheless, weak or unclear effects of MOR drug manipulations on touch liking are 

corroborated by Case (2016), where effects of naloxone did not differ significantly from 

saline.  

Another relevant factor in the interpretation of the touch pleasantness ratings is their 

reliance on conscious introspection. Numerous previous studies have shown that in the 

absence of significant experiment effects on measures of introspection, other aspects of 

physiology and behaviour may nevertheless exhibit significant changes that can be attributed 

to the experimental conditions (e.g. Dimberg, Thunberg, & Elmehed, 2000, reporting facial 

electromyographic (EMG) reactions to subliminal stimuli; Knight, Nguyen, & Bandettini, 

2003, where skin conductance responses to conditioned fear stimuli did not depend on 

conscious perception; and C. McCabe, Cowen, & Harmer, 2009, showing dopamine drug 

effects on reward-related fMRI BOLD responses with no change in subjective ratings ). 

Indeed, a previous study employing a similar combination of liking and wanting 

measurements found that while women rated pictures of baby faces as more attractive than 

male participants did, their motivation to look at the pictures was comparable to the men’s – 

as measured key-press regulated viewing time (Parsons et al., 2011).  
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Touch wanting. The touch wanting task used here had a similar design to the wanting 

tasks used by Chelnokova (2014) and Parsons (2011), where picture viewing time was up- or 

down-regulated with key-presses. This is, to the best of our knowledge, the first study to 

demonstrate a motivational value for CT-optimal brushing in terms of self-regulated 

consumption, corroborating a previous finding of behavioural preference for CT-activating 

touch in a task where participants could choose whether the next brush stroke they would 

receive should be of the same or a different velocity (Perini et al., 2015). Consumption of a 

food reward is often used as a measure of reward motivation in animal models (see for 

instance DiFeliceantonio et al., 2012). By enabling participants to engage in instrumental 

actions to obtain more of the touch they wanted while they were receiving it, we created an 

analogous measure of consumption of touch reward. Effort exerted to obtain and consume 

more of a reward is considered to reflect incentive salience – a type of implicit wanting that 

involves subcortical processing and affects behaviour before and during consumption of a 

reward, without depending on explicit experiences of desire or liking of the reward (Berridge 

et al., 2009). Hence, our paradigm is likely to tap into such implicit wanting processes. The 

outcome measure in our touch wanting task is however not likely to be the sole reflection of 

implicit wanting, since reward consumption is also heavily influenced by the hedonic 

experience or liking of the reward in non-addicted individuals, and in the absence of targeted 

pharmacological manipulation of specific regions in the brain. 

Whilst the touch wanting task had some advantages in terms of potential to tap into 

implicit wanting processes, and thus possible MOR influences on these, the design also had 

some inherent issues that make interpretation of the MOR null effect difficult. Participants 

were allowed to freely manipulate trial duration within the limits of fixed total task duration 

and with no minimum number of trials per brushing speed. Although this did not present a 

challenge in the analysis and interpretation of MOR effects on motivation in the face-viewing 

task where wanting measures were collected with the exact same methods (Chelnokova et al., 

2014), it resulted in clear biases in the touch wanting data where the range of responses was 

much larger. High frequency button presses led to considerable between- and within-subject 

differences in number of trials in total and per brushing speed; and in total time actually 

available for touch stimulation, as a consequence of varying numbers of inter-trial intervals. 

Together with the loss of the final trial each session due to automatic truncation when the 

fixed total task time was reached, these issues – all of which made trial-level analysis 

difficult. In order to deal with these issues and ensure comparability of responses across drug 
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conditions, we calculated ratios durations for each brushing speed, taking the total touch time 

available into account. This measure has an inherent weakness in that increases in ratio 

durations for one brushing speed automatically will lead to decreases in ratio durations for the 

other speeds, thus potentially inflating the contrast between ratio durations for the three 

stimulus categories and leading to statistics that do not accurately reflect motivation to receive 

each of the brushing types. In light of these issues, the null main result of MOR on touch 

wanting should be interpreted with extra caution, as should the non-significant trend towards 

a drug*brushing speed interaction (p = .09) - which suggested that ratio durations for 3 cm/s 

were somewhat increased with naltrexone. Indeed, the pairwise contrasts between naltrexone, 

placebo and morphine indicated that the trend was weaker than the interaction statistic 

suggested (all p’s > .12). Importantly, the opposite pattern was not observed with morphine, 

which would be expected if the trend reflects MOR effects.  

Experimental setting. Considering the number of animal studies that implicate MOR 

in social touch reward, the null results were surprising. If the MOR system is mainly involved 

in the affiliative aspects of touch, our toning down of the social properties of the touch 

administration by for instance using a brush and hanging a curtain between the experimenter 

and participant, this could have contributed to the null result. Indeed, evidence from rodents 

and primates does suggest that the neuroendocrine response to social touch can vary 

according to the nature and quality of the relationship between individuals (Crockford et al., 

2013; D'Amato, 1998; D'Amato & Pavone, 1993, 1996), and the reports of MOR effects on 

social touch reward in the animal literature stem from observations of interactions occurring 

between animals that are housed together and have an already established social relationship. 

In our case, participants were brushed by experimenters they had no or limited contact with 

prior to inclusion in the study. Future studies aiming to assess whether MOR also play a role 

in touch wanting and liking in humans should ensure increased perception of the social 

significance of the touch provided, by for instance having the experimenter provide certain 

social cues such as eye contact and facial expressions; administering touch with the hand 

instead of a brush; or including touch provided by someone the participant has a close 

personal relationship with as a condition.  

If MOR primarily mediates processing of the social motivations and consequences of 

touch, then measuring effects of touch on subsequent social behaviour could be another 

interesting possibility for future investigations. Social touch is for instance reported to 
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increase pro-social behaviour, and MOR activation has been proposed as the neurobiological 

mechanism underpinning this effect (for reviews, see Dunbar, 2010; Gallace & Spence, 

2010). If this is the case, we would expect measures of pro-social effects of touch to be 

enhanced by MOR stimulation or blocked by MOR antagonists. Another way of assessing 

whether MOR facilitate affiliative properties of touch could be to ask participants to evaluate 

social attributes of touch stimuli, by for instance rating how friendly they perceive the touch 

to be. Such evaluations would presumably rely more on social perceptual processes and less 

on introspection focused on the participants’ own internal state, and could be more sensitive 

to MOR manipulations. 

Mood effects 

In the touch liking task, our participants were explicitly instructed to direct their attention 

inwards to the sensation of the brushing strokes. Explorative analyses showed that 

participants in a more positive mood tended to rate touch as more pleasant. The association 

was found across brushing speeds, but did not interact with drug. This is in line with the 

feelings-as-information theory (Schwarz, 2012; Schwarz & Clore, 1983), which states that 

people attend to their momentary feelings as a source of information when making 

evaluations about something – as long as the informational value of their own feelings is not 

called into question. In introspection-based evaluation, mood is informative since it conveys 

valence information. For instance, judgements of events and stimuli tend to be more positive 

when people are happy – as was the case in our study. Similar processes might underpin the 

increased ratings of in participants experiencing more drug ‘EFFECT’– which reflected 

stronger and more positive perception of effects from the tablets they had taken. There was no 

interaction between ‘EFFECT’ and drug condition on pleasantness ratings, strengthening the 

hypothesis that ‘EFFECT’ contributed valence information rather than influence of actual 

drug side-effects. In contrast, irritable mood showed an interaction with tactile stimuli, 

significantly affecting both pleasantness ratings and ratio durations differently across brushing 

speeds. Specifically, irritable mood led to reductions in these measures for the fast 30 cm/s 

stimulus. We tentatively interpret this interaction as an indication that irritability enhanced 

perception of stimulus properties with corresponding valence, i.e. that the more vigorous 

brushing (30 cm/s) was experienced as more annoying. Since the study was not designed to 

assess mood effects on touch perception, a further discussion of mood effects that did not 
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interact with the experimental MOR manipulations is outside the scope of the present 

investigation.   

Interactions between subjective state and MOR activation 

Based on the SOMSoM model for state-dependent modulation of social contact seeking 

(Løseth et al., 2014), we expected that MOR effects on motivation to receive touch would be 

modulated by participants’ mood and subjective state. Since our present study was not 

designed to test predictions from SOMSoM, the results from the analyses exploring effects of 

subjective state and interactions with drug must be interpreted with caution. We did not 

manipulate participants’ subjective state experimentally, and even though the CT-optimal 

brushing was chosen due to its similarities with the sensory properties of a soothing social 

caress, social aspects were consciously toned down in our experimental set-up. Thus, the 

interpretation of participants’ efforts to receive more touch as an expression of motivation to 

seek social contact is more tenuous.  

The only significant interaction between subjective state measures and drug was found 

in the touch wanting task, where explorative analyses revealed an interaction between feelings 

of anxiousness, drug condition and brushing speed on ratio durations. In the following, we 

focus our interpretation of this result on the pattern of drug effects on the CT-optimal stimulus 

category. Participants who rated their state anxiety at more than 2 on the 0-10 VAS in the 

morphine condition tended to show increased motivation for 3 cm/s brushing. In contrast, 

association between state anxiety and 3 cm/s ratio duration was negative in the naltrexone 

condition. During placebo, there was no relationship between state anxiety and touch wanting. 

This finding appears to be at odds with SOMSoM, which predicts that in a state of distress 

where aversive motivation is dominant, pharmacological MOR blockade with an antagonist 

like naltrexone would increase social comfort seeking, while MOR stimulation with an 

agonist like morphine would decrease it. Indeed, Case (2016) reported that pleasantness 

ratings were increased from the pre-drug baseline in the naloxone group for both CT-optimal 

and non-optimal touch. Before post-drug ratings of touch pleasantness were collected, 

participants attended an fMRI-session that included pain stimulation. The authors speculated 

that naloxone, which blocks endogenous MOR mechanisms that help coping with pain, led to 

increased levels of stress which heightened the value of touch. Accordingly, the opposite 

pattern of anxiety*touch wanting was expected here, sine pain or other stress manipulations 
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were not part of our design, and participants reporting feeling anxious also reported feeling 

good (mean ratings of ‘Good’ in participants rating more than 2 on ‘Anxious’ was 5.3 (SD 

1.5), which suggests that anxiety ratings did not necessarily indicate distress, or even 

experienced stress. Verbal or behavioural expressions of distress were not noted by the 

experimenters for any of the participants during testing or in the debriefing interview.  

The linear M>P>N contrast for CT-optimal touch that emerged in participants 

reporting state anxiety could however be a false positive. The effect seems largely to be 

driven by a relatively the low number of anxious participants; and while correlations 

coefficients for anxiety and 3 cm/s ratio durations were significantly different between drug 

conditions, conducting the LMM analysis in SPSS meant that proper pairwise comparisons of 

this interaction effect could not be performed, since it involved a fixed covariate. 

Interpretations of the anxiety*drug interaction on 3 cm/s brushing discussed in the following 

are speculations intended to generate hypotheses for future investigations.  

While the feelings of anxiousness were not great enough to put participants in a state 

of aversive motivation, they might have increased the affective relevance of the CT-optimal 

touch. A stimulus has affective relevance if it to some degree either corresponds or opposes to 

the individuals’ current concerns – which are more or less conscious affective representations 

of physiological or psychological motives (e.g. affiliation), needs (e.g. thirst) and values (e.g. 

security) – whether proximal or distal, occurring in the present or the future (Frijda, 1988). 

MOR activation has been hypothesised to optimize appetitive reward behaviour by promoting 

approach of events and stimuli that have a high objective value in terms of promoting survival 

or procreation (Eikemo et al., 2016). If the MOR system also plays a central role in the 

prioritization of needs, as assumed by the Motivation Decision Model (H. L. Fields, 2006) 

and by SOMSoM, it makes sense that effects of pharmacological MOR manipulations on 

reward behaviour are most pronounced for rewards with high utility for the individuals’ 

greatest current concern, and not only the reward that has the highest objective or hedonic 

value (in terms of immediate sensory pleasure), such as the most calorie rich food or the most 

pleasant touch. Testing this hypothesis with MOR agonist and antagonist treatment in a 

paradigm designed to experimentally manipulate the affective relevance of touch could prove 

an interesting objective for future investigations.  

Another possible explanation of the MOR effect we observed on ratio durations of CT-

optimal touch could be that feelings of anxiousness heightened participants’ attention towards 
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social cues, and that morphine and naltrexone then modulated the interpretation of these cues 

– which again could have affected the perception of the CT-optimal touch. We intuitively 

understand that the interpretation of a social touch is affected to a great extent by the social 

context it occurs in. Not surprisingly, two experiments investigating responses to 

interpersonal touch reported that beliefs about the gender and attractiveness of the toucher 

based on a visual cue, were enough to affect the pleasantness (and neural processing) of 

sensual caresses that were applied to the participant outside their field of view (Gazzola et al., 

2012; Scheele et al., 2014). The participants, who were all heterosexual males, found the 

touch most pleasant when they thought it was administered by an attractive female. Another 

two studies paired CT-optimal touch with simultaneous presentations of pictures showing 

face expressions indicating acceptance (smiling) or criticism (frowning) and found that touch 

was rated as more pleasant when paired with an accepting face – even though it was clear to 

the participants that the person in the picture was not the one touching them (Crucianelli et al., 

2016; Ellingsen et al., 2014). These findings indicate that touch perception is very sensitive to 

social cues even in experimental lab settings where the cues are not directly related to the 

touch.  

Interpretation of social cues can be modulated by the MOR system. Several studies 

have reported enhanced positive responses to social reward cues, as well as dampened 

responses to negative cues and social stress, following pharmacological stimulation of MOR. 

For instance, low doses of the partial MOR agonist buprenorphine increased ratings of 

positivity of social images, and perception of being included in a social rejection task 

(Bershad et al., 2016). Buprenorphine improved memory for faces with happy expressions 

(Syal et al., 2015); while leading to reduced perception of social rejection and attention to 

fearful faces (Bershad et al., 2016), decreased recognition of fear expressions (Ipser et al., 

2013), and dampened physiological stress responses and perception of threat during a social 

stress task (Bershad et al., 2015). We have observed similar effects with 10 mg morphine, 

which dampened anger perception for ambiguous facial expressions (Løseth, Eikemo, Laeng, 

& Leknes, in prep.). Furthermore, morphine increased perceived attractiveness and motivation 

to view images of the most attractive opposite-sex faces with neutral expressions, while this 

was reduced with naltrexone (Chelnokova et al., 2014). Naltrexone has further been reported 

to decrease feelings of social connection (Inagaki, Ray, Irwin, Way, & Eisenberger, 2016) – 

also when these were induced by physical warmth (Inagaki, Irwin, & Eisenberger, 2015). In a 

passive viewing task with dynamic face expressions, naltrexone increased facial muscle 
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activity related to negative-valenced emotions in response to viewing happy expressions 

(Meier et al., 2016). Together, this evidence suggests that pharmacological stimulation of 

MOR might lead to a positive shift in perception of social cues, whilst MOR antagonists 

might lead to a negative shift - not only decreasing positive responses to social reward, but 

perhaps also increasing negative responses. Similar MOR effects on interpretation of social 

cues present in the current touch reward tasks could have affected motivation to receive CT-

optimal brushing in the present study, with a greater influence on participants with higher 

state anxiety.   

Anxiety is associated with an increased vigilance to threat, and heightened attention 

towards environmental cues relevant to the individual’s concerns (Bradley, Mogg, & Millar, 

2000; Bögels & Mansell, 2004; Garner, Mogg, & Bradley, 2006). It is possible that the 

participants who felt anxious in the present study were more attentive to social cues during 

the interaction with the experimenter prior to the touch reward tasks - perhaps making the 

touch itself appear to be more ‘social’. If the social cues were experienced as more positive 

and safe with morphine, this could have enabled the participants to feel more comfortable 

with pressing the button to receive more of the most pleasant (and perhaps affectively 

relevant) touch. On the other hand, if naltrexone led to a more negative perception of social 

cues, this could have made it feel more uncomfortable to receive a type of touch that 

resembles caresses normally reserved for safe and intimate relationships. 
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5 Conclusions  

The current study corroborates previous results showing that CT-optimal brushing at 3 cm/s is 

rated significantly more pleasant than brushing at speeds of 0.3 and 30 cm/s, which are less 

likely to activate CTs. Furthermore, the motivational value of CT-optimal brushing was 

demonstrated in terms of consumption, using a novel touch wanting task where participants 

could self-regulate the amount of each brushing speed received by pressing buttons that 

extended or shortened the duration of each trial. Ratio durations of 3 cm/s were significantly 

higher than those of 0.3 and 30 cm/s. Systemic manipulation of the opioid system with 

morphine and naltrexone, at doses that influenced responses to other reward types (as reported 

in Chelnokova et al., 2014; Chelnokova et al., 2016; Eikemo et al., 2016), did not 

significantly affect touch liking or wanting measures compared to placebo or to each other. 

Touch pleasantness ratings were equivalent across drug conditions, providing no support of 

the hypothesised role of µ-opioid receptors in the subjective appreciation of brush stimuli 

applied to the forearm in this experimental setting. Ratio durations were also largely 

comparable across drug conditions, but inherent issues with the design of the touch wanting 

task hinder the interpretation of this result. Explorative analyses indicated an interaction 

between state anxiety and drug at 3 cm/s brushing, providing ground for generation of new 

hypotheses and future avenues of investigation. Considering the substantial animal evidence 

supporting a role of the opioid system in motivation for social touch, future research should 

examine effects of opioid manipulations on human touch perception and motivation with 

paradigms designed to give more weight the social aspects of touch and the motivational state 

of the subjects.  Affiliative touch is central to the establishment and maintenance of social 

relationships across species and affects socio-emotional functioning. Furthering our 

understanding of the neurobiological processes underpinning social touch reward could shed 

light on how social connection promotes resilience.  
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