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a  b  s  t  r  a  c  t

Positive  social  cues,  like  happy  facial  expressions,  activate  the  brain’s  reward  system  and  indicate  interest
in social  affiliation.  Facial  mimicry  of emotions,  which  is  the  predominantly  automatic  and  unconscious
imitation  of  another  person’s  facial  expression,  has  been  shown  to promote  social  affiliation.  It has  been
demonstrated  repeatedly  that  the  opioid  system  is  vital  to social  affiliation  in  rodents,  but  there  is  less
evidence  in  humans.  We  investigated  whether  a 50 mg administration  of  naltrexone,  an  opioid  antagonist
with highest  affinity  for the  mu-opioid  system,  modulates  emotional  mimicry.  A passive  viewing  task
with  dynamic  facial  expressions  was  used  in  a randomized  placebo  controlled  between-subjects  design.
Mimicry  was  measured  with  electromyography  (EMG)  on three  facial  muscles,  the  corrugator  supercilii
and the  depressor  jaw  muscle,  associated  with  negatively-valenced  emotions,  and  the  zygomaticus  major,
which  is activated  during  smiling.  The  results  demonstrate  an  increase  of  negatively-valenced  facial
responses  (corrugator  and  depressor)  to  happy  facial  expressions  after  naltrexone  compared  to  placebo,
consistent  with  lowered  interest  in  social  interaction  or affiliation.  Our  findings  provide  evidence  for  a
role  of  the  opioid  system  in  modulating  automatic  behavioral  responses  to cues  of  reward  and  social
interaction,  and  translate  to rodent  models  of  the mu-opioid  system  and  social  affiliation.

©  2016  Published  by  Elsevier  Ltd.

1. Introduction

Social affiliation processes, the formation of strong emotional
bonds with individuals in our social environment, are crucial in
our everyday life. The absence of positive social contact and iso-
lation has been shown to negatively affect health and well-being
(Cacioppo et al., 2015). A pivotal social reward cue that signals
interest in social affiliation, indicates social approval and that
has been shown to activate the brain’s reward system, is happy
facial expressions (Spreckelmeyer et al., 2009). Facial mimicry, the
predominantly unconscious and automatic activation of facial mus-
cles in response to emotional expressions (Dimberg et al., 2002),
towards happy faces has been referred to as ‘social glue’, due
to its properties of promoting affiliation and binding individuals
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together (Hess and Fischer, 2014; Lakin et al., 2003). Congruent
facial mimicry can therefore be considered a measure for social
affiliative behavior in humans.

The opioid system represents one of the underlying neurobio-
logical factors of social affiliation. The attractiveness and pursuit
of a rewarding stimulus is driven by several aspects: the motiva-
tional ‘wanting’ of the reward, the hedonic ‘liking’ of the reward
and the associative ‘learning’ of the context in which a reward
cue appears. The opioid system has been shown to especially con-
tribute to the hedonic value (‘liking’) of rewarding stimuli (Trezza
et al., 2011). Further research demonstrated that an increase of ‘lik-
ing’ mediated by the opioid system, may  in consequence enhance
the motivational ‘wanting’ of a reward (Syal et al., 2015). Support-
ive evidence derives from studies demonstrating the role of opioid
receptor activity in the nucleus accumbens (NAc), a main structure
of the neural reward circuitry, in the attribution of positive value to
social interaction in rodents (Trezza et al., 2011) and humans (Hsu
et al., 2013). Additionally, in direct relation to affiliative processes,
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Fig. 1. Schematic view of a single trial. Fixation cross 1000 ms,  followed by 1000 ms  baseline (neutral face), 1300 ms of morphing into one of the emotional expressions,
which  remained on the screen for another 1000 ms.

a recent study showed that the mu-opioid system modulates the
feeling of social connection in humans (Inagaki et al., 2016).

Naltrexone is an opioid antagonist, which is most selective to
the mu-opioid system and which binds competitively at the opioid
receptors in the brain (Lee et al., 1988). In the present study naltrex-
one was administered to investigate if blocking the opioid system
would attenuate social affiliative behavioral responses indexed by
emotional mimicry to emotional facial expressions. Typically, the
zygomaticus major, a muscle that forms a smile by lifting the cor-
ners of the mouth, is activated in response to happy faces. The
corrugator supercilii, a muscle that produces a frown by drawing
the eyebrows together, shows an increase of activation in response
to angry faces and a decrease in activation in response to happy
faces. The depressor jaw muscle, which pulls the corners of the
mouth down is activated for sad faces (Dimberg et al., 2002). Nal-
trexone was administered in a randomized, double-blind, placebo
controlled design. Based on the literature on the opioid system and
social affiliation, we expected that naltrexone compared to placebo
would disrupt the social affiliative response to happy faces result-
ing in a decrease in zygomaticus activity. For the depressor activity
in response to sad faces two competing hypotheses may  be consid-
ered. On the one hand, we could expect naltrexone administration
to result in an increase of depressor activity, reflecting increased
shared pain with others, in line with the potential efficacy of mu-
opioids in the treatment of depression (Panksepp and Watt, 2011;
Stein et al., 2007). On the other hand, we might expect a decrease
of depressor activity in response to sad faces with naltrexone com-
pared to placebo, since mimicry of a sad face can reflect a social
affiliative response. From this perspective, a decrease in depressor
activity would be in line with our predictions about happy faces,
in that blocking the mu-opioid system disrupts socially affiliative
responses. Angry facial expressions served as a control measure-
ment.

2. Methods

2.1. Participants

36 female students were recruited at Cape Town University to
participate in the study. Only female participants were included
because women have been shown to display more robust facial
mimicry than men  (Dimberg and Lundquist, 1990). Participants
were all of South African nationality, Caucasian, right handed, with
a mean age of 20.7 years (SD = 2.11), and were screened for any
history of psychopathology. Exclusion criteria also contained use
of alcohol or painkillers in the last 24 h, or the general use of psy-
chotropic medication. The experimental protocol was approved by
the Human Research Ethics Committee (HREC) of the University of
Cape Town, in accordance with the latest declaration of Helsinki.
Participants gave written informed consent prior to participation
and received payment afterwards.

2.2. Drug administration

Either placebo or 50 mg  of naltrexone, an opioid antagonist,
were administered orally, in a randomized, double-blind and
counter-balanced manner. Naltrexone has higher selectivity for
mu-opioid receptors, compared to kappa- and delta- opioid recep-
tors and is therefore an adequate choice for investigating the role of
the mu-opioid system in social affiliation. The mimicry task started
69 min  after administration and was  completed 7 min  later, to coin-
cide with the central effects of naltrexone (Lee et al., 1988).

2.3. Material & procedure

Upon arrival participants signed informed consent and received
naltrexone or placebo in a randomized, double-blind manner. Short
video clips of dynamic facial expressions were presented (Hofman
et al., 2012) using e-prime version 2.0 (Psychology Software Tools,
Pittsburgh, PA) and displayed on a 47 cm screen. Participants were
positioned 70 cm distant from the screen. Before the start of the
task, participants were informed that they would see faces with
different emotions and instructed to look at the faces, to sit still and
move to the head as little as possible, while focusing on the center
of the screen. One trial was  composed of a fixation cross (1000 ms),
followed by the dynamic face video clip which was displayed for
3300 ms.  The video clip included 1000 ms  neutral facial expression
(baseline), 1300 ms  of morphing, with the last frame showing the
full emotion expression for 1000 ms  (cf. Fig. 1). The inter-stimulus
interval lasted 4000 ms.  All 24 stimuli were displayed twice in a ran-
domized manner, resulting in a total of 48 trials and a task duration
of seven minutes. Electromyography (EMG) responses were mea-
sured on three muscles, the corrugator supercilii, the zygomaticus
major and depressor jaw muscle (cf. Hofman et al., 2012). Ag/AgCl
electrodes were used in a bipolar electrode set up (www.biosemi.
com). Mood was assessed with a computerized version of the Pos-
itive Affect Negative Affect Scale (PANAS; Watson et al., 1988).

2.4. Data reduction and statistical analysis

The electrophysiological data was  processed offline with Brain-
VisionAnalyzer 2.0. Trials were selected −1000 ms  to +2500 ms
around the reference marker, filtered, rectified, baseline corrected,
and segmented in 14 bins of 250 ms  per trial (cf. Hofman et al.,
2012). The first four bins containing neutral expressions were
excluded from statistical analysis. Where sphericity was  violated,
Huynh-Feldt corrections were applied. In total three participants
had to be excluded from analysis, one due to high depression scores
and two  due to measurement related problems.
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